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INTRODUCTION
Diarrhoea is defined as the passage of three or more loose or watery stools in a 24-hour period.1 In the developing countries, children less than three years of age experience an average of three diarrhoeal illnesses in a year.1,2 Presently, diarrhoea is the fourth leading contributor to morbidity and mortality among children less than five years of age, thus posing a threat to their survival.3 In 2015, the disease contributed 8.6% of the 5.8 million deaths among under-five children, and 10% each to overall death among same age group in Nigeria and the African region.3–6 
Dehydration is responsible for most diarrhoea-related deaths but can be averted through prevention and/or prompt treatment.1,7 In 2004, the World Health Organization (WHO) and the United Nations Children’s Fund (UNICEF) recommended that low osmolarity Oral Rehydration Salts (ORS) and zinc should be used in the treatment of childhood diarrhoea.8 Advantages of the low osmolarity ORS include decrease in stool output by 25-30%, reduction by 30% in the episodes of vomiting and decreased need for intravenous fluids, while zinc has an additional benefit of reducing future diarrhoea episodes in the next two to three months.9,10 When used together, ORS and zinc can prevent over 95% of deaths associated with diarrhoea in children.8 
However, adherence to ORS and zinc has been described as unsatisfactory.11–15 In Bangladesh, Ahmed et al11 assessed the compliance of caregivers to a 10-day course of zinc therapy, and found that only 62% of children received the full course. However, the researchers did not ascertain the adequacy of information provided by the health providers on drug preparation and use. Gebremedhin et al12 in Ethiopia, assessed the impact of co-packaging zinc with ORS on adherence and reported a low adherence of 38% and 64% to zinc and ORS respectively amongst those who were given both drugs without bundling. These researchers relied on the mothers/caregivers’ self-report, and this may have limited their ability to objectively assess true adherence. In 2012, a study done by Ogunrinde et al13 in three north-western states (Kebbi, Kastina and Zamfara) in Nigeria reported that 76% of caregivers adhered to the instruction to give zinc for ten days. The reasons adduced for inadequate adherence were forgetfulness, recovery of the child and underestimation of the severity of the disease, among others.12,13 Most of the studies on drug adherence among children with acute diarrhoea were focused on zinc adherence, being a relatively new drug when compared with ORS.11,13–15
Lamberti et al16 in India proposed that incomplete adherence to zinc therapy will not confer the expected short- and long-term benefits of complete adherence. The need to improve adherence to the use of ORS and zinc is paramount if the benefits of this combination are to be maximised.
Fogg’s Behaviour model17 emphasised that, it is not enough for an individual to be motivated and able to execute a particular behaviour, but such individual must also be triggered to do so. A possible trigger for human behaviour which is modern and widely acceptable are reminders using mobile phones.17 Its effectiveness has been demonstrated in disease prevention, patient monitoring at home, improved clinic attendance, self-management of diseases and improved practices among health workers.15,18-22 The reasons attributed to the usefulness of mobile phones is founded on its ubiquity.23 In 2014, 89% of Nigerian adults owned a phone while about half of those who did not, had access to a mobile phone owned by someone else.23 In the same year, interviews conducted among 4000 Nigerian adults showed that 96.5%  of all who owned or had access to a mobile phone, had used it to make or receive phone calls in the preceding week.24 The National Bureau of Statistics in 2011, stated that total access to mobile phones was 78% in Kwara State, while a recent study (2017) reported a higher phone ownership rate of 92.7% in an immunization clinic in Ilorin.25,26 
Few researchers have used mobile phone reminders in diarrhoea management. Valekar et al15 in India used follow-up phone calls to obtain information about compliance with zinc at home. This brings to mind questions about the reliability of the information they got. Friedman et al,19 assessed the change(s) in health care providers’ practices, following a period of sending text messages to their phones reminding them to use zinc and ORS for their patients. However, the researchers found a significant improvement in reported practices but not in actual practices. Also, the primary end-users of ORS and zinc being the children were not the focus of this research and might not have been adequately impacted.
There is a need to promote interventions that can increase and aid the attainment of full adherence to ORS and zinc among children with diarrhoea.10,12,27 This can be done by utilizing a widely acceptable and accessible tool that can correct some of the factors that negatively influence adherence.11,12 Thus, this study was done to assess the impact of mobile phone calls as a health care intervention strategy, to improve ORS and zinc use at home among children with diarrhoea in Ilorin, in an effort to reduce morbidity and mortality among these children.

