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ABSTRACT 

Background: Sickle Cell Disease (SCD) is the most prevalent genetic condition in the world 

caused by a mutation in the beta-globin gene. The lungs are among the progressively damaged 

organs by this condition. The majority of research conducted in Africa is restricted to younger 

individuals with SCD, and yet there is a downward trajectory in lung function with age. Due 

to advancements in care, many young people with SCD are living into adulthood, and therefore, 

it's critical to comprehend the anomalies in lung function that these individuals experience. 

Aim: This study aimed to determine the prevalence, patterns, and factors associated with 

abnormal lung function among adolescents and adults aged 12 years and above with SCD in 

Eastern Uganda. 

Methods: This was a hospital-based cross-sectional study conducted among 228 individuals 

with SCD aged ≥12 years attending the Sickle Cell Clinic (SCC) at Mbale Regional Referral 

Hospital (MRRH). The inclusion criteria were individuals with SCD aged 12 years and above 

who provided informed consent or assent, as appropriate. Exclusion criteria included those who 

were critically ill, had musculoskeletal disorders capable of influencing lung function, verified 

cases of pneumonia, pulmonary tuberculosis, or any other respiratory illness being treated or 

diagnosed at the time of enrollment. Lung function was assessed using spirometry. 

Sociodemographic and clinical data were collected using a pretested questionnaire. Data were 

analysed using R version 4.5.2. Descriptive statistics summarised participant characteristics 

and spirometric patterns. Prevalence was estimated with 95% confidence intervals, and logistic 

regression was used to identify factors associated with abnormal lung function. ORs, aORs, 

95% confidence intervals, and p-values were reported; p < 0.05 was considered statistically 

significant. 

Results 

Of 228 enrolled participants, 218 with valid spirometry were analysed. The median age was 17 

years (IQR 14–22), 53.2% were male, 70.6% had a history of recurrent acute chest syndrome, 

and 92.7% were receiving hydroxyurea therapy. The prevalence of abnormal lung function was 

47.2% (103/218; 95% CI: 40.7–53.9%). Restrictive lung pattern was the most common 

abnormality (48.5%), followed by obstructive pattern with reversibility (26.2%). 

In multivariable analysis, Haemoglobin levels showed the strongest association, with moderate 

anaemia (aOR 6.04, 95% CI 2.26 to 16.15, p < 0.001) and severe anaemia (aOR 13.99, 95% 

CI 4.98 to 39.28, p < 0.001) having higher odds than mild or normal haemoglobin. Each 

additional year of age was associated with 9% higher odds of abnormal lung function (aOR 

1.09, 95% CI 1.02 to 1.17, p = 0.009; likelihood ratio test for age p = 0.007) and non-use of 

hydroxyurea (aOR: 3.54; 95% CI: 1.01–12.49; p = 0.049) were independently associated with 

abnormal lung function.  

Conclusion 

Adolescents and adults with SCD frequently have impaired lung function, with a restrictive 

spirometric pattern being the most common. Significant predictors included growing older, 

anaemia, and non-use of hydroxyurea. Pulmonary outcomes may be improved by routine lung 

function evaluation, proper management of anaemia, and optimisation of disease-modifying 

treatment. 
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OPERATIONAL DEFINITIONS 

Abnormal lung function: Derangements in pulmonary function tests, which can be restrictive, 

obstructive with or without irreversibility, and mixed patterns by spirometry 

Acute Chest Syndrome: A complication of sickle cell disease that is marked by a recent 

pulmonary infiltrate seen on imaging. Clinically, it can be identified through symptoms such 

as cough, rapid breathing, fever, chest discomfort, low oxygen levels, and wheezing. 

Adolescent: Defined as a person in the second decade of life, aged 10 to 19 years. 

Adult: A person aged 20 years or older. 

FEV1: The volume of air a person forcefully exhales during the first second of a forced 

expiratory manoeuvre after the deepest inhalation 

FVC: The total volume of air that can be forcibly exhaled after maximal inspiration. 

Irreversible obstruction: post-bronchodilator FEV1/FVC% ratio <70%. Less than a 12% 

increase following bronchodilator administration. 

