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ABSTRACT
Background: The complexity of medication regimens amongst adult chronic kidney disease patients undergoing hemodialysis predispose to potential drug interactions. The management of patients with chronic kidney disease on haemodialysis may be improved by the knowledge on the predictors of potential drug interactions.
Study Objective: To assess the predictors of potential drug interactions among chronic kidney disease adult patients on haemodialysis at Kenyatta National Hospital. 
Methodology: This was a cross-sectional study among 120 conveniently sampled adult chronic kidney disease patients at renal unit of Kenyatta National Hospital. Details of sociodemographic and clinical characteristics of the participants as well as the drugs prescribed for the comorbid illnesses were extracted from medical records and fed onto SPSS version 27 software. Lexicomp drug interaction checker was used to identify types and severity of the potential drug interactions. Person’s Chi-square and Fisher’s exact were used to find associations between the participants’ characteristics with potential drug interactions at p≤0.05. 
Results: There was female preponderance at 66 (55%). The mean age of the participants was 47.1 (SD 16.0) years and majority, 67(55.8%) were between 19 to 50 years of age. One hundred and ten (91.7%) had potential drug interactions. Majority, 73 (61.0%) had 0-5 number of interacting drug pairs. There was statistically significant association between the participants’ number of years since diagnosis of chronic kidney disease (p=0.051), polypharmacy (p<0.001) with potential drug interactions. The participants’ highest education level (p=0.049), polypharmacy (p<0.001), years since diagnosis (p=0.010), number of prescribers (p=0.019) significantly influenced the severity of potential drug interactions. 
Conclusion: The prevalence of potential drug interactions among chronic kidney disease patients on haemodialysis was high due to polypharmacy and advanced years since diagnosis of the disease. Clinicians should intensely monitor the adverse effects of polypharmacy among patients with chronic kidney disease on haemodialysis. A large prospective study would provide enough time for determination of causation of drug interactions and likely areas of mitigation among the chronic kidney disease patients.
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1. Introduction
Chronic kidney disease(CKD) is a significant public health problem worldwide with an estimated global prevalence of over 13% (Lv & Zhang, 2019). Most of the CKD patients require renal replacement therapies (RRTs) such as intermittent haemodialysis (HD), continuous hemofiltration and HD, as well as peritoneal dialysis. HD is the commonest form of RRT worldwide, among patients with end stage renal disease (ESRD) (Bello et al., 2022).CKD patients on HD suffer from a number of comorbidities such as hypertension, diabetes mellitus and infections such as hepatitis C (Ortiz et al., 2018), necessitating multiple medications. This polypharmacy has been associated with drug related problems including drug interactions (Njeri et al., 2018). The complexity of medication regimens amongst patients undergoing HD make them prone to potential drug interactions (pDIs). Additionally, impaired renal excretion may potentially lead to changes in pharmacokinetics(Ortiz et al., 2018) and accumulation of the drugs in the body (Ortiz et al., 2018)and consequently greater risk of pDIs (Opiyo et al., 2019).
Drug interactions may lengthen the duration of hospitalization and     heighten expenses in healthcare. They may also result in increased risk of morbidity and mortality, adversely affect treatment objectives (Opiyo et al., 2019) and undesired effects thus compromising the expected therapeutic outcomes(Braimoh et al., 2023).A  study conducted in Germany on the patterns of medication use and the burden of polypharmacy among  patients with CKD in The German Chronic Kidney Disease study found that there was a heavy burden of polypharmacy where most patients took more than ten different medications per day thus increasing the risk of pDIs (Schmidt et al., 2019).
In Nigeria, a study on assessment of prospective drug-drug interactions in patients with chronic kidney disease found that the prevalence rate of CKD was high at 83% (Okoro & Farate, 2019). In Kenya, a study on medication-related problems among adult CKD patients in a sub-Saharan tertiary hospital identified  270 medication-related problems ,with the commonest being drug interactions at approximately 20% (Njeri et al., 2018).
Socio-demographic data of the respondents, their comorbidity profile and types of drugs used in the management of the comorbidity are associated with potential drug interactions. Furthermore, studies have established that many factors significantly increase the number of pDIs including gender and coexisting ailments like ischemic heart disease and  hypertension (Paul et al., 2022). A study on medication burden and inappropriate prescription risk among elderly with late stage CKD from a multicenter French study concluded that patient’s age is a factor for the potential medication associated issues and elderly patients are automatically susceptible to drug interactions (Roux-Marson et al., 2020). In Ethiopia, related studies established that polypharmacy was among the independent predictors of drug interactions among CKD (Garedow et al., 2019). Related studies among the Kenya population of CKD patients on HD are scarce. One study found out that CKD prevalence was 38.6%, with advancing age increasing the risk of pDIs. In addition, previous studies established that the factors associated with pDIs comorbidities, hematuria and proteinuria as well as herbal medications use (Mwenda et al., 2019). This data suggests that the management of CKD patients on HD may be influenced by the knowledge on the predictors of potential drug interactions amongst patients. Therefore, the present study characterizes the predictors of pDIs amongst CKD patients undergoing HD at in the largest teaching and referral health facility in East and Central Africa.
2:  Methodology
2.1: Study area and site
This was a cross-sectional study. It was undertaken at Kenya’s largest tertiary health facility, Kenyatta National Hospital (KNH). Study participants were enrolled from renal unit and the nephrology ward. Within the facility is the renal clinic that serves patients who have renal problems and are on follow up. There is also a nephrology ward where some of the renal patients are admitted and a haemodialysis clinic that runs every Monday morning except public holidays. 

