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Abstract 

Dissertation Title: The Association of Integrated Management of Childhood Illness’ 

Asthma Management Protocol and Asthma Control in Omani Children 2-5 years Old  

Warda A. Al Amri, Doctor of Philosophy, 2018 

Dissertation Directed by: Dr. Yolanda Ogbolu, Assistant Professor, Director of Global 

Health, University of Maryland School of Nursing 

  

Background: Oman had the highest asthma prevalence and severity in children among 

Eastern Mediterranean countries. Despite national implementation of Integrated 

Management of Childhood Illness (IMCI) asthma protocol, reports show no improvement 

in asthma-related hospital admissions among children aged 1– 4 years. IMCI asthma 

treatment protocol implementation and factors affecting asthma control are understudied.  

Purpose: Describe characteristics of IMCI asthma management protocol implementation 

(medication, counselling, and specialist referral); explore multilevel factors associated with 

asthma control in children attending IMCI clinics; and analyze trends in acute care visits 

(emergency department [ED] and hospital admissions) by asthmatic children and their 

characteristics during one year follow-up. 

Methods: Retrospective cohort study of Omani children aged 2-5 years in Muscat was 

conducted using electronic health data (2012-2015). Asthma control was measured by 

number of exacerbations requiring visits to the health center, emergency care or 

hospitalization within one year of asthma index diagnosis. Generalized linear mixed-

effects modelling was used to account for the clustering of children within health centers. 



Results: Mean age was 2.8 years, predominantly male (63.2%) and originally from Muscat 

(96.2%). On index diagnosis day, 61.2% were given reliever medications, and on discharge 

47.1% were prescribed controller medications. Most (74%) children had well-controlled 

asthma that was highly associated with being treated in a health center with higher 

proportion of IMCI training (Adj. OR= 3.0; 95% CI =1.34, 6.73; p <0.01), and receiving 

short acting β2-agonists for acute management at index diagnosis (Adj. OR=2.4; 95% 

CI=1.38-4.09). There was limited data for specialist referrals and counselling. Majority of 

children with ED visits were infrequent attenders (94.1%), however, a small percentage 

had high acute care utilization (e.g. 21 visits/year).  

Conclusion: IMCI is designed to improve health outcomes of young children. A high 

proportion of children treated in IMCI clinics achieved well-controlled asthma. Training 

of physicians improved asthma outcomes, but specific components in the IMCI asthma 

management protocol need more reinforcement and further exploration. Utilizing 

prevention quality indicators to screen for implementation of IMCI components is 

recommend. Longitudinal investigation of multilevel factors (patient, family, practice, and 

health care system) associated with childhood asthma control in Oman is needed. 
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Chapter 1: introduction and Purpose 

 

1.1 Introduction 

Asthma is recognized as one of the leading causes of chronic childhood morbidity 

in the world with an estimated 223 million diagnosed cases in 2014 and an estimated 

increase in new cases of 100 million by 2025 (Asher et al., 2014). The Global Initiative for 

Asthma (GINA) definition of asthma highlight its complex heterogeneity. According to 

GINA asthma is “A heterogeneous disease, usually characterized by chronic airway 

inflammation. It is diagnosed by the history of respiratory symptoms such as wheeze, 

shortness of breath, chest tightness and cough that vary over time and in intensity, together 

with variable expiratory airflow limitation.” (Global Initiative for Asthma, 2016). Asthma 

affects both children and adults, but it is more common in children.  Asthmatics suffer from 

bronchoconstriction, a condition marked by narrowing of airway which subsequently 

affects their airflow. As the disease progress persistently, inflammation of the airway may 

lead to airway edema (Chipps, 2007; National Heart Lung and Blood Institute, 2007). This 

significantly affects general health and quality of life. In 2008, Oman had the highest 

asthma prevalence and severity in children among the Eastern Mediterranean countries 

involved in the International Study of Asthma and Allergies in Childhood (ISAAC) (Al-

Busaidi, Habibulla, Bhatnagar, Al-Lawati, & Al-Mahrouqi, 2015).  

Integrated Management of Childhood Illnesses (IMCI) is a prominent global health 

initiative that was developed in 1992 by World Health Organizations (WHO) and the 

United Nations International Children's Emergency Fund (UNICEF). It aims to decrease 

mortality and morbidity in children 5 years of age and below by targeting leading childhood 

illnesses (World Health Organization, 2016). IMCI is primarily implemented in primary 



 

2 

health care settings. It considers integrated strategies to manage several childhood illnesses 

(World Health Organization, 2016). These integrated strategies follow an algorithm for 

assessing child’s symptoms, classifying the illness and identifying the appropriate 

treatment using a chartbooklet (World Health Organization, 2016). The standard IMCI 

algorithms are designed for two age groups: one week to two months and two months to 

five years (World Health Organization, 2016). One of the important IMCI strategies is to 

improve care management skills of health care providers thus improving patients’ health 

outcomes (World Health Organization, 2016). As a measure to meet national and 

international child health care objectives that focus on preventive and curative 

interventions, the Oman Ministry of Health (MOH) implemented IMCI protocols in all of 

Oman’s primary health centers in 2000 (Al Araimi, 2013). Health care providers are 

expected to follow the management protocols with every visit for children age 5 years or 

younger (Al Araimi, 2013).  

The IMCI asthma management algorithm is one of the many IMCI protocols 

incorporated in the MOH’s electronic medical health care system. The IMCI asthma 

management protocol focuses on three components: medication, referral to an asthma 

specialist, and provision of health education via physician’s counselling (Al Araimi, 2013). 

Despite Oman having an electronic health record system that integrates the IMCI 

algorithms and free local access to health services, asthma-related inpatient visits increased 

in children 1-4 years of age. Little is known about the implementation of the IMCI asthma 

management protocol nor whether variation in implementation may be associated with the 

need for acute emergency visits and hospitalization.  
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1.1.1. Oman Healthcare System 

Health care in Oman is primarily provided by Oman MOH. Health services 

distribution is based on Oman’s administrative divisions: 11 governorates with 61 wilayats 

or districts. Primary, secondary, and tertiary healthcare in offered in either governmental 

institutes (operated by MOH) or private institutions (monitored by MOH but operated 

privately). Healthcare in governmental institutions, except for minimum registration fees, 

is provided free for all Omani citizens (Undersecretariat for Planning Affairs, 2014). None-

Omani citizens working in governmental facilities can access governmental healthcare 

services by applying for a Health Card (costs OMR 1 around USD $ 2.6) and a minimum 

copayment per visit(Alshishtawy, 2010). As of 2016, Oman had 49 hospitals with a total 

of 5,034 beds and 206 health centers (Ministry of Health, 2016b). Muscat, the setting of 

this study, is the most urban populated governorate in Oman. It has 6 hospitals (among 

which two have pediatric medical specialty care) and 32 health centers operated by 

MOH(Ministry of Health, 2016b). Financial and administrative health services were 

decentralized to the wilayats levels (Alshishtawy, 2010).   

  

1.1.2. Asthma Incidence and Diagnosis 

Globally, an increase in asthma prevalence has been a noted, especially in countries 

adopting a modern lifestyle and urbanization (World Health Organization, 2007). In Oman, 

few studies have tracked incidence and prevalence of asthma. The ISAAC study reported 

a prevalence rate of 10.4% in younger Omani children (6-7 years) and 20.7 % in older 

Omani children (13-14 years) (Al-Busaidi & Soriano, 2011). These were based on self-

report of symptoms of wheezing, sleep disturbances due to wheezing, limitation of speech, 
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exercise induced wheezing, and cough at night (Asher et al., 1995). Objective approaches 

to asthma diagnosis can be established by a clinicians through four avenues: 1) detailed 

physical examination of the upper respiratory tract, chest and skin; 2) presence of episodic 

symptom (airflow obstruction or airway hyper-responsiveness) through history-taking or 

medical record review; 3) spirometry testing of children aged 5 or older; and 4) exclusion 

of alternative diagnosis that might account for these symptoms (National Heart Lung and 

Blood Institute, 2007). Though asthma accounts for an annual 250,000 deaths worldwide, 

its exacerbations and deaths are considered preventable (World Health Organization, 

2007). Management measures such as those of the IMCI’s, have been reported to be 

effective in controlling and preventing asthma exacerbations. 

 

1.1.3. Guideline-Driven Asthma Management 

There has been a progressive refinement in asthma treatment worldwide with a 

recent emphasis on individualized asthma care, guideline-driven evidence based 

clinical plans, asthma detection, and prevention of exacerbation (Asher et al., 2014; P 

Ellwood, Asher, Beasley, Clayton, & Stewart, 2000; National Heart Lung and Blood 

Institute, 2007). One of the most prominent asthma management and prevention 

guidelines largely accepted worldwide is that of GINA. These strategies were first 

established by the WHO in collaboration with the National Heart, Lung, and Blood Institute 

(NHLBI) of the U.S. National Institute of Health in 1993 (Asher et al., 2014; Khadadah et 

al., 2009). GINA guidelines recommend that treating to control symptoms and minimizing 

future risk in children 5 years and younger should focus on the control-based asthma 

management cycle (Reddel et al., 2015). The management cycle is composed of three 

components: assessment, adjust treatment, and review response. The assessment include 
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the diagnosis process, symptom and risk factors, adherence to treatment, inhaler 

techniques, and incorporation of patient preference. Once assessment is done, the treatment 

is adjusted by modifying medication, adding no-pharmacological interventions, or 

managing modifiable risk factors (Global Initiative for Asthma, 2016; Reddel et al., 2015). 

This management cycle can be achieved through a combination of asthma medication, 

health education to parents on skill training (especially on inhalation techniques) and 

adherence to treatment, regular monitoring, and clinical review(Global Initiative for 

Asthma, 2015). Similarly, NHLBI recommends four components of asthma management 

including: 1) objective measures for assessing severity of asthma; 2) environmental control 

for risk factor of asthma exacerbations; 3) partnership-fostered health education involving 

patient, family and the care team; and 4) pharmacological treatment that is comprehensive 

and target long-term management(National Heart Lung and Blood Institute, 2007). Most 

of the strategies suggested by GINA or NHLBI are also captured in the IMCI asthma 

management protocol. Figure 1 maps the algorithmic process of assessment, classification, 

and management of asthma used in IMCI clinics in primary health care centers in Oman 

(Ministry of Health, 2016a). IMCI uses a process slightly similar to that of the stepwise 

approach recommended by GINA and NHLBI. Children are classified according to the 

presenting signs and symptoms.  
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Figure 1. Algorithmic Assessment and classification of Asthma used in IMCI clinics 
Source: IMCI MOH Oman. (2017). Chart Booklet for Integrated Management of Childhood 

Health. Third Edition, Volume 2.1. pg. 20 

 

1.1.4. Asthma Medication 

According to GINA, pharmacological treatment for uncontrolled respiratory 

symptoms and/or frequent wheezing episodes in children 5 years and younger includes a 

combination of daily long-term controller and as needed reliever (rescue) medications, 

provided that treatment is assessed at least every 3-6 months for modification (Global 

Initiative for Asthma, 2015). Controller medications include low dose inhaled 

corticosteroids (ICS) to prevent airway inflammation, and some children with persistent 

asthma may benefit from the addition of a leukotriene receptor antagonist (LTRA), a 

controller medication that treats allergy-related symptoms (Global Initiative for Asthma, 
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2015). Reliever medications such as as-needed SABA are used for breakthrough symptoms 

(Global Initiative for Asthma, 2015).  

Studies have reported the effectiveness of regular use of low-dose inhaled 

corticosteroid with long acting β2 agonist or leukotriene receptor blocker in managing 

asthma symptoms in most children (Chiang, 2015; Payne et al., 2004). Similarly, a 

systematic review concluded that well-controlled asthma patients who continued using 

their low dose ICS had lower risk of exacerbations than those who discontinued their use 

(Rank et al., 2013). Although oral corticosteroids (OCS) are usually recommended in cases 

of severe wheezing, at least one study has reported that OCS had no effect in reducing 

symptoms in preschool children with recurrent wheeze (Beigelman et al., 2013). The IMCI 

protocol follows a similar course of therapeutic management to those suggested by GINA 

guidelines by using salbutamol, a SABA and a short course of oral or low dose ICS. The 

IMCI protocol, however, does not highlight daily long-term management (Ministry of 

Health, 2016a). This is critical in achieving proper control and minimizing risk of 

exacerbations. 

 

1.1.5. Asthma Health Education 

Much of the challenge with asthma care is in managing the complexity of the 

pharmacotherapies at home, ensuring an allergen-free environment, monitoring asthma 

symptom changes, and coordinating care (Bloomberg et al., 2009; M. D. Cabana & Le, 

2005; Wechsler, 2014). An effective asthma management plan necessitates collaboration 

between parent and the health care provider for implementation of educational and 

behavioral interventions (Global Initiative for Asthma, 2015; National Heart Lung and 

Blood Institute, 2007). As indicated in the IMCI asthma protocol, health education of 
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parent in an IMCI clinic involves review of general danger signs, method of administering 

an inhaler using the spacer device, and recognition of symptoms that necessitate immediate 

care (Ministry of Health, 2016a). Health literacy and numeracy affects the ability of 

parents/care giver to gain, and comprehend basic health information that is necessary for 

their child’s asthma care (Global Initiative for Asthma, 2015). Having formal face-to-face 

education, group education, or home-based video education was found to increase parents’ 

knowledge and decrease both their anxiety and the asthma severity scores of their children 

(C. Liu & Feekery, 2001). The most effective method was the face-to-face health 

education. Asthma symptoms were significantly reduced in asthmatic children whose 

primary health care provider was trained on asthma education (Clark & Valerio, 2003). In 

two meta-analyses, decreased asthma related emergency room visits were associated with 

health education provided to children and/or their parents (Bhogal, Zemek, & Ducharme, 

2006; Boyd et al., 2010). On the other hand, lack of education at the first diagnosis of 

asthma increased parents’ anxiety and uncertainty thus increasing the risk of poor asthma 

control (Berg et al., 2007), and higher rates of hospitalization (Dewalt, Dilling, Rosenthal, 

& Pignone, 2007).  

 

1.1.6. Referral to an Asthma Specialist 

Patients who have a history of hospitalization due to asthma exacerbation, or whose 

asthma is not well-controlled require referral to a specialist (Global Initiative for Asthma, 

2015). An asthma specialist, a fellowship-trained allergist or pulmonologist, is 

recommended for further consultations or co-management (National Heart Lung and Blood 

Institute, 2007). Yet, failure to refer to a specialist when required is still a gap in asthma 

care (Boulet, Bourbeau, Skomro, & Gupta, 2013). A study exploring referral practices of 
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pediatricians managing childhood asthma found that physicians in primary care referred 

children with poor asthma control or unclear diagnosis, and preferred referring to pediatric 

pulmonologists more than allergists (Poowuttikul, Kamat, Thomas, & Pansare, 2011a). 

Follow-up by a specialist was found to be associated with a decrease in subsequent 

emergency room visits and hospitalizations, and a better asthma control (Schatz, 

Rachelefsky, & Krishnan, 2009). In a study exploring understanding of needed asthma 

related information, approximately 50% of parents erroneously believed that their children 

would outgrow their asthma (Archibald, Caine, Ali, Hartling, & Scott, 2015). The 

researchers hypothesized that the parents’ misconception was because their health care 

provider was not an asthma specialist and this influenced their estimation of the seriousness 

of their child’s asthma. Most primary health centers in Oman have an asthma clinic onsite 

and all hospitals providing secondary and tertiary level care have respiratory outpatient 

clinics. In the IMCI protocol, referral to a specialist is recommended for asthmatic children 

if symptoms do not improve within 2 weeks of treatment for wheezing that is mild 

intermittent, or during their visits if they have mild persistent wheezing, moderated 

persistent wheezing, and severe persistent wheezing. Referral can be requested through the 

computerized medical record system. The type of specialty is not specified in IMCI asthma 

management protocol. 