Mixed pattern: Defined as FEV₁ <80% of the predicted value, FVC <80% of the predicted 

value, and FEV₁/FVC <70%. 

Obstructive Lung Disease: Forced Expiratory Volume in 1 second (FEV1) / Forced Vital 

Capacity (FVC)<0.70(70%) 

Recurrent episodes of Acute Chest Syndrome: 3 or more episodes within the preceding 12 

months, confirmed by medical records or by the patient. 

Restrictive lung disease: Forced Vital Capacity (FVC)<80% predicted. FEV1/FVC ≥ 0.70 

Reversible obstruction: post-bronchodilator increases in FEV1 of 12% or more 

Sickle Cell Anaemia: Sickle cell anaemia refers to the homozygous form of sickle cell disease 
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(HbSS), where a person inherits two sickle cell genes (one from each parent). It is the most 

severe type of sickle cell disease. 

Sickle cell crisis: An acute episode or exacerbation of sickle cell disease characterised by the 

development of one or more disease-related complications that may result from vaso-occlusion, 

increased haemolysis, acute anaemia, or sequestration of sickled red blood cells. Sickle cell 

crises include vaso-occlusive (painful) crisis, aplastic crisis, splenic or hepatic sequestration 

crisis, hyperhaemolytic crisis, and other acute complications such as acute chest syndrome. 

Sickle cell disease (SCD): A collection of genetic blood conditions, confirmed by Hb 

electrophoresis, marked by the presence of an unusual type of haemoglobin known as 

haemoglobin S in red blood cells. It comprises different genotypes, which include: HbSS, 

HbSC, and HbS/β-thalassemia. 

Sickle cell trait: Sickle cell trait (SCT) was defined as a hereditary condition where an 

individual receives one normal haemoglobin gene (HbA) and one abnormal sickle haemoglobin 

gene (HbS). 

Steady-state: This was defined as a state in which the patient was clinically stable without 

acute complications of sickle cell disease, such as Vaso-occlusive crisis or infections, for at 

least 2 to 4 weeks before recruitment and had not received recent blood transfusions within the 

last 3 months. 
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CHAPTER ONE:  

1.0 INTRODUCTION 

1.1 Background 

Sickle cell disease (SCD) is a group of inherited haemoglobin disorders caused by the presence 

of haemoglobin S (HbS). HbS results from a single-nucleotide substitution in the β-globin gene 

that replaces glutamic acid with valine at the sixth position of the β-globin chain (Kato et al., 

2018; Sundd et al., 2019). The disease occurs when the HbS mutation is inherited in the 

homozygous state (HbSS) or in combination with another abnormal β-globin gene, such as 

haemoglobin C or β-thalassaemia (Chatzidavid et al., 2024; Kato et al., 2018). In contrast, 

individuals with the Sickle Cell Trait (SCT) inherit one normal haemoglobin A gene and one 

HbS gene and are generally asymptomatic, with limited clinical manifestations (Brown et al., 

2023). 

Recent global estimates indicate that the number of individuals living with SCD increased from 

approximately 5.5 million in 2000 to 7.7 million in 2021, representing a substantial increase in 

the global disease burden (Thomson et al., 2023). Over 100,000 people in the United States 

suffer from this common genetic disorder, and of these, about 90% are Black and 10% are 

Hispanic (Paula Tanabe et al., 2019). It is associated with reduced life expectancy and quality 

of life, with vaso-occlusion, hemolytic anaemia, and vasculopathy as the main mechanisms of 

disease. In Africa, the mortality rate for children <5 years of age ranges from 50% to 80% 

(Mulumba & Wilson, 2015). 

The greatest burden of SCD occurs in sub-Saharan Africa. The high prevalence of the sickle 

cell gene in malaria-endemic regions is partly attributed to the survival advantage associated 

with SCT against severe malaria (Hsu et al., 2018; Wastnedge et al., 2018). 