2.2: Study population
The target population was all adult CKD patients undergoing haemodialysis. Patients were eligible if they were 18 years and above, had CKD and on hemodialysis at KNH renal unit. Annually, approximately 720 CKD patients underwent HD at KNH renal unit. Both inpatients and outpatients were part of the study population.

2.3: Sample size and sampling method
The sample size was based on the estimates of prevalence of pDIs among adult CKD patients using Fisher’s formula. A convenient sampling method was used to recruit participants. This was achieved by consecutively inviting each and every available patient who satisfied the inclusion criteria from the renal clinic and inpatients whose list was obtained from the ward manager. The medical records of these patients were perused in order to determine patients who met the inclusion criteria.

2.4: Study methods
Study authorization was sought and acquired from KNH/University of Nairobi-Ethics and Research Committee (KNH/UoN-ERC) vide reference number KNH-ERC/RR/616. Raw data was extracted into structured data abstraction tool in a one-on-one interview with patients and review of medical records. After the end of the data collection period, analysis was carried out using SPSS version 27 software. The hard copies with raw data were well reserved in case any reference was required.

Every data collection tool had a distinct alphanumeric number to avoid confusion and duplication of data. The questionnaire was organized in sections capturing demographic data including age, gender, weight, marital status, highest level of academic achievement and employment status. The second part of the questionnaire comprised of details of potential drug interactions output from Lexicomp software. The permutations were done for all prescribed drug pairs and fed into Lexicomp interaction checker which provided the type of interaction and the level of severity. All the drugs the patients had were fed in the Lexicomp software and the output documented. These outcomes were later fed into the SPSS Statistical Software  for further analysis. 

2.5: Statistical analysis 
Descriptive statistics were used to summarize and describe patient demographics and clinical characteristics and types of pDIs. Chi Squared/Fischer exact test were used to show associations between clinical characteristics with severity of pDI . P-values and 95% Confidence Interval (CI) were used to estimate the strength of crude association between independent and dependent variables.