 

1.2. Factors Affecting Asthma Control 

Several factors affecting asthma prevalence, severity and outcomes have been 

reported. Children have different physiologically trajectories of asthma according to their 

age (Martinez et al., 2015).  High body weight was also found associated with more asthma 

symptoms (Gold, Damokosh, Dockery, & Berkey, 2003). Dose of medication in the 
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management plan must be age and weight adjusted (Global Initiative for Asthma, 2015). 

Likelihood of having asthma is four-folds higher in children who have food allergies than 

in those who do not (National Heart Lung and Blood Institute, 2007). Increased risk of 

developing asthma exacerbations, leading to frequent visits to the emergency room or 

hospitalization, was found to be associated with minority race, public health insurance 

(compared to privately insured children), and younger age in a U.S. study (Nath & Hsia, 

2015). Male asthmatic children were more likely than female asthmatic children to be 

hospitalized (Bloomberg, Trinkaus, Fisher, Musick, & Strunk, 2003; Schatz, Clark, & 

Camargo, 2006). Incidences of asthma were reported to be higher in areas affected by 

heavy dust events, and warmer average temperatures (Kanatani et al., 2010; United 

Nations, 2015; Waness et al., 2011). Finally, rapid decrease in air temperature and higher 

humidity have been associated with increased number of emergency visits (Hashimoto et 

al., 2004). Consideration of these risk factors is important, as increased frequency and 

severity of asthma episodes in children ultimately leads to frequent visits to the emergency 

room or hospitalization, thus increasing health care utilization and cost (Nath & Hsia, 

2015). 

In Oman, one of the major factors that might play a role in the prevalence and 

severity of asthma is its geographical and climate features. The climate in Oman is 

subtropical dry, with low annual rainfall and hot and humid on average. Only around 3% 

of the total area of Oman (309,000 km2) overlooks the Gulf of Oman and the Arabian Sea 

while 15% consists of mountains and the remaining area is dry creeks (wadis) and desert 

(Al Araimi, 2013). Additionally, around 77% of the total Oman population live in urban 

areas, where exposure to environmental pollutants may be higher (United Nations, 2014). 
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Use of Arabian incense, a common practice performed on almost a daily basis in 

households and within the child’s rooms in Oman, and has been found to be a significant 

trigger of asthma symptoms in Omani asthmatic children (Al-Rawas, Al-Maniri, & Al-

Riyami, 2009). For the past 5 years, annual asthma related hospitalizations have been 

higher in males than females among 1-4 years old Omani children (Figure 2).  

 

 
 

Figure 2. Number of Asthma-related Discharges in Omani children 1 – 4 Years of Age 
Source: Ministry of Health. Annual Health Reports 2011-2015 

 

 

1.3. Problem and Significance 

Oman has used the IMCI asthma management protocol since 2000. Primary health 

care providers, both physicians and nurses, undergo training on the algorithmic asthma 

management process of IMCI, and every health center has adopted IMCI protocols as 

instructed by MOH. Moreover, any child who is 5 years of age or younger seeking health 

related care should be seen in an IMCI clinic. Between January 2007 and March 2008, the 

Asthma Insight and Reality in Gulf and Near East (AIRGNE) study explored the quality 

of asthma treatment and control for both adults and children in five selected Gulf and Near 

East countries: Oman, Kuwait, Lebanon, Jordan, and the United Arab Emirates (Khadadah 

et al., 2009). The rate of controller ICS medication use in Omani asthmatics was found to 

be one of the two lowest (6%) of participating countries (Al-Busaidi et al., 2015; Khadadah 



 

12 

et al., 2009). In addition, Oman had the highest hospitalization rate (30.3%) and the second 

highest rate of emergency room visits (57.7%) (Khadadah et al., 2009). Despite the early 

implementation of IMCI protocols, documented national health reports from 2011-2015 in 

Figure 2 shows that asthma-related annual inpatient morbidity (based on number of 

hospital discharges) in Omani children aged 1-4 years has been increasing (Ministry of 

Health, 2011, 2012, 2013, 2014, 2015). 

As mentioned before, the IMCI asthma protocol is similar to the GINA guidelines 

(Figure 3). However, variation in the implementation of the IMCI asthma protocol in Oman 

is poorly understood. Although providers have been actively implementing the IMCI 

protocol for children with asthma in Oman, there is limited research examining whether its 

implementation is associated with better asthma control. Worth investigating is whether 

there could be implementation difference causing variation in asthma control. The 

healthcare system in Oman acknowledges the influence of multilevel social determinants 

of health (such as personal, environmental, socioeconomic, leadership, politics, and 

policies) on achieving healthcare milestones(Al Araimi, 2013). Yet, the association of 

these factors with health outcomes such as asthma control is under explored.  

 

 
Figure 3. IMCI Asthma Management Protocol  
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Accordingly, the purpose of this study is to describe the implementation of IMCI 

asthma management protocol components and to determine their association with asthma 

control in asthmatic Omani children. Examining this association has the potential to 

advance the state of science of evidence-based pediatric asthma care in Oman. Despite the 

difficulties of diagnosing children under 5 years of age with asthma, it has been reported 

that in one third of asthmatic patients, asthma symptoms actually begin in as early as 2 

years old and 80% of the children develop asthma by age 5 (Chipps, 2007; Croner & 

Kjellman, 1992; Friedman, 2010). Consequently, the study focused on Omani children 2-5 

years of age. This study addressed the following aims:  

Aim 1: Describe the characteristics of children initially diagnosed with asthma in Oman 

health centers; 

Aim 2: Identify adherence to recommended IMCI defined treatment recommendations; and 

determine if adherence to recommended IMCI defined treatment influences asthma 

control;  

Aim 3: Explore the multilevel factors associated with asthma control; 

Aim 4: Describe the characteristics of children with ED visits and hospital admissions for 

asthma analyze the trends the trends overtime. 

 

The study hypothesized that children who receive treatment per the IMIC asthma 

management protocol on their index diagnosis day are more likely to achieve asthma 

control compared to children who did not.  

 

 

 



 

14 

1.4. Knowledge to Action (KTA) Theory  

The conceptual framework underpinning the proposed study flows from the 

Knowledge to Action (KTA) framework by Graham et al., 2006 (Figure 4)(Rogers, 2003). 

It is simple and easier in visualization compared to other implementation theories and one 

that policymakers in the Oman MOH can easily relate to. The KTA framework consists of 

two dimensions, knowledge creation (knowledge funnel) and an action cycle. The 

knowledge funnel is a three-phase process for generating knowledge: 1) knowledge 

inquiry (querying primary studies that initially generated knowledge about childhood 

asthma control); 2) knowledge synthesis (identification, appraising, and then synthesizing 

studies that are relevant to asthma control); and 3) creation of a knowledge tool (outlines 

that clearly and concisely presents the knowledge). The action cycle consists of seven 

phases: 1) identifying the problem, 2) adapting knowledge to local context, 3) assessing 

barriers/supports to knowledge use, 4) selecting and tailoring implementation 

interventions, 5) monitoring knowledge use, 6) evaluating outcomes, and 7) sustaining 

knowledge use (Graham et al., 2006; Rycroft-Malone & Bucknall, 2011; Straus, Tetroe, & 

Graham, 2013). 

To improve health outcomes of asthmatic children in Oman, the knowledge 

generation process involved taking the knowledge related to evidence-based pediatric 

asthma management and translating it into a tool of “protocol” that was implemented in 

health centers providing primary care in Oman. The IMCI asthma management protocol 

was implemented by all primary health care centers in 2000 and is continually being 

refined, based on the action cycle. Though the knowledge generation phase was an 

extensive process that adopted several evidence-based guidelines such as those of GINA, 
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desired asthma control outcomes are still not achieved (Al-Busaidi et al., 2015; Al-Busaidi 

& Soriano, 2011; Al-Rawas et al., 2009). This suggests that a gap between knowledge and 

action, and this gap could be related to incomplete implementation of the protocol.  

 
Figure 4. Knowledge to Action (KTA) framework. Source: 

https://knowledgetranslation.net/kt-tools 

 

The conceptual model guiding this study (Figure 5) is based on two phases of the 

action cycle in the KTA framework: monitoring knowledge use and evaluating the 

outcomes. Monitoring knowledge use is reflected the conceptual model by exploring IMCI 

asthma protocol components and describing its implementation. Evaluating the outcomes 

is reflected through determining what, if any, association the IMCI asthma protocol has on 

asthma control as defined by emergency care, hospitalization or health center’s immediate 

care visits. Factors such as individual level characteristics may influence IMCI asthma 

management protocol. These same factors might moderate the relationship between IMCI 

asthma management protocol and the asthma outcome. There are also health center level 

characteristics such as the location or state within Muscat where the health center is located, 
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availability of asthma clinic onsite, and percentage of IMCI trained physicians. These 

factors may influence implementation of the IMCI asthma management protocol, or asthma 

control measures. The scope of this study, however, does not involve testing the structure 

of this model.  

 

 
Figure 5. Conceptual framework of the relationship between IMCI asthma management 

protocol and asthma control based on the two action circles in the KTA model: Knowledge 

use and Evaluate outcome 

 

 

1.5. Manuscript Description  

Following is the description of the three manuscripts representing the dissertation 

study. The data used for all three manuscript was obtained from Oman's Ministry of Health 

and derived from the A Shifa electronic medical record (AEMR) for the period of January 

2012, through December 2015. All analysis was conducted using IBM (SPSS) Statistical 

Package for Windows, Version 24.0 (Armonk, NY: IBM Corp) and Stata Statistical 

Software: Release 14. (College Station, TX: StataCorp LP). Chapter two is a manuscript 

addressing aim 1 and 2 is titled “Integrated Management of Childhood Illness: Guideline-
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guided Management in Asthmatic Omani Children Aged 2-5 Years”. It examines a sample 

of 995 asthmatic Omani children treated in IMCI clinics in 21 Muscat health centers with 

indicators if the child obtained acute care in two hospitals providing tertiary care in Muscat. 

Child, health center characteristics and IMCI asthma management protocol measures were 

used to describe the sample. Asthma control was measured by quantifying total acute care 

visits in the year following the index diagnosis visit to the health center. Using GINA 

recommendation, asthma control level was measured as well-controlled (0-1 visits per 

year) and uncontrolled asthma (≥2 visits per year).  Chapter 3 is a manuscript titled 

“Multilevel Factors Associated with Asthma Control in 2-5 years old Omani Children” and 

it covered Aim 3. It used same sample as in the previous manuscript but it explored the 

multilevel factors associated with likelihood of asthma control while accounting for 

variability among health centers. Chapter 4, a manuscript titled “Acute Care utilization in 

Asthmatic Omani Children Age 2-5 years” covered Aim 4. It analyzed the trends in ED 

visits and hospital admissions in asthmatic children from 2012-2015 then described the 

characteristics of children based on acute care utilization (ED visits and admissions) in one 

year follow-up in tertiary care facilities in Muscat(aim 4). The sample consisted of 532 

Omani asthmatic children seeking acute care in two major hospitals in Muscat.  

 

1.6. Ethical Considerations 

This dissertation was determined to meet the definition of Not Human Subjects 

Research by the University of Maryland Review Board since all data were received de-

identified and no variables represented personal health information. In Oman, the study 

was also approved by Oman Ministry of Health Review Board. 
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1.7. Summary 

Chapter 1 presents the introduction, problem statement, purpose and aims. It 

contains a review of literature related to the components of the IMCI asthma management 

protocol. Existing evidence supports the need for a combined management approach for 

childhood asthma, which is reflected in the IMCI asthma protocol. A general description 

of the method of the study is also provided. Chapters 2, 3, and 4 contains three manuscript 

addressing the aims of this dissertation study. Each chapter presents the methodology, 

statistical analysis, findings, and discussion of implications for presented aim(s). Chapter 

5 summarizes the study findings, its limitations, and strengths, implications of the findings 

on both research and clinical practice, and challenges and recommendations for future 

studies. 
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Chapter 2: Integrated Management of Childhood Illness: Guideline-guided 

Management in Asthmatic Omani Children Aged 2-5 Years1 
 

2.1. Abstract 

The International Study of Asthma and Allergies in Childhood in 2008 reported Oman to 

have the highest asthma prevalence and severity in children among the participating 

Eastern Mediterranean countries. Oman’s Ministry of Health adopted an Integrated 

Management of Childhood Illness (IMCI) approach for guideline-based treatment of 

children aged 5 years or younger in primary care health centers. Despite its universal 

implementation nationally, the effectiveness of Oman’s IMCI asthma treatment protocol is 

understudied. Study objectives were to describe the characteristics of children initially 

diagnosed with asthma in Oman health centers; identify adherence to recommended IMCI 

defined treatment recommendations; and determine if adherence to recommended IMCI 

defined treatment influences asthma control. Data for 995 asthmatic children, aged 2-5 

years for the period 2012–2015 were extracted from Oman Ministry of Health’s Al Shifa 

electronic medical record system. Asthma control was classified based on Global Initiative 

for Asthma (GINA) guidelines. Data on individual- and health center characteristics, and 

IMCI asthma management components were examined. More than 50% of children were 

3-5 years old and 63.2% were male. Only 21.9% of children were treated in health centers 

with high proportion of physicians trained on IMCI protocols. Well-controlled asthma was 

achieved significantly more frequent in children whose hometown was outside Muscat 

(p<0.001), who were cared for in a health center with high proportion of IMCI trained 

physicians (p<0.001), who received reliever medication during index diagnosis day 

 

1 Al Amri, W., et al. (under review, Oman Medical Journal) 
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 (p=0.03), and were discharged home with medication (p<0.001). There was an under use 

of SABA as reliever therapy and ICS as controller therapy. A high proportion of children 

treated in IMCI clinics achieved control, and this was positively associated with the 

proportion of physicians in a health center who were trained in IMCI protocol. Specific 

components in the IMCI asthma management protocol such as medication management 

need more reinforcement and further exploration.    

 

 

 

Keywords:  

Asthma, children, integrated management of childhood illness, primary healthcare  
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2.2. INTRODUCTION 

 

Asthma continues to be one of the leading causes of chronic childhood morbidity 

in the world, thus the treatment and control of asthma should be a priority. There has been 

a noted increase in asthma prevalence in recent years, especially in countries adopting 

modern lifestyle and urbanization (World Health Organization, 2007). In 2014, 223 million 

cases of asthma were diagnosed across the world, and an additional increase of 100 million 

new cases is anticipated by 2025 (Asher et al., 2014). The eastern Mediterranean country 

having the highest reported asthma prevalence and severity in children among those 

participating in the International Study of Asthma and Allergies in Childhood (ISAAC) in 

2008 was Oman (Al-Busaidi et al., 2015), with a prevalence of 10.4% in younger children 

(6-7 years) and 20.7% in older children (13-14 years) (Al-Busaidi & Soriano, 2011). The 

ISAAC study bases asthma prevalence rates primarily on self-reported symptoms of 

wheezing, sleep disturbances due to wheezing, limitation of speech exercise induced 

wheezing, and cough at night (Al-Busaidi et al., 2015). Thus, the treatment and control of 

asthma in children with asthma should be a priority.  

