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2

30 ABSTRACT

31 Objectives: Factors associated with multimorbidity, polypharmacy, and medication regimen 

32 complexity (MRCI) may vary from country to country. There are no such data in the present 

33 study settings. This study aimed to identify factors associated with multimorbidity, 

34 polypharmacy, and MRCI among hypertensive patients in public hospitals of South Gondar 

35 Zone. 

36 Design: Multicentered cross sectional design

37 Setting: Public hospitals of Comprehensive specialized and primary hospitals, Ethiopia

38 Participants: Adult Hypertensive patients who had follow up and visited at outpatient 

39 clinics and selected by systematic random sampling from December 1, 2021, to February 30, 

40 2022.

41 Data analysis: Data were collected through 65-items medication regimen complexity tool, 

42 interview, and checklist. Data were entered into SPSS version26, and analyzed using STATA 

43 17. In adjusted analysis, statistical significance was set at p<0.05.

44 Results: We found participants from Nefas Mewucha hospital (AOR=0.3, 95% CI:0.15-0.59) 

45 and Mekane Eyesus hospital (AOR=0.17, 95% CI: 0.07-0.38), compared to Debre Tabor 

46 Comprehensive Specialized Hospital, polypharmacy (AOR=5.52, 95% CI: 1.49-20.39), 

47 medium (AOR=19.76, 95% CI: 5.86-66.56), and high MRCI (AOR=120.32, 95% CI: 33.12-

48 437.07) were associated with multimorbidity. Multimorbidity (AOR=25.4, 95% CI: 7.48-

49 86.23), controlled blood pressure (AOR=0.43, 95% CI: 0.19-0.92), and duration of 

50 hypertension therapy >5 years (AOR=2.12, 95% CI: 1.08-4.16) were predictor of 

51 polypharmacy. Whereas, controlled BP (AOR=0.48, 95% CI: 0.32-0.72), and multimorbidity 

52 (AOR=14.55, 95% CI: 9.00-23.52) were significantly associated with high MRCI. 

53 Conclusion: A considerable hypertensive participants experienced multimorbidity, 

54 polypharmacy, and medication complexity. Polypharmacy, primary hospital setting, high 

55 MRCI were predictors of multimorbidity. On the other hand, multimorbidity, and controlled 

56 BP were predictor of polypharmacy and MRCI. Hypertensive patient care should consider 

57 multimorbidity, polypharmacy, and medication complexity. 

58
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3

59 Strength and limitation of the study

60 • It is the first in Ethiopia healthcare setting that identified factors associated with 

61 multimorbidity, polypharmacy, and MRCI among hypertensive patients. 

62 • Multicentred design nature of the study is considered as an additional strength of the 

63 present study. 

64 • However, this study has a limitation being cross sectional may not show true cause-

65 effect relationship between outcome and predictors. 

66 • Moreover, it did not consider inpatient settings, so the study is generalizable to 

67 hypertensive patients with chronic follow up at outpatient departments
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84 INTRODUCTION 

85 Multimorbidity is the co-occurrence of two and more chronic health conditions in an individual 

86 [1, 2].  It has become a major public health problem with prevalence ranges from 12.9% to 

87 95.1% (3, 4). Multimorbidity has been linked with premature death, poor quality of life, 

88 healthcare utilization, age, body mass index, reduced kidney function, lower socioeconomic 

89 status, birth gender, suboptimal blood pressure control and polypharmacy [2, 3, 5-7].

90 The definition of polypharmacy has not been standardized, however, in literature, it has been 

91 commonly defined as the routine use of five or more concurrent medications. It comprises over 

92 the-counter, prescription, traditional, and complementary medicines [8]. Polypharmacy’s 

93 prevalence has been increased worldwide, and associated with duration of treatment, 

94 comorbidity, chronic illness, and age [9, 10].

95 Medication regimen complexity includes dosage forms, dosing frequency, and additional 

96 instructions related to medications. It accounts for both prescription and over-the-counter 

97 medications to assess medication regimen complexity index [11]. This complexity is associated 

98 with clinical outcomes such as hospitalization, hospital readmission, medication adherence, 

99 blood pressure, age, and comorbidity [12-14].

100 There is limited data regarding factors associated with multimorbidity, polypharmacy, and 

101 medication regimen complexity among adults with hypertension in outpatient settings in 

102 Ethiopia. Therefore, the purposes of the present study were to identify factors associated with 

103 polypharmacy, medication regimen complexity and multimorbidity among adults with 

104 hypertension in the outpatient follow-up department in the South Gondar Zone.

105
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113     METHODS

114         Study Area, Design, and Period

115 The study was conducted in one purposively, and three randomly chosen public hospitals in 

116 South Gondar Zone.  According to 2007 census which was conducted by Central Statistical 

117 Agency (CSA), Ethiopia, this Zone has a total population of 2 051 738. Based on the 2011 CSA 

118 population projection, the South Gondar Zone has a total population of 2 239 077 (1 103 490 

119 women and 1 135 587 men).   An institution-based multicentered cross-sectional design was 

120 used, and data were collected from December 1, 2021, to February 30, 2022.

121       Study Participants

122 The source population embraced all adults with hypertension attending follow-up appointments 

123 at outpatient departments. The study population included those who received antihypertensive 

124 medications for at least 6 months and met the inclusion criteria. The study was conducted 

125 according to the guidelines for reporting observational studies, Strengthening the Reporting of 

126 Observational Studies in Epidemiology (STROBE) statement [15].

127 Eligibility criteria

128        Inclusion criteria:

129 • Adults aged 18 years and above

130 • Receiving antihypertensive medications for at least six months

131 • Following up at outpatient departments of the study hospitals

132 • Willing to participate

133          Exclusion criteria:

134 • Cognitive impairment

135 • Hearing problems

136 • Admitted to inpatient wards

137        Sample Size Determination and Sampling Technique

138 There were no previous studies that we used to determine the sample size of the present study. 

139 Therefore, we used a single population proportion formula considering a 95% confidence 

140 interval, and a prevalence of 50% for outcomes. Then, we reached, a sample size of 384. 
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141 Accounting for a 10% non-response rate, the final sample size was 423. Debre Tabor 

142 Comprehensive Specialized Hospital, being the only specialized hospital in the zone, was 

143 selected purposively, while Addis Zemen Hospital, Nefas Mewucha Hospital, and Mekane 

144 Eyesus Hospital were chosen randomly. Proportional allocation and a systematic random 

145 sampling technique were applied, with a sampling interval of four; hence, every fourth 

146 participant was included until the desired sample size was achieved.

147        Study Variables

148 Dependent Variables: Multimorbidity, Medication regimen complexity index (MRCI), 

149 Polypharmacy

150 Independent Variables: Age, gender, residence, marital status, income, blood pressure status, 

151 educational status, number of medications, duration of treatment, health insurance, aerobic 

152 exercise

153   

154      Operational definitions

155 Medication regimen complexity: comprised the dosage form, dosing interval, and additional 

156 instruction aspect to calculate the patient medication burden. It is quantified using 65 items 

157 Medication Regimen Complexity Index (MRCI): then, categorized into three levels: low (≤4), 

158 medium (5-8), and high (>8) MRCI scores [16].

159 Multimorbidity: Co-existence of two or more chronic conditions in an individual [1, 2].

160 Controlled blood pressure: Defined as BP <140/90 mmHg for individuals with hypertension 

161 without comorbidity, or BP <130/90 mmHg for those with diabetes mellitus, chronic kidney 

162 disease, or known cardiovascular diseases [17].

163 Regular aerobic exercise: Regular Aerobic Exercise: Participants engaged in activities like 

164 brisk walking, recreational swimming, cycling, and tennis for at least 150 minutes per week 

165 [18].

166 Polypharmacy: Routine use of five or more medications by a patient [8].

167         

168
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169 Data Collection Procedures

170 A questionnaire was developed and translated into Amharic, and back-translated into English 

171 for consistency. Interviews were conducted to gather socio-demographic and clinical 

172 characteristics not found in patient charts, such as monthly income, regular aerobic exercise, 

173 over-the-counter medications, marital status, educational level, and health insurance. A 

174 checklist was used to collect data on blood pressure level, dosage forms, dose frequency, 

175 number of medications, and additional administration instructions. The 65-item MRCI tool, 

176 including sections on dosage forms, dose frequency, and additional instructions with 

177 corresponding scores, was used to determine the MRCI [11].

178 The average of two BP readings taken two minutes apart during a visit was used to determine 

179 BP status [19].

180  Data Quality Control

181 To ensure data quality, we conducted a pretest, trained data collectors, and checked the filled 

182 questionnaires and checklists for completeness and correctness daily. The training covered the 

183 study objectives, methods, and ethical concerns.

184   Statistical Analysis

185 Data were entered and analyzed using Stata 17. We checked that no multicollinearity (variance 

186 inflation factor less than two). We checked the reliability of the 65 items MRCI tool for our 

187 study settings and found 0.7 value of Cronbach's alpha indicates the reliability of the tool. 

188 Categorical variables were described using frequencies, while means and standard deviation 

189 (SD) were used for continuous variables. After checking assumptions, ordinal for MRCI, and 

190 binary logistic regression for multimorbidity, and polypharmacy were employed to identify 

191 predictors associated with MRCI and multimorbidity, respectively. Variables with a p-value of 

192 less than 0.25 in univariate analysis were included in the multivariate analysis, and statistical 

193 significance was set at a p-value of <0.05.

194

195 Ethical consideration

196 The present study was approved from Institutional Research and Ethical Review Committee 

197 (IRERC), College of Health Sciences, Debre Tabor university (Ref: CHS/DTU1421//2021), 
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198 and conducted in accordance with the guidelines and standards of the declaration of Helsinki. 

199 IRERC gave us approval to receive verbal informed consent as the study does not have any 

200 known potential risk to participants. Therefore, Verbal consent was obtained from study 

201 participants after explaining the study’s methods, and purpose. personal identifiers were 

202 anonymised to keep the participants’ confidentiality. 

203 Public and patient involvement

204 The general public and patients were not involved in the conceptualization, design, analysis, 

205 reporting, and dissemination of this study. Once their informed verbal consent was obtained, 

206 the adult hypertensive patients who were involved as study participants.

207

208
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224 RESULTS 

225            Socio-demographic and clinical characteristics of study participants

226 Four hundred twenty-three participants were included in the analysis of the study. The 

227 participants’ age ranges from 23 to 90 years with mean + standard error of 58.48+12.96 years, 

228 and majority of participants (59.8%) were female. The number of medications taken by each 

229 participant ranges from one to seven with mean + SD of 2.65+ 1.35.

230 Multimorbidity and polypharmacy were found in 46.3% and 12.06% of participants, 

231 respectively. Hypertension specific MRCI was low in 56.26%, medium in 40.43%, and high in 

232 3.31% of participants. Concerning patient level MRCI, we found low in 20.80%, medium in 

233 43.97%, and high in 35.22% (Table 1). 

234
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254 Table 1. Characteristics of study participants

255

Patient level Medication regimen 
complexity

Variable Category of variable

Low Medium High
Sex Female

Male  
55
33

114
72

84
65

Age in year <65
65+

65
23

109
77

96
53

Marital status Single
Married
Divorced 
Widowed 

4
60
7
17

15
123
19
29

8
10
6
31

Residence Urban 
Rural 

55
33

114
72

98
51

Income in 
Ethiopian birr

<6000
6000+

76
12

174
12

140
9

Multimorbidity Yes 
No 

4
84

69
117

123
26

Religion Christian 
Muslim 

82
6

176
10

137
12

Education Unable to read & write
Can read &write 
Primary 
Secondary 
Higer education

56
4
9
5
14

105
10
38
15
18

87
4
26
12
20

Occupation Farmer 
Merchant 
Daily labourer
Retired
Unemployed 
Employed 

16
11
1
8
38
14

30
37
2
13
89
15

24
29
0
10
69
17

Multimorbidity Yes 
No 

4
84

69
117

123
26

Polypharmacy Yes
No 

0
88

0
186

51
98

BP controlled Yes 
No 

54
34

73
113

48
101

Aerobic 
exercise

Yes 
No 

30
58

45
141

23
126

Health 
insurance

Yes 
No 

58
30

132
54

115
34

Study setting Debre Tabor
Nefas Mewucha
Addis Zemen
Estie

22
16
34
16

71
39
35
41

57
45
31
16

Therapy 
duration

<5 year
5+ year

64
24

162
54

87
62
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256       Patterns of multimorbidity 

257 Type 2 diabetes mellitus was the most common comorbidity coexisting with hypertension, 

258 while the least encountered comorbidities included rheumatic fever, Parkinson’s disease, fatty 

259 liver disease, and others. Others include: rheumatic fever, pulmonary tuberculosis, glaucoma, 

260 Parkinson’s disease, fatty liver disease, degenerative aortic stenos, degenerative spondylosis, 

261 osteoarthritis, hypercalcemia, bilateral flank pain, schizophrenia, trigeminal neuralgia, and soft 

262 tissue injury (Table 2).

263 Table 2. Morbidities among hypertensive patients

Disorder Frequency Percent 

Type 2 diabetes mellitus 52 21.40

Dyslipidemia 25 10.29

Dyspepsia 22 9.05

Hypertensive heart disease 21 8.64

Bronchial asthma 21 8.64

Rheumatoid arthritis 19 7.82

Peripheral neuropathy 19 7.82

Congestive heart failure 12 4.94

Ischemic stroke 10 4.12

Ischemic heart disease 7 2.88

Hyperthyroidism 6 2.47

Human immunodeficiency 

virus

5 2.06

Chronic kidney disease 3 1.23

Type 1 diabetes mellitus 3 1.23

Myalgia 3 1.23

Generalized tonic-clonic 3 1.23

Others (each 1[0.41%]) 13 5.3
264 Others include: Rheumatic fever, Pulmonary tuberculosis, Glaucoma, Parkinson’s disease, Faty liver disease, 
265 Degenerative aortic stenos, Degenerative spondylosis, Osteoarthritis, Hypercalcemia, Bilateral flank pain, 
266 Schizophrenia, Trigeminal neuralgia, and Soft tissue injury.

267

268

269
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270

271

272 The most common body system morbidity encountered among the sampled study participants 

273 with hypertension was cardiovascular disorder, which accounted for 77 cases (31.69%). In 

274 contrast, the least common was special sense disorder, accounting for just 1 case (1%) (Fig. 1).

275

276 Fig. 1. Percent of body system disorders

277 Hypertension combined with type 2 diabetes mellitus was the most commonly observed 

278 multimorbidity, followed by hypertension combined with hypertensive heart disease. 

279 Conversely, hypertension combined with T2DM and HIV, hypertension combined with 

280 hypertensive heart disease and dyspepsia, and other combinations were the least frequently 

281 encountered multimorbidities among the study participants. Regarding the number of 

282 morbidities per participant, 53.9% had none, 35.22% had two, 10.4% had three, and 0.24% 

283 each had four and five morbidities. Others (each accounts 0.24%) include: hypertension 

284 +degenerative spondylosis,  hypertension + type 2 diabetes mellitus + bilateral flank pain,  

285 hypertension + type 2 diabetes mellitus+ HIV, hypertension + hypertensive heart disease + 

286 dyspepsia, hypertension + type 2 diabetes mellitus + fatty liver disease, hypertension + type 2 
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287 diabetes mellitus + ischemic heart disease, hypertension + parkinson's disease + hypertensive 

288 heart disease, hypertension + glaucoma, hypertension + trigeminal neuralgia,  hypertension + 

289 type 2 diabetes mellitus + chronic kidney disease, hypertension + rheumatoid arthritis + 

290 bronchial asthma, hypertension + schizophrenia, hypertension +hypocalcemia, hypertension+ 

291 type 2 diabetes mellitus +degenerative aortic stenosis, hypertension + peripheral neuropathy + 

292 HIV, hypertension  +rheumatoid arthritis + hypertensive heart disease, hypertension + 

293 rheumatic fever, hypertension + soft tissue injury,  hypertension + hypertensive heart disease 

294 + ischemic stroke +bronchial asthma + dyslipidemia, hypertension + osteoarthritis, 

295 hypertension + HIV + bronchial asthma,  hypertension + hypertensive heart disease + 

296 pulmonary tuberculosis, and hypertension + dyslipidemia + congestive heart failure (Table 3).