Uganda is among the countries with a substantial burden of SCD. National newborn screening 
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data have shown marked geographical variation in the prevalence of Sickle Cell Trait (SCT) 

and disease. The prevalence of SCT among newborns in Uganda has been estimated at 

approximately 13%, while the prevalence of SCD is approximately 0.7–0.8% nationally 

(Ndeezi et al., 2016; Schaefer et al., 2016). Regional analyses of Uganda’s national newborn 

screening programme have demonstrated that several districts in Eastern Uganda have a high 

prevalence of SCT, with some areas reporting prevalences above 20% (Hernandez et al., 2021). 

More recently, data from the Ugandan Sickle Pan-African Research Consortium registry 

showed that Mbale Regional Referral Hospital contributed 16.9% of the 5,655 patients 

enrolled across four major sickle cell treatment sites between June 2022 and October 

2023(Nsubuga et al., 2024). These findings support the classification of Eastern Uganda as a 

high-burden setting and provide an epidemiological basis for investigating SCD-related 

complications in this region. 

Although advances in early diagnosis, introduction of hydroxyurea therapy, and 

comprehensive care have improved survival, SCD remains associated with considerable 

morbidity and premature mortality, particularly in low-resource settings where access to 

newborn screening, preventive interventions, and specialised care is limited (Hsu et al., 2018; 

Mcgann et al., 2017). 

SCD results in impairments across multiple systems, with lung complications being a 

significant factor in morbidity and mortality. The lungs are commonly affected by both acute 

and chronic complications of SCD. Pulmonary complications include acute chest syndrome, 

pulmonary hypertension, venous thromboembolism, asthma and recurrent wheezing, sleep-

disordered breathing, and abnormalities in pulmonary function (Mehari & Klings, 2016; 

Pervaiz et al., 2021). These lung abnormalities are responsible for 20% to 30% of SCD 

mortality (David et al., 2018). Due to their high vascularisation, the lungs are more vulnerable 

to damage from hypoxia and ischemia, and they are more likely to develop pneumonias and 
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other lung conditions (Pervaiz et al., 2021). 

Studies have reported varying prevalences of abnormal lung function among individuals with 

SCD. In Brazil, Vieira et al. reported abnormal lung function among 23.4% of children with 

SCD aged 8–15 years (Vieira et al., 2016). Another cross-sectional study in Africa, involving 

56 adult patients at a tertiary hospital in Lagos, Nigeria, found that 18.9% of adult individuals 

with sickle cell anaemia had chronic lung disease, and this number rises with age (Fawibe et 

al., 2010). In Uganda, Aol et al. (2024) reported abnormal lung function in 37.9% of children 

and adolescents aged 6–18 years attending a tertiary SCD clinic (Aol et al., 2024). 

Despite the substantial burden of SCD in Eastern Uganda, there is limited information on the 

prevalence, spirometric patterns, and factors associated with abnormal lung function among 

adolescents and adults with SCD in the region. The available Ugandan study focused on 

younger populations and was conducted in an urban tertiary-care setting (Aol et al., 2024). This 

lack of evidence hindered clinicians' and health planners' ability to recognise patients at greater 

risk, provide suitable pulmonary monitoring, and create tailored strategies for preventing and 

managing pulmonary complications. 
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1.2 Problem Statement 

More people with Sickle Cell Disease (SCD) are living longer due to factors like improved 

access to healthcare, the introduction of hydroxyurea for all individuals with SCD and 

increased awareness among the general population. SCD has evolved from a deadly pediatric 

condition to a chronic adult illness marked by progressive multiorgan failure (Thein et al., 

2017). However, little is known about the lung function abnormalities among older individuals 

with SCD. Additionally, lung function declines with age in the general population, so 

understanding the lung function of older individuals with SCD is crucial. 

Pulmonary complications, including acute chest syndrome, pulmonary vascular disease, and 

abnormalities in lung function, contribute substantially to morbidity and may contribute to 

premature mortality among individuals with SCD (Brandow & Liem, 2022; McGann et al., 

2017; Pervaiz et al., 2021). 

Evidence from Uganda demonstrates that abnormal lung function is common among children 

and adolescents with SCD. A cross-sectional study involving 332 participants aged 6–18 years 

at Mulago National Referral Hospital reported abnormal lung function in 37.9% of participants 

(Aol et al., 2024). However, this study was conducted in a tertiary urban setting and mainly 

involved younger individuals with SCD. Its findings may not be directly generalisable to older 

adolescents and adults receiving care in Eastern Uganda because lung function may change 

with increasing age and because differences in disease severity, healthcare access, 

environmental exposures, and clinical management may influence pulmonary outcomes. 