 

2.2.1. Asthma management 

With appropriate collaborative management by physicians, nurses, parents and 

children, control over exacerbations can generally be achieved (Licskai, Sands, Ong, 

Paolatto, & Nicoletti, 2012). There has been a progressive refinement in asthma 

treatment worldwide, with an emphasis on guideline-driven plans, tools for asthma 

detection, and exacerbation prevention strategies (Asher et al., 2014; P Ellwood et al., 

2000; National Heart Lung and Blood Institute, 2007). A great focus of this refinement 
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is individualized asthma care and use of evidence-based clinical practice guidelines. 

Examples of the most prominent guidelines followed worldwide include the Global 

Initiative for Asthma (GINA), the National Heart, Lung, and Blood Institute National 

Asthma Education and Prevention Program-Expert Panel Report 3, and the British 

Thoracic Society (BTS) British guidelines on the management of asthma (British Thoracic 

Society, 2016; Global Initiative for Asthma, 2016; National Heart Lung and Blood 

Institute, 2007).  

 

2.2.2. Asthma management in Oman 

It is recommended that treating to control symptoms and minimizing future risk in 

children 5 years and younger should focus on control-based asthma management. This can 

be achieved through a combination of asthma medication, health education to parents 

and/or caretakers on skill training (especially on inhalation techniques) and adherence to 

treatment, regular monitoring, and clinical review (Global Initiative for Asthma, 2015; 

Reddel et al., 2015). Oman’s Ministry of Health’s (MOH) asthma management approach 

follows similar recommendations by GINA as part of the Integrated Management of 

Childhood Illnesses (IMCI) management algorithms. The IMCI approach was originally 

developed in 1992 by the World Health Organizations (WHO) and the United Nations 

International Children's Fund  to decrease mortality and morbidity of children 5 years of 

age or younger (World Health Organization, 2016). In 2000, the MOH implemented IMCI 

as an approach targeting preventive and curative interventions in child healthcare (Al 

Araimi, 2013). IMCI management protocols are implemented in all primary health care 

settings. As of 2016, Oman had a total of 206 health centers across the country, with at 

least one primary health care facility per 10,000 populations (Ministry of Health, 2016b).  
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Aligning with WHO guidelines, IMCI integrates strategies to assess child’s 

symptoms, classify the illness and identify appropriate treatment measures (World Health 

Organization, 2016). It uses pre-defined questions to assess severity of symptoms; the 

severity classification is then used to determine the treatment recommendations 

accordingly. IMCI management protocols have been integrated into MOH’s A-Shifa 

electronic medical record system (AEMRS) (Al Araimi, 2013). Primary health care 

physicians and nurses undergo training on the components and implementation processes 

of IMCI(Al Araimi, 2013). The IMCI asthma treatment protocol, specifically focuses on 

three components of care: medication, referral to a specialist, and provision of health 

education in the form of physician counselling (hereafter referred to as counselling) (Al 

Araimi, 2013). 

There is strong evidence supporting the effectiveness of integrated approaches to 

controlling asthma. Yet, based on Oman national health reports (Ministry of Health, 2011, 

2012, 2013, 2014, 2015, 2016c), the number of recorded inpatient admissions for asthma 

and diseases associated with asthma-symptom manifestations in asthmatic children 1-4 

years of age have not effectively decreased across time (Figure 6). Despite nationwide 

implementation of IMCI as a guideline-guided approach, these findings support the need 

for an exploration of how IMCI asthma management protocols are implemented. Thus, the 

aims of this study were to: 1) describe the characteristics of children initially diagnosed 

with asthma in Oman health centers; 2) identify adherence to recommended IMCI defined 

treatment recommendations; and 3) determine if adherence to recommended IMCI defined 

treatment influences asthma control.  
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Figure 6. Frequency of asthma hospital discharges in Omani children 1-4 years 
Source: Ministry of Health. Oman National Health Reports 2011-2016 

  

 

2.3.METHODS 

2.3.1. Design and data 

This retrospective cohort study examined Omani children from their first asthma 

diagnosis for through one year follow-up to determine subsequent asthma control. It was 

approved by the University of Maryland Institutional Review Board and the Oman MOH 

Review Board. Data were obtained from Oman's AEMRS for the period from January 2012 

through January 2015. 

 

2.3.2 Setting 

Administratively, Oman is divided into 11 governorates having 61 wilayats, or 

districts. Oman’s MOH monitors and operates all health-related services in governmental 

institutions, and concurrently monitors private health institutions. Healthcare in all 

governmental institutions is provided free of cost to all Omani citizens, and the great 

majority receive primary healthcare at these government operated health centers. Policies 

and procedures are standardized across all governmental health institutions providing 
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primary, secondary and tertiary care. The governorate of Muscat was chosen as the setting 

for the study because of its high urbanization; higher job opportunities attract many 

inhabitants from other governorates (Al Fannah, 2017). In addition, MOH headquarter is 

in Muscat, and AEMERS is the most up-to-date and this positively served the retrospective 

design of the study.   

 

2.3.3. Sample  

Inclusion criteria were children aged 2-5 years of age, of Omani nationality, newly 

diagnosed with asthma who were treated in an IMCI clinic during the study period. Asthma 

diagnostic codes were International Classification of Disease, Tenth Revision (ICD-10) 

codes J45 and J45.9. The first appointed asthma diagnosis during the study period was 

considered as the index diagnosis date. Children were excluded if no further records after 

the index diagnosis were identified to confirm a full year of follow-up. 

 

2.3.4.  Measures 

2.3.4.1.Individual and health center characteristics 

Child-level characteristics were obtained from AEMRS, including demographics 

and clinic visit related characteristics, and documentation of implementation of IMCI 

asthma protocol components. Age, gender, and child’s hometown were examined. Age (in 

years) at index diagnosis of asthma was dichotomized into two categories, two years and 

three to five years. Child’s hometown was based on their medical registry of birth, and then 

dichotomized as Muscat versus others. Missing data exceeded 25% for some measures of 

interest such as weight, height, allergies and gestational age; thus, they were excluded from 

the analysis. 
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Health center characteristics were obtained from an IMCI Expert at Oman’s MOH 

Two health center characteristics examined were availability of an asthma clinic in the 

health center and the percentage of IMCI trained physicians. Based on the percentiles of 

the percentages (Lower 25%, middle 50%, upper 25%), proportion of IMCI trained 

physicians were assigned as low (≤17%), medium (18-60%), and high (>60%). The 

proportion of IMCI-trained nurses was not available in the dataset. A variable describing 

health center patient volume based on the average number of asthmatic children treated at 

each health center in a year was created. As with the proportion of training, patient volume 

was created using percentiles of frequencies (Lower 25%, middle 50%, upper 25%). Thus, 

these were categorized into low volume (≤ 44), medium volume (45-65) and high volume 

(>65) and then described as number of children based on each volume.  

 

2.3.4.2 IMCI asthma management measures 

IMCI asthma management has three major components, which were examined in 

the analysis: medication management, referral to a specialist, and asthma 

education/counselling. The first component, medication management, included 

administration or prescription of medication that relieve acute symptoms of an asthma 

exacerbation (reliever medications), and those that prevent symptom exacerbation 

(controller medications). Reliever mediation includes short-acting β2 agonists (SABAs), 

anticholinergics, and systemic corticosteroids (SC). Controller medication includes inhaled 

corticosteroids (ICS), and long-acting β2 agonists (LABAs). Medication dose was not 

measured, rather each drug documented was coded as yes/no. Medication was further 

specified into those given at the health center on index diagnosis day to relieve immediate 

symptoms, and medication prescribed upon discharge from health center on the index 
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diagnosis day for maintenance (reliever and/or controller) (Table1). On index diagnosis 

day, reliever medications used for immediate symptoms were either exclusive SABAs or 

SABAs combined with an anticholinergic. Discharge medications were identified as 

exclusive SABAs, exclusive ICS, exclusive SC, and combined β2-agonist (SABA or 

LABA) with a corticosteroid (ICS or SC). 

 

Table 1. IMCI asthma management medication protocol and referral based on wheeze 

type  

Wheeze 

Classification 
Reliever Medications 

IMCI clinic 
Discharge medications Referral 

Mild intermittent  SABA as needed up to 3 

times daily 
 

Mild persistent SABA SABA as needed up to 4 

times daily 

Short course oral SC ± 

ICS (3-5 days) 

If no 

improvement in 2 

weeks 

Moderate 

persistent 
SABA + 

Anticholinergic  
SABA every 6 hours (2 

days) 

Short course oral SC ± 

ICS (3-5 days) 

Pediatrician or 

asthma clinic for 

long term 

management 
Severe persistent SABA + 

Anticholinergic 

Single dose SC 

IV/IM 

 Urgently to 

hospital or 

asthma clinic 

Source: Ministry of Health. Chart Booklet For Integrated Management of Childhood Health IMCI MOH 

Oman 2016. Muscat; 2016, page 20 

 

Referral to a specialist included referral to a pediatrician or specialist in an asthma 

clinic for a second opinion or long-term management of children classified as having mild 

persistent or moderate persistent wheeze. It also could be a referral to the asthma clinic or 

hospital for urgent care after initial treatment in the primary care component of the health 

center for severe persistent wheeze, per IMCI protocol. Since the severity classification 

(based on wheeze) could not be determined from the data, referral to a specialist was 

measured by whether children were referred on their index diagnosis day (yes/no). 
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Parental counselling topics for health education are set in a dropdown menu 

checkbox in the IMCI electronic system and it includes: the disease, causes of illness, 

treatment, prevention, home care, follow up, and when to return. However, none of these 

topics were identified in the dataset. Other clinical text data were search for any 

teaching/counselling. Five common phrases reflecting asthma related teaching: avoid 

exposure to cold, allergy, avoid exposure to smoking, avoid exposure to infections, and 

danger signs. To measure counselling, a dichotomous variable was created as receiving at 

least one of these five topics (yes/no).  

 

2.3.4.3.Asthma control measures 

With appropriate care in the ambulatory setting, asthma exacerbations are 

considered potentially preventable. One of the several risk factors indicating asthma 

control in young children according to GINA is the number of acute care visits resulting 

from exacerbations that a child with asthma has in a year (Global Initiative for Asthma, 

2016). Therefore, asthma control was defined by the number of healthcare visits (e.g., 

IMCI clinic, emergency department, hospitalization) during the year post-index diagnosis. 

Two categories of visits were considered: visits registered as an asthma visit and visits 

associated with symptoms suggestive of asthma exacerbations such as wheezing, 

bronchiolitis, and cough. All visits were counted and an indicator variable was created for 

each type of healthcare visits and then a total sum was created. Total number of visits 

following the index diagnosis visit were then dichotomized into well-controlled asthma if 

the child had 0 – 1 visits within the one year follow-up, and uncontrolled if 2 or more visits 

were recorded.  
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2.3.5. Statistical analysis 

All analyses were conducted using IBM (SPSS) Statistical Package for Windows, 

Version 24.0 (Armonk, NY: IBM Corp). Descriptive statistics were calculated as a 

proportion (%) for individual characteristics, health center variables, and IMCI asthma 

management components. Results on physicians IMCI training and health center patient 

volume were reported as number of children receiving care by health center’s IMCI trained 

physicians proportion category. Chi-square testing and Fisher Exact Test (FET), as 

appropriate, were used to compare children with well-controlled and uncontrolled asthma 

on dichotomous and categorical variables.  

 

2.4. RESULTS 

 

Of 1247 asthmatic children who sought care in the 21 health centers and 2 hospitals 

in Muscat, 995 children qualified for inclusion based on the one year follow-up. Individual 

and health center characteristics are presented in Table 2. More than half of children were 

in the 3-5 year age group and 63.2% were male. Nearly all children (96.2%) were originally 

from Muscat. Asthma clinics were available on site in 20 of 21 health centers. Seven health 

centers representing 176 children had high proportion of physicians’ with IMCI training, 

five had medium proportion of physicians’ with IMCI training and eight had low 

proportion of physicians’ with IMCI training. Only 21.9% of children were treated in health 

centers where the proportion of physicians’ with IMCI training was categorized as high. 

Twelve health centers had low volume of asthmatic children, 5 had a medium volume and 

4 had high volume. More than a quarter of the children (25.9%) had 2 or more visits in 

their one year follow-up.  
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Table 2 Individual and health center characteristics in Omani asthmatic children (n=995) 

Characteristic N (%) 

Age  

2 years 409 (41.1) 

3-5 years 586 (58.9) 

Gender   

Male 629 (63.2) 

Female 366 (36.8) 

Hometown  

Muscat 957 (96.2) 

Other 38 (3.8) 

Number of children receiving care by health center’s proportion of 

IMCI trained physicians* 

 

Low (≤17%)  202 (25.1) 

Medium (18-60%) 426 (53.0) 

High (61%+) 176 (21.9) 

Number of children receiving care based on health center’s patient 

volume 

 

Low volume (< 44 patients annually) 253 (25.5) 

Medium volume (45-65 patients annually) 274 (27.5) 

High volume (66+ patients annually) 468 

(47.0) 
* Note N=804; missing data on one health center 

 

Table 3 summarizes the use of IMCI asthma management components during index 

diagnosis day. On the index diagnosis day, 609 (61.2 %) children were given a reliever 

medications.  Of those, 156 (25.6 %) were exclusively given a SABA and 453 (74.4%) 

were given a SABA in combination with an anticholinergic. At discharge, only 469 

(47.1%) children were given medications to continue at home. Of these children, 281 

(59.9%) were exclusively given a SABA, 15 (3.2%) were exclusively given an ICS, 16 

(3.4%) were exclusively given a SC, and 157 (33.5%) were given a combination of inhaled 

β2-agonist (SABA or LABA) with a corticosteroid (SC or ICS). It worth mentioning that 

only 12.7% of the children who were discharged with combined medication were given an 

ICS+SABA. No referrals to a specialist were identified. Counselling on at least one asthma-
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related health topic was documented for only 2.7% of newly diagnosed children with 

asthma. 

 

Table 3 IMCI asthma management components at index diagnosis in Omani asthmatic 

children (n=995) 

IMCI Component  Total (%) 

Reliever medication*  

No medication 386(38.8) 

SABA 156 (15.7) 

Combined SABA & anticholinergic 453 (45.5) 

Discharge medication*  

No medication 526(52.9) 

Exclusive SABA 281 (28.2) 

Exclusive ICS 15(1.5) 

Exclusive SC 16(1.6) 

Combined β2-agonist with corticosteroid 157(15.8) 

Referral to a specialist 0 

Counselled on at least one health education topic 27 (2.7) 
Note IMCI Integrated Management of Childhood Illnesses, *Reliever medication given during index diagnosis day, 

Maintenance medication given at discharge on index diagnosis day, SABA Short acting β2-agonist, LABA Long acting 

β2-agonist, ICS Inhaled Corticosteroids, SC Systemic Corticosteroids.  

 

Nearly three-quarters (74.1%) of the children had well-controlled asthma during 

their one year follow-up. Comparison of characteristics between children with well-

controlled and uncontrolled asthma are presented in Table 4. Significant differences existed 

between asthma control groups with respect to child’s hometown, proportion of IMCI-

trained physicians, use of immediate reliever medication during index diagnosis day, and 

discharge medication. Well-controlled asthma was significantly more common in children 

from governorate other than Muscat (94.7 vs. 73.2%; P< 0.001; FET). 