297 Table 3. Pattern of multimorbidity among hypertensive patients

Multimorbidity Frequenc
y 

Percent 

Hypertension+T2 diabetes mellitus 30 7.09
Hypertension+Hypertensive heart disease 16 3.78
Hypertension+Dyspepsia 12 2.84
Hypertension+Rheumatoid arthritis 12 2.84
Hypertension+Dyslipidemia 11 2.60
Hypertension+Peripheral neuropathy 10 2.36
Hypertension+Bronchial asthma 10 2.36
Hypertension+Ischemic stroke 8 1.89
Hypertension+T2 diabetes mellitus+Dyslipidemia 7 1.65
Hypertension+Congestive heart failure 7 1.65
Hypertension+Hyperthyroidism 6 1.42
Hypertension+Peripheral neuropathy+Dyspepsia 3 .71
Hypertension+T2 diabetes mellitus+Peripheral neuropathy 3 .71
Hypertension+T2 diabetes mellitus+Bronchial asthma 3 .71
Hypertension+Generalized tonic-clonic epilepsy 3 .71
Hypertension+T1diabetes mellitus 3 .71
Hypertension+Myalgia 3 .71
Hypertension+Dyslipidemia+Rheumatoid arthritis 2 .47
Hypertension+Dyspepsia+Bronchial asthma 2 .47
Hypertension+Dyslipidemia+Bronchial asthma 2 .47
Hypertension+Rheumatoid arthritis+T2 diabetes mellitus 2 .47
Hypertension+Human immunodeficiency virus 2 .47
Hypertension+Chronic kidney disease 2 .47
Hypertension+Peripheral neuropathy+Rheumatoid arthritis 2 .47
Others 23 11.79
Number of multimorbidity 0

2
3
4
5

228
149
44
1
1

53.9
35.22
10.4
.24
.24

298
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299   Factors associated with multimorbidity, Polypharmacy, and MRCI

300 In the final adjusted binary logistic regression, we found that polypharmacy, patient-level 

301 medication regimen complexity, and the study hospital were associated with the presence of 

302 multimorbidity.

303 Polypharmacy was significantly associated with a duration of hypertension treatment equal to 

304 or greater than five years, multimorbidity, and controlled BP in the adjusted binary logistic 

305 regression analysis.

306 We identified several factors associated with medication regimen complexity (MRCI) for 

307 inclusion in a multivariate ordinal logistic regression analysis. These factors include the 

308 presence of multimorbidity, controlled blood pressure (BP), duration of hypertension treatment 

309 greater than five years, engaging in aerobic exercise, having health insurance, and an income 

310 greater than 6000 Ethiopian Birr.

311 In the adjusted analysis, participants experiencing multimorbidity were fourteen times more 

312 likely to have a complex medication regimen (AOR=14.55, 95% CI: 9.00-23.52, P<0.0001). 

313 Furthermore, participants with controlled BP, based on WHO pharmacologic treatment of 

314 hypertension guidelines (2021), were 52% less likely to have a complex medication regimen 

315 (AOR=0.48, 95% CI: 0.32-0.72, P<0.0001) (Table 4).

316
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325 Table 4. Univariate, and multivariate logistic analysis of predictors of MRCI, 
326 polypharmacy, and multimorbidity 

327 Abbreviations: AOR, Adjusted odds ratio; COR, Crude odds ratio; ETB, Ethiopian birr; BP, Blood pressure; DCSH, Debre 
328 Tabor Comprehensive Specialized Hospital; NMWH, Nefas Mewucha Hospital, ADZH, Addis Zemen Hospital; MEH, 
329 Mekane Eyesus Hospital; MRCI, Medication regimen complexity index. Note: Superscript a indicates ordinal logistic 
330 regression was used while b shows binary logistic regression used, * indicates P<0.25 while + indicates P<0.05.

331

332

Outcome Variable Variable 
category Patient MRCIa

<4      5-8      >8

COR (95% CI) AOR (95% CI)

Income <6000 ETB
>6000 ETB

76      174     140
12      12       9

1
0.52(0.26-1.03)*

1
0.59(0.28-1.24)

Multimorbidity No 
Yes 

85        117    26
3          69    123

1
15.19(9.47-24.37)*

1
14.55(9.00-23.52)+

Controlled BP No
Yes 

34       113    101
54       73     48

1
0.46(0.32-0.67)+

1
0.48(0.32-0.72)+

Aerobic exercise No 
Yes 

58        141   126
30        45      23

1
0.49(0.32-0.74)+

1
0.77(0.48-1.23)

Health insurance No 
Yes 

30         54    34
58        132   115

1
1.47(0.99-2.19)*

1
1.53(0.98-2.39)

Hypertension therapy <5 years
>5 years

64        132     87
24        54       62

1
1.66(1.13-2.44)+

1
1.17(0.77-1.78)

Polypharmacyb 
Absent   Present      

Study hospital DCSH
NMWH
ADZH
MEH

126               24
87                 13
93                  7
66                  7

1
0.78(0.38-1.62)*

0.39(0.16-0.96)+

0.56(0.23-1.36)*

1
1.06(0.47-2.38)
0.73(0.28-1.93)
1.96(0.67-5.71)

Multimorbidity No 
Yes 

225                3
147               48

1
24.49(7.49-80.08)+

1
25.39(7.48-86.22)+

Hypertension therapy <5 years
>5 years

259               24
113                27

1
2.58(1.43-4.66)+

1
2.12(1.08-4.16)+

Controlled BP No 
Yes 

208                40
164                11

1
0.42(0.19-0.92)+

1
0.42(0.19-0.92)+

Multimorbidityb 
Absent   Present

Age <65 years
>65 years

152              118
76                 77

1
1.31(0.87-1.94)*

1
1.09(0.64-1.88)

Study hospital DCSH
NMWH
ADZH
MEH

59                 91
56                 44
56                 44
57                 16

1
0.51(0.30-0.85)+

0.53(0.32-0.88)+

0.18(0.09-0.35)+

1
0.30(0.15-0.59)+

0.80(0.36-1.77)
0.16(0.07-0.38)+

Aerobic exercise No 
Yes

165              160
63                 35

1
0.56(0.35-0.90)+

1
0.86(0.41-1.81)

Hypertension therapy <5 years
>5 years

169              114
59                 81

1
2.01(1.33-3.02)+

1
1.49(0.85-2.61)

Controlled BP No 
Yes

124               124
104                71

1
0.69(0.47-1.03)+

1
1.12(0.64-1.95)

Polypharmacy Absent 
Present 

225                3                   
147               48

1
24.49(7.49-80.08)+

1
5.52(1.49-20.39)+

Patient MRCI <4
5-8
>8

85                  3
117                69
26                123

1
12.38(4.35-35.26)+

99.34(33.45-295.07)+

1
19.76(5.87-66.56)+

120.32(33.12-437.07)+
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333   DISCUSSION

334 In the present study, we found that 46.3% of participants had multimorbidity, 12.06% 

335 experienced polypharmacy, and 35.22% had a high patient-level MRCI. Additionally, we 

336 identified associations between polypharmacy, patient-level MRCI, and the study hospital with 

337 multimorbidity. We also found that the duration of hypertension therapy, controlled blood 

338 pressure (BP), and multimorbidity were associated with polypharmacy, while controlled BP 

339 and multimorbidity were predictors of a high patient-level MRCI.

340 The magnitude of multimorbidity that we found is higher than the studies finding in Sweden 

341 (21.6%) [20], Japan (29.9%) [7], Hong Kong, China (40.4%) [6], but lower than the finding of 

342 studies in Bahir Dar, Ethiopia (54.8%) [21], Ghana (55%) [22], India (55%) [23], United 

343 Kingdom (73.9%) [5], and another study in China (56.7%) [24].

344 Concerning polypharmacy, our finding is lower than findings from Gondar, Ethiopia (46.6%) 

345 [25], Ghana (64.8%) [22], Somali Land (71%) [10], Saudi Arabia [(21%), (79%)] [9, 26], and 

346 Japan (22.3%) [7].

347 We found high patient level MRCI in 35.22% study participants, which is lower than the result 

348 of the study, Gondar, Ethiopia (57.2%) [25].

349 Participants with polypharmacy (>5 medications) compared to having no polypharmacy were 

350 more likely to experience with multimorbidity in the present study. It is supported by study 

351 from Japan [7]. Moreover, participants exposed to medium, and high patient level MRCI 

352 compared to low patient level MRCI were more likely to experience multimorbidity. This 

353 finding is in line with the finding from Sweden [20]. Previous studies identified age, being 

354 male, and uncontrolled BP as predictor of multimorbidity [5, 6, 21], but those factors failed to 

355 associate with multimorbidity in our study. 

356 We found that participants with hypertension treatment for five year and above were two times 

357 more likely to experience polypharmacy. This finding is supported by study from Saudi Arabia 

358 [9]. In addition, we found controlled BP, and presence of multimorbidity were predictor of 

359 polypharmacy, but we did not find similar studies to discuss the findings. 

360 We found those participants who had controlled BP were 52% times less likely to have Medium 

361 and high patient level MRCI compared to those who had uncontrolled BP. This finding is 

362 similar with the finding of the study from Japan in which those participants who exposed to 

363 higher MRCI were more likely to have poor BP control [13]. We identified that participants 
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364 with multimorbidity were 14 times more likely to have medium, and high patient level MRCI. 

365 This result is in line with the study finding in Korea [27].

366 The observed difference between findings be attributed to difference in inclusion criteria, and 

367 distribution of sociodemographic characteristics of study participants. We determined 

368 multimorbidity, polypharmacy and MRCI specifically among hypertensive adults, but most of 

369 previous studies assessed multimorbidity [24], polypharmacy [10, 25, 26], and MRCI [25], 

370 among participants with any chronic conditions without considering the diagnosis of 

371 hypertension as a compulsory criterion for inclusion.

372   Strength and limitation of the study

373 The present study is the first in Ethiopia healthcare setting that identified factors associated 

374 with multimorbidity, polypharmacy, and MRCI among hypertensive patients. Multicentred 

375 design nature of the study is considered as an additional strength of the present study. However, 

376 this study has a limitation being cross sectional may not show true cause-effect relationship 

377 between outcome and predictors. Moreover, it did not consider inpatient settings, so the study 

378 is generalizable to hypertensive patients with chronic follow up at outpatient departments.

379   CONCLUSION

380 The present study showed a considerable number of hypertensive patients experienced 

381 multimorbidity, polypharmacy and patient level MRCI. We identified study setting being 

382 primary hospital, polypharmacy, and MRCI as predictors of multimorbidity. In addition, 

383 Multimorbidity, and controlled BP were predictors of polypharmacy, and MRCI in this study. 

384 Moreover, duration of hypertension treatment was significantly associated with polypharmacy. 

385 Therefore, hypertensive patients care should consider multimorbidity, polypharmacy, and 

386 MRCI to optimize their care. 
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30 ABSTRACT

31 Objectives: Factors associated with multimorbidity, polypharmacy, and medication regimen 

32 complexity (MRCI) may vary across countries. Such data lack in the present study settings. 
33 This study aimed to identify factors associated with multimorbidity, polypharmacy, and MRCI 

34 among hypertensive patients in public hospitals of South Gondar Zone. 

35 Design: Multicentered cross sectional design

36 Setting: Public hospitals of Comprehensive Specialized and primary hospitals, Ethiopia

37 Participants: Adult hypertensive patients who had follow up and visited at outpatient 

38 clinics and selected by systematic random sampling from December 1, 2021, to February 30, 

39 2022.

40 Primary and secondary outcome measures: Medication regimen complexity was 

41 assessed using a 65-items medication regimen complexity tool. Sociodemographic data were 

42 collected through interview, while polypharmacy and clinical characteristics were documented 

43 using checklist. Data were entered into SPSS version26, and analyzed using STATA 17. Binary 

44 logistic regression model was used to determine AOR of factors associated with multimorbidity 

45 and polypharmacy. For factors influencing MRCI, an ordinal logistic regression used.

46 Results: We found participants from Nefas Mewucha hospital (AOR=0.3, 95% CI:0.15-0.59) 

47 and Mekane Eyesus hospital (AOR=0.17, 95% CI: 0.07-0.38), compared to Debre Tabor 

48 Comprehensive Specialized Hospital, polypharmacy (AOR=5.52, 95% CI: 1.49-20.39), 

49 medium (AOR=19.76, 95% CI: 5.86-66.56), and high MRCI (AOR=120.32, 95% CI: 33.12-

50 437.07) were associated with multimorbidity. Multimorbidity (AOR=25.4, 95% CI: 7.48-

51 86.23), controlled blood pressure (AOR=0.43, 95% CI: 0.19-0.92), and duration of 

52 hypertension therapy >5 years (AOR=2.12, 95% CI: 1.08-4.16) were predictor of 

53 polypharmacy. Whereas, controlled BP (AOR=0.48, 95% CI: 0.32-0.72), and multimorbidity 

54 (AOR=14.55, 95% CI: 9.00-23.52) were significantly associated with high MRCI. Concerning 

55 prevalence, multimorbidity, high MRCI, and polypharmacy was found in 46.1%, 35.22%, and 

56 12.29% of participants, respectively.

57 Conclusion: A considerable hypertensive participants experienced multimorbidity (46.1%), 

58 polypharmacy (12.29%), and high medication complexity (35.22%). Polypharmacy, primary 
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59 hospital setting, high MRCI were predictors of multimorbidity. On the other hand, 

60 multimorbidity, and controlled BP were predictor of polypharmacy and MRCI. Hypertensive 

61 patient care should consider multimorbidity, polypharmacy, and medication complexity. 
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83 Strength and limitation of the study

84 • It is the first in Ethiopia healthcare setting that identified factors associated with 

85 multimorbidity, polypharmacy, and MRCI among hypertensive patients. 

86 • Multicentred design nature of the study is considered as an additional strength of the 

87 present study. 

88 • However, this study has a limitation being cross sectional that did not establish a true 

89 cause-effect relationship between outcome and independent factors. 

90 • Moreover, exclusion of inpatient settings restricts the findings generalizability to adult 

91 hypertensive patients with chronic follow up at outpatient departments only

92 • Under representation of older adults and medication adherence were not adequately 
93 addressed, potentially affecting study results.

94
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109 INTRODUCTION 

110 Multimorbidity is defined as the co-occurrence of two or more chronic health conditions in an 

111 individual.1, 2  It has become a major public health problem, with prevalence ranging from 

112 12.9% to 95.1%.3, 4 Multimorbidity has been linked with premature death, poor quality of life, 

113 increased healthcare utilization, advanced age, higher body mass index, reduced kidney 

114 function, lower socioeconomic status, birth gender, suboptimal blood pressure control and 

115 polypharmacy.2, 3, 5-7

116 The definition of polypharmacy has not been standardized; however, it is commonly defined 

117 in the literature as the routine use of five or more concurrent medications. This includes over-

118 the-counter drugs, prescription medications, traditional remedies, and complementary 

119 medicines.8 The prevalence of polypharmacy has been increased worldwide and is associated 

120 with factors such as duration of treatment, comorbidities, chronic illness, and advanced age.9, 

121 10

122 Medication regimen complexity includes factors such as dosage forms, dosing frequency, and 

123 additional instructions related to medications. It accounts for both prescription and over-the-

124 counter medications to calculate medication regimen complexity index.11 This complexity is 

125 associated with clinical outcomes such as hospitalization, hospital readmission, medication 

126 adherence, blood pressure, age, and comorbidity. 12-14

127 Literature has shown that the prevalence of multimorbidity varies across countries. Lifestyle 

128 and demographic factors contribute to the development of multimorbidity in diverse 

129 populations.15 Unhealthy lifestyles16 and lowerr socio-economic status17, 18 have been 

130 associated with multimorbidity, which in turn contributes to polypharmacy. A study conducted 

131 in Saudi Arabia found that non-Saudi nationalities was associated with polypharmacy 

132 compared to Saudi nationals.19 These suggest that factors associated with multimorbidity, 

133 polypharmacy and medication regimen complexity index may vary across countries.