In Eastern Uganda, there is limited data on the prevalence, spirometric patterns, and factors 

associated with abnormal lung function among adolescents and adults with SCD despite the 

substantial burden of SCD in the region. In particular, no published study was identified that 

had evaluated lung function among adolescents and adults aged 12 years and above attending 
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the Sickle Cell Clinic (SCC) at Mbale Regional Referral Hospital (MRRH). Consequently, the 

magnitude and patterns of abnormal lung function and the factors associated with these 

abnormalities in this population were unknown. Therefore, this study aimed to determine the 

prevalence and patterns of abnormal lung function, and identify factors associated with it, 

among adolescents and adults aged 12 years and above attending the SCC at MRRH. 

1.3 Study Objectives 

1.3.1 General Objectives 

To determine the prevalence, patterns, and factors associated with abnormal lung function 

among adolescents and adults aged 12 years and above with sickle cell disease (SCD) attending 

the Sickle Cell Clinic (SCC) at Mbale Regional Referral Hospital (MRRH). 

1.3.2 Specific Objectives 

i. To determine the prevalence and patterns of abnormal lung function among adolescents 

and adults aged 12 years and above with SCD attending the SCC at MRRH. 

ii. To describe the factors associated with abnormal lung function among adolescents and 

adults aged 12 years and above with SCD attending the SCC at MRRH. 

1.4 Research Questions 

i. What is the prevalence, and what are the patterns of abnormal lung function among 

adolescents and adults aged 12 years and above with sickle cell disease(SCD) attending 

the Sickle Cell Clinic (SCC) at Mbale Regional Referral Hospital (MRRH)? 

ii. Which factors are associated with abnormal lung function among adolescents and adults 

aged 12 years and above with SCD attending the SCC at MRRH? 

1.5 Justification 

Sickle Cell Disease (SCD) is associated with progressive multi-organ damage, and pulmonary 
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complications contribute substantially to morbidity, reduced quality of life, and premature 

mortality. Eastern Uganda is an important setting for this study because national newborn 

screening data have demonstrated a high prevalence of sickle cell trait (SCT) in several 

districts within the region, with some areas reporting prevalences above 20%. However, 

there is limited evidence on the burden and patterns of abnormal lung function among 

adolescents and adults with SCD receiving care in Eastern Uganda. 

Most available studies have focused on children and younger adolescents and have largely been 

conducted in urban tertiary-care settings. Consequently, the prevalence, patterns, and factors 

associated with abnormal lung function among older adolescents and adults attending the 

Mbale Regional Referral Hospital Sickle Cell Clinic were not well understood. Since 

pulmonary impairment may progress with age and cumulative disease-related organ injury, 

local evidence is needed to characterise lung function in this population. 

Identifying abnormal lung function may have important implications for patient management. 

Spirometry can detect pulmonary impairment, including restrictive, obstructive, and mixed 

ventilatory patterns, even when respiratory symptoms are mild or absent. Identification of these 

abnormalities may enable clinicians to undertake further clinical evaluation, investigate 

potentially reversible or treatable causes, provide appropriate treatment or referral, and 

prioritise patients who require closer respiratory monitoring. The identification of factors 

associated with abnormal lung function may also support risk stratification and help clinicians 

target preventive and disease-modifying interventions, including optimisation of hydroxyurea 

therapy and management of modifiable risk factors. 

The findings of this study will provide local evidence to support the integration of targeted lung 

function assessment into comprehensive SCD care, particularly among patients at increased 

risk of pulmonary impairment. Earlier identification and appropriate management of 

respiratory abnormalities may help reduce respiratory symptoms and complications, preserve 
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functional capacity, improve quality of life, and potentially reduce SCD-related morbidity. 