3.0: Results
Table 1 displays the sociodemographics and clinical characteristics of the CKD patients undergoing hemodialysis in the hospital.
Table 1: Socio-Demographic and Clinical Characteristics of the Study Participants
	Variable
	Category
	Frequency (N=120)
	Percentage (%)

	Gender
	Male
	54
	45.0

	
	Female
	66
	55.0

	Age in years
	19  to 50 Years
	67
	55.8

	
	Above 50 Years
	53
	44.2

	
	Mean (SD)
	47.1 (16.0)

	Years since diagnosis
	<5 years
	99
	82.5

	
	≥ 5years
	21
	17.7

	
	Median (IQR)
	3.0 (2.0)

	Level of education
	Informal
	20
	16.7

	
	Primary
	31
	25.8

	
	Secondary
	50
	41.7

	
	Tertiary
	19
	15.8

	Marital Status
	Single
	25
	20.8

	
	Married
	74
	61.7

	
	Divorced/Separated/ Widowed
	21
	17.5

	Employment status
	Unemployed
	79
	65.8

	
	Self-employed
	38
	31.7

	
	Employed
	3
	2.5

	Smoking
	No
	92
	76.7

	
	Yes
	28
	23.3

	Alcohol consumption
	No
	99
	82.5

	
	Yes
	21
	17.5

	Physically active
	No
	80
	66.7

	
	Yes
	40
	33.3

	Religion
	None
	8
	6.7

	
	Catholic
	67
	55.8

	
	Protestant
	39
	32.5

	
	Muslim
	6
	5.0

	Residence
	Rural
	70
	58.3

	
	Urban
	50
	41.7

	Comorbidities
	One
	57
	47.5

	
	Two
	58
	48.3

	
	Three
	5
	4


More than half, 66 (55%) were females and a majority of the participants were aged between 19 to 50 years of age, 67 (55.8%). Seventy-four (61.7%) were married while 79 (65.8%) were unemployed, with most of them having Secondary and above level of education, 69 (57.5%). Seventy (58.3%) lived in rural areas and 58 (48.3%) had at least two comorbidities (Table 1).
The prevailing comorbidities among the study population and shown in Figure 1 below.


Figure 1: Prevalence of comorbidities among the Study Participants at KNH
Hypertension 107 (89.2%) and diabetes 53 (44.2%) were the most common comorbid illnesses among the study participants (Figure 1).
A total of 612 interacting pairs were identified. The prevalence of pDI among CKD patients on HD was high at 91.6%. The average number of interacting pairs was 5.3(SD 4.2) per participant with most of them having 0-5 interacting pairs. The number of interacting pairs and severity of interactions are shown in Figure 2 and 3 below.


Figure 2: Proportion of Interacting Drug Pairs among the Study Patients (N=120) 
Majority of the study participants, 73 (61%), had 0-5 number of pairs of drug interactions followed by those with 6-10 drug interactions 31(26%) and > 11 interactions (Figure2). 


Figure 3: Severity of Potential Drug Interactions among the Study Patients
Majority of the study participants, 97(81%) had moderate interactions but 13(11%) were severe (Figure 3)
The association between sociodemographics and potential drug interactions are shown in Table 2.
Table 2: Association between Sociodemographic and clinical characteristics with pDIs 
	Variable
	Category
	       Potential DIs
	p-value

	
	
	No
	Yes
	

	Gender
	Male
	6(60.0%)
	48(43.6%)
	0.319

	
	Female
	4(40.0%)
	62(56.4%)
	

	Age
	19  to 50 Years
	5(50.0%)
	62(56.4%)
	0.698

	
	Above 50 Years
	5(50.0%)
	48(43.6%)
	

	Marital Status
	Single
	0(0.0%)
	25(22.7%)
	0.186

	
	Married
	7(70.0%)
	67(60.9%)
	

	
	Divorced/Separated/ Widowed
	3(30.0%)
	18(16.4%)
	

	Employment status
	Unemployed
	7(70.0%)
	72(65.5%)
	0.772

	
	Employed
	3(30.0%)
	38(34.5%)
	

	Education level
	Primary and Below
	7(70.0%)
	44(40.0%)
	0.066

	
	Secondary and Above
	3(30.0%)
	66(60.0%)
	

	Residence
	Rural
	7(70.0%)
	63(57.3%)
	0.434

	
	Urban
	3(30.0%)
	47(42.7%)
	

	Religion
	Christian
	9(90.0%)
	66(60.0%)
	0.061

	
	Muslim and Others
	1(10.0%)
	44(40.0%)
	

	Smoking Status
	No
	8(80.0%)
	84(76.4%)
	0.795

	
	Yes
	2(20.0%)
	26(23.6%)
	

