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Abstract
Introduction: Ensuring proper children drug utilization is essential for successful treatment.  Several studies have reported various problems including dosing errors and drug misuse, including use without prescription. There is a lack of data regarding this issue in Sudan where a large portion of the population is under 16 years.
Objectives: We aimed to assess knowledge, attitude, and practice regarding pediatric medications among caregivers of children admitted to the largest paediatric hospital in Sudan.
Methods: We conducted a hospital-based cross-sectional survey in Mohamed Alamin Hamid Pediatric Hospital between 1 April to 30 September2021. We randomly invited caregivers of admitted children and interviewed consenting particiapnts using avalidated structured questionnaire. 
Results: 385 caregivers participated in the study (82% response rate) with a mean age of 32.6 years (SD 7.2). The majority of respondents were mothers (75.3%), with a mean age of 32.6 years. Over a third (37.4%) were primary school graduates, while 23.1% were university graduates. Mothers were primarily responsible for giving medication at home in 88.1% of cases. 38% of participants reported the treatment process failed due to children’s refusal to take medication. A significant finding was that 61% of parents reported using drugs without a prescription; of these, antipyretics (56.4%) and antibiotics (36.3%) were the most common. While 87.3% of parents recorded the time of medication administration, only 59.7% administered drugs at regular 8-hour intervals when prescribed three times daily. A concerning 52.7% of parents stated they would keep leftover liquid medication for later use. The study also found that parents with higher education levels were more likely to use medical leaflets as a source of information (p=.000) and to record medication administration times (p=.008).
Conclusion: This study reveals a high rate of self-medication, particularly with antibiotics, which poses a serious risk for antimicrobial resistance. While practices like recording administration times were common, storing leftover medication was a frequent, potentially harmful practice. The educational level, income, and residence of caregivers were significant factors influencing their knowledge and practices . Efforts should focus on simplifying pediatric medication formulations to reduce errors. بurther research in assessing factors associated with self-medications are recommended in Sudan.
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Introduction

Sudan is a large, sparsely populated country with a high fertility rate; hence, a very large portion of its population is under 15 years old. This adds additional strains on social services, particularlyin the education and health(1).Children’s drug utilization is one of the great concerns globally and has received a lot of attention.  Several studies have been conducted in this field in both developed and developing countries and have all reported various problems ranging from misuse, drug abuse, and errors in medication dosing as most drugs in children are reported to be used outside the health settings with or without prescription(2)(3).
The administrationand dosing of pediatric medicines differ from those of adults.Children have to depend on their caregivers for their medications. In addition, they have often been prescribed liquid medicines that their dosing requiresmore time and care than the administration of tablets or capsules(4). Medication administration errors among children are well known to occur and previous studies reported that more than 40% of parents and caregivers make dosing errors in an outpatient setting(5–7).
Many factors make pediatrics vulnerable to medication error such as the absence of suitable pediatric formulations, the liquid nature of pediatric dosage forms, incorrect dose calculation, caregiver ignorance, and inadequate information and counseling by doctors, and factors that should be considered in proper dosing such as palatability, quality, and ease of administration(8)(9). Moreover, other multiple factors related to caregivers' knowledge and practices such as difficulty in reading drug labels, difficulty in comprehending medication instructions, being unclear about different drug brands, being inexperienced with the equipment needed to administer medications, and having trouble communicating with their partners may all play a role in medication errors among children(10).It has been reported that oral liquid medications are commonly given by teaspoons which have a capacity that ranges from 1.5 ml to 9 ml which may further lead to increased susceptibility to dosing errors among children(11). Medication errors among children may lead to subsequent adverse effects such as treatment failure, development of antimicrobial resistance, overdosing, poisoning, increased risk of growth retardation, or unnecessary hospital visits(12). Thus, education about the medications in caregivers of young children is essential.
In underdeveloped nations, when outpatient clinics are overcrowded and parents or caregivers are undereducated about health issues, inappropriate administration and drug errors are more common due to poor parental education, poor counseling, and pharmacists' lack of understanding and confidence. (13). To our knowledge, no recent studies have been conducted among parents in Sudan, considering their knowledge, attitude, and difficulties they experience in administrating different forms ofmedications to their children. Moreover, understanding the levels of knowledge and practices among parents regardingpediatricmedicationadministration enable physicians to determine the knowledge gap and areas of inadequate knowledge to guide healtheducation to parents and communities. This in turn may play a role in maximizing the benefit of prescribedtreatments, reducing the complications of partial or improper treatments,and addressing issues such as developing antimicrobialresistance (AMR). Accordingly, this study aimed to assess caregivers' knowledge, attitude, and practice regarding pediatric medications among children admitted to Mohamed Alamin Hamid hospital in Sudan, a developing country with poor health facilities, public awareness, and high levels of poverty.