The findings may also guide future clinical protocols, resource allocation, and research on long-

term pulmonary outcomes among individuals with SCD in Uganda. 
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1.6 Conceptual Framework 

Figure 1: Conceptual Framework 

 

The independent and dependent variables are described in this conceptual framework. In this 

study, three domains were thought to have an impact on lung function. These were: 

Clinical and Laboratory Characteristics 

Recurrent episodes of Acute Chest Syndrome (ACS) 

Recurrent episodes of acute chest syndrome are associated with small airway damage, 

development of pulmonary fibrosis predominantly in the lung bases, impaired ventilation- 

perfusion matching, and sustained inflammatory responses mediated by cytokines such as IP-

10, IL-5, IL-13, and TNF-α. The cumulative effect of all this is chronic lung disease. 
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Body Mass Index (BMI) 

Both high and low BMIs can affect lung function in various ways. A high BMI, particularly 

due to excess fat deposition around the chest and abdomen, can negatively impact respiration 

in several ways. Excess fat can limit chest wall expansion, leading to decreased lung volumes; 

abdominal fat pushes up the diaphragm, limiting its downward movement, which lowers forced 

vital capacity (FVC) and forced expiratory volume in 1 second (FEV₁). Obese people are more 

prone to obstructive sleep apnoea and asthma-like symptoms. 

Being underweight reduces respiratory muscle strength, including the intercostal muscles and 

diaphragm, which impairs normal ventilation. Being underweight is also associated with an 

impaired immune system, which can lead to recurrent respiratory infections that can affect 

overall lung function over time. Low BMI is often associated with chronic conditions like 

sickle cell disease, and often correlates with poorer lung function. 

Hydroxyurea Use 

Hydroxyurea treatment in individuals with sickle cell disease (SCD) has been associated with 

improved lung function, mainly by decreasing pulmonary complications such as acute chest 

syndrome (ACS), which plays a key role in long-term respiratory impairment. By preventing 

recurrent lung injury and fibrosis, hydroxyurea helps slow the progressive decline in lung 

function. Additionally, it has been shown to lower tricuspid regurgitant velocity—a marker of 

pulmonary hypertension—indicating enhanced pulmonary vascular function, improved 

oxygenation, and reduced shortness of breath during physical activity. Hydroxyurea also 

lowers white blood cell counts and curbs chronic inflammation, thereby reducing lung damage 

caused by sickled red blood cells and inflammatory processes. 
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Hemoglobin Levels 

In SCD, haemoglobin levels have a direct and significant impact on lung function. Lower 

haemoglobin levels contribute to impaired oxygen delivery, inflammation, and damage to the 

pulmonary system. 

Oxygen Saturation (SpO₂) 

The sufficiency of pulmonary gas exchange is reflected in oxygen saturation. Reduced SpO₂ 

has been linked to higher disease severity in SCD and may be a sign of underlying pulmonary 

dysfunction. Poor lung function impairs Oxygen uptake in the alveoli and distribution through 

the pulmonary vasculature, resulting in reduced SpO₂. 

Demographic Characteristics  

Age 

Growing older may be linked to cumulative lung damage and a gradual deterioration of lung 

function. This is compounded by the natural deterioration of lung function that comes with 

ageing. 

Sex 

Sex influences lung function in several ways, including anatomical, hormonal, and 

physiological variations. For example, males have larger lungs than females, even when 

matched for age and sex, hence higher lung volumes than females. Estrogen and progesterone 

affect airway reactivity, especially during pregnancy and growth spurts. These differences may 

influence the prevalence and pattern of lung function abnormalities. 

Smoking History 

Smoking contributes to airway inflammation and airflow limitation, directly affecting the 

alveoli and airways and causing airway narrowing, which impairs gas exchange and increases 
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the risk of obstructive airway diseases. 

Alcohol Use 

Chronic alcohol use can lead to a weakened immune system, hence increased susceptibility to 

infections like Klebsiella-associated pneumonia. Alcohol intake is also associated with poor 

nutrition, hence affecting lung function in the long run. 

Education status 

Education status may influence health-seeking behaviour, health literacy, and exposure to 

environmental risk factors, which can indirectly affect respiratory health outcomes. 