134 There is limited data regarding factors associated with multimorbidity, polypharmacy, and 

135 medication regimen complexity among adults with hypertension in outpatient settings in 

136 Ethiopia. Therefore, the purpose of the present study was to identify factors associated with 

137 polypharmacy, medication regimen complexity and multimorbidity among adults with 

138 hypertension attending the outpatient follow-up department in the South Gondar Zone.

139
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140     METHODS

141         Study Area, Design, and Period

142 The study was conducted in one purposively, and three randomly chosen public hospitals in 

143 South Gondar Zone.  According to 2007 census which was conducted by Central Statistical 

144 Agency (CSA), Ethiopia, this Zone has a total population of 2 051 738. Based on the 2011 CSA 

145 population projection, the South Gondar Zone has a total population of 2 239 077 (1 103 490 

146 women and 1 135 587 men).   An institution-based multicentered cross-sectional design was 

147 used, and data were collected from December 1, 2021, to February 30, 2022.

148       Study Participants

149 The source population embraced all adults with hypertension attending follow-up appointments 

150 at outpatient departments. The study findings were reported according to the guidelines for 

151 reporting observational studies, Strengthening the Reporting of Observational Studies in 

152 Epidemiology (STROBE) statement.20

153 Eligibility criteria

154        Inclusion criteria:

155 • Adults aged 18 years and above

156 • Receiving antihypertensive medications for at least six months

157 • Following up at outpatient departments of the study hospitals

158 • Willing to participate

159          Exclusion criteria:

160 • Cognitive impairment

161 • Hearing problems

162 • Admitted to inpatient wards

163        Sample Size Determination and Sampling Technique

164 There were no previous studies that we used to determine the sample size of the present study. 

165 Therefore, we used a single population proportion formula considering a 95% confidence 

166 interval, and a prevalence of 50% for outcomes. Then, we reached, a sample size of 384. 

167 Accounting for a 10% non-response rate, the final sample size was 423. Debre Tabor 
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168 Comprehensive Specialized Hospital, being the only specialized hospital in the zone, was 

169 selected purposively, while Addis Zemen Hospital, Nefas Mewucha Hospital, and Mekane 

170 Eyesus Hospital were chosen randomly. Proportional allocation and a systematic random 

171 sampling technique were applied, with a sampling interval of four; hence, every fourth 

172 participant was included until the desired sample size was achieved.

173        Study Variables

174 Dependent Variables: Multimorbidity, Medication regimen complexity index (MRCI), 

175 Polypharmacy

176 Independent Variables: Age, gender, residence, marital status, income, blood pressure status, 

177 educational status, number of medications, duration of treatment, health insurance, aerobic 

178 exercise

179   

180      Operational definitions

181 Medication regimen complexity: comprised the dosage form, dosing interval, and additional 

182 instruction aspect to calculate the patient medication burden. It is quantified using 65 items 

183 Medication Regimen Complexity Index (MRCI): then, categorized into three levels: low (≤4), 

184 medium (5-8), and high (>8) MRCI scores.21

185 Multimorbidity: Co-existence of two or more chronic conditions in an individual.1, 2

186 Controlled blood pressure: Defined as BP <140/90 mmHg for individuals with hypertension 

187 without comorbidity, or BP <130/90 mmHg for those with diabetes mellitus, chronic kidney 

188 disease, or known cardiovascular diseases.22

189 Regular aerobic exercise: Regular Aerobic Exercise: Participants engaged in activities like 

190 brisk walking, recreational swimming, cycling, and tennis for at least 150 minutes per week.23

191 Polypharmacy: Routine use of five or more medications by a patient.8 Fixed-dose combination 

192 (FDC) were accounted for in the methodology although no FDCs were identified in the 

193 medication regimens of participants. FDCs would have been counted as a single medication in 

194 the patient’s regimen, regardless of the number of active ingredients, in cases where FDCs were 

195 present.  This strategy helps to avoid overestimating the medication burden while considering 

196 the contribution of such combinations to the regimen complexity.
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197 Chronic health condition:        A chronic health condition is defined as a health problem that 

198 cannot be cured once acquired or one that persists for at least three months.24 

199

200 Data Collection Procedures

201 A questionnaire was developed and translated into Amharic, and back-translated into English 

202 for consistency. Interviews were conducted to gather socio-demographic and clinical 

203 characteristics not found in patient charts, such as monthly income, regular aerobic exercise, 

204 over-the-counter medications, marital status, educational level, and health insurance. A 

205 checklist was used to collect data on blood pressure level, dosage forms, dose frequency, 

206 number of medications, and additional administration instructions. The 65-item MRCI tool, 

207 including sections on dosage forms, dose frequency, and additional instructions with 

208 corresponding scores, was used to determine the MRCI.11

209 The average of two BP readings taken two minutes apart during a visit was used to determine 

210 BP status.25

211  Data Quality Control

212 To ensure data quality, we conducted a pretest, trained data collectors, and checked the filled 

213 questionnaires and checklists for completeness and correctness daily. The training covered the 

214 study objectives, methods, and ethical concerns.

215   Statistical Analysis

216 Data were entered and analyzed using Stata 17. We checked that no multicollinearity (variance 

217 inflation factor less than two). We checked the reliability of the 65 items MRCI tool for our 

218 study settings and found 0.7 value of Cronbach's alpha indicates the reliability of the tool. 

219 Categorical variables were described using frequencies, while means and standard deviation 

220 (SD) were used for continuous variables. After checking assumptions, ordinal for MRCI, and 

221 binary logistic regression for multimorbidity, and polypharmacy were employed to identify 

222 predictors associated with MRCI and multimorbidity, respectively. Variables with a p-value of 

223 less than 0.25 in univariate analysis were included in the multivariate analysis, and statistical 

224 significance was set at a p-value of <0.05.

225
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226 Ethical consideration

227 The present study was approved from Institutional Research and Ethical Review Committee 

228 (IRERC), College of Health Sciences, Debre Tabor university (Ref: CHS/DTU1421//2021), 

229 and conducted in accordance with the guidelines and standards of the declaration of Helsinki. 

230 IRERC gave us approval to receive verbal informed consent as the study does not have any 

231 known potential risk to participants. Therefore, Verbal consent was obtained from study 

232 participants after explaining the study’s methods, and purpose. personal identifiers were 

233 anonymised to keep the participants’ confidentiality. 

234 Public and patient involvement

235 Patients and the public were not involved in the design of this study. 
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252 RESULTS 

253            Socio-demographic and clinical characteristics of study participants

254 Four hundred twenty-three participants were included in the analysis of the study. The 

255 participants’ age ranged from 23 to 90 years with mean + standard error of 58.48+12.96 years, 

256 and majority of participants (59.81%) were female. The number of medications taken by each 

257 participant ranges from one to seven with mean + SD of 2.65+ 1.35.

258 Multimorbidity and polypharmacy were found in 46.10% and 12.29% of participants, 

259 respectively. Hypertension specific MRCI was low in 56.26%, medium in 40.43%, and high in 

260 3.31% of participants. Concerning patient level MRCI, we found low in 20.80%, medium in 

261 43.97%, and high in 35.22% (Table 1). 

262
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282 Table 1. Characteristics of study participants

283

284      

Patient level Medication regimen 
complexity

Variable Category of variable

Low Medium High
Sex Female

Male  
55(13.00)
33(7.80)

114(26.95)
72(17.02)

84(19.86)
65(15.37)

Age in year <65
65+

65(15.37)
23(5.44)

109(25.77)
77(18.20)

96(22.70)
53(12.53)

Marital status Single
Married
Divorced 
Widowed 

4(0.95)
60(14.18)
7(1.65)
17(4.02)

15(3.55)
123(29.08)
19(4.49)
29(6.86)

8(1.89)
104(24.59)
6(1.42)
31(7.33)

Residence Urban 
Rural 

55(13.00)
33(7.80)

114(26.95)
72(17.02)

98(23.17)
51(12.06)

Income in 
Ethiopian birr

<6000
6000+

76(17.97)
12(2.84)

174(41.13)
12(2.84)

140(33.10)
9(2.13)

Religion Christian 
Muslim 

82(19.39)
6(1.42)

176(41.61)
10(2.36)

137(32.39)
12(2.84)

Education Unable to read & write
Can read &write 
Primary 
Secondary 
Higer education

56(13.24)
4(0.95)
9(2.13)
5(1.18)
14(3.31)

105(24.82)
10(2.36)
38(8.98)
15(3.55)
18(4.26)

87(20.57)
4(0.95)
26(6.15)
12(2.84)
20(4.73)

Occupation Farmer 
Merchant 
Daily labourer
Retired
Unemployed 
Employed 

16(3.78)
11(2.60)
1(0.24)
8(1.89)
38(8.89)
14(3.31)

30(7.09)
37(8.75)
2(0.47)
13(3.07)
89(21.04)
15(3.55)

24(5.67)
29(6.86)
0(0.00)
10(2.36)
69(16.31)
17(4.02)

Multimorbidity Yes 
No 

3(0.71)
85(20.09)

69(16.31)
117(27.66)

123(29.08)
26(6.15)

Polypharmacy Yes
No 

0(0.00)
88(20.80)

0(0.00)
186(43.97)

52(12.29)
97(22.93)

BP controlled Yes 
No 

54(12.77)
34(8.04)

73(17.26)
113(26.71)

48(11.35)
101(23.88)

Aerobic 
exercise

Yes 
No 

30(7.09)
58(13.71)

45(10.64)
141(33.33)

23(5.44)
126(29.79)

Health 
insurance

Yes 
No 

58(13.71)
30(7.09)

132(31.21)
54(12.77)

115(27.19)
34(8.04)

Study setting Debre Tabor
Nefas Mewucha
Addis Zemen
Estie

22(5.20)
16(3.78)
34(8.04)
16(3.78)

71(16.78)
39(9.22)
35(8.27)
41(9.69)

57(13.48)
45(10.64)
31(7.33)
16(3.78)

Therapy 
duration

<5 year
5+ year

64(15.13)
24(5.67)

132(31.21)
54(12.77)

87(20.57)
62(14.66)
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285  Patterns of multimorbidity 

286 Type 2 diabetes mellitus was the most common comorbidity coexisting with hypertension, 

287 while the least encountered comorbidities included rheumatic fever, Parkinson’s disease, fatty 

288 liver disease, and others. Others include: rheumatic fever, pulmonary tuberculosis, glaucoma, 

289 Parkinson’s disease, fatty liver disease, degenerative aortic stenosis, degenerative spondylosis, 

290 osteoarthritis, hypercalcemia, bilateral flank pain, schizophrenia, trigeminal neuralgia, and soft 

291 tissue injury (Table 2).

292 Table 2. Morbidities among hypertensive patients

Disorder Frequency Percent 

Type 2 diabetes mellitus 52 21.40

Dyslipidemia 25 10.29

Dyspepsia 22 9.05

Hypertensive heart disease 21 8.64

Bronchial asthma 21 8.64

Rheumatoid arthritis 19 7.82

Peripheral neuropathy 19 7.82

Congestive heart failure 12 4.94

Ischemic stroke 10 4.12

Ischemic heart disease 7 2.88

Hyperthyroidism 6 2.47

Human immunodeficiency virus 5 2.06

Chronic kidney disease 3 1.23

Type 1 diabetes mellitus 3 1.23

Myalgia 3 1.23

Generalized tonic-clonic 3 1.23

Others (each 1[0.41%]) 13 5.3
293 Others include: Rheumatic fever, Pulmonary tuberculosis, Glaucoma, Parkinson’s disease, Faty liver disease, 
294 Degenerative aortic stenos, Degenerative spondylosis, Osteoarthritis, Hypercalcemia, Bilateral flank pain, 
295 Schizophrenia, Trigeminal neuralgia, and Soft tissue injury.

296

297

298

299
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300

301 The most common body system morbidity encountered among the sampled study participants 

302 with hypertension was cardiovascular disorder, which accounted for 77 cases (31.69%). In 

303 contrast, the least common was special sense disorder, accounting for just 1 case (0.41%) (Fig. 

304 1). 

305 Hypertension combined with type 2 diabetes mellitus was the most commonly observed 

306 multimorbidity, followed by hypertension combined with hypertensive heart disease. 

307 Conversely, hypertension combined with T2DM and HIV, hypertension combined with 

308 hypertensive heart disease and dyspepsia, and other combinations were the least frequently 

309 encountered multimorbidity among the study participants. Regarding the number of 

310 multimorbidity per participant, 53.9% had none, 35.22% had two, 10.4% had three, and 0.24% 

311 each had four and five morbidities. Others (each accounts 0.24%) include: hypertension 

312 +degenerative spondylosis,  hypertension + type 2 diabetes mellitus + bilateral flank pain,  

313 hypertension + type 2 diabetes mellitus+ HIV, hypertension + hypertensive heart disease + 

314 dyspepsia, hypertension + type 2 diabetes mellitus + fatty liver disease, hypertension + type 2 

315 diabetes mellitus + ischemic heart disease, hypertension + Parkinson’s disease + hypertensive 

316 heart disease, hypertension + glaucoma, hypertension + trigeminal neuralgia,  hypertension + 

317 type 2 diabetes mellitus + chronic kidney disease, hypertension + rheumatoid arthritis + 

318 bronchial asthma, hypertension + schizophrenia, hypertension +hypocalcemia, hypertension+ 

319 type 2 diabetes mellitus +degenerative aortic stenosis, hypertension + peripheral neuropathy + 

320 HIV, hypertension  +rheumatoid arthritis + hypertensive heart disease, hypertension + 

321 rheumatic fever, hypertension + soft tissue injury,  hypertension + hypertensive heart disease 

322 + ischemic stroke +bronchial asthma + dyslipidemia, hypertension + osteoarthritis, 

323 hypertension + HIV + bronchial asthma,  hypertension + hypertensive heart disease + 

324 pulmonary tuberculosis, and hypertension + dyslipidemia + congestive heart failure (Table 3).

325 Table 3. Pattern of multimorbidity among hypertensive patients

Multimorbidity Frequenc
y 

Percent 

Hypertension+T2 diabetes mellitus 30 7.09
Hypertension+Hypertensive heart disease 16 3.78
Hypertension+Dyspepsia 12 2.84
Hypertension+Rheumatoid arthritis 12 2.84
Hypertension+Dyslipidemia 11 2.60
Hypertension+Peripheral neuropathy 10 2.36
Hypertension+Bronchial asthma 10 2.36
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Hypertension+Ischemic stroke 8 1.89
Hypertension+T2 diabetes mellitus+Dyslipidemia 7 1.65
Hypertension+Congestive heart failure 7 1.65
Hypertension+Hyperthyroidism 6 1.42
Hypertension+Peripheral neuropathy+Dyspepsia 3 0.71
Hypertension+T2 diabetes mellitus+Peripheral neuropathy 3 0.71
Hypertension+T2 diabetes mellitus+Bronchial asthma 3 0.71
Hypertension+Generalized tonic-clonic epilepsy 3 0.71
Hypertension+T1diabetes mellitus 3 0.71
Hypertension+Myalgia 3 0.71
Hypertension+Dyslipidemia+Rheumatoid arthritis 2 0.47
Hypertension+Dyspepsia+Bronchial asthma 2 0.47
Hypertension+Dyslipidemia+Bronchial asthma 2 0.47
Hypertension+Rheumatoid arthritis+T2 diabetes mellitus 2 0.47
Hypertension+Human immunodeficiency virus 2 0.47
Hypertension+Chronic kidney disease 2 0.47
Hypertension+Peripheral neuropathy+Rheumatoid arthritis 2 0.47
Others 23 11.79
Number of multimorbidity 0

2
3
4
5

228
149
44
1
1

53.90
35.22
10.40
0.24
0.24

326

327   Factors associated with multimorbidity, Polypharmacy, and MRCI

328 In the final adjusted binary logistic regression, we found that polypharmacy, patient-level 

329 medication regimen complexity, and the study hospital were associated with the presence of 

330 multimorbidity.