There were significant association between level of asthma control and proportion 

of physicians with IMCI training. So, as the proportion of children with well-controlled 

asthma increased as the proportion of the physicians training increased (X2(2) =21.66; p 

<0.001). There were also significantly more children with well-controlled than 

uncontrolled asthma treated in health center based on patient volume; (X2(2) =16.69; p 
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<0.001). In relation to reliever medication, children with well-controlled asthma received 

exclusive SABA or combination of SABA/anticholinergic at a higher rate than children 

with uncontrolled asthma (80.8%; and 75.1%; X2(2) =7.0; p=0.03, respectively). Children 

with well-controlled asthma were discharged with significantly higher rates of maintenance 

medications than children with uncontrolled asthma (exclusive SABA 81.5%; exclusive 

ICS 66.7%; exclusive SC 50%; and combination corticosteroidβ2-agonist 54%; X2(4) 

=48.13; p <0.01)   

 

Table 4 Omani asthmatic children and treatment characteristics based on level of asthma 

control (N=995) 

 
Well-

controlled  

 (n=737) 

Uncontrolled 

(n=258) 

p** 

Individual characteristics    

Age    

2 years 295 (72.1) 114 (27.9) 0.27 

3-5 years 442 (75.4) 144 (24.6)   

Gender     

Male, 464 (73.8) 165 (26.2) 0.83 

Female 273 (74.6) 93 (25.6)  

Hometown    

Muscat 701(73.2) 256 (26.8) <0.001 

Others 36 (94.7) 2 (5.3)  

Health center characteristics    

Number receiving care by health center’s 

proportion of IMCI trained physicians* 

   

Low training  126 (62.4) 76 (37.6) <0.001 

Medium training 310 (72.8) 116 (27.2)  

High training 147 (83.5) 29 (16.5)  

Number of children receiving care based on 

health center’s patient volume 

   

Low volume 163(64.4) 90(35.6) <0.001 

Medium volume 209(76.3) 65(23.7)  

High volume 365(78.0) 103(22.0)  

IMCI asthma management components     

Reliever medication    

No medication 271(70.2) 115(29.8) 0.03 

Exclusive SABA 126 (80.8) 30 (19.2)  

Combined SABA & anticholinergic 340 (75.1) 113 (24.9)  
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Table 4 Continued    

Discharge medication    

No medication 405(77) 121(23) <0.001 

Exclusive SABA 229(81.5) 52(18.5)  

Exclusive ICS 10(66.7) 5(33.3)  

Exclusive SC 8(50.0) 8(50.0)  

Combined β2-agonist with corticosteroid 85(54.1) 72(45.9)  

Counselled on at least one health education topic 23 (85.2) 4 (14.8) 0.26 
Note SABA Short acting β2-agonist, LABA Long acting β2-agonist, ICS Inhaled Corticosteroids, SC Systemic 

Corticosteroids. * N=804, Reliever medication is one variable with three categories, Maintenance medication is one 

variable with 5 categories, ** Significance based on X2 or Fisher Exact Test (FET) if cell size is less than 5 

 

2.5. DISCUSSION 

Achieving and maintaining asthma control over time is the ultimate goal of asthma 

management. Our results demonstrated that nearly three-quarters of asthmatic Omani 

children treated in IMCI clinics in Muscat achieved asthma control during the one year 

follow-up. More than one-third of the children were treated in health center with high 

patient volume. The proportion of males with incident asthma was greater than that of 

females in this sample (63.2% and 36.8%, respectively). Though the relationship wasn’t 

statistically significant, the proportion of male was also higher than female within asthma 

control groups. It has been reported that in early life, prevalence of asthma or wheezing is 

higher in boys than girls, although this gender prevalence reverses in adolescence 

(Almqvist1, Worm, & Leynaert, 2008; Leynaert et al., 2012). Similar patterns were also 

reported in Oman’s MOH annual health report for inpatient asthma-related admissions in 

children 1-4 years, where there were 946 male compared to 605 female admissions during 

2016 (Ministry of Health, 2016c).  

There was a significant difference in asthma control in relation to hometown 

governance. Asthma control was achieved in nearly all children from governorates other 

than Muscat as compared to only about three-quarters of children from Muscat. It is 

possible that the number of revisits attributable to asthma was not captured entirely in 
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children with hometowns outside of Muscat. These children could have attended either 

private health institutions in Muscat and/or governmental primary health centers in their 

hometowns, and this would not be included in the AEMRS data. It also could be possible 

that these children were from less urbanized areas where they had less exposure to 

environmental allergens than they would be exposed to in a highly urbanized area like 

Muscat.  

Despite our finding that the majority of children achieved well-controlled asthma, 

our results showed some discrepancies between the IMCI asthma protocol 

recommendations and their implementation. More than half of children received 

medications to help them gain and maintain asthma control at discharge. Collectively, 

however, more than one-quarter received no medications, either during index diagnosis 

day or upon discharge from the health center. GINA guidelines suggest that children who 

present with wheezing episodes should be provided with a SABA (Reddel et al., 2015). 

The IMCI protocol advises on using a SABA as a reliever in all wheezing patients either 

exclusively or in combination with an inhaled anticholinergic, but only 61.2% were 

provided either. For achieving well-controlled asthma through preventive therapy, a low-

dose ICS and as needed SABA therapy is recommended (Global Initiative for Asthma, 

2016; Van Asperen, 2012a). Very few children were discharged with ICS combined with 

SABA. Additionally, while the IMCI protocol presents a well described plan for managing 

a child seen for acute asthma or wheezing, the duration of daily long-term management 

(controller therapy) is not addressed in the IMCI algorithm chart book (Ministry of Health, 

2016a). Controller therapy according to the chart book is only advised for 3-5 days. Details 

are also lacking regarding re-evaluation of the treatment effectiveness.  
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We found that a LABA in combination with either an ICS or SC was prescribed to 

20 children. In general, administering LABAs to young children is not recommended and 

their use in this age group is understudied. It could be an option in cases where asthma is 

inadequately controlled using low-dose ICS, but this would not be the case at index 

diagnosis (Van Asperen, 2012a). Inappropriate prescribing of LABA in clinical practices 

has been reported in other countries as well (Billington, Penn, & Hall, 2017; Van Asperen, 

2012a). The fact that children in our study were prescribed LABA on their index diagnosis 

day is alarming. Though LABAs have a longer bronchodilation effects, they are 

contraindicated as a reliever medication and there is a concern of their possible adverse 

effects that could subsequently lead to hospitalization, intubation, resistance to SABA and 

even death  (Billington et al., 2017; Kersten, Koppelman, & Thio, 2017; Van Asperen, 

2012a). In our sample, LABA was given to some children, however, adverse effects after 

discharge are not known. It is critical with any treatment that monitoring and evaluation of 

medication efficacy take place routinely.  

Implementation of IMCI asthma management protocols fell short in terms of 

counselling and referral to a specialist. Results showed that only 2.1% of the sample had 

documentation of counselling on at least one topic. Counselling in IMCI asthma 

management algorithm is done specifically by physicians while attending the child, with 

the presumption that they will counsel parents while selecting appropriate topics within the 

health education drop-down menu of the IMCI portal. The selection would automatically 

be saved within the system documenting that health education was performed. It is 

plausible that physicians did counsel parents but did not record it. However, it is also 

possible that other care providers performed this counselling. Most of Oman’s health 
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centers have a specialized health educator with an office on site who carries out health 

education sessions for different topics. Nurses do part of the health education as well. 

Therefore, it is likely, that parents were counselled by a nurse or a health educator. This 

could not be confirmed because the pulldown menus to document teaching were not used. 

So, in our sample it is not fully clear whether the low rate of health education is due to lack 

of documentation by physicians and nurses’ lack of designated space in the AEMRS for 

other providers to document counselling they have provided, or that counselling was not 

done. Nonetheless, it important to acknowledge that management of asthma care at home 

is complex and require precise understanding by the parents. Some guidelines recommend 

that the primary care provider initiate asthma education and then other healthcare team 

members can reinforce the education material (Busse et al., 2007). More emphasis on 

knowledge of disease sign and symptoms requiring treatment is required. 

One noteworthy point is the variety of nationalities among healthcare providers in 

primary health centers in Oman. Language barriers might hinder physician communication 

with families since Arabic is the first language of Omani parents but not necessarily of 

providers. There needs to be a more organized team process between nurses, physicians, 

health educators and parent as this would, more likely, overcome semantic boundaries due 

to language barriers and improve asthma education. This could be incorporated as part of 

the IMCI training provided to physicians and nurses.   

Asthma care and referral practices might be influenced by primary care provider 

specialty and training (M. Cabana, Bruckman, Rushton, Bratton, & Green, 2002; 

Gustafsson, Watson, Davis, & Rabe, 2006). In the IMCI guidelines, referral to a specialist 

is established in asthmatic children with mild persistent wheeze if symptoms do not 
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improve within two weeks of treatment, while referral should be initiated at that visit for 

moderate persistent wheeze and urgently for severe persistent wheeze. Assuming, based 

on the medication children in our sample were prescribed, that they had different degrees 

of asthma severity and some likely had moderate-to-severe persistent wheezing, it was of 

a concern that none were referred on their index diagnosis. In a study comparing 

classification of asthma control between clinical judgment and GINA guidelines in a 

tertiary hospital in Oman, the proportional agreement of clinical judgement with GINA 

asthma control classification was higher among pulmonologist (78%) than among general 

physicians (47%) (Baddar, Nair, Al-Rawas, George, & Al-Zeedy, 2013). The study argued 

that under-treatment could be affected by the underestimated perceived level of control 

determined through clinical judgement of physicians who are not specialists in asthma 

management. In this context, lack of referral in our study could be attributable to 

misclassification or underestimation of asthma severity, and overestimation of asthma 

control. Subsequently, this could have influenced therapeutic decisions such as prescribing 

patterns or referral to a specialist. On the other hand, looking at health center patients’ 

volume and its association with asthma control level, moving from low to high volume, the 

percent of children with well-control asthma increased as volume of children increased. It 

could be that the more frequently physicians care for asthmatic children the more 

experienced and competent in asthma management approaches they become more. This 

finding warrant further examination.    
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2.5.1.  Limitations 

This was a retrospective review of the medical record and as such it was not 

surprising that missing data on several variable was the major limitation of our study. While 

it was the intent of the study to full investigate all IMCI aspects and then create a “dose” 

variable, this could not be done due to missing data. Other factors that can increase asthma 

symptoms were not captured by AEMRS and could not be used to control for confounders, 

including factors such as sedentary life style and eating habits (Philippa Ellwood et al., 

2013). Additionally, social conditions, environmental exposures, crowded residents, or 

family rituals and behaviors (e.g., household smoking history, use of Arabian incense), 

may all put a child at high risk for exposure to indoor allergens (Williams, Sternthal, & 

Wright, 2009) and thereby trigger an asthma exacerbation. It is important to address asthma 

development and progression within the context of the diverse and changing living 

conditions and social patterns in Oman.  

Another limitation relates to the data. It’s possible that during the year of follow-

up children in our sample visited private clinics or governmental health centers in areas 

other than Muscat for asthma care. These visits would not have been identified, as it was 

not possible to obtain data on healthcare visits a child might have had to private health 

centers, nor to governmental health center outside of Muscat. Hence, the frequency of visits 

is likely underestimated and more children may have had uncontrolled asthma than our 

estimates show. Finally, not every wheeze is asthma, particularly in young children who 

can develop viral infections that result in asthma-like symptoms such as wheezing. As a 

result, it is possible as well that some of the children in our sample were misdiagnosed and 

their symptoms resolved once the underlying infection subsided (Pedersen et al., 2010).    
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Nevertheless, our study also had several strengths. Application of our study 

findings to the management of asthmatic children in IMCI clinics in Oman is strengthened 

by the large size of our sample, the availability of data through a national electronic 

database, and nearly representing a population-based study since children were not only 

from Muscat but other governorates as well. Having the clearly defined IMCI protocol and 

electronic data from all of government operated health clinics in Muscat was another 

strength.  

 

2.5.2.  Implication to practice and research 

An effort to reach a common interpretation of the knowledge or context of 

childhood asthma care in primary health care institutions continues to be needed. Based on 

our findings, the IMCI asthma management protocol, while evidence-based and easily 

interpreted and implementable, could benefit from revisiting its stepwise approach. The 

addition to the IMCI protocol of guidelines for stepping asthma therapy up and down based 

on asthma control (including the appropriate use of LABAs in young children) should be 

an important consideration. There should be an emphasis on using current evidence-based 

medication management of asthma, periodic assessment of the effectiveness of treatment 

and adverse effects experienced following prescription, and re-adjustment of treatment 

accordingly. Referral to an asthma specialist should be considered if diagnosis can’t be 

established at the primary health center or if low-dose ICS added to a rescue SABA is not 

effective in maintaining control. Incorporating method or tools such as the Childhood 

Asthma Control Test to assess asthma control could strongly benefit treatment decisions. 

Several studies have recommended it is as a valid and independent tool to screen for asthma 

control in children 4-11 years of age (Chalise, Bhatta, Singh, Prasad, & Poudel, 2014; 



 

40 

Chinellato et al., 2012; Lee et al., 2014; A. H. Liu et al., 2010). The tool is available in both 

Arabic and English languages. It is simple, user-friendly and can be integrated in both 

IMCI training and IMCI electronic portal. Parents’ health education and education on skill 

training (especially on inhalation techniques), adherence to treatment, regular monitoring, 

and clinical review are very important. Written asthma action plans, while mentioned in 

the IMCI protocol, appear to be underutilized, but could simplify treatment regimen 

implementation and decision-making for parents caring for an asthmatic child at home. In 

addition, providing structured group education sessions would benefit parents of newly 

diagnosed asthmatic children by exposing them to experiences of other parents of asthmatic 

children.  

The focus of this study was to examine the proportions of children who achieved 

asthma control and their characteristics across 21 health centers. There is a need to explore 

factors that are associated with asthma control in Omani children while accounting for 

variability among health centers. In addition, the lack of evaluation of the nurses’ role in 

asthma management this study calls for further exploration of their experiences with and 

contribution to IMCI asthma management protocol implementation, and better delineation 

of the role of nurses as part of the healthcare team with the aim of providing comprehensive 

management of asthma in young children.    

 

2.6. CONCLUSION 

In summary, this study has demonstrated that asthma control using guideline-

guided management can be achieved but also that there is an under-use of SABA as reliever 

therapy and ICS as controller therapy. IMCI training was found to be very important in 
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contributing to asthma control and could be considered one of the key components of 

healthcare providers’ effectiveness in asthma management. Referral to a specialist and 

health education practices were not performed at the guideline-designated rate. Further 

research is needed exploring factors associated with asthma control in young Omani 

children, which then could be used to influence asthma management interventions.   
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Chapter 3: Multilevel Factors Associated with Asthma Control in 2-5 years old 

Omani Children  

 

3.1. Abstract 

Background: Oman utilizes guideline-driven asthma management protocols in primary 

health care centers, yet the factors contributing to asthma control have been understudied. 

Objective: Explore the multilevel factors associated with asthma control in Omani children 

aged 2-5 years attending Integrated Management of Childhood Illness (IMCI) clinics in 

Muscat governorate.  

Methods: This retrospective study examined medical record data from January 2012 to 

January 2015 for 995 Omani children aged 2-5 years clustered in 21 health centers. 

Individual and health center level characteristics were measured as well as IMCI asthma 

management protocol components (medication, referral to an asthma specialist, and 

counselling). Asthma control was measured by number of exacerbations requiring visits to 

the health center, emergency care or hospitalization within one year of asthma index 

diagnosis. Generalized linear mixed-effects model was used to account for the clustering 

of children within health centers.  