1.7 Scope of the Study 

1.7.1 Content Scope 

Only adults and adolescents with SCD who were 12 years of age or older and enrolled in the 

Mbale regional referral sickle cell clinic were included in the study. In-depth counselling and 

assessment, appropriate history taking and examination, and the option to withdraw from the 

study at any point were all provided to the participants. Individuals found to have abnormal 

lung function were referred for additional testing and treatment. 

1.7.2 Time Scope 

Between October 2025 and March 2026, the study was carried out over a period of six months. 
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CHAPTER TWO:  

2.0 LITERATURE REVIEW 

2.1 Introduction 

This chapter reviews the existing literature on Sickle Cell Disease (SCD) and lung function 

abnormalities, with emphasis on the prevalence, patterns, and factors associated with abnormal 

lung function among adolescents and adults with SCD. The chapter discusses the definition 

and classification of SCD, pulmonary complications and their pathophysiology, the burden of 

lung function abnormalities among individuals with SCD, patterns of abnormal lung function, 

and factors associated with impaired lung function. 

The literature reviewed was obtained from a range of electronic databases, including PubMed, 

Google Scholar, and ResearchGate, as well as reports from the World Health Organisation 

(WHO) and the Uganda Ministry of Health, along with other relevant scientific sources. The 

focus was on peer-reviewed articles, systematic reviews, and research relevant to Africa and 

similar contexts concerning the study population. This body of literature establishes the 

scientific basis for the study and highlights the existing knowledge gaps regarding lung 

function challenges in adolescents and adults with SCD in Eastern Uganda. 

2.2 Definition of sickle cell Disease and subtypes 

Sickle Cell Disease (SCD) refers to a group of inherited haemoglobin disorders characterised 

by the presence of haemoglobin S (HbS) (Kato et al., 2018). It comprises several genotypes 

that vary in clinical severity and manifestations. When a person inherits one normal 

hemoglobin A gene and one hemoglobin S gene, they develop the sickle cell trait (HbAS). 

Individuals with the sickle cell trait are generally asymptomatic and do not have sickle cell 

disease (Brown et al., 2023). This genetic alteration causes reduced or nonexistent production 

of normal beta-globin and can be inherited homozygously or in conjunction with a thalassemic 
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mutation on the other beta-globin allele (Chatzidavid et al., 2024). 

Sickle cell anaemia (HbSS), which is caused by the inheritance of two hemoglobin S genes, is 

the most prevalent and severe type of SCD. Other clinically important forms of SCD arise from 

coinheritance of haemoglobin S with other abnormal β-globin variants, including haemoglobin 

C (HbSC), haemoglobin D (HbSD), haemoglobin E (HbSE), haemoglobin O- Arab (HbSO-

Arab), and β-thalassemia mutations (HbS/β⁰-thalassemia and HbS/β⁺-thalassemia) (Sachdev et 

al., 2021). Disease severity varies according to genotype. Individuals with HbSS and HbS/β⁰-

thalassemia generally experience the most severe clinical manifestations, while those with 

HbSC disease and HbS/β⁺-thalassemia often have a milder clinical course. However, 

substantial variability in disease severity exists even among individuals with the same genotype 

(Onimoe & Rotz, 2020). 

2.3 Burden of sickle cell disease 

SCD is a major global public health concern, with the greatest burden occurring in sub-Saharan 

Africa. In 2021, an estimated 7.74 million people were living with SCD worldwide, and 

approximately 515,000 babies were born with the condition. Nearly 80% of people living with 

SCD reside in sub-Saharan Africa (World Health Organisation, 2025; Thomson et al., 2023). 

The number of people living with SCD globally increased from an estimated 5.46 million in 

2000 to 7.74 million in 2021. This represents a 41.4% increase in the number of people living 

with SCD, and this increase has been attributed mainly to population growth and improved 

survival among individuals with SCD (Thomson et al., 2023). 

SCD contributes substantially to morbidity and premature mortality, particularly in low- and 

middle-income countries where access to newborn screening, preventive interventions, 

comprehensive care, and disease-modifying treatment may be limited (Mcgann et al., 2017; 

World Health Organisation, 2025). In 2021, SCD was associated with an estimated 34,400 
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cause-specific deaths globally. However, when deaths related to conditions associated with 

SCD were considered, the estimated total mortality burden was approximately 376,000 deaths 

(Thomson et al., 2023). 