331 Polypharmacy was significantly associated with a duration of hypertension treatment equal to 

332 or greater than five years, multimorbidity, and controlled BP in the adjusted binary logistic 

333 regression analysis.

334 We identified several factors associated with medication regimen complexity (MRCI) for 

335 inclusion in a multivariate ordinal logistic regression analysis. These factors include the 

336 presence of multimorbidity, controlled blood pressure (BP), duration of hypertension treatment 

337 greater than five years, engaging in aerobic exercise, having health insurance, and an income 

338 greater than 6000 Ethiopian Birr.

339 In the adjusted analysis, participants experiencing multimorbidity were fourteen times more 

340 likely to have a complex medication regimen (AOR=14.55, 95% CI: 9.00-23.52, P<0.0001). 

341 Furthermore, participants with controlled BP, based on WHO pharmacologic treatment of 
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342 hypertension guidelines (2021), were 52% less likely to have a complex medication regimen 

343 (AOR=0.48, 95% CI: 0.32-0.72, P<0.0001) (Table 4).

344 Table 4. Univariate, and multivariate logistic analysis of predictors of MRCI, 
345 polypharmacy, and multimorbidity 

346 Abbreviations: AOR, Adjusted odds ratio; COR, Crude odds ratio; ETB, Ethiopian birr; BP, Blood pressure; DCSH, Debre 

347 Tabor Comprehensive Specialized Hospital; NMWH, Nefas Mewucha Hospital, ADZH, Addis Zemen Hospital; MEH, 

348 Mekane Eyesus Hospital; MRCI, Medication regimen complexity index. Note: Superscript a indicates ordinal logistic 

349 regression was used while b shows binary logistic regression used, * indicates P<0.25 while + indicates P<0.05.

Outcome Variable Variable 
category Patient MRCIa

<4      5-8      >8

COR (95% CI) AOR (95% CI)

Income <6000 ETB
>6000 ETB

76      174     140
12      12       9

1
0.52(0.26-1.03)*

1
0.59(0.28-1.24)

Multimorbidity No 
Yes 

85        117    26
3          69    123

1
15.19(9.47-24.37)*

1
14.55(9.00-23.52)+

Controlled BP No
Yes 

34       113    101
54       73     48

1
0.46(0.32-0.67)+

1
0.48(0.32-0.72)+

Aerobic exercise No 
Yes 

58        141   126
30        45      23

1
0.49(0.32-0.74)+

1
0.77(0.48-1.23)

Health insurance No 
Yes 

30         54    34
58        132   115

1
1.47(0.99-2.19)*

1
1.53(0.98-2.39)

Hypertension therapy <5 years
>5 years

64        132     87
24        54       62

1
1.66(1.13-2.44)+

1
1.17(0.77-1.78)

Polypharmacyb 
Absent   Present      

Study hospital DCSH
NMWH
ADZH
MEH

126               24
85                 15
94                  6
66                  7

1
0.78(0.38-1.62)*

0.39(0.16-0.96)+

0.56(0.23-1.36)*

1
1.06(0.47-2.38)
0.73(0.28-1.93)
1.96(0.67-5.71)

Multimorbidity No 
Yes 

225                3
146              49

1
24.49(7.49-80.08)+

1
25.39(7.48-86.22)+

Hypertension therapy <5 years
>5 years

258               25
113                27

1
2.58(1.43-4.66)+

1
2.12(1.08-4.16)+

Controlled BP No 
Yes 

206                42
165                10

1
0.42(0.19-0.92)+

1
0.42(0.19-0.92)+

Multimorbidityb 
Absent   Present

Age <65 years
>65 years

152              118
76                 77

1
1.31(0.87-1.94)*

1
1.09(0.64-1.88)

Study hospital DCSH
NMWH
ADZH
MEH

59                 91
56                 44
56                 44
57                 16

1
0.51(0.30-0.85)+

0.53(0.32-0.88)+

0.18(0.09-0.35)+

1
0.30(0.15-0.59)+

0.80(0.36-1.77)
0.16(0.07-0.38)+

Aerobic exercise No 
Yes

165              160
63                 35

1
0.56(0.35-0.90)+

1
0.86(0.41-1.81)

Hypertension therapy <5 years
>5 years

169              114
59                 81

1
2.01(1.33-3.02)+

1
1.49(0.85-2.61)

Controlled BP No 
Yes

124               124
104                71

1
0.69(0.47-1.03)+

1
1.12(0.64-1.95)

Polypharmacy Absent 
Present 

225                146                   
3                     49

1
24.49(7.49-80.08)+

1
5.52(1.49-20.39)+

Patient MRCI <4
5-8
>8

85                  3
117                69
26                123

1
12.38(4.35-35.26)+

99.34(33.45-295.07)+

1
19.76(5.87-66.56)+

120.32(33.12-437.07)+
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350   DISCUSSION

351 In the present study, we found that 46.10% of participants had multimorbidity, 12.29% 

352 experienced polypharmacy, and 35.22% had a high patient-level MRCI. Additionally, we 

353 identified associations between polypharmacy, patient-level MRCI, and the study hospital with 

354 multimorbidity. We also found that the duration of hypertension therapy, controlled blood 

355 pressure (BP), and multimorbidity were associated with polypharmacy, while controlled BP 

356 and multimorbidity were associated with a high patient-level MRCI.

357 The magnitude of multimorbidity observed in our study is higher than that reported in studies 

358 conducted in Sweden (21.6%),26 Japan (29.9%),7 and Hong Kong, China (40.4%),6 but lower 

359 than findings from studies conducted in Bahir Dar, Ethiopia (54.8%),[27] Ghana (55%),28 India 

360 (55%),29 United Kingdom (73.9%),5 and another study in China (56.7%).30

361 Concerning polypharmacy, our finding is lower than those findings from studies conducted in 

362 Gondar, Ethiopia (46.6%),31 Ghana (64.8%),28 Somaliland (71%),10 Saudi Arabia [(21%), 

363 (79%)],9, 32 and Japan (22.3%).7

364 We found high patient level MRCI in 35.22% of study participants, which is lower than the 

365 57.2% reported in a study conducted in Gondar, Ethiopia. 31

366 Participants with polypharmacy (>5 medications) were more likely to experience 

367 multimorbidity compared to those without polypharmacy, a finding supported by a study from 

368 Japan.7 Moreover, participants with medium or high patient level MRCI were more likely to 

369 experience multimorbidity compared to those with low patient level MRCI. This finding is in 

370 line with the finding from Sweden.26 While previous studies have identified factors such as 

371 age, being male, and uncontrolled BP as predictor of multimorbidity,5, 6, 27 these factors were 

372 not significantly associated with multimorbidity in our study. 

373 We found that participants who had been undergoing hypertension treatment for five years or 

374 more were twice as likely to experience polypharmacy. This finding is supported by a study 

375 from Saudi Arabia.9 In addition, we identified that controlled BP and presence of 

376 multimorbidity were associated with polypharmacy; however, we did not find comparable 

377 studies to further discuss these findings. 

378 We found that those participants with controlled BP were 52% less likely to have Medium or 

379 high patient level MRCI compared to those with uncontrolled BP. This finding is similar with 

380 the finding of the study from Japan in which those participants with higher MRCI were more 
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381 likely to have poor BP control.13 Additionally, we identified that participants with 

382 multimorbidity were 14 times more likely to have medium or high patient level MRCI, in line 

383 with a finding from a study in Korea.33

384 The observed differences between findings may be attributed to variations in inclusion criteria, 

385 and the sociodemographic distribution of study participants. In our study, we determined 

386 multimorbidity, polypharmacy and MRCI as well as associated factors specifically among 

387 hypertensive adults, whereas most of previous studies assessed multimorbidity,30 

388 polypharmacy,10, 31, 32 and MRCI31 among participants with any chronic conditions, without 

389 requiring a hypertension diagnosis as a mandatory inclusion criterion.

390   Strength and limitation of the study

391 The present study is the first in the Ethiopian healthcare setting that identified factors associated 

392 with multimorbidity, polypharmacy, and MRCI among adult hypertensive patients. The 

393 multicentred design enhances the generalizability of the findings to outpatient settings in 

394 diverse healthcare facilities. However, this study has a limitation being cross sectional which 

395 limits the ability to establish true cause-effect relationship between outcome and identified 

396 factors. Moreover, exclusion of inpatient settings restricts the generalizability of the findings 

397 to adult hypertensive patients receiving chronic care in outpatient departments only. Although 

398 we employed probability sampling techniques, higher proportion of population aged under 65 

399 years included in the study may under represent factors associated with multimorbidity, 

400 polypharmacy and MRCI in older populations. Adherence to therapy was not assessed in our 

401 study, which might influence results of the study.

402  Clinical implication of the study findings

403 The high prevalence of multimorbidity (46.10%) in hypertensive patients highlights 

404 comprehensive care strategies. Healthcare providers should consider multiple chronic 

405 conditions when managing hypertension patients, as multimorbidity is often linked to more 

406 complex treatment regimens and adverse health outcomes. Adjusting treatment plans that 

407 address multimorbidity may improve patient outcomes and reduce complications. The 

408 observed high MRCI (35.22%) in our study indicates the need to simplify medication regimens 

409 without compromising treatment effectiveness whenever possible particularly in patients with 

410 multimorbidity. Healthcare providers should use strategy like combining medications with 
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411 fewer doses or using fixed dose combinations could help optimize treatment for patients with 

412 high MRCI.

413 Polypharmacy (12.29%) was strongly associated with multimorbidity, underscores the 

414 importance of regular medication reviews to minimize unnecessary polypharmacy, risk of drug 

415 interactions and side effects. Clinicians should monitor patients on multiple medications 

416 closely and regularly assess the appropriateness of each medication for patient’s current health 

417 status.

418 The association of uncontrolled BP with both polypharmacy and high MRCI suggests that these 

419 patients may require more intensive treatment strategies including close monitoring of BP, 

420 medication adjustments and identifying the underlying cause. The association between longer 

421 duration of hypertension treatment (equal or greater than 5 years) and polypharmacy 

422 emphasizes the need for ongoing assessment of treatment effectiveness over time. Patients with 

423 long standing hypertension are more likely to develop additional comorbidities, so healthcare 

424 providers should ensure that the long-term hypertension management plan are regularly 

425 updated to reflect changes in patient’s health and medication needs.  

426 Based on our findings we recommend to strengthen integrated care model that involves 

427 physicians, pharmacists and nurses to address multimorbidity and optimize medication use. 

428 Emphasize should be given to patient centered care to simplify medication regimens and 

429 education on adherence and lifestyle modifications. Health systems should be strengthened to 

430 enhance the capacity of primary hospitals to manage hypertension and its comorbidities 

431 effectively. Further longitudinal research is needed to explore the long-term outcome of these 

432 findings. Health policy makers should address such challenges in designing guidelines for 

433 chronic disease management.

434  CONCLUSION

435 The present study showed a considerable number of hypertensive patients experienced 

436 multimorbidity, polypharmacy and patient level MRCI. We identified study setting being 

437 primary hospital, polypharmacy, and MRCI as predictors of multimorbidity. In addition, 

438 Multimorbidity, and controlled BP were predictors of polypharmacy, and MRCI in this study. 

439 Moreover, duration of hypertension treatment was significantly associated with polypharmacy. 

440 Therefore, hypertensive patients care should consider multimorbidity, polypharmacy, and 

441 MRCI to optimize their care. 
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571 Figure legend

572 Fig 1. Percentage distribution of body system disorders
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29 ABSTRACT

30 Objectives: Factors associated with multimorbidity, polypharmacy, and medication regimen 

31 complexity (MRCI) may vary across countries. However, such data are lacking in the present 

32 study setting. This study aimed to identify factors associated with multimorbidity, 

33 polypharmacy, and MRCI among adults living with hypertension in public hospitals of South 

34 Gondar Zone. 

35 Design: Multicentered cross sectional design

36 Setting: Public hospitals of Comprehensive Specialized and primary hospitals, Ethiopia

37 Participants: Adults living with hypertension who had follow up visits at outpatient clinics 

38 and were selected by systematic random sampling from December 1, 2021, to February 30, 

39 2022.

40 Primary and Secondary Outcome Measures: Medication regimen complexity was 

41 assessed using a 65-items medication regimen complexity tool. Sociodemographic data were 

42 collected through interview, while polypharmacy and clinical characteristics were documented 

43 using checklist. Data were entered into SPSS version26, and analyzed using STATA 17. Binary 

44 logistic regression model was used to determine AOR of factors associated with multimorbidity 

45 and polypharmacy. For factors influencing MRCI, an ordinal logistic regression used.

46 Results: We found participants from Nefas Mewucha hospital (AOR=0.3, 95% CI:0.15-0.59) 

47 and Mekane Eyesus hospital (AOR=0.17, 95% CI: 0.07-0.38), compared to Debre Tabor 

48 Comprehensive Specialized Hospital, polypharmacy (AOR=5.52, 95% CI: 1.49-20.39), 

49 medium (AOR=19.76, 95% CI: 5.86-66.56), and high MRCI (AOR=120.32, 95% CI: 33.12-

50 437.07) were associated with multimorbidity. Multimorbidity (AOR=25.4, 95% CI: 7.48-

51 86.23), controlled blood pressure (AOR=0.43, 95% CI: 0.19-0.92), and duration of 

52 hypertension therapy >5 years (AOR=2.12, 95% CI: 1.08-4.16) were associated with 

53 polypharmacy. Whereas, controlled BP (AOR=0.48, 95% CI: 0.32-0.72), and multimorbidity 

54 (AOR=14.55, 95% CI: 9.00-23.52) were significantly associated with high MRCI. The 

55 prevalence of multimorbidity, high MRCI, and polypharmacy was found in 46.1%, 35.22%, 

56 and 12.29% of participants, respectively.
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57 Conclusion: A considerable proportion of participants with hypertension experienced 

58 multimorbidity, polypharmacy, and high medication complexity. Polypharmacy, primary 

59 hospital setting, and high MRCI were independent variables associated with multimorbidity. 

60 On the other hand, multimorbidity, and controlled BP were associated with polypharmacy and 

61 MRCI. Hypertension care should consider multimorbidity, polypharmacy, and medication 

62 complexity. 
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82 Strength and Limitation of the Study

83 • This study used objective measures to assess multimorbidity, polypharmacy and 

84 medication regimen complexity strengthens the methodological rigor. 

85 • Multicentred design nature of the study is considered as an additional strength of the 

86 present study. 

87 • However, this study has a limitation being cross sectional that did not establish a true 

88 cause-effect relationship between outcome and independent factors. 