	Alcohol Consumption
	No
	9(90.0%)
	90(81.8%)
	0.514

	
	Yes
	1(10.0%)
	20(18.2%)
	

	Physically Active
	No
	8(80.0%)
	72(65.5%)
	0.350

	
	Yes
	2(20.0%)
	38(34.5%)
	

	No. of Comorbidities
	One
	7(70.0%)
	50(45.5%)
	0.137

	
	Two or More
	3(30.0%)
	60(54.5%)
	

	Polypharmacy
	No
	10(100.0%)
	36(32.7%)
	<0.0001

	
	Yes
	0(0.0%)
	74(67.3%)
	

	Years since diagnosis
	<5yrs
	6(60.0%)
	93(84.5%)
	0.051

	
	 5yrs and above
	4(40.0%)
	17(15.5%)
	

	No. of Prescribers
	One
	0(0.0%)
	36(32.7%)
	0.087

	
	Two
	8(80.0%)
	55(50.0%)
	

	
	3+
	2(20.0%)
	19(17.3%)
	



There were no statistically significant associations between participants sociodemographic and potential drug interactions. There was a statistically significant association between the participants’ years since diagnosis of CKD (p=0.051) and polypharmacy (p=<0.001) with pDIs (Table 2).
Table 3 shows the relationship between the sociodemographic characteristics and number of interacting pairs of drugs among the study patients.
Table 3: Association between participants clinical profiles with number of interacting drug pairs
	Variable
	Category
	Number of Interacting Drugs
	p-value

	
	
	0-5
	6-10
	

	Gender
	Male
	34(46.6%)
	16(51.6%)
	0.201

	
	Female
	39(53.4%)
	15(48.4%)
	

	Age
	19  to 50 Years
	41(56.2%)
	20(64.5%)
	0.209

	
	Above 50 Years
	32(43.8%)
	11(35.5%)
	

	Marital Status
	Single
	13(17.8%)
	10(32.3%)
	0.345

	
	Married
	45(61.6%)
	18(58.1%)
	

	
	Divorced/Separated/ Widowed
	15(20.5%)
	3(9.7%)
	

	Employment status
	Unemployed
	48(65.8%)
	20(64.5%)
	0.959

	
	Employed
	25(34.2%)
	11(35.5%)
	

	Education level
	Primary and Below
	35(47.9%)
	8(25.8%)
	0.091

	
	Secondary and Above
	38(52.1%)
	23(74.2%)
	

	Residence
	Rural
	41(56.2%)
	19(61.3%)
	0.832

	
	Urban
	32(43.8%)
	12(38.7%)
	

	Religion
	Christian
	50(68.5%)
	16(51.6%)
	0.228

	
	Muslim and Others
	23(31.5%)
	15(48.4%)
	

	Smoking Status
	No
	57(78.1%)
	22(71.0%)
	0.660

	
	Yes
	16(21.9%)
	9(29.0%)
	

	Alcohol Consumption
	No
	62(84.9%)
	25(80.6%)
	0.608

	
	Yes
	11(15.1%)
	6(19.4%)
	

	Physically Active
	No
	47(64.4%)
	20(64.5%)
	0.413

	
	Yes
	26(35.6%)
	11(35.5%)
	

	No. of Comorbidities
	One
	37(50.7%)
	13(41.9%)
	0.680

	
	Two or More
	36(49.3%)
	18(58.1%)
	

	Polypharmacy
	No
	43(58.9%)
	3(9.7%)
	<0.001

	
	Yes
	30(41.1%)
	28(90.3%)
	

	Years since diagnosis
	<5yrs
	59(80.8%)
	26(83.9%)
	0.795

	
	 5yrs and above
	14(19.2%)
	5(16.1%)
	

	No. of Prescribers
	One
	23(31.5%)
	12(38.7%)
	0.124

	
	Two
	39(53.4%)
	12(38.7%)
	

	
	3+
	11(15.1%)
	7(22.6%)
	