In West African countries like Ghana and Nigeria, the trait affects about 15% to 30% of the 

general population, while on the other hand, the prevalence of SCD is much higher in East 

African nations, especially Uganda, at over 45%, with substantial regional variations (Afolayan 

& Jolayemi, 2011). 

Sub-Saharan Africa accounts for more than 75% of the global burden of SCA, with alarmingly 

high rates of early death due to lack of healthcare resources coupled with inadequate 

knowledge and sensitisation in both the public and medical domains(McGann et al., 

2017).13.3% of children in Uganda have the sickle cell trait, and 0.7% have SCD (Ndeezi et 

al., 2016). Several districts in Eastern Uganda have reported sickle cell trait prevalences 

exceeding 20%, indicating a high frequency of the sickle cell gene in parts of the region 

(Hernandez et al., 2021). 

Eastern Uganda is a high-burden region for SCD. Earlier surveys had reported sickle cell trait 

prevalences ranging from approximately 20% to 28% in the Mbale and Sironko area, indicating 

a high frequency of the sickle cell gene in this region (Okwi et al., 2010). More recently, data 

from the Ugandan Sickle Pan-African Research Consortium registry showed that Mbale 

Regional Referral Hospital contributed 16.9% of the 5,655 patients enrolled across four major 

sickle cell treatment sites between June 2022 and October 2023 (Nsubuga et al., 2024). These 

findings demonstrate a substantial local burden of SCD and highlight the importance of 

strengthening evidence on disease-related complications among patients receiving care at 

MRRH. 
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2.4 Complications of sickle cell disease 

SCD affects multiple organs, such as the heart, brain, and kidneys. Older patients experience 

complications like leg ulcers as well as chronic issues related to the kidneys, heart, and lungs. 

(Mcgann et al., 2017). The SCD genotype is one of the factors that influences the severity of 

clinical complications (Gardner et al., 2016). Compared to people with Hb SC or HbS with 

mild β thalassemia, patients with homozygous sickle cell anaemia (HbSS) and HbS paired with 

severe β thalassemia had more severe anaemia and a more complicated clinical course 

(Elmariah et al., 2014). 

Pulmonary complications are important contributors to morbidity among individuals with 

SCD. These complications include acute chest syndrome, pulmonary hypertension, venous 

thromboembolism, asthma and recurrent wheezing, sleep-disordered breathing, and 

abnormalities in pulmonary function (Brandow & Liem, 2022; Pervaiz et al., 2021). 

Sudden clinical events resulting from tissue ischemia and infarction are the primary 

consequences of SCD, with pain being the most common symptom. Over time, recurrent 

episodes of ischemia-reperfusion injury and hemolysis's aftereffects result in a chronic 

inflammatory state and aberrant blood vessels, which exacerbate the organs' continuous 

damage (Sachdev et al., 2021). 

Increased morbidity and death are linked to cardiopulmonary disease in individuals with SCD 

(Brandow & Liem, 2022). 

2.5 Prevalence of Lung functional abnormalities in individuals with sickle cell disease 

A hospital-based cross-sectional study in a Nigerian tertiary hospital found the prevalence of 

abnormal lung function at 40.7% among children with Sickle cell Disease (Odeyemi et al., 

2022). A cross-sectional study in Ugandan children with SCD at Mulago National Referral 

Hospital found the prevalence of abnormal lung function at 37.9% (Aol et al., 2024). A cross-
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sectional research study of 56 adult individuals with SCD at a major hospital in Lagos, Nigeria, 

found that 18.9% of these adults had chronic lung disease, which was more common with 

increasing age (Fawibe et al., 2010). In a prospective cross-sectional study conducted in South 

Africa with 25 sickle cell individuals between the ages of 6 and 16, Owusu et al. found that 

pulmonary function impairments were at 47% (Owusu et al., 2024). 