89 • Moreover, relatively small sample size and exclusion of inpatient settings restricts the 

90 findings generalizability to adult living   with hypertension who have chronic follow up 

91 at outpatient departments only

92 • Under representation of older adults and medication adherence were not adequately 
93 addressed, potentially affecting study results.
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109 INTRODUCTION 

110 Multimorbidity is defined as the co-occurrence of two or more chronic health conditions in an 

111 individual.1, 2  It has become a major public health problem, with prevalence ranging from 

112 12.9% to 95.1%.3, 4 Multimorbidity has been linked with premature death, poor quality of life, 

113 increased healthcare utilization, advanced age, higher body mass index, reduced kidney 

114 function, lower socioeconomic status, birth gender, suboptimal blood pressure control and 

115 polypharmacy.2, 3, 5-7

116 The definition of polypharmacy has not been standardized; however, it is commonly defined 

117 in the literature as the routine use of five or more concurrent medications. This includes over-

118 the-counter drugs, prescription medications, traditional remedies, and complementary 

119 medicines.8 The prevalence of polypharmacy has been increased worldwide and is associated 

120 with factors such as duration of treatment, comorbidities, chronic illness, and advanced age.9, 

121 10

122 Medication regimen complexity includes factors such as dosage forms, dosing frequency, and 

123 additional instructions related to medications. It accounts for both prescription and over-the-

124 counter medications to calculate medication regimen complexity index.11 This complexity is 

125 associated with clinical outcomes such as hospitalization, hospital readmission, medication 

126 adherence, blood pressure, age, and comorbidity. 12-14

127 Literature has shown that the prevalence of multimorbidity varies across countries. Lifestyle 

128 and demographic factors contribute to the development of multimorbidity in diverse 

129 populations.15 Unhealthy lifestyles16 and lowerr socio-economic status17, 18 have been 

130 associated with multimorbidity, which in turn contributes to polypharmacy. A study conducted 

131 in Saudi Arabia found that non-Saudi nationalities was associated with polypharmacy 

132 compared to Saudi nationals.19 These suggest that factors associated with multimorbidity, 

133 polypharmacy and medication regimen complexity index may vary across countries.

134 There is limited data regarding factors associated with multimorbidity, polypharmacy, and 

135 medication regimen complexity among adults with hypertension in outpatient settings in 

136 Ethiopia. Therefore, the purpose of the present study was to identify factors associated with 

137 polypharmacy, medication regimen complexity and multimorbidity among adults with 

138 hypertension attending the outpatient follow-up department in the South Gondar Zone.

139
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140     METHODS

141         Study Area, Design, and Period

142 The study was conducted in one purposively, and three randomly chosen public hospitals in 

143 South Gondar Zone.  According to 2007 census which was conducted by Central Statistical 

144 Agency (CSA), Ethiopia, this Zone has a total population of 2 051 738. Based on the 2011 CSA 

145 population projection, the South Gondar Zone has a total population of 2 239 077 (1 103 490 

146 women and 1 135 587 men).   An institution-based multicentered cross-sectional design was 

147 used, and data were collected from December 1, 2021, to February 30, 2022.

148       Study Participants

149 The source population embraced all adults with hypertension attending follow-up appointments 

150 at outpatient departments. The study findings were reported according to the guidelines for 

151 reporting observational studies, Strengthening the Reporting of Observational Studies in 

152 Epidemiology (STROBE) statement.20

153 Eligibility Criteria

154        Inclusion criteria:

155 • Adults aged 18 years and above

156 • Receiving antihypertensive medications for at least six months

157 • Following up at outpatient departments of the study hospitals

158 • Willing to participate

159          Exclusion criteria:

160 • Cognitive impairment

161 • Hearing problems

162 • Admitted to inpatient wards

163        Sample Size Determination and Sampling Technique

164 There were no previous studies that we used to determine the sample size of the present study. 

165 Therefore, we used a single population proportion formula considering a 95% confidence 

166 interval, and a prevalence of 50% for outcomes. Then, we reached, a sample size of 384. 

167 Accounting for a 10% non-response rate, the final sample size was 423. Debre Tabor 
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168 Comprehensive Specialized Hospital, being the only specialized hospital in the zone, was 

169 selected purposively, while Addis Zemen Hospital, Nefas Mewucha Hospital, and Mekane 

170 Eyesus Hospital were chosen randomly. Proportional allocation and a systematic random 

171 sampling technique were applied, with a sampling interval of four; hence, every fourth 

172 participant was included until the desired sample size was achieved.

173        Study Variables

174 Dependent Variables: Multimorbidity, Medication regimen complexity index (MRCI), 

175 Polypharmacy

176 Independent Variables: Age, gender, residence, marital status, income, blood pressure status, 

177 educational status, number of medications, duration of treatment, health insurance, aerobic 

178 exercise

179      Operational Definitions

180 Medication regimen complexity: comprised the dosage form, dosing interval, and additional 

181 instruction aspect to calculate the patient medication burden. It is quantified using 65 items 

182 Medication Regimen Complexity Index (MRCI): then, categorized into three levels: low (≤4), 

183 medium (5-8), and high (>8) MRCI scores.21

184 Multimorbidity: Co-existence of two or more chronic conditions in an individual.1, 2

185 Controlled blood pressure: Defined as BP <140/90 mmHg for individuals with hypertension 

186 without comorbidity, or BP <130/90 mmHg for those with diabetes mellitus, chronic kidney 

187 disease, or known cardiovascular diseases.22

188 Regular aerobic exercise: Regular Aerobic Exercise: Participants engaged in activities like 

189 brisk walking, recreational swimming, cycling, and tennis for at least 150 minutes per week.23

190 Polypharmacy: Routine use of five or more medications by a patient.8 Fixed-dose combination 

191 (FDC) were accounted for in the methodology although no FDCs were identified in the 

192 medication regimens of participants. FDCs would have been counted as a single medication in 

193 the patient’s regimen, regardless of the number of active ingredients, in cases where FDCs were 

194 present.  This strategy helps to avoid overestimating the medication burden while considering 

195 the contribution of such combinations to the regimen complexity.
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196 Chronic health condition:        A chronic health condition is defined as a health problem that 

197 cannot be cured once acquired or one that persists for at least three months.24 

198 Data Collection Procedures

199 A questionnaire was developed and translated into Amharic, and back-translated into English 

200 for consistency. Interviews were conducted to gather socio-demographic and clinical 

201 characteristics not found in patient charts, such as monthly income, regular aerobic exercise, 

202 over-the-counter medications, marital status, educational level, and health insurance. A 

203 checklist was used to collect data on blood pressure level, dosage forms, dose frequency, 

204 number of medications, and additional administration instructions. The 65-item MRCI tool, 

205 including sections on dosage forms, dose frequency, and additional instructions with 

206 corresponding scores, was used to determine the MRCI.11

207 The average of two BP readings taken two minutes apart during a visit was used to determine 

208 BP status.25

209  Data Quality Control

210 To ensure data quality, we conducted a pretest, trained data collectors, and checked the filled 

211 questionnaires and checklists for completeness and correctness daily. The training covered the 

212 study objectives, methods, and ethical concerns.

213   Statistical Analysis

214 Data were entered and analyzed using Stata 17. We checked that no multicollinearity (variance 

215 inflation factor less than two). We checked the reliability of the 65 items MRCI tool for our 

216 study settings and found 0.7 value of Cronbach's alpha indicates the reliability of the tool. 

217 Categorical variables were described using frequencies, while means and standard deviation 

218 (SD) were used for continuous variables. After checking assumptions, ordinal for MRCI, and 

219 binary logistic regression for multimorbidity, and polypharmacy were employed to identify 

220 predictors associated with MRCI and multimorbidity, respectively. Variables with a p-value of 

221 less than 0.25 in univariate analysis were included in the multivariate analysis, and statistical 

222 significance was set at a p-value of <0.05.

223

224
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225 Ethical Consideration

226 The present study was approved from Institutional Research and Ethical Review Committee 

227 (IRERC), College of Health Sciences, Debre Tabor university (Ref: CHS/DTU1421//2021), 

228 and conducted in accordance with the guidelines and standards of the declaration of Helsinki. 

229 IRERC gave us approval to receive verbal informed consent as the study does not have any 

230 known potential risk to participants. Therefore, Verbal consent was obtained from study 

231 participants after explaining the study’s methods, and purpose. personal identifiers were 

232 anonymised to keep the participants’ confidentiality. 

233 Public and Patient Involvement

234 Patients and the public were not involved in the design of this study. 

235
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250 RESULTS 

251            Socio-Demographic and Clinical Characteristics of Study Participants

252 Four hundred twenty-three participants were included in the analysis of the study. The 

253 participants’ age ranged from 23 to 90 years with mean + standard deviation (SD) of 

254 58.48+12.96 years, and majority of participants (59.81%) were female. The number of 

255 medications taken by each participant ranges from one to seven with mean + SD of 2.65+ 1.35.

256 Multimorbidity and polypharmacy were found in 46.10% and 12.29% of participants, 

257 respectively. Hypertension specific MRCI was low in 56.26%, medium in 40.43%, and high in 

258 3.31% of participants. Concerning patient level MRCI, we found low in 20.80%, medium in 

259 43.97%, and high in 35.22% (Table 1). 

260
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279

280 Table 1. Characteristics of study participants

281

Patient level Medication regimen 
complexity

Variable Category of variable

Low Medium High
Sex Female

Male  
55(13.00%)
33(7.80%)

114(26.95%)
72(17.02%)

84(19.86%)
65(15.37%)

Age in year <65
65+

65(15.37%)
23(5.44%)

109(25.77%)
77(18.20%)

96(22.70%)
53(12.53%)

Marital status Single
Married
Divorced 
Widowed 

4(0.95%)
60(14.18%)
7(1.65%)
17(4.02%)

15(3.55%)
123(29.08%)
19(4.49%)
29(6.86%)

8(1.89%)
104(24.59%)
6(1.42%)
31(7.33%)

Residence Urban 
Rural 

55(13.00%)
33(7.80%)

114(26.95%)
72(17.02%)

98(23.17%)
51(12.06%)

Income in 
Ethiopian birr

<6000
6000+

76(17.97%)
12(2.84%)

174(41.13%)
12(2.84%)

140(33.10%)
9(2.13%)

Religion Christian 
Muslim 

82(19.39%)
6(1.42%)

176(41.61%)
10(2.36%)

137(32.39%)
12(2.84%)

Education Unable to read & write
Can read &write 
Primary 
Secondary 
Higer education

56(13.24%)
4(0.95%)
9(2.13%)
5(1.18%)
14(3.31%)

105(24.82%)
10(2.36%)
38(8.98%)
15(3.55%)
18(4.26%)

87(20.57%)
4(0.95%)
26(6.15%)
12(2.84%)
20(4.73%)

Occupation Farmer 
Merchant 
Daily labourer
Retired
Unemployed 
Employed 

16(3.78%)
11(2.60%)
1(0.24%)
8(1.89%)
38(8.89%)
14(3.31%)

30(7.09%)
37(8.75%)
2(0.47%)
13(3.07%)
89(21.04%)
15(3.55%)

24(5.67%)
29(6.86%)
0(0.00%)
10(2.36%)
69(16.31%)
17(4.02%)

Multimorbidity Yes 
No 

3(0.71%)
85(20.09%)

69(16.31%)
117(27.66%)

123(29.08%)
26(6.15%)

Polypharmacy Yes
No 

0(0.00%)
88(20.80%)

0(0.00%)
186(43.97%)

52(12.29%)
97(22.93%)

BP controlled Yes 
No 

54(12.77%)
34(8.04%)

73(17.26%)
113(26.71%)

48(11.35%)
101(23.88%)

Aerobic 
exercise

Yes 
No 

30(7.09%)
58(13.71%)

45(10.64%)
141(33.33%)

23(5.44%)
126(29.79%)

Health 
insurance

Yes 
No 

58(13.71%)
30(7.09%)

132(31.21%)
54(12.77%)

115(27.19%)
34(8.04%)

Study setting Debre Tabor
Nefas Mewucha
Addis Zemen
Estie

22(5.20%)
16(3.78%)
34(8.04%)
16(3.78%)

71(16.78%)
39(9.22%)
35(8.27%)
41(9.69%)

57(13.48%)
45(10.64%)
31(7.33%)
16(3.78%)

Therapy 
duration

<5 year
5+ year

64(15.13%)
24(5.67%)

132(31.21%)
54(12.77%)

87(20.57%)
62(14.66%)
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282      

283  Patterns of Multimorbidity 

284 Type 2 diabetes mellitus was the most common comorbidity coexisting with hypertension, 

285 while the least encountered comorbidities included rheumatic fever, Parkinson’s disease, fatty 

286 liver disease, and others. Others include: rheumatic fever, pulmonary tuberculosis, glaucoma, 

287 Parkinson’s disease, fatty liver disease, degenerative aortic stenosis, degenerative spondylosis, 

288 osteoarthritis, hypercalcemia, bilateral flank pain, schizophrenia, trigeminal neuralgia, and soft 

289 tissue injury (Table 2).

290 Table 2. Morbidities among hypertensive patients

Disorder Frequency Percent 

Type 2 diabetes mellitus 52 21.40

Dyslipidemia 25 10.29

Dyspepsia 22 9.05

Hypertensive heart disease 21 8.64

Bronchial asthma 21 8.64

Rheumatoid arthritis 19 7.82

Peripheral neuropathy 19 7.82

Congestive heart failure 12 4.94

Ischemic stroke 10 4.12

Ischemic heart disease 7 2.88

Hyperthyroidism 6 2.47

Human immunodeficiency virus 5 2.06

Chronic kidney disease 3 1.23

Type 1 diabetes mellitus 3 1.23

Myalgia 3 1.23

Generalized tonic-clonic 3 1.23

Others (each 1[0.41%]) 13 5.3
291 Others include: Rheumatic fever, Pulmonary tuberculosis, Glaucoma, Parkinson’s disease, Faty liver disease, 
292 Degenerative aortic stenos, Degenerative spondylosis, Osteoarthritis, Hypercalcemia, Bilateral flank pain, 
293 Schizophrenia, Trigeminal neuralgia, and Soft tissue injury.

294

295
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298 The most common body system morbidity encountered among the sampled study participants 

299 with hypertension was cardiovascular disorder, which accounted for 77 cases (31.69%). In 

300 contrast, the least common was special sense disorder, accounting for just 1 case (0.41%) (Fig. 

301 1). 

302 Hypertension combined with type 2 diabetes mellitus was the most commonly observed 

303 multimorbidity, followed by hypertension combined with hypertensive heart disease. 

304 Conversely, hypertension combined with T2DM and HIV, hypertension combined with 

305 hypertensive heart disease and dyspepsia, and other combinations were the least frequently 

306 encountered multimorbidity among the study participants. Regarding the number of 

307 multimorbidity per participant, 53.9% had none, 35.22% had two, 10.4% had three, and 0.24% 

308 each had four and five morbidities. Others (each accounts 0.24%) include: hypertension 

309 +degenerative spondylosis,  hypertension + type 2 diabetes mellitus + bilateral flank pain,  

310 hypertension + type 2 diabetes mellitus+ HIV, hypertension + hypertensive heart disease + 

311 dyspepsia, hypertension + type 2 diabetes mellitus + fatty liver disease, hypertension + type 2 

312 diabetes mellitus + ischemic heart disease, hypertension + Parkinson’s disease + hypertensive 

313 heart disease, hypertension + glaucoma, hypertension + trigeminal neuralgia,  hypertension + 

314 type 2 diabetes mellitus + chronic kidney disease, hypertension + rheumatoid arthritis + 

315 bronchial asthma, hypertension + schizophrenia, hypertension +hypocalcemia, hypertension+ 

316 type 2 diabetes mellitus +degenerative aortic stenosis, hypertension + peripheral neuropathy + 

317 HIV, hypertension  +rheumatoid arthritis + hypertensive heart disease, hypertension + 

318 rheumatic fever, hypertension + soft tissue injury,  hypertension + hypertensive heart disease 

319 + ischemic stroke +bronchial asthma + dyslipidemia, hypertension + osteoarthritis, 

320 hypertension + HIV + bronchial asthma,  hypertension + hypertensive heart disease + 

321 pulmonary tuberculosis, and hypertension + dyslipidemia + congestive heart failure (Table 3).