There were no statistically significant associations between participants sociodemographic and the number of interacting drug pairs. There was a statistically significant association between the participants’ polypharmacy and number of interacting drugs of pDIs (P=<0.001) (Table 3).
The factors associated with the severity of pDIs are shown in Table 4 below.
Table 4: Association between sociodemographics and clinical characteristics with severity of pDIs
	Variable
	Category
	             Severity of pDIs
	p-value

	
	
	None
	Moderate
	

	Gender
	Male
	6(60.0%)
	44(45.4%)
	0.372

	
	Female
	4(40.0%)
	53(54.6%)
	

	Age
	19  to 50 Years
	5(50.0%)
	57(58.8%)
	0.356

	
	Above 50 Years
	5(50.0%)
	40(41.2%)
	

	Marital Status
	Single
	0(0.0%)
	24(24.7%)
	0.232

	
	Married
	7(70.0%)
	57(58.8%)
	

	
	Divorced/Separated/ Widowed
	3(30.0%)
	16(16.5%)
	

	Employment status
	Unemployed
	7(70.0%)
	63(64.9%)
	0.915

	
	Employed
	3(30.0%)
	34(35.1%)
	

	Education level
	Primary and Below
	7(70.0%)
	36(37.1%)
	0.046

	
	Secondary and Above
	3(30.0%)
	61(62.9%)
	

	Residence
	Rural
	7(70.0%)
	56(57.7%)
	0.711

	
	Urban
	3(30.0%)
	41(42.3%)
	

	Religion
	Christian
	9(90.0%)
	59(60.8%)
	0.153

	
	Muslim and Others
	1(10.0%)
	38(39.2%)
	

	Smoking Status
	No
	8(80.0%)
	73(75.3%)
	0.730

	
	Yes
	2(20.0%)
	24(24.7%)
	

	Alcohol Consumption
	No
	9(90.0%)
	79(81.4%)
	0.777

	
	Yes
	1(10.0%)
	18(18.6%)
	

	Physically Active
	No
	8(80.0%)
	60(61.9%)
	0.059

	
	Yes
	2(20.0%)
	37(38.1%)
	

	No. of Comorbidities
	One
	7(70.0%)
	42(43.3%)
	0.154

	
	Two or More
	3(30.0%)
	55(56.7%)
	

	Polypharmacy
	No
	10(100.0%)
	33(34.0%)
	<0.001

	
	Yes
	0(0.0%)
	64(66.0%)
	

	Years since diagnosis
	<5yrs
	6(60.0%)
	85(87.6%)
	0.010

	
	 5yrs and above
	4(40.0%)
	12(12.4%)
	

	No. of Prescribers
	One
	0(0.0%)
	35(36.1%)
	0.019

	
	Two
	8(80.0%)
	48(49.5%)
	

	
	3+
	2(20.0%)
	14(14.4%)
	