Results: Of the 995 children, more male had asthma (63.2%), and 84.8% had mild asthma 

on index diagnosis. Only one health center did not have an asthma clinic onsite. Based on 

having 0-1 visits in the one year follow-up 74% of asthmatic children had controlled 

asthma. Being treated in a health center with higher proportion of IMCI training was a 

significant predictor of asthma control (Adj. OR= 3.0; 95% CI =1.34, 6.73; p <0.01). 

Children who received care in Muscat but whose hometown was not Muscat were 6 times 

more likely to have well-controlled asthma (Adj. OR= 6.18; 95% CI =1.43, 26.71; p 0.03). 
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Receiving short acting β2-agonists for acute management at index diagnosis increased the 

likelihood of achieving asthma control (Adj. OR=2.4; 95% CI=1.38-4.09). Children 

discharged with corticosteroid combined with a β2-agonist were 78% less likely to achieve 

asthma control (Adj. OR=0.22; 95% CI=0.14; 0.34). 

Conclusion: Therapeutic management of asthma exacerbations is the key element of 

control. Training of health care providers in IMCI influence childhood asthma outcome 

and is critical for proper utilization and implementation of the protocols. Centers treating 

more children with asthma had better outcomes. A future prospective-longitudinal study 

examining multilevel factors (patient, family, practice, and healthcare system) associated 

with childhood asthma control in Oman is needed. 
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3.2. INTRODUCTION 

Oman had the highest asthma prevalence and severity in children among Eastern 

Mediterranean countries in the International Study of Asthma and Allergies in Childhood 

(ISAAC) in 2008 (Al-Busaidi et al., 2015). The direct medical cost (e.g., hospitalizations, 

medications) and the indirect cost (e.g., missed work for parents, missed school for 

children)  of asthma care are substantial (Masoli, Fabian, Holt, & Beasley, 2004; Nath & 

Hsia, 2015). The total annual direct cost of asthma treatment using Omani census data 2009 

for both adults and children was an estimated USD $61,500,294 (adjusted for population 

of 1,780,899) compared to a population-adjusted estimate of USD $207,000,000 in Kuwait 

in 2008 (Al-Busaidi, Habibullah, & Soriano, 2013; Khadadah, 2012; Rysiak, Kuczynska, 

Zareba, Mroz, & Palka, 2016). Achieving control over flare-ups and exacerbation episodes 

is critical for maintaining function and quality of life in asthmatic children. Poor asthma 

control in children may necessitate frequent visits to the clinic, emergency room or even 

hospitalization.  

Several multilevel factors have been associated with asthma control, including 

those related to the child, the family and the health care system. Higher asthma prevalence 

has been associated with demographic characteristics such as age, gender and 

socioeconomic status (Miller, 2000; Ortega, Miller, & Li, 2012; Schatz et al., 2006). 

Access to health care (insurance status), and environmental factors such as second-hand 

tobacco smoke have been associated with poor control (Masoli et al., 2004; Rand et al., 

2012; Ungar et al., 2011). Parents’ literacy was also found to be associated with high rates 

of hospitalization in asthmatic children (Dewalt et al., 2007). Exposure to Arabian incense, 

a common practice in Omani households, was found to be a significant trigger of asthma 
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symptoms in children (Al-Rawas et al., 2009; Al-Rawas, Al-Riyami, Al-Maniri, & Al-

Riyami, 2008).  

There is substantial research evidence of the effectiveness of guideline-based 

approaches such as those of Global Initiative for Asthma (GINA) (Bateman et al., 2004; 

Global Initiative for Asthma, 2016; National Heart Lung and Blood Institute, 2007). In 

2000, Oman adopted the Integrated Management of Childhood Illnesses (IMCI), an 

algorithmic approach initiated by World Health Organizations, Pan-American Health 

Organization, and the United Nations Children’s Fund to improve health of sick children 

who are 5 years of age and younger (World Health Organization, 2016). These services are 

provided in all governmental primary health care centers and is incorporated in the patients’ 

A-Shifa electronic medical record system (AEMRS). Private health institutions differ from 

government-run health centers in that they are regulated by Oman Ministry of Health 

(MOH) but are operated privately. An important strategy of IMCI in Oman is to improve 

health care providers’ case management skills such as improving the health outcomes of 

asthmatic children. Both nurses and primary care physicians are trained to implement IMCI 

protocols. The IMCI asthma management protocol consists of three components: 

medication, referral to a specialist, and asthma health education given through physician 

counselling (Ministry of Health, 2016a).  

In addition to this guideline-based approach to asthma care, however, there is a 

need for a holistic approach that accounts for the burden of asthma, the associated 

contributing multilevel factors, and the distribution resources essential to maintain 

desirable asthma control (Evans-Agnew, 2011). This would lead to a more focused asthma 

management approach and potentially improved asthma outcomes. The impact of the 
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multilevel factors on asthma control in this age group in Oman children is understudied. 

National health reports from 2011-2015 showed that asthma-related annual inpatient 

morbidity (based on number of hospital discharges) in Omani children age 1 year – 4 years 

have been increasing despite universal implementation of IMCI asthma protocols in Oman 

(Ministry of Health, 2011, 2012, 2013, 2014, 2015). The objective of this study was to 

explore the multilevel factors associated with asthma control in Omani children aged 2-5 

years who attend IMCI clinics in primary health center in Muscat governorate. Using an 

ecological design, we examine the multilevel factors (individual- and health center-level 

characteristics and IMCI asthma management characteristics (medication, referral to an 

asthma specialist, and counseling) associated with asthma control in Omani children. 

 

3.3.METHOD 

3.3.1. Design and data source 

This was a retrospective cohort study with one year follow-up using data of all 

asthmatic Omani children 2-5 years old. Data were obtained from Oman's Ministry of 

Health's AEMRS for the period of January 2012 through January 2015. Ethical approval 

was obtained from both the University of Maryland Human Research Protection Office 

and the Oman Ministry of Health human subject review boards. Data included no personal 

health information.  

 

3.3.2. Setting 

Setting included the 21 health centers providing IMCI care and the 2 hospitals 

providing tertiary care in Muscat governorate. All health institutions included in the 

analysis used AEMRS. Muscat is the capital and major urban area in Oman accounting for 
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of 39.4% of the Omani population in 2017 (National Center for Statistics and Information, 

2018). Health care across the country is delivered through governmental and private health 

institutions. Care is provided at three levels (primary, secondary and tertiary) and 

standardized throughout the country. The health care system in the governmental 

institutions is operated and regulated by Oman’s Ministry of Health (MOH). For Omani 

citizens, all health services, including medication, are provided free of cost in all the 

governmental health institutions. Standardized IMCI protocols have been adopted for all 

Omani children five year of age and younger in all health centers providing primary health 

care. Primary health care physicians and nurses undergo a training program on IMCI’s 

management protocols. Pre-service IMCI training for nursing and medical students is also 

provided within academic programs.  

 

3.3.3. Sample 

Eligible children were those assigned an initial diagnosis of asthma, hereafter 

referred to as “index diagnosis”. Asthma was diagnosed as intermittent or persistent, with 

persistent asthma classified as: mild, moderate, or severe based on the International 

Classification of Disease, Tenth Revision codes (ICD-10) by a primary health care 

physician. The sample was obtained from the AEMRS consisted of 1247 children who 

attended IMCI clinics. The analysis excluded 252 children whose data were not sufficient 

for a one year follow-up from index diagnosis.  
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3.3.4. Study measures  

3.3.4.1. Individual level characteristics  

Individual level characteristics that were examined included age at index diagnosis, 

gender, and child’s hometown governorate. Age in years at diagnosis was measured as a 

continuous variable. Geographical/community variations may be associated with asthma 

outcomes. Many of the residents in Muscat governorate are originally from other 

governorates but may reside in Muscat due to work. However, this variable is relevant 

because children travel back to their original hometown governorate during weekends. 

AEMRS keeps the original hometown governorate of each child as part of their first health 

visit registration. Thus, child’s hometown governorate was examined and dichotomized 

into Muscat versus others. Missing data also impacted the quality of the individual level 

data, with some variables of interest, including height, weight, gestational age, and allergies 

exceeded 25% of missing data. These variables were omitted from the analysis. . 

 

3.3.4.2.Health center level characteristics 

The presence of an asthma clinic in a health center, the percentage of IMCI trained 

physicians, and the volume of patients were used as health center level measures. Presence 

of an asthma clinic in a health center was coded as yes or no. The percentage of trained 

physicians at each health center ranged from 9% to 100%. The 25th and 75th percentiles of 

the percentage were used to create categories for health center’s proportions of physicians’ 

IMCI training. Below 25th percentile (≤17%) was considered as low training, 25th and 75th 

percentiles (18-60%) was classified as medium training, and above 75th percentile (>60%) 

as high training. Health center patient volume categories were created using the total 

number of asthmatic children treated at each health center and then using the 25th and 27th 
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percentiles, a volume indicating low (n<45), medium(n=45≤65), and high (n>65) was 

created.   

 

3.3.4.3.IMCI asthma management level characteristics  

Referral to an asthma specialist, medication, and counselling are the core 

components of IMCI asthma management protocol. Both medication and counselling had 

to be measured through text data entered by healthcare providers. Referral to an asthma 

specialist was coded as yes or no depending on whether or not a referral was provided at 

index diagnosis. Protocol medication included short acting β2-agonists (SABA), long 

acting β2-agonists (LABA), anticholinergics, inhaled corticosteroids (ICS), and systemic 

steroids (SC). Both medication provided as a reliever treatment during index diagnosis day 

and maintenance medications prescribed at discharge were examined. Each medication 

category and time of administration was measured as binary (yes or no). For example, 

binary measures for reliever treatment included provision of SABA and SABA in 

combination with an anticholinergic. Binary measures for maintenance medication at 

discharge included exclusive SABA, exclusive ICS, exclusive SC, and a combined 

corticosteroid with a β2 agonist. Typically, standard counselling topics are embedded in a 

drop-down menu in the IMCI electronic system. Topics include the disease, causes of 

illness, treatment, prevention, home care, follow-up, and when to return. However, none 

of these dropdown counselling options were identified. As a result, text data were examined 

for “any” health education-related topics. Five topics related to asthma outcome were 

identified: avoid exposure to cold, allergy, avoid exposure to smoking, avoid exposure to 

infections, and dangers signs. A variable for counselling was created and was coded as 

receiving at least one of the five health education topics versus none. 
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3.3.4.4.Outcome measure asthma control level 

According to GINA, an indicator of poor asthma outcomes in young children is the 

number of severe exacerbation an asthmatic child had in the previous year(Global Initiative 

for Asthma, 2016). The outcome in this study, asthma control, was defined based on 

exacerbation requiring visits to a health care institution in the 12 months following the 

index diagnosis of asthma. Visits measured included asthma revisits to the same health 

center, hospital admissions, and emergency department visits within the one year-follow 

up. Health center revisits that occurred following the asthma index diagnosis but were 

associated with symptoms of asthma exacerbations such as cough, bronchiolitis, or wheeze 

were also considered exacerbations. Number of visits were then categorized using the 

GINA guideline of asthma control levels into binary categories reflecting either well-

controlled asthma (0 – 1 visit/ year) or uncontrolled asthma (≥ 2 visits/year). 

 

3.3.4.5.Statistical analyses 

Statistical analyses were conducted using Stata Statistical Software: Release 14 

(College Station, TX: StataCorp LP). Generalized linear mixed-effects models (binomial, 

logit) were used to account for the correlation of observations within health centers. 

Children (Level 1) were nested within the health center (Level 2) in all regression models. 

Analysis was done in two steps, bivariate and multivariate. The interaction between gender 

and age was examined and found to be non-significant so was not included in the analyses. 

Age and gender were retained as covariates for adjustment in the final multivariate model 

irrespective of their significance. Variables included in the final  multilevel model included 

age, gender, asthma severity, governorate, health centers’ level of physicians’ IMCI 
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training, health center patients volume, counselling, provision of reliever medications, 

provision of maintenance discharge medication. The association between study variables 

and asthma control, was expressed as Odds ratios (OR). Statistical significance was 

determined as p <0.05.  

 

3.4.RESULTS 

 

3.4.1. Individual- and health center- level characteristics  

A total of 995 children from 21 health centers were included in the study. Table 5 

presents characteristics of the study sample. Mean age was 2.8 years and 63.2% were male. 

The majority were originally from Muscat governorate (96.2%). Only one of the health 

centers did not have its own asthma clinic onsite. More than half of children were treated 

in health centers where the proportion of physicians’ IMCI training was categorized as 

average (53%) and 47% were treated at health centers with a high patients’ volume. 

 

3.4.2. MCI asthma management characteristics 

At index diagnosis, none of the children received a referral to an asthma specialist and 

only 27 (2.7%) children received counselling on at least one health education topic. On 

index diagnosis day, 386 (38.8%) of the children did not receive a reliever medication 

while 156 (15.7%) received a SABA as a single therapy, and 453 (45.5) received a SABA 

in combination with an anticholinergic. Upon discharge on index diagnosis day, more than 

50% of children were discharged without a maintenance medication, 281 (28.2%) were 

prescribe an exclusive SABA, 15 (1.5%) received an exclusive ICS, 16 (1.6%) were 

prescribe exclusive SC and 157 (15.8%) were prescribe a corticosteroid (ICS or SC) in 

combination with a β2 agonist (SABA or LABA).   



 

52 

Table 5 Individual-, heath center-level and IMCI asthma management protocol 

characteristics in Omani asthmatic children (N=995) 

 N (%) 

Individual characteristics  

Age  

2 years 409 (41.1) 

3-5 years 586 (58.9) 

Gender   

Male 629 (63.2) 

Female 366 (36.8) 

Hometown  

Muscat 957 (96.2) 

Other 38 (3.8) 

Health Center Characteristics  

Number receiving care by health center’s proportion of IMCI trained 

physicians 

 

Low (≤17%) 202 (25.1) 

Medium (18-60%)  426 (53) 

High (61%+) 176 (21.9) 

Number of children receiving care based on health center’s patient 

volume 

 

Low volume (≤44 children annually) 253(25.5) 

Medium volume 45-65 children annually) 274(27.5) 

High volume (66+ children annually) 468 (47.0) 

IMCI Asthma Treatment Protocol   

Reliever medication*  

No medication 386(38.8) 

SABA 156 (15.7) 

Combined SABA & anticholinergic 453 (45.5) 

Maintenance medication*  

No medication 526(52.9) 

Exclusive SABA 281 (28.2) 

Exclusive ICS 15(1.5) 

Exclusive SC 16(1.6) 

Combined β2-agonist with corticosteroid 157(15.8) 

Referral to a specialist 0 

Counselled on at least one health education topic 27 (2.71) 
Note IMCI Integrated Management of Childhood Illnesses, there was one health center with missing data on IMCI trained 

physicians so N-804. *Reliever medication given during index diagnosis day, Maintenance medication given at discharge 

on index diagnosis day, SABA Short acting β2-agonist, LABA Long acting β2-agonist, ICS Inhaled Corticosteroids, SC 

Systemic Corticosteroids 
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3.4.3. Associations between multilevel factors and asthma control  

Based on the number of healthcare visits during the year following index diagnosis, 

asthma control was achieved by 737 (74.1%) of children in the sample. Yet, over a quarter 

of the children had 2 or more visits (25.9%). Table 6 summarizes the unadjusted and 

adjusted ORs associated with the likelihood of asthma control. The interclass correlation 

coefficient in the null model indicated that 10.3% of the variation in asthma control was 

attributable to the health centers.  