322
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328 Table 3. Pattern of multimorbidity among hypertensive patients

Multimorbidity Frequenc
y 

Percent 

Hypertension+T2 diabetes mellitus 30 7.09
Hypertension+Hypertensive heart disease 16 3.78
Hypertension+Dyspepsia 12 2.84
Hypertension+Rheumatoid arthritis 12 2.84
Hypertension+Dyslipidemia 11 2.60
Hypertension+Peripheral neuropathy 10 2.36
Hypertension+Bronchial asthma 10 2.36
Hypertension+Ischemic stroke 8 1.89
Hypertension+T2 diabetes mellitus+Dyslipidemia 7 1.65
Hypertension+Congestive heart failure 7 1.65
Hypertension+Hyperthyroidism 6 1.42
Hypertension+Peripheral neuropathy+Dyspepsia 3 0.71
Hypertension+T2 diabetes mellitus+Peripheral neuropathy 3 0.71
Hypertension+T2 diabetes mellitus+Bronchial asthma 3 0.71
Hypertension+Generalized tonic-clonic epilepsy 3 0.71
Hypertension+T1diabetes mellitus 3 0.71
Hypertension+Myalgia 3 0.71
Hypertension+Dyslipidemia+Rheumatoid arthritis 2 0.47
Hypertension+Dyspepsia+Bronchial asthma 2 0.47
Hypertension+Dyslipidemia+Bronchial asthma 2 0.47
Hypertension+Rheumatoid arthritis+T2 diabetes mellitus 2 0.47
Hypertension+Human immunodeficiency virus 2 0.47
Hypertension+Chronic kidney disease 2 0.47
Hypertension+Peripheral neuropathy+Rheumatoid arthritis 2 0.47
Others 23 11.79
Number of multimorbidity 0

2
3
4
5

228
149
44
1
1

53.90
35.22
10.40
0.24
0.24

329

330

331

332

333

334

335
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336   Factors Associated with Multimorbidity, Polypharmacy, and MRCI

337 In the final adjusted binary logistic regression, we found that polypharmacy, patient-level 

338 medication regimen complexity, and the study hospital were associated with the presence of 

339 multimorbidity.

340 Polypharmacy was significantly associated with a duration of hypertension treatment five years 

341 or more, multimorbidity, and controlled BP in the adjusted binary logistic regression analysis.

342 We identified several factors associated with medication regimen complexity (MRCI) for 

343 inclusion in a multivariate ordinal logistic regression analysis. These factors include the 

344 presence of multimorbidity, controlled blood pressure (BP), duration of hypertension treatment 

345 five years or more, engaging in aerobic exercise, having health insurance, and an income 

346 greater than 6000 Ethiopian birr.

347 In the adjusted analysis, participants experiencing multimorbidity were fourteen times more 

348 likely to have a complex medication regimen (AOR=14.55, 95% CI: 9.00-23.52, P<0.0001). 

349 Furthermore, participants with controlled BP, as per the 2021 WHO pharmacologic treatment 

350 of hypertension guidelines were 52% less likely to have a complex medication regimen 

351 (AOR=0.48, 95% CI: 0.32-0.72, P<0.0001) (Table 4).

352

353

354

355

356

357

358

359

360

361
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362 Table 4. Univariate, and multivariate logistic analysis of predictors of MRCI, 
363 polypharmacy, and multimorbidity 

364 Abbreviations: AOR, Adjusted odds ratio; COR, Crude odds ratio; ETB, Ethiopian birr; BP, Blood pressure; DCSH, Debre 

365 Tabor Comprehensive Specialized Hospital; NMWH, Nefas Mewucha Hospital, ADZH, Addis Zemen Hospital; MEH, 

366 Mekane Eyesus Hospital; MRCI, Medication regimen complexity index. Note: Superscript a indicates ordinal logistic 

367 regression was used while b shows binary logistic regression used, * indicates P<0.25 while + indicates P<0.05.

368  

Outcome Variable Variable 
category Patient MRCIa

<4      5-8      >8

COR (95% CI) AOR (95% CI)

Income <6000 ETB
>6000 ETB

76      174     140
12      12       9

1
0.52(0.26-1.03)*

1
0.59(0.28-1.24)

Multimorbidity No 
Yes 

85        117    26
3          69    123

1
15.19(9.47-24.37)*

1
14.55(9.00-23.52)+

Controlled BP No
Yes 

34       113    101
54       73     48

1
0.46(0.32-0.67)+

1
0.48(0.32-0.72)+

Aerobic exercise No 
Yes 

58        141   126
30        45      23

1
0.49(0.32-0.74)+

1
0.77(0.48-1.23)

Health insurance No 
Yes 

30         54    34
58        132   115

1
1.47(0.99-2.19)*

1
1.53(0.98-2.39)

Hypertension therapy <5 years
>5 years

64        132     87
24        54       62

1
1.66(1.13-2.44)+

1
1.17(0.77-1.78)

Polypharmacyb 
Absent   Present      

Study hospital DCSH
NMWH
ADZH
MEH

126               24
85                 15
94                  6
66                  7

1
0.78(0.38-1.62)*

0.39(0.16-0.96)+

0.56(0.23-1.36)*

1
1.06(0.47-2.38)
0.73(0.28-1.93)
1.96(0.67-5.71)

Multimorbidity No 
Yes 

225                3
146              49

1
24.49(7.49-80.08)+

1
25.39(7.48-86.22)+

Hypertension therapy <5 years
>5 years

258               25
113                27

1
2.58(1.43-4.66)+

1
2.12(1.08-4.16)+

Controlled BP No 
Yes 

206                42
165                10

1
0.42(0.19-0.92)+

1
0.42(0.19-0.92)+

Multimorbidityb 
Absent   Present

Age <65 years
>65 years

152              118
76                 77

1
1.31(0.87-1.94)*

1
1.09(0.64-1.88)

Study hospital DCSH
NMWH
ADZH
MEH

59                 91
56                 44
56                 44
57                 16

1
0.51(0.30-0.85)+

0.53(0.32-0.88)+

0.18(0.09-0.35)+

1
0.30(0.15-0.59)+

0.80(0.36-1.77)
0.16(0.07-0.38)+

Aerobic exercise No 
Yes

165              160
63                 35

1
0.56(0.35-0.90)+

1
0.86(0.41-1.81)

Hypertension therapy <5 years
>5 years

169              114
59                 81

1
2.01(1.33-3.02)+

1
1.49(0.85-2.61)

Controlled BP No 
Yes

124               124
104                71

1
0.69(0.47-1.03)+

1
1.12(0.64-1.95)

Polypharmacy Absent 
Present 

225                146                   
3                     49

1
24.49(7.49-80.08)+

1
5.52(1.49-20.39)+

Patient MRCI <4
5-8
>8

85                  3
117                69
26                123

1
12.38(4.35-35.26)+

99.34(33.45-295.07)+

1
19.76(5.87-66.56)+

120.32(33.12-437.07)+
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369  DISCUSSION

370 In the present study, we found that 46.10% of participants had multimorbidity, 12.29% 

371 experienced polypharmacy, and 35.22% had a high patient-level MRCI. Additionally, we 

372 identified associations between polypharmacy, patient-level MRCI, and the study hospital with 

373 multimorbidity. We also found that the duration of hypertension therapy, controlled blood 

374 pressure (BP), and multimorbidity were associated with polypharmacy, while controlled BP 

375 and multimorbidity were associated with a high patient-level MRCI.

376 The magnitude of multimorbidity observed in our study is higher than that reported in studies 

377 conducted in Sweden (21.6%),26 Japan (29.9%),7 and Hong Kong, China (40.4%),6 but lower 

378 than findings from studies conducted in Bahir Dar, Ethiopia (54.8%),[27] Ghana (55%),28 India 

379 (55%),29 United Kingdom (73.9%),5 and another study in China (56.7%).30

380 Concerning polypharmacy, our finding is lower than those findings from studies conducted in 

381 Gondar, Ethiopia (46.6%),31 Ghana (64.8%),28 Somaliland (71%),10 Saudi Arabia [(21%), 

382 (79%)],9, 32 and Japan (22.3%).7

383 We found high patient level MRCI in 35.22% of study participants, which is lower than the 

384 57.2% reported in a study conducted in Gondar, Ethiopia. 31

385 Participants with polypharmacy (>5 medications) were more likely to experience 

386 multimorbidity compared to those without polypharmacy, a finding supported by a study from 

387 Japan.7 Moreover, participants with medium or high patient level MRCI were more likely to 

388 experience multimorbidity compared to those with low patient level MRCI. This finding is in 

389 line with the finding from Sweden.26 While previous studies have identified factors such as 

390 age, being male, and uncontrolled BP as predictor of multimorbidity,5, 6, 27 these factors were 

391 not significantly associated with multimorbidity in our study. 

392 We found that participants who had been undergoing hypertension treatment for five years or 

393 more were twice as likely to experience polypharmacy. This finding is supported by a study 

394 from Saudi Arabia.9 In addition, we identified that controlled BP and presence of 

395 multimorbidity were associated with polypharmacy; however, we did not find comparable 

396 studies to further discuss these findings. 

397 We found that those participants with controlled BP were 52% less likely to have Medium or 

398 high patient level MRCI compared to those with uncontrolled BP. This finding is similar with 

399 the finding of the study from Japan in which those participants with higher MRCI were more 
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400 likely to have poor BP control.13 Additionally, we identified that participants with 

401 multimorbidity were 14 times more likely to have medium or high patient level MRCI, in line 

402 with a finding from a study in Korea.33

403 The observed differences between findings may be attributed to variations in inclusion criteria, 

404 and the sociodemographic distribution of study participants. In our study, we determined 

405 multimorbidity, polypharmacy and MRCI as well as associated factors specifically among 

406 hypertensive adults, whereas most of previous studies assessed multimorbidity,30 

407 polypharmacy,10, 31, 32 and MRCI31 among participants with any chronic conditions, without 

408 requiring a hypertension diagnosis as a mandatory inclusion criterion.

409   Strength and Limitation of the Study

410 The present study is the first in the Ethiopian healthcare setting that identified factors associated 

411 with multimorbidity, polypharmacy, and MRCI among adult hypertensive patients. The 

412 multicentred design enhances the generalizability of the findings to outpatient settings in 

413 diverse healthcare facilities. However, this study has a limitation being cross sectional which 

414 limits the ability to establish true cause-effect relationship between outcome and identified 

415 factors. Moreover, exclusion of inpatient settings restricts the generalizability of the findings 

416 to adult hypertensive patients receiving chronic care in outpatient departments only. Although 

417 we employed probability sampling techniques, higher proportion of population aged under 65 

418 years included in the study may under represent factors associated with multimorbidity, 

419 polypharmacy and MRCI in older populations. Adherence to therapy was not assessed in our 

420 study, which might influence results of the study. The relatively small sample size of this 

421 multicenter study may limit the generalizability of its findings to similar healthcare settings.

422  Clinical Implication of the Study Findings

423 The high prevalence of multimorbidity (46.10%) in adults living with hypertension highlights 

424 comprehensive care strategies. Healthcare providers should consider multiple chronic 

425 conditions when managing hypertension patients, as multimorbidity is often linked to more 

426 complex treatment regimens and adverse health outcomes. Adjusting treatment plans that 

427 address multimorbidity may improve patient outcomes and reduce complications. The 

428 observed high MRCI (35.22%) in our study indicates the need to simplify medication regimens 

429 without compromising treatment effectiveness whenever possible particularly in patients with 

430 multimorbidity. Healthcare providers should use strategy like combining medications with 
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431 fewer doses or using fixed dose combinations could help optimize treatment for patients with 

432 high MRCI.

433 Polypharmacy (12.29%) was strongly associated with multimorbidity, underscores the 

434 importance of regular medication reviews to minimize unnecessary polypharmacy, risk of drug 

435 interactions and side effects. Clinicians should monitor patients on multiple medications 

436 closely and regularly assess the appropriateness of each medication for patient’s current health 

437 status.

438 The association of uncontrolled BP with both polypharmacy and high MRCI suggests that these 

439 patients may require more intensive treatment strategies including close monitoring of BP, 

440 medication adjustments and identifying the underlying cause. The association between longer 

441 duration of hypertension treatment (5 years or more) and polypharmacy emphasizes the need 

442 for ongoing assessment of treatment effectiveness over time. Patients with long standing 

443 hypertension are more likely to develop additional comorbidities, so healthcare providers 

444 should ensure that the long-term hypertension management plan are regularly updated to reflect 

445 changes in patient’s health and medication needs.  

446 Based on our findings we recommend to strengthen integrated care model that involves 

447 physicians, pharmacists and nurses to address multimorbidity and optimize medication use. 

448 Emphasize should be given to patient centered care to simplify medication regimens and 

449 education on adherence and lifestyle modifications. Health systems should be strengthened to 

450 enhance the capacity of primary hospitals to manage hypertension and its comorbidities 

451 effectively. Further longitudinal research with a large sample size is needed to explore the long-

452 term outcomes of these findings. Health policy makers should address these challenges in 

453 designing guidelines for chronic disease management.

454  CONCLUSION

455 The present study showed that a considerable proportion of adults living with hypertension 

456 experienced multimorbidity, polypharmacy and patient level MRCI. We identified the primary 

457 hospital setting, polypharmacy, and MRCI as associated factors of multimorbidity. 

458 Additionally, multimorbidity, and controlled BP were associated with polypharmacy, and 

459 MRCI in this study. Furthermore, duration of hypertension treatment was significantly 

460 associated with polypharmacy. However, it is important to note that the relatively small sample 

461 size of the study may limit the generalizability of these findings. Therefore, hypertension care 
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462 should consider multimorbidity, polypharmacy, and MRCI to optimize their care, while 

463 recognizing that further research with a large sample size is needed to support these findings. 
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2

29 ABSTRACT

30 Objectives: Factors associated with multimorbidity, polypharmacy, and medication regimen 

31 complexity (MRCI) may vary across countries. However, such data are lacking in the present 

32 study setting. This study aimed to identify factors associated with multimorbidity, 

33 polypharmacy, and MRCI among adults living with hypertension in public hospitals of South 

34 Gondar Zone. 

35 Design: Multicentered cross sectional design

36 Setting: Public hospitals of Comprehensive Specialized and primary hospitals, Ethiopia

37 Participants: Adults living with hypertension who had follow up visits at outpatient clinics 

38 and were selected by systematic random sampling from December 1, 2021, to February 30, 

39 2022.

40 Primary and Secondary Outcome Measures: Medication regimen complexity was 

41 assessed using a 65-items medication regimen complexity tool. Sociodemographic data were 

42 collected through interview, while polypharmacy and clinical characteristics were documented 

43 using checklist. Data were entered into SPSS version26, and analyzed using STATA 17. Binary 

44 logistic regression model was used to determine AOR of factors associated with multimorbidity 

45 and polypharmacy. For factors influencing MRCI, an ordinal logistic regression used.

46 Results: We found participants from Nefas Mewucha hospital (AOR=0.3, 95% CI:0.15-0.59) 

47 and Mekane Eyesus hospital (AOR=0.17, 95% CI: 0.07-0.38), compared to Debre Tabor 

48 Comprehensive Specialized Hospital, polypharmacy (AOR=5.52, 95% CI: 1.49-20.39), 

49 medium (AOR=19.76, 95% CI: 5.86-66.56), and high MRCI (AOR=120.32, 95% CI: 33.12-

50 437.07) were associated with multimorbidity. Multimorbidity (AOR=25.4, 95% CI: 7.48-

51 86.23), controlled blood pressure (AOR=0.43, 95% CI: 0.19-0.92), and duration of 

52 hypertension therapy >5 years (AOR=2.12, 95% CI: 1.08-4.16) were associated with 

53 polypharmacy. Whereas, controlled BP (AOR=0.48, 95% CI: 0.32-0.72), and multimorbidity 

54 (AOR=14.55, 95% CI: 9.00-23.52) were significantly associated with high MRCI. The 

55 prevalence of multimorbidity, high MRCI, and polypharmacy was found in 46.1%, 35.22%, 

56 and 12.29% of participants, respectively.
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57 Conclusion: A considerable proportion of participants with hypertension experienced 

58 multimorbidity, polypharmacy, and high medication complexity. Polypharmacy, primary 

59 hospital setting, and high MRCI were independent variables associated with multimorbidity. 