JUSTIFICATION
Zinc supplementation in addition to the administration of ORS has been validated as important in the management of childhood diarrhoea. However, adherence to the duo remains unsatisfactory.11–15
Mobile technology is rapidly growing globally, most importantly in developing countries like Nigeria. It is useful as a health intervention and health promotion tool for both acute and chronic illnesses. This has been extensively demonstrated in the developed world and subsequently incorporated into their health care system, but has not found maximum utility in health care delivery in Nigeria and other developing countries. The reason might be because its role has not been adequately studied in the Nigerian context. Also, its function in the management of acute illnesses like diarrhoea, a global threat to children’s lives, has not been sufficiently explored. 
This study therefore assessed the impact of phone call reminders on adherence to ORS and zinc. The outcome may open the spotlight to mobile technology as a useful tool in improving children’s health. Furthermore, the outcome may help to enrich the existing pool of data and may form a framework for future policy changes that can positively affect the Nigerian child.

RESEARCH QUESTIONS
1. Does reminding mothers/caregivers using mobile phone calls improve independent adherence to ORS among under-five children with acute diarrhoea in Ilorin?
2. Does reminding mothers/caregivers using mobile phone calls improve independent adherence to zinc among under-five children with acute diarrhoea in Ilorin?
3. Does reminding mothers/caregivers using mobile phone calls improve combined adherence to ORS and zinc among under-five children with acute diarrhoea in Ilorin?

RESEARCH HYPOTHESIS
Null Hypothesis
Reminding mothers/caregivers using mobile phone calls does not improve adherence to ORS and zinc among under-five children with acute diarrhoea in Ilorin.
Alternate Hypothesis
Reminding mothers/caregivers using mobile phone calls improves adherence to ORS and zinc among under-five children with acute diarrhoea in Ilorin.

AIM AND OBJECTIVES
AIM	
To determine the impact of mobile phone calls on ORS and zinc adherence among children aged 6-59 months with acute diarrhoea in Children Specialist Hospital, Ilorin.
SPECIFIC OBJECTIVES
The specific objectives of the study are to determine:
1. The adherence of children with acute diarrhoea in Children Specialist Hospital Ilorin, to ORS and zinc when only standard verbal instructions are given to their mothers/caregivers.
2. The adherence of children with acute diarrhoea in Children Specialist Hospital Ilorin, to ORS and zinc when their mothers/caregivers receive both standard verbal instructions and reminders via mobile phone call.
3. The difference if any, in adherence to ORS and zinc when mothers/caregivers in Children Specialist Hospital Ilorin, receive both standard verbal instructions and reminders via mobile phone calls compared to when only standard verbal instructions are given.

METHODOLOGY
STUDY DESIGN
This study was a randomised controlled trial.
STUDY SITE
The study was conducted at the out-patient clinic of Children Specialist Hospital Centre Igboro, Ilorin. Ilorin is the capital of Kwara State which is located in the North Central geo-political zone of Nigeria and links both the northern and southern parts of Nigeria. According to the national census conducted in 2006, Kwara State has a population of 2,365,353 with Ilorin recording a population of 781,934.28 
Children Specialist Hospital is located in Ilorin-South Local Government Area of Kwara State. It is located in the central part of Ilorin metropolis and is thus easily accessible. It was a primary health care centre but has been upgraded to a secondary health facility that caters to only children, aged one month to 14 years, thus the name Children Specialist Hospital. It has three Paediatricians, one visiting Paediatrician, one senior resident doctor and an average of six medical officers at a time. The facility provides 24-hour emergency, in-patient and out-patient care, sees an average of 1600 out-patients in a month, and an average of 150 cases of under-five children with diarrhoea per month, with the peak between December and February.29
STUDY POPULATION
The study population were children aged six to fifty-nine months presenting with acute diarrhoea.