In the adjusted model, asthma control did not differ by age or gender. Children who 

were not originally from Muscat were 8.79 times more likely to have well-controlled 

asthma than those from Muscat (Adj. OR= 8.79; 95% CI =1.14, 68.05). Children treated in 

health centers in the highest category of physicians’ IMCI training were 4.1 times more 

likely to have well-controlled asthma compared to children treated in health centers in the 

lowest category (Adj. OR= 4.1; 95% CI =2.35, 7.13). Compared to children treated in health 

centers with low patient volume, children treated in health centers with medium and high 

patients’ volume were 2.82 and 2.93 more likely to achieve a well-controlled asthma (Adj. 

OR= 2.82; 95% CI =1.76, 4.49; and Adj. OR= 2.82; 95% CI = 1.83, 4.68, respectively). With 

regards to reliever medications on index diagnosis, children who received exclusive SABA 

therapy were 2.94 times more likely to have well-controlled asthma compared to children 

who did not receive any reliever medication (Adj. OR=2.94; 95% CI=1.6, 5.42) while 

children who received a combination of SABA and an anticholinergic were 1.48 times 

more likely to achieve well-control compared to children who did not receive any reliever 

medications (Adj. OR=1.48; 95% CI=1.0, 2.19). Finally, on discharge, children who were 

prescribed exclusive SC for home therapy were 69% less likely to achieve asthma control 
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compared to children who did not receive any maintenance medications at discharge (Adj. 

OR=0.31; 95% CI=0.1, 0.99). Children who received a combination of a corticosteroid and 

a β2 agonist at discharge were 78% less likely to achieve asthma control compared to 

children who did not receive any maintenance medications at discharge (Adj. OR=0.22; 

95% CI=0.14; 0.34). Asthma control did not differ by whether or ot families had received 

counselling.    

Table 6. Odds of well-controlled asthma by patient-level, health center- level and asthma 

management protocol characteristics (N=995) 

Multilevel Factors Unadjusted OR (95% 

CI) 

p Adjusted OR 

(95% CI) 

p* 

Individual characteristics     

Age     

2 years (ref)  (ref)  

3-5 years 1.19 (0.88-1.6) 0.25 1.14 (0.81-1.61) 0.45 

Gender      

Male (ref)  (ref)  

Female 1.04 (0.76-1.41) 0.82 1.15(0.8-1.64) 0.45 

Hometown     

Muscat (ref)    

Other 6.18 (1.44-26.71) 0.02 8.79 (1.14-68.05) 0.04 

Health Center 

Characteristics 

    

Number receiving care by 

health center’s proportion of 

IMCI trained physicians 

    

Low (≤17%) (ref)  (ref)  

Medium (18-60%)  1.58 (0.84-2.97) 0.16 1.51 (1.0-2.29) 0.05 

High (61%+) 3.43 (1.62-7.28) <0.001 4.1 (2.35-7.13) <0.001 

Number of children 

receiving care based on 

health center’s patient 

volume 

    

Low volume (≤44 

children annually) 

(ref)  (ref)  

Medium volume 45-65 

children annually) 

1.94 (1.00-3.75) 0.05 2.82 (1.76-4.49) <0.001 

High volume (66+ 

children annually) 

1.94 (0.99-3.8) 0.05 2.93 (1.83-4.68) <0.001 

IMCI Asthma Treatment 

Protocol 

    

Reliever medication     

No medication (ref)  (ref)  
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Table 6 Continued      

SABA 1.86 (1.28-3.07) 0.02 2.94 (1.6-5.42) <0.001 

Combined SABA & 

anticholinergic 

1.24 (1.45-3.08) 0.21 1.48 (1.0-2.19) 0.05 

Maintenance medication     

No medication (ref)  (ref)  

Exclusive SABA 1.12(0.76-1.66) 0.56 0.95 (0.59-1.53) 0.84 

Exclusive ICS 0.54(0.17-1.69) 0.29 0.40(0.12-1.32) 0.13 

Exclusive SC 0.25 (0.08-0.74) 0.01 0.31 (0.1-0.99) 0.05 

Combined β2-agonist 

with corticosteroid 

0.32 (0.22-0.78) <0.001 0.22 (0.14-0.34) <0.001 

Counselled on at least one 

health education topic 

2.34 (0.742-7.38) 0.15 3.09 (0.92-10.34) 0.07 

Note. CI= confidence Interval, * Significance at p ≤0.05. All models accounted for cluster of children within clinics 

 

 

3.5. DISCUSSION 

 

This study is the first to explore the association of multilevel factors with asthma 

control in Omani children 2-5 years old receiving care at health centers using an IMCI 

asthma management protocol in Muscat governorate. Most (74%) children in this study 

achieved asthma control within one year following index diagnosis. It has been reported 

that with asthma, proper initial treatment (Yawn, Brenneman, Allen-Ramey, Cabana, & 

Markson, 2005) and training of health workers (El Arifeen et al., 2004) contribute to 

achieving health goals and outcomes. Our findings suggest that having a higher proportion 

of physicians trained on IMCI protocols is associated with better asthma control. Similar 

results were found in a study investigating the impact of pre-service IMCI training on both 

case assessment and management skills in Omani nursing students (Fannah Al Araimi, 

2017). Another study seeking to identify factors influencing the implementation of IMCI 

reported that the main challenge in its implementation of IMCI was lack of healthcare 

workers’ training (Kiplagat, Musto, Mwizamholya, & Morona, 2014).  

Hometown governance was the strongest predictor of asthma control in our model. 

Upon further examination of the children who were not from Muscat (n=38), it was found 
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that 36 of them had controlled asthma (94.7%). A possible explanation for this significance 

could be that children who were originally from other governance than Muscat spent some 

time in their hometowns. These children may have accessed healthcare in a private 

institutions there, which would be difficult to identify through AEMRS which collects data 

from governmental institutions operated by MOH. The association of behavioral and 

environmental factors on asthma control could also explain these differences. In Egypt, an 

Arabic country with a similar cultural practices to Oman, a study found that children living 

in urban areas were more likely to be exposed to allergic conditions than those living in 

suburban areas (Al-Qerem, Ling, Pullen, & McGarry, 2016). Therefore, if there hometown 

was less urban and had different environmental exposures than those in Muscat, they may 

have been exposed to fewer asthma triggers than totally Muscat-dwelling children. Other 

factors such as sedentary life style and fast-food focused nutritional patterns that have been 

noted to increase asthma severity could not be analyzed but should be considered in future 

studies in Oman (Philippa Ellwood et al., 2013).  

Interestingly, few of IMCI asthma protocol components were significant predictors 

of asthma control. Administering LABA in this age group is not recommend (Billington et 

al., 2017). Globally, there is a mismatch between availability of evidence-based protocol 

and clinical decision making in practice (Reschovsky, Rich, & Lake, 2015). With the 

standardization of the IMCI protocols and physicians’ IMCI training by the Ministry of 

Health, it would be expected that following the algorithm provided would minimize the 

gap in decision making and that the appropriate management measures selection would be 

more homogenous across providers. A study comparing asthma control between clinical 

judgment and GINA scoring in Oman reported that physicians in a tertiary hospital in 
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Oman were overestimating asthma control level (Baddar et al., 2013). There might be 

difference in physician’s performance due to the volume of exposure. For example, health 

centers treating more asthmatic children may have better outcome than health centers 

treating less asthmatic children, which is consistent with the “practice makes perfect” 

evidence across many disease entities and procedures.  

All the children in our sample were newly diagnosed with asthma and thus should 

have received some type of medication to manage their symptoms. Yet, our findings 

suggest a variation in the clinical practices. Little over 38% of the children in the sample 

did not receive any type of reliever medication during index diagnosis day while over half 

of the children (52.9) were discharged with no maintenance medication to take home on 

their index diagnosis day. There is also evident underuse of inhaled corticosteroids despite 

several recommendation on the effectiveness of using regular inhaled corticosteroid in 

maintaining asthma control. A previous study of asthma control in both adults and children, 

involving Oman, Kuwait, Lebanon, Jordan, and the United Arab Emirates reported that in 

Oman had the second lowest use of inhaled corticosteroids (6%) while the use of quick 

relief treatment was 50.7% only (Khadadah et al., 2009). GINA recommends daily long-

term use of inhaled controller medications for children with persistent asthma and reliever 

medication (rescue) when needed, provided that treatment is assessed at least every 3-6 

months for modification (Global Initiative for Asthma, 2016; National Heart Lung and 

Blood Institute, 2007). Only 2.1% of our sample was discharged with LABA (Salmeterol) 

combined with inhaled corticosteroid. However, administering LABA in this age group is 

not recommend (Billington et al., 2017). 
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It is of a concern that there was lack of referral on the index diagnosis day given 

that it is a clear recommendation of the GINA guidelines. In studies from the U.S., barriers 

to referral were related to medical insurance (Poowuttikul, Kamat, Thomas, & Pansare, 

2011b).  In Oman, this would not be considered as a barrier because healthcare is provided 

free of cost. Yet, none of the children in our sample were referred to an asthma specialist 

despite the availability of asthma clinics in 20 of 21 health centers. Worth mentioning is 

that within two weeks of their index diagnosis, 2.5 % of the children had a revisit for asthma 

symptoms, and at that visit only one child was referred for further management with a 

specialist. This could be attributable to under recognition of asthma severity and the need 

for referral (M. D. Cabana & Le, 2005; Rance & Trent, 2005). The impact of healthcare 

provider’s specialty on asthma management needs to be acknowledged. A study in the US 

were reported that only one in five children (N=225) received care by an asthma specialist 

(Butz et al., 2016). There are challenges in care provision when the provider is a general 

practitioner rather than a specialist. Compared to asthma specialists, primary care 

physicians were less likely to prescribe controller therapy that is guideline-aligned (Butz 

et al., 2016; Erickson et al., 2005).  

Only 2.71% of the sample had documented counselling on at least one health 

education topic. Counseling of parents in essential to improve health outcomes considering 

the complexity of treatment process at home. Yet, health literacy and numeracy, which 

reflects the ability of parents/care giver to gain, and comprehend basic health information 

may impede parent’s capacity to assess and make an informed decision on their child’s 

asthma care (Global Initiative for Asthma, 2016). Lack of education at the first diagnosis 
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of asthma increases parents’ anxiety and uncertainty thus increasing the risk of poor asthma 

control (Berg et al., 2007), and rates of hospitalization (Dewalt et al., 2007).  

To enhance the quality of primary care, healthcare policy makers in Oman could 

further examine local practices in the health centers. This could support clinical decisions 

that are practice-based evidence while being complemented with research-based-evidence. 

To ensure better integrative approach in treating asthma in Omani children, it is 

recommended that the focus be placed on controlling symptoms and minimizing future 

risks for exacerbations. This could be guided by GINA’s control-based asthma 

management cycle. Periodic assessment would help identify strategies that could be 

improved and thus facilitate treatment adjustment. With regard to clinical implications, it 

is recommended that a reliable measure of asthma control (such as the Childhood Asthma 

Control Test) could be added to the integrated management. Therapeutic management need 

to be re-evaluated every 3 months, at minimum. Parents need to be provided with a written 

individualized home care plan (such as the Asthma Action Plans used in the U.S. and other 

places) and routine scheduled follow-ups.  

 

3.5.1. Strengths and Limitations  

The greatest strength of this study is that it is the first to use AEMRS data, a large 

database of patients receiving care in the governmental health institutions in Oman. These 

data represented all asthmatic children 2-5 years of age treated in Muscat during in the 

study period. Using longitudinal data and employing multilevel modeling allowed 

separating health center effect from those related to individual characteristics. Our findings 

provide new insights into the implementation of IMCI protocols and asthma outcome 

evaluation in Oman. In general, these findings can be translated to other asthmatic children 
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nationally or internationally because the features of the sample are similar to other children 

with asthma in terms of demographic characteristics, signs and symptoms, disease 

representation and management approaches. IMCI around the world is relatively 

standardized following specific algorithms. The difference lies in the way IMCI is adopted 

within each the health systems. Countries with similar health care systems as Oman would 

relate to the study. However, results of this study should be also interpreted in light of its 

limitations. Anecdotally, none of the health centers operates on a 24 hour base so some 

children might have sought care in private institution and the records of those visits would 

not be registered to AEMRS. However, due to the retrospective nature of the study, the 

degree and reason for disparities in documentation and the level of missing data could not 

be determined. It is essential to evaluate the electronic medical record system and develop 

measures to enhance documentation of IMCI process. In addition, a number of individual 

level risk factors that could have been associated with asthma control were not examined 

(for example, family history of asthma, home remedies, exposure to tobacco smoke and 

incense, socioeconomic status, and educational levels of the parents) as they were not 

available in the record. Future studies of Omani asthmatic children should include these 

risk factors. Though IMCI asthma management protocol in the initial treatment period 

(index diagnosis) was the focus of the study, information on its utilization in subsequent 

visits was not available. Therefore, later treatment adjustment are not known. Nevertheless, 

we hypothesize that if the children had received IMCI-aligned treatment in these 

subsequent visits they would have more likely achieved well-controlled asthma in the 1 

year follow-up. This is an area to explore in the future.  
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3.6.CONCLUSION 

Overall, our finding contribute to knowledge related to pediatric asthma healthcare 

in the primary health care setting in Oman. Our results revealed achievement of asthma 

control in most of the sample and better outcomes in sites where high percentages of 

physicians were trained in IMCI. In addition, provision of short acting β2-agonist for 

management of acute asthma exacerbation increased the likelihood of asthma control. 

However, results also revealed opportunities for improvement as several management 

strategies from IMCI asthma management protocols were not implemented to their fullest 

capacity in primary health centers. Given the extensiveness of IMCI protocols in primary 

health center, underuse of inhaled corticosteroids and short acting β2-agonist, lack of 

referral to an asthma specialist and insufficient counselling were unexpected finding. These 

challenge require further investigation to identify implementation gaps. In the future, 

prospective-longitudinal study examining the multilevel factors (patient, family, 

environment, practice, and health care system) associated with childhood asthma control 

in Oman is needed.  
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Chapter 4: Acute Care utilization in Asthmatic Omani Children Age 2-5 years  

 

 

4.1.Abstract 

Background 

Documented national health reports from 2011-2016 in Oman showed that asthma-related 

annual inpatient admissions in Omani children age 1– 4 years have not change in the recent 

years.  

 

Objective:  

Analyze the trends in ED visits and admissions by asthmatic children from 2012-2015 and  

describe the characteristics of children based on acute care utilization (ED visits and 

admissions) in one year follow-up in tertiary care facilities in Muscat. 

 

Method:  

This was a retrospective cohort study with one year follow-up of Omani children aged 2-5 

years requiring an acute care visit for a primary diagnosis of asthma at two large hospitals 

in Muscat, between 2012 and 2015. Frequency of emergency visits and admission were 

obtained and stratification by ED (frequent attenders FA (≥4 visits/year) or infrequent 

attenders IFAs (<4 visits/year)) and admission (single or multiple). Age (2 versus 3-5 

years), gender, and governorate (Muscat versus others) were compared according to acute 

care categorizations.  

 

Results: 

Of 532 children included in the analysis, 65.4% were male, 58.1% were 3-5 years old, and 

84.4% were from Muscat governorate. Most of the children with ED visits were IFAs 
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(95.3%). The proportion of children who were IFA was higher in both age groups (X2(1) 

=9.78; p <0.001). There were significantly more children with a single admission than 

children with multiple admissions from both age groups (X2(1) =7.67; p= 0.01) and both 

genders (X2(1) =6.83; p=0.01). Pattern of acute care utilization during the study period 

displayed a varied trend overtime. 

 

Conclusion: 

This study provides a baseline understanding of acute care utilization in Omani children. 