60 On the other hand, multimorbidity, and controlled BP were associated with polypharmacy and 

61 MRCI. Hypertension care should consider multimorbidity, polypharmacy, and medication 

62 complexity. 
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82 Strength and Limitation of the Study

83 • This study used objective measures to assess multimorbidity, polypharmacy and 

84 medication regimen complexity strengthens the methodological rigor. 

85 • Multicentred design nature of the study is considered as an additional strength of the 

86 present study. 

87 • However, this study has a limitation being cross sectional that did not establish a true 

88 cause-effect relationship between outcome and independent factors. 

89 • Moreover, relatively small sample size and exclusion of inpatient settings restricts the 

90 findings generalizability to adult living   with hypertension who have chronic follow up 

91 at outpatient departments only

92 • Under representation of older adults and medication adherence were not adequately 
93 addressed, potentially affecting study results.
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109 INTRODUCTION 

110 Multimorbidity is defined as the co-occurrence of two or more chronic health conditions in an 

111 individual.1, 2  It has become a major public health problem, with prevalence ranging from 

112 12.9% to 95.1%.3, 4 Multimorbidity has been linked with premature death, poor quality of life, 

113 increased healthcare utilization, advanced age, higher body mass index, reduced kidney 

114 function, lower socioeconomic status, birth gender, suboptimal blood pressure control and 

115 polypharmacy.2, 3, 5-7

116 The definition of polypharmacy has not been standardized; however, it is commonly defined 

117 in the literature as the routine use of five or more concurrent medications. This includes over-

118 the-counter drugs, prescription medications, traditional remedies, and complementary 

119 medicines.8 The prevalence of polypharmacy has been increased worldwide and is associated 

120 with factors such as duration of treatment, comorbidities, chronic illness, and advanced age.9, 

121 10

122 Medication regimen complexity includes factors such as dosage forms, dosing frequency, and 

123 additional instructions related to medications. It accounts for both prescription and over-the-

124 counter medications to calculate medication regimen complexity index.11 This complexity is 

125 associated with clinical outcomes such as hospitalization, hospital readmission, medication 

126 adherence, blood pressure, age, and comorbidity. 12-14

127 Literature has shown that the prevalence of multimorbidity varies across countries. Lifestyle 

128 and demographic factors contribute to the development of multimorbidity in diverse 

129 populations.15 Unhealthy lifestyles16 and lowerr socio-economic status17, 18 have been 

130 associated with multimorbidity, which in turn contributes to polypharmacy. A study conducted 

131 in Saudi Arabia found that non-Saudi nationalities was associated with polypharmacy 

132 compared to Saudi nationals.19 These suggest that factors associated with multimorbidity, 

133 polypharmacy and medication regimen complexity index may vary across countries.

134 There is limited data regarding factors associated with multimorbidity, polypharmacy, and 

135 medication regimen complexity among adults with hypertension in outpatient settings in 

136 Ethiopia. Therefore, the purpose of the present study was to identify factors associated with 

137 polypharmacy, medication regimen complexity and multimorbidity among adults with 

138 hypertension attending the outpatient follow-up department in the South Gondar Zone.

139

Page 6 of 25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 7, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
10 A

p
ril 2025. 

10.1136/b
m

jo
p

en
-2024-091997 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

6

140     METHODS

141         Study Area, Design, and Period

142 The study was conducted in one purposively, and three randomly chosen public hospitals in 

143 South Gondar Zone.  According to 2007 census which was conducted by Central Statistical 

144 Agency (CSA), Ethiopia, this Zone has a total population of 2 051 738. Based on the 2011 CSA 

145 population projection, the South Gondar Zone has a total population of 2 239 077 (1 103 490 

146 women and 1 135 587 men).   An institution-based multicentered cross-sectional design was 

147 used, and data were collected from December 1, 2021, to February 30, 2022.

148       Study Participants

149 The source population embraced all adults with hypertension attending follow-up appointments 

150 at outpatient departments. The study findings were reported according to the guidelines for 

151 reporting observational studies, Strengthening the Reporting of Observational Studies in 

152 Epidemiology (STROBE) statement.20

153 Eligibility Criteria

154        Inclusion criteria:

155 • Adults aged 18 years and above

156 • Receiving antihypertensive medications for at least six months

157 • Following up at outpatient departments of the study hospitals

158 • Willing to participate

159          Exclusion criteria:

160 • Cognitive impairment

161 • Hearing problems

162 • Admitted to inpatient wards

163        Sample Size Determination and Sampling Technique

164 There were no previous studies that we used to determine the sample size of the present study. 

165 Therefore, we used a single population proportion formula considering a 95% confidence 

166 interval, and a prevalence of 50% for outcomes. Then, we reached, a sample size of 384. 

167 Accounting for a 10% non-response rate, the final sample size was 423. Debre Tabor 
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168 Comprehensive Specialized Hospital, being the only specialized hospital in the zone, was 

169 selected purposively, while Addis Zemen Hospital, Nefas Mewucha Hospital, and Mekane 

170 Eyesus Hospital were chosen randomly. Proportional allocation and a systematic random 

171 sampling technique were applied, with a sampling interval of four; hence, every fourth 

172 participant was included until the desired sample size was achieved.

173        Study Variables

174 Dependent Variables: Multimorbidity, Medication regimen complexity index (MRCI), 

175 Polypharmacy

176 Independent Variables: Age, gender, residence, marital status, income, blood pressure status, 

177 educational status, number of medications, duration of treatment, health insurance, aerobic 

178 exercise

179      Operational Definitions

180 Medication regimen complexity: comprised the dosage form, dosing interval, and additional 

181 instruction aspect to calculate the patient medication burden. It is quantified using 65 items 

182 Medication Regimen Complexity Index (MRCI): then, categorized into three levels: low (≤4), 

183 medium (5-8), and high (>8) MRCI scores.21

184 Multimorbidity: Co-existence of two or more chronic conditions in an individual.1, 2

185 Controlled blood pressure: Defined as BP <140/90 mmHg for individuals with hypertension 

186 without comorbidity, or BP <130/90 mmHg for those with diabetes mellitus, chronic kidney 

187 disease, or known cardiovascular diseases.22

188 Regular aerobic exercise: Regular Aerobic Exercise: Participants engaged in activities like 

189 brisk walking, recreational swimming, cycling, and tennis for at least 150 minutes per week.23

190 Polypharmacy: Routine use of five or more medications by a patient.8 Fixed-dose combination 

191 (FDC) were accounted for in the methodology although no FDCs were identified in the 

192 medication regimens of participants. FDCs would have been counted as a single medication in 

193 the patient’s regimen, regardless of the number of active ingredients, in cases where FDCs were 

194 present.  This strategy helps to avoid overestimating the medication burden while considering 

195 the contribution of such combinations to the regimen complexity.
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196 Chronic health condition:        A chronic health condition is defined as a health problem that 

197 cannot be cured once acquired or one that persists for at least three months.24 

198 Data Collection Procedures

199 A questionnaire was developed and translated into Amharic, and back-translated into English 

200 for consistency. Interviews were conducted to gather socio-demographic and clinical 

201 characteristics not found in patient charts, such as monthly income, regular aerobic exercise, 

202 over-the-counter medications, marital status, educational level, and health insurance. A 

203 checklist was used to collect data on blood pressure level, dosage forms, dose frequency, 

204 number of medications, and additional administration instructions. The 65-item MRCI tool, 

205 including sections on dosage forms, dose frequency, and additional instructions with 

206 corresponding scores, was used to determine the MRCI.11

207 The average of two BP readings taken two minutes apart during a visit was used to determine 

208 BP status.25

209  Data Quality Control

210 To ensure data quality, we conducted a pretest, trained data collectors, and checked the filled 

211 questionnaires and checklists for completeness and correctness daily. The training covered the 

212 study objectives, methods, and ethical concerns.

213   Statistical Analysis

214 Data were entered and analyzed using Stata 17. We checked that no multicollinearity (variance 

215 inflation factor less than two). We checked the reliability of the 65 items MRCI tool for our 

216 study settings and found 0.7 value of Cronbach's alpha indicates the reliability of the tool. 

217 Categorical variables were described using frequencies, while means and standard deviation 

218 (SD) were used for continuous variables. After checking assumptions, ordinal for MRCI, and 

219 binary logistic regression for multimorbidity, and polypharmacy were employed to identify 

220 predictors associated with MRCI and multimorbidity, respectively. Variables with a p-value of 

221 less than 0.25 in univariate analysis were included in the multivariate analysis, and statistical 

222 significance was set at a p-value of <0.05.

223

224
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225 Ethical Consideration

226 The present study was approved from Institutional Research and Ethical Review Committee 

227 (IRERC), College of Health Sciences, Debre Tabor university (Ref: CHS/DTU1421//2021), 

228 and conducted in accordance with the guidelines and standards of the declaration of Helsinki. 

229 IRERC gave us approval to receive verbal informed consent as the study does not have any 

230 known potential risk to participants. Therefore, Verbal consent was obtained from study 

231 participants after explaining the study’s methods, and purpose. personal identifiers were 

232 anonymised to keep the participants’ confidentiality. 

233 Public and Patient Involvement

234 Patients and the public were not involved in the design of this study. 
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250 RESULTS 

251            Socio-Demographic and Clinical Characteristics of Study Participants

252 Four hundred twenty-three participants were included in the analysis of the study. The 

253 participants’ age ranged from 23 to 90 years with mean + standard deviation (SD) of 

254 58.48+12.96 years, and majority of participants (59.81%) were female. The number of 

255 medications taken by each participant ranges from one to seven with mean + SD of 2.65+ 1.35.

256 Multimorbidity and polypharmacy were found in 46.10% and 12.29% of participants, 

257 respectively. Hypertension specific MRCI was low in 56.26%, medium in 40.43%, and high in 

258 3.31% of participants. Concerning patient level MRCI, we found low in 20.80%, medium in 

259 43.97%, and high in 35.22% (Table 1). 
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279

280 Table 1. Characteristics of study participants

281

Patient level Medication regimen 
complexity

Variable Category of variable

Low Medium High
Sex Female

Male  
55(13.00%)
33(7.80%)

114(26.95%)
72(17.02%)

84(19.86%)
65(15.37%)

Age in year <65
65+

65(15.37%)
23(5.44%)

109(25.77%)
77(18.20%)

96(22.70%)
53(12.53%)

Marital status Single
Married
Divorced 
Widowed 

4(0.95%)
60(14.18%)
7(1.65%)
17(4.02%)

15(3.55%)
123(29.08%)
19(4.49%)
29(6.86%)

8(1.89%)
104(24.59%)
6(1.42%)
31(7.33%)

Residence Urban 
Rural 

55(13.00%)
33(7.80%)

114(26.95%)
72(17.02%)

98(23.17%)
51(12.06%)

Income in 
Ethiopian birr

<6000
6000+

76(17.97%)
12(2.84%)

174(41.13%)
12(2.84%)

140(33.10%)
9(2.13%)

Religion Christian 
Muslim 

82(19.39%)
6(1.42%)

176(41.61%)
10(2.36%)

137(32.39%)
12(2.84%)

Education Unable to read & write
Can read &write 
Primary 
Secondary 
Higer education

56(13.24%)
4(0.95%)
9(2.13%)
5(1.18%)
14(3.31%)

105(24.82%)
10(2.36%)
38(8.98%)
15(3.55%)
18(4.26%)

87(20.57%)
4(0.95%)
26(6.15%)
12(2.84%)
20(4.73%)

Occupation Farmer 
Merchant 
Daily labourer
Retired
Unemployed 
Employed 

16(3.78%)
11(2.60%)
1(0.24%)
8(1.89%)
38(8.89%)
14(3.31%)

30(7.09%)
37(8.75%)
2(0.47%)
13(3.07%)
89(21.04%)
15(3.55%)

24(5.67%)
29(6.86%)
0(0.00%)
10(2.36%)
69(16.31%)
17(4.02%)

Multimorbidity Yes 
No 

3(0.71%)
85(20.09%)

69(16.31%)
117(27.66%)

123(29.08%)
26(6.15%)

Polypharmacy Yes
No 

0(0.00%)
88(20.80%)

0(0.00%)
186(43.97%)

52(12.29%)
97(22.93%)

BP controlled Yes 
No 

54(12.77%)
34(8.04%)

73(17.26%)
113(26.71%)

48(11.35%)
101(23.88%)

Aerobic 
exercise

Yes 
No 

30(7.09%)
58(13.71%)

45(10.64%)
141(33.33%)

23(5.44%)
126(29.79%)

Health 
insurance

Yes 
No 

58(13.71%)
30(7.09%)

132(31.21%)
54(12.77%)

115(27.19%)
34(8.04%)

Study setting Debre Tabor
Nefas Mewucha
Addis Zemen
Estie

22(5.20%)
16(3.78%)
34(8.04%)
16(3.78%)

71(16.78%)
39(9.22%)
35(8.27%)
41(9.69%)

57(13.48%)
45(10.64%)
31(7.33%)
16(3.78%)

Therapy 
duration

<5 year
5+ year

64(15.13%)
24(5.67%)

132(31.21%)
54(12.77%)

87(20.57%)
62(14.66%)
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282      

283  Patterns of Multimorbidity 

284 Type 2 diabetes mellitus was the most common comorbidity coexisting with hypertension, 

285 while the least encountered comorbidities included rheumatic fever, Parkinson’s disease, fatty 

286 liver disease, and others. Others include: rheumatic fever, pulmonary tuberculosis, glaucoma, 

287 Parkinson’s disease, fatty liver disease, degenerative aortic stenosis, degenerative spondylosis, 

288 osteoarthritis, hypercalcemia, bilateral flank pain, schizophrenia, trigeminal neuralgia, and soft 

289 tissue injury (Table 2).

290 Table 2. Morbidities among hypertensive patients

Disorder Frequency Percent 

Type 2 diabetes mellitus 52 21.40

Dyslipidemia 25 10.29

Dyspepsia 22 9.05

Hypertensive heart disease 21 8.64

Bronchial asthma 21 8.64

Rheumatoid arthritis 19 7.82

Peripheral neuropathy 19 7.82

Congestive heart failure 12 4.94

Ischemic stroke 10 4.12

Ischemic heart disease 7 2.88

Hyperthyroidism 6 2.47

Human immunodeficiency virus 5 2.06

Chronic kidney disease 3 1.23

Type 1 diabetes mellitus 3 1.23

Myalgia 3 1.23

Generalized tonic-clonic 3 1.23

Others (each 1[0.41%]) 13 5.3
291 Others include: Rheumatic fever, Pulmonary tuberculosis, Glaucoma, Parkinson’s disease, Faty liver disease, 
292 Degenerative aortic stenos, Degenerative spondylosis, Osteoarthritis, Hypercalcemia, Bilateral flank pain, 
293 Schizophrenia, Trigeminal neuralgia, and Soft tissue injury.

294

295

296

297
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298 The most common body system morbidity encountered among the sampled study participants 

299 with hypertension was cardiovascular disorder, which accounted for 77 cases (31.69%). In 

300 contrast, the least common was special sense disorder, accounting for just 1 case (0.41%) (Fig. 

301 1). 

302 Hypertension combined with type 2 diabetes mellitus was the most commonly observed 

303 multimorbidity, followed by hypertension combined with hypertensive heart disease. 