SAMPLE SIZE ESTIMATION
The minimum sample size required for the study was determined using the formula for comparison of proportions.30 

 
Where:
	
	= the minimum sample size in both groups

	
	= combined ORS and zinc adherence among children with acute diarrhoea stated as 72% by Gebremedhin et al12 in Ethiopia

	
	= predicted adherence of at least 86% following phone reminders to achieve an absolute increase in adherence of 14%

	
	= standard normal deviate corresponding to 5% level of significance = 1.96

	
	= standard normal deviate corresponding to a power of 90% = 1.28


Therefore, the sample size  will be:


The calculated sample size was 172 and allowing for an attrition rate of 15%, the minimum sample size was adjusted to 198 and rounded up to 200 for ease of analysis. Hence, 200 children were recruited for each of the intervention and control groups.

INCLUSION CRITERIA	
· Children aged six to fifty-nine months who presented with acute diarrhoea, defined as the presence of at least three abnormally loose or watery stools in the preceding 24 hours with onset less than 14 days.1
· Mother/caregiver who owned a mobile phone or had access to one.
· Mother/caregiver who gave a written informed consent.
EXCLUSION CRITERIA
· Children with acute diarrhoea who had been on zinc and/or ORS prior to presentation at the hospital.
· Children who had diarrhoea that was associated with surgical complications like intussusception.
· Children with diarrhoeal disease that required admission into the hospital including those with severe dehydration and repeated vomiting.
· Mothers/caregivers who were visiting and were staying in Ilorin for less than 10 days and thereby could not return to the hospital for the scheduled follow-up appointment.
SAMPLING TECHNIQUE
This was a purposive sampling technique.
ETHICAL CLEARANCE AND APPROVAL	
Ethical clearance was obtained from the University of Ilorin Teaching Hospital (UITH) Ethical Review Committee. 
A written approval was obtained from the Kwara State ministry of Health. Permission was also obtained from the Medical Director of the Children Specialist Hospital, Ilorin before the field work.
RECRUITMENT
The details and objectives of the study as contained in the information sheet were explained to the mothers. Thereafter, a written informed consent was obtained from them.
A semi–structured questionnaire was administered by the researcher and the research assistants to obtain clinical and socio-demographic data from the mothers of the subjects. The questionnaire consisted of four sections as follows:	
1. Socio-demographic characteristics: The socio-demographics obtained included the child’s age, gender, parents’ level of education and occupation. The phone number of the mother and an alternative number on which she could be contacted were recorded. Those who did not own a personal mobile phone provided numbers of other family members like their husbands, who could be called to talk to them. Using the Oyedeji socio-economic classification scheme,31 the socio-economic index of each child was calculated based on the occupation and educational attainment of their parents. The mean of four scores (two for the father and two for the mother) approximated to the nearest whole number was the child’s assigned social class. It is graded on a score of 1 to 5, 1 being the highest and 5 being the lowest. Further classification of the social class was done into upper (score 1 to 2), middle (score 2.1 to 3) and lower (score 3.1 to 5) socio-economic classes. 
2. Clinical history: History about each child’s symptom(s) was obtained from the informant (parent/caregiver), especially regarding features of acute diarrhoea.1,2 The presence or absence of symptoms such as vomiting, fever, irritability, increased thirst and reduced urinary output was obtained.
3. Physical examination: A detailed physical examination was carried out with emphasis on features of dehydration. 
The World Health Organization guidelines on management of acute diarrhoea was used to determine the presence and level of dehydration.1 Dehydration was assessed and classified as mild or moderate based on the presence or absence of the relevant clinical parameters.1,32,33
4. Follow-up visit: A session for recording information including duration of diarrhoea, number of episodes of diarrhoea, number of times ORS was given and number of zinc tablets given at the scheduled follow-up clinic visit.
Anthropometric measurements were carried out as follows:
 The weight was measured to the nearest 0.1kilograms using a bassinet weighing scale (Waymaster®, England) for children less than 12kg or two years and a beam balance weighing scale (Marsdens®, England) for older children. 
The height of children two years and above who were able to stand without support was measured using a stadiometer (Seca Model: 213, USA) with a fixed vertical backboard and an adjustable headpiece. During the height measurement, caps, scarves, or any hair ornament were removed. Each child was assisted to stand straight, with the head, shoulder blades, buttocks and heels making contact with the backboard. The heels were placed together while the toes were apart. Then, the head was aligned in the Frankfurt horizontal plane (a horizontal line drawn from the ear canal to the lower border of the orbit is parallel to the floor and perpendicular to the vertical backboard). Thereafter, the headpiece was lowered to rest firmly on the head, with sufficient pressure to compress the hair and height was read to the nearest 0.1cm. 
The length was measured using an infantometer for children less than two years or older children who were unable to stand. The child was laid on the infantometer after the clothing had been removed with the exception of the underpants or diaper. During the measurement, the head was supported by the researcher while an assistant kept the feet in place. The researcher ensured that the head was in the Frankfurt horizontal plane while gentle traction was applied, in order to appose the top of the head to the headpiece. One hand was placed gently on the knees with minimal pressure in order to align the legs while the other hand moved the foot piece to ensure firm contact with the heels and measurement was taken to the nearest 0.1cm.34 
The mid-arm circumference (MAC) was measured on the left arm to the nearest 0.1cm using an inelastic tape. Any cloth covering the left arm was removed by the mother. The acromion process of the scapula was located. An inelastic tape applied to this point was pulled down to the olecranon of the ulna in order to get the length of the arm. The midpoint was noted and the tape wrapped firmly across this point to measure the MAC.35