Further exploration to identify other potential risk factors, exploring of patterns of acute 

care utilization is needed. Utilization of prevention quality indicators to screen healthcare 

systems is recommend to identify measures to minimize preventable asthma complications. 
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4.2.INTRODUCTION 

 

Asthma exacerbations may results in repeated emergency department (ED) visit 

and hospital admissions, thus affecting quality of life, and increasing cost of hospital 

services. Asthma, based on Oman Ministry of Health’s (MOH) mortality and morbidity 

health reports, is one of the leading causes of inpatient admissions in Omani children age 

1-4 years (Ministry of Health, 2014, 2015, 2016c).  Age, gender and socioeconomic status 

are among the factors that can affect asthma outcomes (Rand et al., 2012). Children have 

different physiological trajectories of asthma according to age. For example, some sources 

suggest that 3 of 4 children outgrow asthma in mid-adulthood (Bisgaard & Bonnelykke, 

2010; Martinez et al., 2015). Due to lung growth and airway differences, boys, compared 

to girls, show an increase in asthma severity particularly in early childhood (Almqvist1 et 

al., 2008). In a US study, more frequent hospital admissions were reported in male than 

female asthmatic children (Schatz et al., 2006). Apart from a small registration fee, health 

care services in Oman are provided to Omani citizens free of cost in all institutions operated 

by MOH. Yet, there is still a cost to the Omani MOH.  Oman’s annual asthma treatment 

(direct cost) for both children and adults based on 2009 census data (population of adult 

1,321,501 and children 459,398) was estimated at USD $61,500,294 (Al-Busaidi et al., 

2013).  

The MOH has dedicated significant resources to meeting objectives of child health 

in terms of prevention and curative measure in primary, secondary and tertiary level care. 

One of the prominent measures MOH took in primary health care to meet these objectives 

was introducing an Integrated Management of Childhood Illness (IMCI) for children aged 

five or younger. The IMCI, includes an algorithm of treatment strategies for asthmatic 
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children(Al Araimi, 2013). The IMCI asthma management protocol includes three main 

management strategies: provision of reliever and/or controller medications, health 

education and referring to a specialist if treatment goals could not be achieved at the 

primary healthcare level (Ministry of Health, 2016a). However, despite these national 

efforts to establish and adopt preventive and management strategies to control asthma, 

MOH annual health reports suggests that asthma hospitalization in the past five years has 

remained unchanged (Ministry of Health, 2011, 2012, 2013, 2014, 2015, 2016c). In 2016, 

the rate of asthma hospital admissions per 10,000 population for children under 4 years of 

age was 149 compared to 146 in 2014 (Ministry of Health, 2014, 2016b). In addition, 

studies exploring asthma outcomes or factors contributing to poor control in Omani 

children are limited.  

One indicator of asthma outcome, according to guidelines by the Global Initiative 

for Asthma (GINA) is the annual number of exacerbations requiring a health care visit 

(Global Initiative for Asthma, 2016). The U.S. Agency for Healthcare Research and 

Quality (AHRQ) considers asthma admissions Ambulatory Care Sensitive Conditions 

(ACSCs), which are conditions considered preventable when proficient outpatient care is 

practiced (Agency for Healthcare Research and Quality, 2001). Understanding the 

characteristics of asthmatic children who require acute care will assist in targeting 

appropriate future interventions, at IMCI clinics and hospital outpatient clinics that could 

reduce avoidable further admissions. Given this importance  to the Oman healthcare 

system, the objectives of this study were to: 1) analyze the trends in ED visits and 

admissions by asthmatic children from 2012-2015 and 2) describe the characteristics of 2-
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5 years old children with acute care visits (ED and hospitalization) in one year follow-up 

in tertiary care facilities in Muscat. 

 

4.3.METHOD 

4.3.1 Design and data source 

Data from MOH’s A-Shifa electronic medical record system (AEMRS) were 

obtained to reflect care provided in the two governorate-run major hospitals providing 

tertiary healthcare in Muscat between 2012 and 2015. This was a retrospective analysis 

with one year of follow-up. The Institutional Review Boards of University of Maryland 

and Oman’s MOH approved this one year retrospective cohort study. 

 

4.3.2. Setting 

Muscat had several important features for conducting the study in this population 

including representation from other governorates in Oman, its status as the most populated 

and urbanized governorate, the provision of tertiary care services for children, and 

availability of the latest updates of the electronic medical recording system due to its close 

proximity to MOH headquarters.  

 

4.3.3.  Sample 

Inclusion criteria were Omani children 2-5 years of age, with a primary diagnosis 

of asthma (International Classification of Diseases, 10th revision code J45 or J45.9) and 

acute care visits to a tertiary care hospital in Muscat between 2012 and 2015. Children who 

had an ED visit only, an ED visit followed by hospital admission, or a hospital admission 

without ED visit were included. The child’s first visit to either hospital for either 

emergency care or admission during the study period was considered as the “index visit”. 
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Excluded were children whose record following the index visit was not for a full year after 

their index visit.  

 

4.3.4. Study measures 

Analyzed variables included age (dichotomous: 2 years and 3-5 years), gender, 

governorate the child was registered in (Muscat or other), type of visit, and visit date. A 

summed variable was created to include all ED visits and admissions during the one year 

follow-up. The total number of ED visits and admissions per year across the sample were 

examined for change over time trend. The ED visits were further categorized into frequent 

attenders (FA) and infrequent attenders (IFA). Based on previous similar studies, children 

who sought ED care were considered FA if they had ≥4 ED visits and IFA if they had <4 

ED visits during the one year post initial visit(Lim et al., 2014b). Admissions were 

categorized into single admission versus multiple admissions during the one year post 

initial visit(Bloomberg et al., 2003). Other individual descriptors such as comorbidities, 

and measures of therapeutic management were not available in the dataset.  

 

4.3.5. Statistical Analysis  

Data analysis was conducted using IBM SPSS Statistics for Windows, Version 24.0 

(Armonk, NY: IBM Corp). Annual ED visits and admissions were examined descriptively. 

Chi-square tests was used to compare study measures associated with ED visits only and 

admissions.  
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4.4. RESULTS 

4.4.1.  General Characteristics 

During the study period from 2012-2015, there were 532 children with 956 ED 

visits and 348 admissions (Figure 7). The hospital admissions decreased slightly between 

2012 and 2014 but then increase to near 2012 levels in 2015. The ED visits had a more 

varied trend with 2013 having a large increase and then returning to the 2012 levels before 

increasing again.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. ED visits and admissions of Omani asthmatic children aged 2-5 years in Muscat 

 

 

General sample characteristics based on the one year follow-up is shown in Table 

7. Children were predominantly male (65.4%), 3-5 years of age (58.1%) and from Muscat 

governorate (84.4%). Of the children, two-thirds (67.9%) had ED visits only and 32.1% 

had hospital admission that might have also included an ED visit.  

   

Table 7 Characteristics of Omani asthmatic children based on acute care utilization 2012-

2015 (N=532) 

Variable  N (%) 

Age  

2 years 223 (41.9) 

3-5 years 309 (58.1) 
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Table 7 Continued  

Gender   

Male 348 (65.4) 

Female 184 (34.6) 

Governorate  

Muscat 449 (84.4) 

Others 83 (15.6) 

Number of children with acute care in the one year follow-up   

ED visits only 361 (67.9) 

Admissions*  171 (32.1) 
Note aN (%), * some of the children who were admitted had also ED visits 

 

 

4.4.2. Characteristics of ED visits only   

The characteristics of the 361 children with ED visits only were examined. The 

range of the visits was 1 to 11. When comparing characteristics of the children with <4 

visits (IFA) and those with ≥4 visits (FA) (Table 8), the overwhelming majority were IFAs 

(95.3%). Significant difference were between FA and IFA groups for age only. The 

proportion of children who were IFA was higher than FA in both age groups (X2(1) =9.78; 

p <0.001). There was no significance in regards to gender (X2(1) =0.68; p=0.41) or child’s 

governorate (X2(1) =0.85; p=0.36). 

 

Table 8. Comparison of Omani asthmatic children who are frequent attenders and 

infrequent attenders of ED (N=361) 

Characteristic 

IFA (<4 ED 

visits) 

(n=344) 

FA (≥4 ED 

visits) 

(n=17) 

p* 

Age    

2 years 132 (91.0) 13 (9.0) <0.001 

3-5 years 212 (98.1) 4 (1.9)  

Gender     

Male 230 (94.7) 13 (5.3) 0.41 

Female 114 (96.6) 4 (3.4)  

Governorate    

Muscat 297 (94.9) 16 (5.1) 0.36 

Others 47 (97.9) 1(2.1)  
* Significance based on X2 test 
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4.4.3. Characteristics of hospital admissions 

One hundred seventy one children had at least one hospital admission during their 

one year follow-up (32.1%) with a range of 1 to 15 admissions. As shown in Table 9, there 

were significantly more children with a single admission than children with multiple 

admissions from both age groups. Yet, children age 2 years had a higher proportion with 

multiple admission (38.5%) than children aged 3-5 years (19.4%) (X2(1) =7.67; p= 0.01). 

Females had a higher proportion of multiple admissions (39.4%) as compared to males 

(21.0%) (X2(1) =6.83; p=0.01). No significant difference was found with regard to child’s 

governorate (X2(1) =1.8; p=0.18). 

 

Table 9. Comparison of Omani asthmatic children with single and multiple admissions 

(N=171)* 

Characteristic 

Single 

Admission 

(n=123) 

Multiple 

Admissions 

(n=48) 

p** 

Age    

2 years 48 (61.5) 30 (38.5) 0.01 

3-5 years 75 (80.6) 18 (19.4)  

Gender     

Male 83 (79.0) 22 (21.0) 0.01 

Female 40(60.6) 26 (39.4)  

Governorate    

Muscat 101 (74.3) 35 (25.7) 0.18 

Others 22 (62.9) 13 (37.1)  
* Note that n=361 children were not included in the analysis because they were not admitted, **Significance based on 

X2 test 

 

 

4.5. DISCUSSION 

This study described the trend in asthma-related ED visits and hospital admissions 

between 2012 and 2015 and characteristics of Omani asthmatic children aged 2-5 years 

based on these ED visits and admission. Utilization of health care services such as ED and 
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hospital readmissions is a measure of quality of asthma outcomes and recurrent utilization 

is often linked to under-treatment (Lim et al., 2014a; Nocerino, Leone, Cosenza, & Berni 

Canani, 2015). Our data shows that within the FA group the proportion of children aged 2 

years was greater than those 3-5 years of age (76.5% vs.23.5% respectively). Similarly, 

within the multiple admission group, children 2 years of age had higher proportion of 

multiple admissions than children 3-5 years of age (62.5% and 37.5% respectively). An 

ecological study of hospital admission for ACSC in children 5 years or younger reported 

an increase in admissions for ACSC with asthma as one of the leading ACSC (Prezotto et 

al., 2015). It has also been suggested that as age increases, children are more likely to gain 

control over exacerbations(Ungar et al., 2011). A 10-year study of hospital admissions that 

included children from birth through 20 years of age with asthma, reported that admission 

rates were highest among children aged 1-4 years(Bloomberg et al., 2003). A study of 

children aged 2-17 which identified that younger age was significantly associated with 

potentially preventable ED visits for an asthma crisis, and that as age group increased, the 

odds of an ED visit for asthma decreased (adjusting for confounders) (Nath & Hsia, 2015). 

Another study evaluating asthma clinical outcomes by age reported that young children 

were more likely to experience inpatient mortality (admissions) than younger adults(Tsai, 

Lee, Hanania, & Camargo, 2012). In addition, the proportion of male FAs in the ED was 

higher than the proportion of female FAs while the gender prevalence was reversed for 

single versus multiple hospital admissions. Another study exploring factors associated with 

having a potentially preventable ED visit reported that male gender was significant 

predictor of higher odds for having a potentially preventable ED visit(Nath & Hsia, 2015).  
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An exposure to ED care have been found to be an independent predictor of 

subsequent exacerbations (Lim et al., 2014a). Factors such as poor adherence to treatment 

and inadequate management at the primary care level need to be considered when 

explaining increased frequency of ED visits and admissions. Following MOH policies and 

procedures, children 5 years old or younger are seen in IMCI clinics regardless of their 

residence. IMCI clinics in all health centers, across the country, are expected to follow a 

standard, evidence-based asthma management protocol. It is assumed that with 

standardized treatment plans, such as the one IMCI asthma management protocol provides, 

ED visits and hospitalizations could be prevented. Health centers implementing the IMCI 

asthma management protocol and hospital inpatient unites in Oman could benefit from 

using Prevention Quality Indicators (PQI) such as those of the AHRQ’s ACSC(Agency for 

Healthcare Research and Quality, 2001). The PQI can be used in quality assessment of the 

whole system as they focus on outpatient healthcare quality of ambulatory care and how it 

could prevent medical complications(Agency for Healthcare Research and Quality, 2001). 

Policy/decision makers and healthcare providers in MOH could utilize PQIs to examine 

whether ED and admission rates in asthmatic children under 5 years of age treated in 

governmental health institutions are suggestive of a problem in the delivery of appropriate 

healthcare in primary (health centers IMCI clinics) or secondary (hospital outpatients 

clinics) facilities caring for this age group.  

Our study was based on registered ED visits and hospital admissions in a one year 

period following the index visit in two government-operated hospitals in Muscat, and 

therefore, is not inclusive of possible visits that children could have had to private 

healthcare institutions or other governmental healthcare facilities. Access of electronic 
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medical data is facilitated and supported by MOH for research purposes. Therefore, a more 

comprehensive approach that includes all hospitals under MOH that utilizes additional 

clinical and non-clinical measures is important to develop phenotypic characterization of 

pediatric asthma in Oman. In addition, linking care from primary level (health centers) to 

the tertiary level (hospitals) would provide a broader and more comprehensive 

understanding of asthma patterns, and outcome and correspondingly inform policy makers 

on changes that could be introduced in the healthcare system or management protocols.  

  

4.5.1. Limitations 

This is the first study in Oman to explore early childhood asthma exacerbations 

requiring acute care visits to the ED or hospitalization and factors associated with these 

visits. While the children represented in this sample all had an index asthma diagnosis in a 

health center, the ED and hospital data could not be linked to the health center data. Thus, 

we were unable to determine the number and characteristics of children diagnosed with 

asthma who had not experienced an acute care visit. However, our sample likely represents 

a large proportion of the asthmatic children requiring acute care in Muscat. Yet, 

interpretation of the findings should be considered in light of the limitations. At the level 

of the healthcare system, there might be variations in clinical practices (e.g., medication 

management) that could not be measured, which subsequently might affect treatment 

outcomes. Many other factors, both clinical and non-clinical, could have affected asthma 

control such as asthma severity level, environmental exposures, socioeconomic status, and 

family-related factors (e.g. smoking history, eating habits, traditional remedies and parent 

education) but were not available in the dataset. Therefore, our ability to explore a wide 

range of factors that result in acute care visits for asthma exacerbation was limited. 
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4.6. CONCLUSION 

This study provided a baseline understanding of acute care utilization for asthma in 

Omani children 2-5 years of age, based on ED visits and admissions in hospitals providing 

tertiary healthcare in Muscat. The number of both ED visits and hospital admissions was 

high this sample. Compared to older children, the proportion of children 2 years of age was 

higher within the FA group and the multiple admissions groups. In addition, the proportion 

of single admissions, compared to multiple admissions, was higher in both genders. There 

is still more to understand about asthma care in Oman. Further exploration is critical to 

identify other potential factors contributing to the need to seek acute care treatment for 

asthma, and to explore asthma pattern and management approaches. There is a need to 

utilize PQIs to follow trends in our healthcare system, which could help identify 

interventions to prevent medical complications.     
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Chapter 5: Summary, Strength & Limitation and Recommendation  
 

5.1. Summary of Findings 

Study aims 1, 2, 3 and 4 were presented as the manuscripts covered in chapters 1, 

3, and 4. Manuscript 1 (Chapter 2) presented a study entitled “Integrated Management of 

Childhood Illness: Guideline-guided Management in Asthmatic Omani Children Aged 2-

5 Years”. The first aim of this study was to describe the characteristics of children initially 

diagnosed with asthma in Oman health centers; and to identify adherence to recommended 

IMCI defined treatment recommendations. Results for this aim showed that more than half 

of the sample (N=995) were 3-5 years old and 63.2% were male. Only 21.9% of children 

were treated in health centers with high proportion of physicians trained on IMCI protocols. 