There was a statistically significant association between the participants’ highest education level (p=0.049), polypharmacy (p<0.001), years since CKD diagnosis (p=0.010), number of prescribers (P=0.019) and severity of pDIs (Table 4).
4.0: Discussion
This present study embarked on determining the predictors of pDIs among 120 CKD adult patients on HD at the largest teaching and referral hospital in East and Central Africa. The prevalence of pDI among CKD patients on HD was high at 91.6%. Previous studies had established such high prevalence rates at 99.2%(12). In addition, the pDIs were associated with polypharmacy (p<0.001) and number of years since diagnosis (p=0.051), which corroborates related studies which s established that the prevalence of pDIs was significantly associated with  concomitant  use of multiple drugs (dos Santos et al., 2018). 
There were no statistically significant associations between participants’ sociodemographics such as age and potential drug interactions. Conflicting studies amongst CKD patients in Germany found out that factors such as older age increased the odds of pDIs among patients (Schmidt et al., 2019). Another related study carried out in Spain established that advanced age increased the risk of pDIs (Santos-Díaz et al., 2020). The observed differences could be due to different study populations. For instance, the latter study focused on patients who were 55 years and above unlike the present study. Perhaps the healthcare setting may also have contributed to the observed differences settings in a high resource environment can curtail the pDIs early enough using developed computer systems such as the interaction checkers for pDIs before patients are prescribed the medicines. 
The present study found out that 115(95.2%) of the study participants had at least one comorbidity. This is important because the number of comorbidities determine the extent of polypharmacy and may influence the management. Past researchers had revealed that 98.2% of adults with CKD had at least one comorbidity (MacRae et al., 2021).  Further, the study population comprised of 58% who were having at least two comorbidities. This is comparable with a study carried out in Italy to assess the factors associated with pDIs which found that nearly 59% of the participants had comorbidities that influenced the pDIs during their management (Gallo et al., 2019). 
The present study established that the main comorbid illnesses were (89.2%), diabetes (44.2%) and HIV which are positively associated with development of CKD. Previous study had revealed that hypertension (88%) was the most common comorbidity among the study participants (Fraser et al., 2015). Another study established that most of the respondents had two comorbidities with hypertension 99% being the most frequent (Fasipe et al., 2018).Although, the prevalence of comorbidities is not as high as from study that demonstrated that 98.2% of study participants had at least one comorbidity (Tonelli et al., 2015), it is a revelation that comorbidities are common among CKD patients. 
Majority of the participants (61%) had between 0-5 number of drug interaction pairs. This correlates with a study that found out that out of 96 reviewed patient case records, 67(69.7%) showed drug-interaction pairs (Shahzadi et al., 2022). Another study found out that the average number of interactions was one interacting pair per patient with majority (57.7%) having interacting pairs (Makite, 2019).

There was a statistically significant association between the participants’ highest education level and severity of pDIs 63% (p=0.049). Perhaps those who had gone through formal education were in a position to understand their medication. Those with highest level of education are probably less likely to get pDIs as they perhaps consult before indulging into polypharmacy that was found to influence severity of pDIs. 
The years since diagnosis (P=0.051) and polypharmacy (P<0.001) had a statistically significant association with pDIs. The more the years since diagnosis suggests that the more the chances of polypharmacy hence increased number of interacting drugs. The more the polypharmacy perhaps the more the interacting drug pairs. The years since diagnosis and polypharmacy has previous been reported to influence the number of interacting drugs in a study on  potential drug interactions for hemodialytic patients (dos Santos et al., n.d.).  Furthermore, a similar  study established that polypharmacy influenced the severity of pDIs which had deleterious effects(Olumuyiwa et al., 2017).
This study shows the importance of determining the pDIs among CKD patients though it had a small sample size of 120 CKD patients. Additionally, this was a cross-sectional study where the predictor and the outcome variables were assessed simultaneously for a short period of time. Therefore, the results obtained may not reflect what was occurring throughout the year. 
5.0: Conclusion
[bookmark: _Hlk197682619][bookmark: _Hlk180402183][bookmark: _Hlk183680988][bookmark: _Hlk197351200]The prevalence of pDI among CKD patients on HD was high at 91.6%, predominantly 0-5 interacting pairs, and with mean number of 5.3(SD 4.2) pairs per participant. The significant factors associated with pDIs were polypharmacy and >5 years since diagnosis. Clinicians should be encouraged to continuously monitor CKD patients on HD because prescribed drugs have synergistic effects. The high prevalence of pDIs suggests that a study should be carried out to identify the areas of mitigation measures.  Similarly, a large prospective study with a wider selection of the patients undergoing haemodialysis needs to be conducted over an extended duration to provide enough time to determine the risk factors of pDIs and any other factors influencing the management of CKD patients.
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Severity of Interactions


None	Moderate	Severe	10	97	13	
Prevalence of Comorbidities among the Participants (N=120)


Other Diseases	Tuberculosis	Dyslipidaemia	Heart Failure	Diabetes	Hypertension	12.5	0.83333333333333337	4.1666666666666661	5.833333333333333	44.2	89.166666666666671	
Proportion(%)



Number of interacting drug pairs

[CATEGORY NAME], n=[VALUE], [PERCENTAGE]
[CATEGORY NAME], n=[VALUE], [PERCENTAGE]
[CATEGORY NAME],n= [VALUE], [PERCENTAGE]

0-5	6-10	11+	73	31	16	
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