FUNDING OF RESEARCH
The cost of the research was borne by the principal researcher. 
RECRUITMENT PROCEDURE
Children with acute diarrhoea who fulfilled the inclusion criteria were recruited for the study. Recruitment was done by the researcher and trained research assistants, who were medical officers in the outpatient clinic, while the researcher made the phone calls to the mothers/caregivers. Prior to the commencement of the study, the research assistants had two training sessions on how the study would be conducted. The training was carried out by the researcher. 
An electronic randomizer,36 was used to generate 400 random numbers from 1-400 which was then printed out on a sheet of paper. Thereafter, the researcher labelled the numbers as either “A” or “B” after every 10 consecutive numbers, starting from “A”. The label “A” was for intervention group (those that received both reminders through phone calls and standard verbal instructions), while “B” was for the control group (those that received standard verbal instructions only). Also, carefully wrapped, numbered (1-400) pieces of papers were put separately in 400 small envelopes. Subsequently, these small envelopes were put in a single sealable, large, opaque envelope, which was opened to allow each mother to pick from. Thereafter, each subject was assessed for the presence and level of dehydration by the researcher/research assistant.1,32,33 Treatment of dehydration was done according to the treatment protocol of the study.1,32,33 
All mothers (intervention and control) received a brief health talk1,33 on diarrhoea in either English or Yoruba language for an average of five minutes. The days of therapy were numbered one to eleven. Day one was the first day of contact with the research team and day 10, the last day of zinc therapy, while the follow-up visit was done on day 11. Eight sachets (one litre) of ORS were given to the mother: four sachets for the first day and one each for the next four days. This was done with the assumption that a child will have an average of five bouts of diarrhoea in a day, for an average duration of five days. Thus, he/she will require at most 1.5litres of ORS for the initial correction of dehydration and one litre of ORS for replacement of daily ongoing losses. The volume of ORS to be given after each bowel movement was determined with the child’s weight using the formula 10mls/kg, and the mothers were taught to give the specific volume of ORS using a spoon. Each mother was given a packet containing ten, 20mg zinc tablets and a pictorial diary. They were taught and advised to tick whenever a child passes loose stool, whenever the child receives ORS after a loose stool and after a zinc tablet is administered. Subsequently, an appointment slip containing the date and time of the follow-up clinic was given to the mothers, and they were instructed to return with their children on day 11 with the used sachets of ORS, the zinc packet and the pictorial diary. However, they were told to bring the child to the hospital if he/she did not get better in three days or if the child developed fever, had many watery stools, repeated vomiting, marked thirst, blood in the stool and ate/drank poorly.1 
After this, the small envelope picked by the mother was opened, and the number noted. This number was checked for its corresponding “label”- either “A” or “B”, among the randomly generated numbers. Then, each subject was assigned into either intervention (label “A”) or control arm (label “B”). Phone calls were made on day 10 of therapy to remind them (both in the intervention and control groups) of their appointment the next day. A convenient time at which calls could be made was agreed upon and noted. The call was adjudged successful when the mother or caregiver answered the phone and the information was successfully delivered. A maximum of three attempts was made per call session and if the phone was not answered, three additional attempts were made to reach the subject on the alternative number available. If the mother/caregiver was still not reached on the alternative number, same process was repeated an hour after, until they could be reached. Mothers who did not have mobile phones were reached on the alternative number they provided. 
Mothers in the intervention group were reminded to expect follow-up phone calls from the researcher at a convenient time specified by them. Phone call was done using a pre-written phone script in order to ensure uniformity of information.37 Phone call attempts were made on the third and seventh days of zinc therapy. The information provided during these follow-up phone sessions was similar to that given to subjects in both groups (control and intervention) at the initial visit, and the researcher filled a form noting the duration of the phone call after each session.38 The mothers in the control group did not receive any such reminder.