Materials and methods
This was a hospital-based cross-sectionaldescriptive, study that was conducted at Mohamed Alamin Hamid Pediatric Hospital in Omdurman Locality, Khartoum State, Sudan. It is the largest hospital specializing in pediatrics in Sudan that was established in 1986 with a total area of 7200-meter square (120 meters in length and 60 meters in width). The study was conducted during the period between the 1st of April to the 30th of September, 2021, and included all caregivers of sick children who were admitted to the hospital. Caregivers who refused to participate in the study or co-patients who are not responsible for sick children’s care were excluded from the study. Sample size was calculated using the sample size calculation formula (SS = [Z2p (1 − p)]/ C2, Where; Z = Given Z value  (1.96),p = Percentage of population (unknown = 0.5), C = Confidence level (0.05)) and was estimated to be 385. By adding an expected non-response rate of 10% (SS/1- 0.1), it was estimated as 428. The convenience non-probability sampling technique was used to collect data from the study population.
The questionnaire was developed by the principal investigator and then it was pretested and validated. It was filled from participants through direct interviews by a data collection team that was trained in data collection tools and interview techniques. Data was then cleaned and entered into a Microsoft Excel spreadsheet. The analysis was performed using the Statistical Packages for Social Sciences (SPSS) version 24 where both descriptive and inferential statistics were applied.Categorical variables were summarized as frequencies and proportions (percentages) while mean values and corresponding standard deviation (SD) values were measured to summarize continuous variables. The Relationship between categorical independent variables with categorical and numerical dependent variables was tested using Chi-squared (χ2) and analysis of variance–ANOVA tests, respectively. If an observed frequency in a categorical data table had a small size i.e., less than 5 in any of the cells of the table, Fisher's exact test was used instead of the chi-square test. The relationship between two numerical variables was tested using Pearson’s c correlation. A p-valueof < 0.05 was accepted as an expression of statistical significance for all conducted tests.
Ethical clearance and approval for conducting this study wereobtained from the Sudan Medical Specialization Board (SMSB) and the Khartoum State Ministry of Health’s Research Department and Educational Development Center (EDC). Permission to conduct this studywas obtained from the Khartoum State Ministry of Health’s Hospitals Administration Department. Clear and informed consent was taken from the participants before collecting any information. Every caregiver had the right not to participate. The confidentially of the participant’s data was preserved by collecting data anonymously and no data that can lead to the identification of specific subjects were taken. The collected data was not used for any other purposes than this study and no incentives or rewards were given to participants.

Results 
A total of 385 caregivers were involved in the study with a mean age of 32.6 7.2 (Mean  SD) years old. The sociodemographic characteristics of the participants were illustrated in Table 1. The mean number of children aged from 6 months to 15 years old within the family was 3 1.8 (Mean  SD) children and the mean number of annual doctor’s visits for children was 4  3.4 (Mean  SD) visits. In 88.1% (n = 339) of cases, mothers were the main person responsible for giving the child’s medication, in 8.8 (n = 34) it was the father, and in 3.1 (n = 12) it was a relative other than parents. 

Table 1: Sociodemographic characteristics of the participants (n = 385).
	Variable
	Frequency
	Percent (%)

	Caregiver 

	Mother 
	290
	75.3

	Father 
	95
	24.7

	Total
	385
	100

	Residence 

	City 
	285
	74

	Village 
	99
	25.7

	Camp 
	1
	0.3

	Total 
	385
	100

	Income (in SDG)

	Less than 2000
	18
	4.7

	2000 - 5000
	28
	7.3

	5000 - 10000
	80
	20.8

	More than 10000
	259
	67.2

	Total
	385
	100

	Educational level of the respondent 

	Not educated 
	60
	15.6

	Primary school graduate 
	144
	37.4

	Secondary school graduate
	92
	23.9

	University graduate 
	89
	23.1

	Total
	385
	100

	Father’s occupation

	Employee
	88
	22.8

	Free worker 
	294
	76.4

	Unemployed 
	3
	0.8

	Total 
	385
	100

	Mother’s occupation 

	Employee
	35
	9.1

	Free worker 
	22
	5.7

	Housewife 
	328
	85.2

	Total 
	385
	100

	Health insurance 

	Governmental 
	89
	23.1

	Private 
	30
	7.8

	No insurance 
	266
	69.1

	Total 
	385
	100



In 37.7% of cases, the treatment process failed due to children’s refusal to take the medication. The degree of children's acceptance of oral pills vs syrups is illustrated in Figure 1. Actions that are taken by parents when their children refuse their medications are shown in Table 2. Regarding the source of information about children’s medication, 345(89.6%) reported that doctors are their source of information, 18(4.7%) reported that they were the pharmacist, 18 (4.7%) reported leaflets, 2 (0.5%) reported nurses, and 2 (0.5%) reported that old experiences are their source of information.