304 Conversely, hypertension combined with T2DM and HIV, hypertension combined with 

305 hypertensive heart disease and dyspepsia, and other combinations were the least frequently 

306 encountered multimorbidity among the study participants. Regarding the number of 

307 multimorbidity per participant, 53.9% had none, 35.22% had two, 10.4% had three, and 0.24% 

308 each had four and five morbidities. Others (each accounts 0.24%) include: hypertension 

309 +degenerative spondylosis,  hypertension + type 2 diabetes mellitus + bilateral flank pain,  

310 hypertension + type 2 diabetes mellitus+ HIV, hypertension + hypertensive heart disease + 

311 dyspepsia, hypertension + type 2 diabetes mellitus + fatty liver disease, hypertension + type 2 

312 diabetes mellitus + ischemic heart disease, hypertension + Parkinson’s disease + hypertensive 

313 heart disease, hypertension + glaucoma, hypertension + trigeminal neuralgia,  hypertension + 

314 type 2 diabetes mellitus + chronic kidney disease, hypertension + rheumatoid arthritis + 

315 bronchial asthma, hypertension + schizophrenia, hypertension +hypocalcemia, hypertension+ 

316 type 2 diabetes mellitus +degenerative aortic stenosis, hypertension + peripheral neuropathy + 

317 HIV, hypertension  +rheumatoid arthritis + hypertensive heart disease, hypertension + 

318 rheumatic fever, hypertension + soft tissue injury,  hypertension + hypertensive heart disease 

319 + ischemic stroke +bronchial asthma + dyslipidemia, hypertension + osteoarthritis, 

320 hypertension + HIV + bronchial asthma,  hypertension + hypertensive heart disease + 

321 pulmonary tuberculosis, and hypertension + dyslipidemia + congestive heart failure (Table 3).

322

323

324

325
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327
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328 Table 3. Pattern of multimorbidity among hypertensive patients

Multimorbidity Frequenc
y 

Percent 

Hypertension+T2 diabetes mellitus 30 7.09
Hypertension+Hypertensive heart disease 16 3.78
Hypertension+Dyspepsia 12 2.84
Hypertension+Rheumatoid arthritis 12 2.84
Hypertension+Dyslipidemia 11 2.60
Hypertension+Peripheral neuropathy 10 2.36
Hypertension+Bronchial asthma 10 2.36
Hypertension+Ischemic stroke 8 1.89
Hypertension+T2 diabetes mellitus+Dyslipidemia 7 1.65
Hypertension+Congestive heart failure 7 1.65
Hypertension+Hyperthyroidism 6 1.42
Hypertension+Peripheral neuropathy+Dyspepsia 3 0.71
Hypertension+T2 diabetes mellitus+Peripheral neuropathy 3 0.71
Hypertension+T2 diabetes mellitus+Bronchial asthma 3 0.71
Hypertension+Generalized tonic-clonic epilepsy 3 0.71
Hypertension+T1diabetes mellitus 3 0.71
Hypertension+Myalgia 3 0.71
Hypertension+Dyslipidemia+Rheumatoid arthritis 2 0.47
Hypertension+Dyspepsia+Bronchial asthma 2 0.47
Hypertension+Dyslipidemia+Bronchial asthma 2 0.47
Hypertension+Rheumatoid arthritis+T2 diabetes mellitus 2 0.47
Hypertension+Human immunodeficiency virus 2 0.47
Hypertension+Chronic kidney disease 2 0.47
Hypertension+Peripheral neuropathy+Rheumatoid arthritis 2 0.47
Others 23 11.79
Number of multimorbidity 0

2
3
4
5

228
149
44
1
1

53.90
35.22
10.40
0.24
0.24

329
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336   Factors Associated with Multimorbidity, Polypharmacy, and MRCI

337 In the final adjusted binary logistic regression, we found that polypharmacy, patient-level 

338 medication regimen complexity, and the study hospital were associated with the presence of 

339 multimorbidity.

340 Polypharmacy was significantly associated with a duration of hypertension treatment five years 

341 or more, multimorbidity, and controlled BP in the adjusted binary logistic regression analysis.

342 We identified several factors associated with medication regimen complexity (MRCI) for 

343 inclusion in a multivariate ordinal logistic regression analysis. These factors include the 

344 presence of multimorbidity, controlled blood pressure (BP), duration of hypertension treatment 

345 five years or more, engaging in aerobic exercise, having health insurance, and an income 

346 greater than 6000 Ethiopian birr.

347 In the adjusted analysis, participants experiencing multimorbidity were fourteen times more 

348 likely to have a complex medication regimen (AOR=14.55, 95% CI: 9.00-23.52, P<0.0001). 

349 Furthermore, participants with controlled BP, as per the 2021 WHO pharmacologic treatment 

350 of hypertension guidelines were 52% less likely to have a complex medication regimen 

351 (AOR=0.48, 95% CI: 0.32-0.72, P<0.0001) (Table 4).

352
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362 Table 4. Univariate, and multivariate logistic analysis of predictors of MRCI, 
363 polypharmacy, and multimorbidity 

364 Abbreviations: AOR, Adjusted odds ratio; COR, Crude odds ratio; ETB, Ethiopian birr; BP, Blood pressure; DCSH, Debre 

365 Tabor Comprehensive Specialized Hospital; NMWH, Nefas Mewucha Hospital, ADZH, Addis Zemen Hospital; MEH, 

366 Mekane Eyesus Hospital; MRCI, Medication regimen complexity index. Note: Superscript a indicates ordinal logistic 

367 regression was used while b shows binary logistic regression used, * indicates P<0.25 while + indicates P<0.05.

368  

Outcome Variable Variable 
category Patient MRCIa

<4      5-8      >8

COR (95% CI) AOR (95% CI)

Income <6000 ETB
>6000 ETB

76      174     140
12      12       9

1
0.52(0.26-1.03)*

1
0.59(0.28-1.24)

Multimorbidity No 
Yes 

85        117    26
3          69    123

1
15.19(9.47-24.37)*

1
14.55(9.00-23.52)+

Controlled BP No
Yes 

34       113    101
54       73     48

1
0.46(0.32-0.67)+

1
0.48(0.32-0.72)+

Aerobic exercise No 
Yes 

58        141   126
30        45      23

1
0.49(0.32-0.74)+

1
0.77(0.48-1.23)

Health insurance No 
Yes 

30         54    34
58        132   115

1
1.47(0.99-2.19)*

1
1.53(0.98-2.39)

Hypertension therapy <5 years
>5 years

64        132     87
24        54       62

1
1.66(1.13-2.44)+

1
1.17(0.77-1.78)

Polypharmacyb 
Absent   Present      

Study hospital DCSH
NMWH
ADZH
MEH

126               24
85                 15
94                  6
66                  7

1
0.78(0.38-1.62)*

0.39(0.16-0.96)+

0.56(0.23-1.36)*

1
1.06(0.47-2.38)
0.73(0.28-1.93)
1.96(0.67-5.71)

Multimorbidity No 
Yes 

225                3
146              49

1
24.49(7.49-80.08)+

1
25.39(7.48-86.22)+

Hypertension therapy <5 years
>5 years

258               25
113                27

1
2.58(1.43-4.66)+

1
2.12(1.08-4.16)+

Controlled BP No 
Yes 

206                42
165                10

1
0.42(0.19-0.92)+

1
0.42(0.19-0.92)+

Multimorbidityb 
Absent   Present

Age <65 years
>65 years

152              118
76                 77

1
1.31(0.87-1.94)*

1
1.09(0.64-1.88)

Study hospital DCSH
NMWH
ADZH
MEH

59                 91
56                 44
56                 44
57                 16

1
0.51(0.30-0.85)+

0.53(0.32-0.88)+

0.18(0.09-0.35)+

1
0.30(0.15-0.59)+

0.80(0.36-1.77)
0.16(0.07-0.38)+

Aerobic exercise No 
Yes

165              160
63                 35

1
0.56(0.35-0.90)+

1
0.86(0.41-1.81)

Hypertension therapy <5 years
>5 years

169              114
59                 81

1
2.01(1.33-3.02)+

1
1.49(0.85-2.61)

Controlled BP No 
Yes

124               124
104                71

1
0.69(0.47-1.03)+

1
1.12(0.64-1.95)

Polypharmacy Absent 
Present 

225                146                   
3                     49

1
24.49(7.49-80.08)+

1
5.52(1.49-20.39)+

Patient MRCI <4
5-8
>8

85                  3
117                69
26                123

1
12.38(4.35-35.26)+

99.34(33.45-295.07)+

1
19.76(5.87-66.56)+

120.32(33.12-437.07)+
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369  DISCUSSION

370 In the present study, we found that 46.10% of participants had multimorbidity, 12.29% 

371 experienced polypharmacy, and 35.22% had a high patient-level MRCI. Additionally, we 

372 identified associations between polypharmacy, patient-level MRCI, and the study hospital with 

373 multimorbidity. We also found that the duration of hypertension therapy, controlled blood 

374 pressure (BP), and multimorbidity were associated with polypharmacy, while controlled BP 

375 and multimorbidity were associated with a high patient-level MRCI.

376 The magnitude of multimorbidity observed in our study is higher than that reported in studies 

377 conducted in Sweden (21.6%),26 Japan (29.9%),7 and Hong Kong, China (40.4%),6 but lower 

378 than findings from studies conducted in Bahir Dar, Ethiopia (54.8%),[27] Ghana (55%),28 India 

379 (55%),29 United Kingdom (73.9%),5 and another study in China (56.7%).30

380 Concerning polypharmacy, our finding is lower than those findings from studies conducted in 

381 Gondar, Ethiopia (46.6%),31 Ghana (64.8%),28 Somaliland (71%),10 Saudi Arabia [(21%), 

382 (79%)],9, 32 and Japan (22.3%).7

383 We found high patient level MRCI in 35.22% of study participants, which is lower than the 

384 57.2% reported in a study conducted in Gondar, Ethiopia. 31

385 Participants with polypharmacy (>5 medications) were more likely to experience 

386 multimorbidity compared to those without polypharmacy, a finding supported by a study from 

387 Japan.7 Moreover, participants with medium or high patient level MRCI were more likely to 

388 experience multimorbidity compared to those with low patient level MRCI. This finding is in 

389 line with the finding from Sweden.26 Study participants who had follow up visits at primary 

390 care hospitals were less likely to experience multimorbidity compared to those who had follow 

391 up visits at comprehensive specialized Hospital. This finding is supported by a study conducted 

392 in India, which reported that multimorbidity varied between different healthcare settings, such 

393 as public versus private care setting.33 Additionally, a study conducted in Sri Lank found that 

394 higher multimorbidity in tertiary care than in primary setting although the difference was not 

395 statistically significant.34 While previous studies have identified factors such as age, being 

396 male, and uncontrolled BP that associated with multimorbidity,5, 6, 27 these factors were not 

397 significantly associated with multimorbidity in our study. 

398 We found that participants who had been undergoing hypertension treatment for five years or 

399 more were twice as likely to experience polypharmacy. This finding is supported by a study 
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400 from Saudi Arabia.9 In addition, we identified that controlled BP and presence of 

401 multimorbidity were associated with polypharmacy; however, we did not find comparable 

402 studies to further discuss these findings. 

403 We found that those participants with controlled BP were 52% less likely to have Medium or 

404 high patient level MRCI compared to those with uncontrolled BP. This finding is similar with 

405 the finding of the study from Japan in which those participants with higher MRCI were more 

406 likely to have poor BP control.13 Additionally, we identified that participants with 

407 multimorbidity were 14 times more likely to have medium or high patient level MRCI, in line 

408 with a finding from a study in Korea.35

409 The observed differences between findings may be attributed to variations in inclusion criteria, 

410 and the sociodemographic distribution of study participants. In our study, we determined 

411 multimorbidity, polypharmacy and MRCI as well as associated factors specifically among 

412 hypertensive adults, whereas most of previous studies assessed multimorbidity,30 

413 polypharmacy,10, 31, 32 and MRCI31 among participants with any chronic conditions, without 

414 requiring a hypertension diagnosis as a mandatory inclusion criterion.

415   Strength and Limitation of the Study

416 The present study is the first in the Ethiopian healthcare setting that identified factors associated 

417 with multimorbidity, polypharmacy, and MRCI among adult hypertensive patients. The 

418 multicentred design enhances the generalizability of the findings to outpatient settings in 

419 diverse healthcare facilities. However, this study has a limitation being cross sectional which 

420 limits the ability to establish true cause-effect relationship between outcome and identified 

421 factors. Moreover, exclusion of inpatient settings restricts the generalizability of the findings 

422 to adult hypertensive patients receiving chronic care in outpatient departments only. Although 

423 we employed probability sampling techniques, higher proportion of population aged under 65 

424 years included in the study may under represent factors associated with multimorbidity, 

425 polypharmacy and MRCI in older populations. Adherence to therapy was not assessed in our 

426 study, which might influence results of the study. The relatively small sample size of this 

427 multicenter study may limit the generalizability of its findings to similar healthcare settings.

428  Clinical Implication of the Study Findings

429 The high prevalence of multimorbidity (46.10%) in adults living with hypertension highlights 

430 comprehensive care strategies. Healthcare providers should consider multiple chronic 
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431 conditions when managing hypertension patients, as multimorbidity is often linked to more 

432 complex treatment regimens and adverse health outcomes. Adjusting treatment plans that 

433 address multimorbidity may improve patient outcomes and reduce complications. The 

434 observed high MRCI (35.22%) in our study indicates the need to simplify medication regimens 

435 without compromising treatment effectiveness whenever possible particularly in patients with 

436 multimorbidity. Healthcare providers should use strategy like combining medications with 

437 fewer doses or using fixed dose combinations could help optimize treatment for patients with 

438 high MRCI.

439 Polypharmacy (12.29%) was strongly associated with multimorbidity, underscores the 

440 importance of regular medication reviews to minimize unnecessary polypharmacy, risk of drug 

441 interactions and side effects. Clinicians should monitor patients on multiple medications 

442 closely and regularly assess the appropriateness of each medication for patient’s current health 

443 status.

444 The association of uncontrolled BP with both polypharmacy and high MRCI suggests that these 

445 patients may require more intensive treatment strategies including close monitoring of BP, 

446 medication adjustments and identifying the underlying cause. The association between longer 

447 duration of hypertension treatment (5 years or more) and polypharmacy emphasizes the need 

448 for ongoing assessment of treatment effectiveness over time. Patients with long standing 

449 hypertension are more likely to develop additional comorbidities, so healthcare providers 

450 should ensure that the long-term hypertension management plan are regularly updated to reflect 

451 changes in patient’s health and medication needs.  

452 Based on our findings we recommend to strengthen integrated care model that involves 

453 physicians, pharmacists and nurses to address multimorbidity and optimize medication use. 

454 Emphasize should be given to patient centered care to simplify medication regimens and 

455 education on adherence and lifestyle modifications. Health systems should be strengthened to 

456 enhance the capacity of primary hospitals to manage hypertension and its comorbidities 

457 effectively. Further longitudinal research with a large sample size is needed to explore the long-

458 term outcomes of these findings. Health policy makers should address these challenges in 

459 designing guidelines for chronic disease management.

460  CONCLUSION
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461 The present study showed that a considerable proportion of adults living with hypertension 

462 experienced multimorbidity, polypharmacy and patient level MRCI. We identified the primary 

463 hospital setting, polypharmacy, and MRCI as associated factors of multimorbidity. 

464 Additionally, multimorbidity, and controlled BP were associated with polypharmacy, and 

465 MRCI in this study. Furthermore, duration of hypertension treatment was significantly 

466 associated with polypharmacy. However, it is important to note that the relatively small sample 

467 size of the study may limit the generalizability of these findings. Therefore, hypertension care 

468 should consider multimorbidity, polypharmacy, and MRCI to optimize their care, while 

469 recognizing that further research with a large sample size is needed to support these findings. 
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