Analysed 
(N subjects)
(Completion rate %)
Analysed 
(N subjects)
(Completion rate %)

400 eligible subjects were recruited and consent obtained
200 subjects randomly assigned to 
Control group
[Standard verbal instruction only]
200 subjects randomly assigned to Intervention group
[Standard verbal instruction + Phone call reminder]
Excluded N subjects
· n could not be reached on their phone contact(s);
· n were admitted after initial clinic visit;
· n diaries could not be retrieved.
Excluded N subjects
· n could not be reached on their phone contact(s);
· n were admitted after initial clinic visit;
· n diaries could not be retrieved.
















Figure 1: Proposed Study Flow Diagram


OUTCOME MEASURES
The American Pharmacists Association defined adherence as the degree to which an individual follows the prescription of a drug in terms of dose, interval and duration.39 For this study, adherence to ORS was defined in terms of administration of ORS after each episode of diarrhoea until the diarrhoeal illness stopped, while adherence to zinc was defined in terms of once-a-day intake of 20mg zinc tablets, for 10 consecutive days.11,12
The study outcomes were divided into two- 
(1) Independent and combined use of ORS and zinc, and
(2) Independent and combined adherence scores. 
Independent use of ORS was measured as the proportion of mothers who administered ORS after each bowel motion, while independent use of zinc was measured as the proportion of mothers who administered the complete ten tablets of zinc. The combined use was measured as the proportion of mothers who administered both ORS after each bowel motion as well as the ten zinc tablets. Mothers who adhered to the instruction to give ORS after each bowel motion until the diarrhoea illness stopped and daily 20mg zinc tablets for 10 days were reported to have full adherence while those who did not, were reported to have partial adherence.
The independent ORS adherence score (%) was calculated as percentage of times that ORS was administered to the child after each diarrhoeal episode, while the independent zinc adherence score (%) was calculated as percentage of zinc tablets that was administered to the child out of the 10 tablets. The combined adherence score (%) was calculated using a composite index developed by attributing a weight of 0.5 to each of the ORS and zinc adherence index.


STATISTICAL ANALYSIS
All the data obtained were imputed on a computer and analysed using statistical package for social sciences (SPSS) version 20 (IBM corp., New York, USA).
Subjects who were admitted after the initial clinic visit, those whose mothers could not be reached on the allocated phone number(s) and those whose diaries could not be retrieved throughout the course of the study were excluded from analysis.
Data collected on the study proforma was entered using numeric codes.
Comparison of the socio-demographic characteristics and clinical features at enrolment between the intervention and control groups was done using chi-square test for categorical variables and independent samples t-test/Mann-Whitney U test for quantitative variables. The independent and combined use of ORS and zinc were presented in a graph and a comparison between the intervention and control groups was done using Chi square test. The independent and combined adherence scores were presented in a graph and a comparison was done using the independent t-test. 
P-value of <0.05 was considered statistically significant.
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