Figure 1: Children’s acceptance of taking oral pills and syrup drugs (n = 385).

Table 2: Parents’ action toward children refusing their medications (n = 385).
	Variable
	Frequency
	Percent (%)

	Parents’ actions when the children refuse to take oral pills


	Break tablets
	42
	33.3

	Change head position
	13
	10.3

	Dissolute in water or other drinks
	68
	54.0

	Request another form
	2
	1.6

	Stop drug
	1
	0.8

	Total
	126
	100.0

	Parents’ actions when the child refuse to take liquid drugs

	Force the child to take it
	282
	82.0

	Drink more water
	33
	9.6

	Mix with others
	12
	3.5

	Stop drug
	14
	4.1

	Give during sleep
	3
	0.9

	Total
	344
	100.0

	Parents’ actions when the child refuse to take the medication

	Force the child
	145
	70.0

	Return to hospital
	20
	9.7

	Try to convince the child
	32
	15.5

	Nothing
	10
	4.8

	Total
	207
	100.0



The majority of children (83%) had swallowing difficulty when they take drugs. Of those who had swallowing difficulty, 52.2% of them had vomiting, 19.4% of them had an uncomfortable sensation, 14.9% had the feeling of the drug hanging in their throat, 7.5% had a choking sensation, and 6% had a cough. Regarding the frequency of swallowing difficulty, 58.2% of children had swallowing difficultiesSometimes, 31.3% always had them, and 10.4% had them only once. Approximately,two-thirds (62.7%), of the caregivers informed the doctor about their children’s swallowing difficulties, and 42.9% of doctors advised them to change drugs, 42.9% of them gave caregivers some tips to overcome the problem, and 14.2% forgot about the problem.
In 68.1% of cases, caregivers used syringes to giveliquid medications to their children, in 23.1% of them, they delivered it using the cup provided with the drug, 5.5% used teaspoons, 2.9% used tablespoons, and 0.5% used other tools. Regarding other treatment practices among caregivers, 43.1% of them read the leaflet attached with the drug before giving medications to their children,only 12.7% of caregivers had ever given their children doses more than that prescribed by the doctor to treat them more quickly, and 58.4% of them givetheir child more than one type of oral drug at the same time. Moreover, 61% of caregivers stated they use drugs without a prescription from a doctor. When they asked about the drugs that they use without a prescription, 56.4% of them used antipyretics, 36.3% used antibiotics, 3% used antidiarrheal, 3% used cough syrups, 0.4% used antiemetics, 0.4% used creams, and another 0.4% used anti-flu drugs.
[bookmark: _Toc99527142]Most caregivers (87.3%), record the time ofdrug administration to their children, however, when they asked about their practice toward 8-hourly medications, only 59.7% of them stated that they give medications regularly within 8 hours. Additionally, more than half of the caregivers (52.7%) reported that they keep the residual amount of liquid drugs for later use, 43.4% of them reported that they dispose them, and 3.9% stated that they give them to relatives for further use.
Predictors of the annual number of child doctor visits
[bookmark: _Toc99527143]A significant association was found between the annual number of doctor’s visits for children and the family’s income (p= .038) and the educational level of the responding parent (P= .035). The mean number of annual doctor’s visits was higher in families with an income of more than 10,000 and was lowest among parents who are not educated. Moreover, the Pearson Correlation test revealed a positive correlation between the number of children aged between 6 months and 15 yearsand the number of annual doctor’s visits (r = .208, p = .000). However, no association was reported between the annual number of doctor’s visit for and family’s residence (P = 0.309)or insurance status (P =0.124).
Predictors of the source of information regarding child medications
[bookmark: _Toc99527144]Fisher's Exact Test revealed a significant association between the educational level of parents and the source of information regarding children’s medications (P=.000). Doctors were the most prevalent source among parents with different educational levels; however, the highest percentage of parents who use leaflets as a source of information was among university graduate ones.
Predictors of use of medications without prescription
[bookmark: _Toc99527145]No significant association was found between the use of medications without prescription and parents’ educational level (P=.154)or family residence (P=.118).
Predictors of parents’ practices regarding recording the medication time
[bookmark: _Toc99527146]A significant association was found between recording medication time and parents’ educational level (P=.008) and family residence(P=.002). The majority of parents who record medication time were primary school graduates, and university graduates,and lived in the city. Moreover, we found no significant association between the person who is responsible for giving medications and recordingmedication time.
Predictors of parents’ practices toward residual liquid drugs
A significant association was reported between the practice of dealing with residual liquid drugs and the family’s residence(P=.012) and income(P=.042). parents who live in camps and those with lower income tended to give drugs to relatives for further use. However, no significant association was reported between parents’ practice regarding dealing with residual liquid drugs and their educational level(P=.512), insurance status(P=.186), or the number of children (between 6 months and 15 years) at the house(P=.906).