It has been reported that in early life, prevalence of asthma or wheezing is higher in boys 

than girls, although this gender prevalence reverses in adolescence (Almqvist1 et al., 2008; 

Leynaert et al., 2012). Similar patterns were previously reported in Oman’s MOH annual 

health report for inpatient asthma-related admissions in children 1-4 years, where there 

were 946 male compared to 605 female admissions during 2016 (Ministry of Health, 

2016c). The second aim of the study was to determine if adherence to recommended IMCI 

defined treatment influences asthma control. It was found that well-controlled asthma was 

achieved significantly more in children who were cared for in a health center with high 

proportion of IMCI trained physicians (p<0.001), received a reliever medication during 

index diagnosis day (p=0.03), and were discharged home with medication (p<0.001). In 

addition results showed that long acting β2 agonist in combination with either an ICS or 

SC was prescribed to 20 children. Generally, administering LABAs to young children is 

not currently recommended by GINA or other clinical practice guidelines, and its use in 
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this age group is understudied. Inappropriate prescribing of LABA in clinical practices has 

been reported in other countries as well (Billington et al., 2017; Van Asperen, 2012a). It 

might be considered in cases where asthma is inadequately controlled using low-dose ICS, 

however, this would not be the option at the first diagnosis day for such young children 

(Van Asperen, 2012b). The results in the current study also showed that there was an under 

use of short acting β2-agonists (SABA) as reliever therapy and ICS as controller therapy. 

GINA recommends daily long-term use of inhaled controller medications for children with 

persistent asthma and reliever medication (rescue) when needed, provided that treatment is 

assessed at least every 3-6 months for modification(Global Initiative for Asthma, 2016; 

National Heart Lung and Blood Institute, 2007).  

Manuscript two (Chapter 3) presented a study entitled “Multilevel Factors 

Associated with Asthma Control in 2-5 years old Omani Children”  explored the 

association of multilevel factors associated with asthma control while accounting for the 

correlation of observations within health centers. The study was able to identify several 

factor that influenced asthma outcome. For example, of the 995 children, more male had 

asthma (63.2%), and 84.8% had mild asthma on index diagnosis. Only one health center 

did not have an asthma clinic onsite. Based on having 0-1 visits in the one year follow-up 

74% of asthmatic children had well-controlled asthma. Treatment in a health center with 

higher proportion of IMCI trained physicians was a significant predictor of asthma control 

( p <0.01). These findings suggest that having a higher proportion of physicians trained on 

IMCI protocols is associated with better asthma control. Similar results were found in a 

study investigating the impact of pre-service IMCI training on both case assessment and 

management skills in Omani nursing students (Fannah Al Araimi, 2017). Another study 
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identifying factors influencing the implementation of IMCI reported that the main 

challenge in the implementation of IMCI was lack of healthcare workers’ training(Kiplagat 

et al., 2014). Our findings showed that children who received care in Muscat but whose 

hometown was not Muscat were 6 times more likely to have controlled asthma ( p 

0.03).Receiving SABA for acute management at index diagnosis increased the likelihood 

of achieving asthma control (p<0.001). Children discharged with corticosteroid in 

combination with a β2-agonist were 78% times less likely to achieve asthma control 

(p<0.001). Similarly, a study reported that recent use of ICS was a factor associated with 

increased likelihood of admissions(Weber et al., 2002).   

Manuscript three (Chapter 4) presented a study entitled “Acute Care utilization in 

Asthmatic Omani Children Age 2-5 years”. The study aimed to analyze trends in ED visits 

and hospital admissions by asthmatic children and to describe the characteristics of 

children based on acute care utilization (ED visits and admissions). To do so, retrospective 

medical records for 532 children with ED or hospitalizations at two major hospitals in 

Muscat between 2012 and 2015 were examined. Frequency of emergency visits and 

admission were summed and then stratified by ED (frequent or infrequent attenders) and 

admission (single or multiple) during one year following index visit. Factors such as age 

(2 versus 3-5 years), gender, and governorate (Muscat versus others) were compared 

according to acute care categorizations. Results showed that the sample was predominantly 

male (65.4%), between 3-5 years of age (58.1%), and from Muscat (84.4%). In comparison, 

another study evaluating asthma clinical outcomes by age reported that young children 

were more likely to experience inpatient mortality (admissions) than young adults(Tsai et 

al., 2012). However, most of the children with ED visits were IFAs (95.3%). Within FA 
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group the proportion children aged 2 years was greater than those 3-5 years of age (76.5% 

vs.23.5% respectively). Similarly, within the multiple admission group there were more 

children 2 years of age than children 3-5 years of age (62.5% and 37.5% respectively). An 

ecological study of hospital admission for Ambulatory Care Sensitive Conditions (ACSCs) 

in children 5 years or younger reported an increase in admissions for ACSC during the 

study period with asthma being one of the leading ACSC (Prezotto et al., 2015). It has also 

been suggested that as age increases, children are more likely to gain control over 

exacerbations(Ungar et al., 2011). A 10-year study of hospital admissions that included 

children from birth through 20 years of age with asthma, reported that admission rates were 

highest among children aged 1-4 years(Bloomberg et al., 2003). A study of children aged 

2-17 which identified that younger age was significantly associated with potentially 

preventable ED visits for an asthma crisis, and that as the child ages the odds of these 

potentially preventable visits decreased (Nath & Hsia, 2015).  

 

5.2. Strengths and Limitations 

There were several strengths in this dissertation study. The main strength of this 

study lies in its longitudinal design and the use of AEMRS data which enabled the 

assessment of multiple visits to health center, emergency departments, and inpatient units 

(hospitalizations) for each child. Moreover, this is the first study in Oman to explore IMCI 

asthma management protocols, asthma outcomes based on retrospective chart reviews, 

multilevel factors associated with asthma control, and acute care utilization in children 2-

5 years of age. In addition, many of the results were consistent with previous reports which 

adds credibility to this study. Using multilevel modeling was a marked strength because it 

controlled for other variables and allowed for variability attributable to health centers. 
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Another strength is that since the two hospitals in the setting were the major tertiary 

hospital in Oman for pediatric care, the sample that utilized acute care was from all over 

Oman and thus was likely to be representative of the Oman population.  

Nevertheless, the study had also some limitations. The fundamental problem with 

retrospective design studies is threats to validity. While the intent was to be able to link the 

health center visits to the acute care visits, data that would provide this link was not. In 

addition, large amounts of missing data were found on a number of variables such as 

weight, height, allergies, comorbidities and referrals. Again, the reasons behind missing 

data are not clear. For instance, though no documented referrals were found in the health 

center dataset, although the hospital dataset showed that a number of children were actually 

referred from the health centers. Also, every health center has triage room with an assigned 

nurse whose main responsibility is to conduct anthropometric measurements and record 

the finding in AEMRS for every attender of the health center before they see a physician.  

So, whether these measures were conducted but were not documented, were not done at 

all, or were not extracted properly could not be determined. We hypothesized that there 

would be a “treatment dose” effect (dependent on how much of the asthma management 

protocol was received) on asthma control but this could not be accomplished. Finally, the 

data used was limited to children receiving treatment in MOH-operated health care 

facilities in Muscat, so there could be an underestimation of the treatment received in other 

private health facilities in Muscat or outside of it.  

 

5.3. Implications  

The results of this study, in addition to other similar studies, highlight the need of 

renewed attempts to find effective measures and strategies to achieve asthma control. There 
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are still gaps between the actual care provided and established scientific evidences. Since 

IMCI is considered the foundational framework for healthcare management of children 

five years of age and younger, efforts should be directed toward both healthcare practices 

and research. Based on the results of this study, several recommendations are suggested.  

 

5.3.1. Health Centers Implications 

It is challenging for all health care providers to consistently assess asthma control 

quickly, reliably, and in a way that can be integrated easily into clinical practices (Busse et 

al., 2007). IMCI protocols address children 5 years or younger, but wheezing and cough 

are also common in children 0-2 years of age making it difficult to confirm an asthma 

diagnosis in this age. In addition routine assessment of airflow limitation in 0-5 years is 

not possible. Therefore, assessment and diagnosis is challenging. The current IMCI 

training need to include a probability-based approach for children 5 years or younger which 

is based on the pattern of symptoms between and during viral respiratory infections (Global 

Initiative for Asthma, 2018a). This approach would show the probability of diagnosis or 

response to treatment. Adopting the Childhood Asthma Control Test (C-ACT) in the IMCI 

electronic portal would be helpful in assessing level of asthma control. Parents can assess 

their child monthly. Scores ≤19 indicates that child’s asthma is not well-controlled while 

scores ≤12 indicated very poorly controlled asthma that require reporting to the healthcare 

provider for further management. Another innovative and feasible way to utilize the C-

ACT would be to send it as a short message service to parents (7 questions on a Likert 

scale). Once the score is reviewed by the provider, recommendations could be sent to the 

parents (e.g., booking immediate appointment).  



 

81 

There is a need to establish quality improvement plans that involve assessment of 

current practices of healthcare providers (physicians, nurses, and health educators) and 

their adherence to IMCI protocols. This would help identify sources of variations (e.g., 

health center, child presentation, physicians, nurses, etc.).  Patients’ education is needed to 

manage own fears and encourage self-management. Thus, health care providers should 

focus on strategies that facilitate good communications and reduce influence of impaired 

health literacy. An example would be  applying an Anticipatory Care Model that actively 

engage parents (since children are young) as co-producers of health (Williams, Costa, 

Odunlami, & Mohammed, 2008a). To apply the model, healthcare providers would need 

to spend more time with child and parents, allow the children/parents’ to express their 

treatment goals, emphasize long-term follow-up, and involve the multidisciplinary team 

(including parents) in the comprehensive care provided(Williams, Costa, Odunlami, & 

Mohammed, 2008b).  

Reinforcement of asthma protocol components is needed, addressing each 

components and applying appropriate evidence-based management. For instance, since 

ICS are essential part of the therapeutic interventions, it is important to know benefit-risk 

and dose response because if the effect demonstrated is lower than expected then other 

treatment alternatives need to be applied. Nevertheless, there is a need to determine 

measure to achieve long-term goals in the management of asthma. These measure should 

aim at having minimal chronic symptoms, experiencing insignificant and minimal 

exacerbations, no visits to the emergency care units, minimum requirement of as-needed 

β2 agonist, and minimal asthma medications side effects(Chalise et al., 2014; Global 

Initiative for Asthma, 2018b; Rabe et al., 2004). Physicians could consider step-up or step-
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down approaches if treatment objectives are not achieved. Implement measures for 

strengthening asthma referral procedures within MOH health system. This could be 

included in the asthma management protocols. For example, a child should be provided 

with a routine follow-up appointment at least every 3 months, and during the follow up 

visit a child’s C-ACT score for the previous month can be obtained. The score, in addition 

to symptom evaluation, could facilitate the referral process. Health education can be done 

by the physician, nurse or the health educator through a predetermined action plan during 

IMCI training. Because of anticipated language barriers during health education sessions, 

written care plans in Arabic or English could help better understand different aspects of 

asthma care and facilitate adherence to treatment. However, proper documentation needs 

to be facilitated and reinforced. If the child was not provided with health education an alert 

system can be introduced in the IMCI electronic portal. 

 

5.3.2 Ministry of Health implications 

Since collecting and monitoring data helps to assure quality of care, the AEMRS 

specific IMCI electronic portal need to be improved for a more efficient process of data 

entry (documentation) and data extraction that can server best for monitoring, audit or 

research purposes. In addition, there should be a proper link of patient medical records 

between primary, secondary and tertiary health care facilities across the country as this 

would give a more comprehensive view of patient’s healthcare and outcomes. The MOH 

could utilize a measure to evaluate the healthcare system’s readiness to adopt IMCI and 

then design appropriate measure to include in the asthma management algorithm 

accordingly. To improve pediatric asthma outcomes, one of the initial steps the MOH could 

take is to assess health centers’ readiness to adopt IMCI asthma management protocol. This 
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can be done through a quality improvement projects utilizing either the KTA framework. 

This would provide a baseline understanding of the organizational strengths and 

weaknesses in multiple levels: child/parent, clinical practice, healthcare workers and 

healthcare system that may hinder or support the implementation process.  On a 

governmental level, the MOH can to help establish long-term management strategies for 

asthma by ensuring that health centers have access to quality-assured and age-appropriate 

asthma medication. It is important as well to strengthening community system, raising 

public awareness and provision of health education at publicly accessed settings (shopping 

malls, stores, etc.). 

 

5.3.3. Research Implications  

The results of this study suggest several research implications. There is a need to 

establish ongoing measures and processes that identify incidence and prevalence of 

childhood asthma in Oman. Examining age- and sex-adjusted asthma admission trends 

using epidemiology disease monitoring processes. The population can be defined 

geographically by city, states, governorates, and the entire country. The average at each 

geographical level can be obtained and then compared.   

A comprehensive framework is needed to study the gap between IMCI guidelines 

and IMCI asthma management practice. It is important to assess barriers and facilitators to 

implementation. Diffusion of Innovation Theory (DOI) could examine adoption of an 

intervention within the social system. It consists of five elements: 1) receivers are members 

of a social system, (2) channels are the means by which the innovation spreads, (3) message 

is a new idea, (4) source is the origin of the innovation, and (5) effects are changes in 

knowledge, attitude, and overt behavior (adoption or rejection) (Rogers, 2003). Studies 
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should identify which elements of DOI theory is more likely to influence primary care 

providers’ adoption and diffusion of IMCI asthma management protocols.  

In addition, there was lack of exploration of nurses’ role in asthma management 

and such explorations can significantly contribute to the implementation of IMCI asthma 

management protocols. One approach to better delineate this role could be a qualitative 

phenomenological study because it is central to the interpretive paradigm; aims at gaining 

a deeper understanding of the nature or meaning of primary health care nurses’ everyday 

experiences with IMCI in Oman.  

While this study was restricted in terms of factors influencing asthma outcomes, a 

prospective-longitudinal study is needed to examine the multilevel factors (patient, family, 

environment, geographic locations, practice, and healthcare workers, healthcare system) 

associated with childhood asthma control. This can be done while accounting for the 

correlation of observations within health institutions levels (e.g., health centers, hospitals). 

 

5.4. Conclusion 

The IMCI asthma management protocol is a promising approach that can contribute 

effectively in asthma control. Age, IMCI physician’s training, health center volume, and 

medication therapy were significantly associated with asthma control. Several gaps in the 

implementation of IMCI asthma management protocol were identified. To manage 

childhood asthma effectively, a multilevel approach that addresses different aspects of 

asthma care is needed. Developing specific interventions to improve care for asthmatic 

children would help reducing preventable exacerbations and the resulting hospitalizations. 
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