Discussion
This cross-sectional study aimed to assess caregivers' practice toward medication administration to children and to assess factors that could predict those practices. A total of 385 parents were involved in this study and the vast majority of them were mothers. This is similar to other previous studies which reported mothers representing most caregivers suggesting that mothers are the main care providers for their children (14)(10). However, in a study conducted in Saudi Arabia on parents’ knowledge about antibiotics use among children, the majority of the responders were males (15). Moreover, mothers were the ones responsible for giving medications to their children in the vast majority of patients in this study and this has been also reported in previous studies (15)(16)(17). 
In this study, the majority of mothers were housewives and less than forth of them were university graduates suggesting a low educational level, particularly when compared to other previous studies conducted in Saudi Arabia and Palestine that reported university graduates representing the majority of mothers (16)(17). However, most parents in this study (89.6%) chose “doctors” as their source of information and guidance for medication administration and this is considered higher that the results of the Palestinian study which reported 66.7% of parents who obtain their information from doctors(17).
Children’s refusal of drugs was the commonest cause of treatment failure in this study being reported among more than one-third of the participants and it has been reported in almost half of the cases in another previous study (10). Children usually have problems taking oral pills and, in this study, we found that 32.7% of children had such problems. This has also been reported as more prevalent in another previous study (18). Moreover, in the Palestinian study, more than half of the surveyed parents didn't even try to give tablets to those children, and among those who gave them, 64.2% reported that their children refused to take them (17). Crushing or dissolving oral pills are solutions followed by parents when their children refuse to take them. this has been reported in the majority of our study participants and other studies (17)(18). Forcing children to take medications commonest approach followed by parents in this study when their children refused to take medications in general and liquid drugs in particular. This approach was also the commonest among the participants in the Palestinian study, however, in this study refusal of tables has been reported more frequently than liquid drugs (17). 
Regarding parents’ practice toward liquid drugs, 68.1% of them use syringes to giveliquid medications to their children. This was also the case in Palestine where 83.6% of parentsuse syringes to administer oral liquid drugs(17). Moreover, 52.7% of parents in this study stated that they would keep the residual amount of liquid drugs for later use, and 43.4% would dispose it. This practice is considered worse when compared to the Palestinian study in which 69% of parents dispose the residual amount and only 30% keep it for later use(17). 

The majority of the children (83%) in our study had swallowing difficulties and most parents reported those difficulties to doctors who gave them advice to overcome this obstacle or changed the medications for them in almost half of the cases. This percentage of swallowing difficulties is considered very high when compared to the Palestinian study (33.1%), however, the degree of reporting difficulties to the doctors was greater in our study (17). 
Regarding medication dosing and prescription, only 12.7% of the parents had ever given their children doses more than the prescribed by the doctor to treat themfaster and 58.4% of them had given their children more than one type of oral drug at the same time. These findings are similar to the Palestinian study which reported that 12.4% of parents gave higher doses of drugs than prescribed to fasten the treatment and 55% of them gave two drugs by mouth at the same time(17). Moreover, almost two third of parents in this study give their children drugs without a prescription and antibiotics were the commonest used ones. In Palestine, 91.9% of parents used drugs without a prescription, however, those drugs were mostly antipyretics, influenza drugs, or cough syrups (17).Moreover, in Saudi Arabia, 68.6% of caregivers purchased antibiotics without a prescription from doctors suggesting a low practice in using antibiotics (16). Most parents (87.3%) in this study record the time of giving drugs to their children, and 59.7% of them give the medications on their time, and this is similar to the practice reported in Malaysia (14). However, in Palestine, it has been reported that 80.5% of parents administer medications incorrectly and irregularly (17).
This study is limited by the small sample size due to the inclusion of children from only one hospital and more studies with larger sample sizes or community-based ones are needed to provide more conclusive data regarding children's medication practices among caregivers in Sudan. Moreover, the study was conducted during the COVID-19 pandemic which also contributed to the small sample size due to the decreased number of admissions. 
Conclusion 
In conclusion, the overall practice of caregivers regarding children's medication is not bad in this study, however, it needs to be improved as this is a critical issue in pediatric practice and disease management.
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