2.6 Patterns of Lung functional abnormalities in individuals with sickle cell disease 

Abnormal lung function in individuals with Sickle Cell Disease (SCD) may present as 

restrictive, obstructive, or mixed ventilatory patterns (Brandow & Liem, 2022). The 

distribution of these patterns varies across studies and may be influenced by age, disease 

severity, respiratory comorbidities, and the methods used to interpret pulmonary function tests 

(Desai et al., 2022). 

Several studies carried out in Malawi, Nigeria, and the Central African Republic have shown 

that restrictive impairment is the main lung function abnormality found by spirometry in Africa, 

especially in lower-income nations (Ahmed et al., 2024; Cook et al., 2013) .In a hospital-based 

cross-sectional study, Odeyemi et al. looked at individuals with SCD at a tertiary hospital in 

Ogbomoso, Nigeria, who were six years of age or older. According to the results, 40.7% of the 

individuals had aberrant lung function, with the restrictive pattern being the most common 

problem (Odeyemi et al., 2022). Similarly, the Ugandan study by Aol et al. (2024) found that 

restrictive abnormalities accounted for more than half of the abnormal spirometry findings 

among children and adolescents with SCD (Aol et al., 2024). 

It has, however, been noted that children with SCD who may experience asthma-like 

symptoms and airway hyperreactivity are more likely to have obstructive abnormalities. 

According to pulmonary function testing (PFT), 16% of children and 8% of adults with SCD 

have obstructive lung disease, while up to 28% of adults and only 7% of children have 
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restrictive lung disease (Cohen et al., 2015). 

The majority of children and adolescents with SCD who have either normal or obstructive 

patterns on spirometry come from high-income nations (Koumbourlis, 2014). The adult 

population with SCD studied had a low incidence of obstructive abnormalities (Dosunmu et 

al., 2013). 

2.7 Factors associated with abnormal pulmonary function 

2.7.1 Recurrent episodes of Acute Chest Syndrome 

There are few prior studies on the relationship between prior Acute Chest Syndrome (ACS) 

episodes and abnormal lung function; however, in a Nigerian/UK study with 250 participants, 

a history of ACS was linked to lower FEV₁ (-0.41 z) and FVC (-0.35 z) even after adjustment, 

as well as increased ventilation heterogeneity on multiple-breath washout (Ahmed et al., 2024). 

According to large cross-sectional research, blockage is more common in children (~15–20%), 

while restriction is more common in adults (27–74%) (Desai et al., 2022). 

Additionally, a cross-sectional study in Brazil found a connection between restrictive 

spirometric anomalies and a history of ACS (Maioli et al., 2016). 

Another study found an association between restrictive damage and a higher frequency of ACS, 

which can be explained, at least in part, by chronic hemolysis and repeated episodes of 

intermittent vascular occlusion, which lead to tissue damage (Lunt et al., 2014). 

In a retrospective study conducted at Kitgum General Hospital among children with sickle cell 

anaemia, an ACS prevalence of 27.8% was reported. Age was significantly associated with the 

occurrence of ACS (Omara et al., 2025). 

Due to difficulty in obtaining a clear history and diagnostic challenges, ACS can be difficult to 

diagnose in sub-Saharan Africa, where SCD is very common. However, a cross-sectional study 

in Ghana found that patients experiencing three or more crises in the past year, primarily of the 
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vaso-occlusive type, had lower per cent predicted values for forced vital capacity (FVC) 

compared to those who had two or fewer crises annually (65.9% predicted versus 75.0% 

predicted, respectively; p=0.180) (Dei-Adomakoh et al., 2019). 

2.7.2 Hydroxyurea use in sickle cell disease 

Adult recipients of allogeneic hematopoietic stem cell transplants at three French tertiary care 

facilities participated in a retrospective, observational, multicenter matched case-control study, 

and it was found that children treated with hydroxyurea had significantly greater FEV₁ and 

FVC values, as well as lower rates of lung function (Alcazer et al., 2019). It has been 

demonstrated that hydroxyurea greatly lowers the chance of having ACS by about 50% (Desai 

et al., 2022). 

Evidence from a comprehensive review and meta-analysis indicates that hydroxyurea use is 

associated with decreased tricuspid regurgitant velocities, a noninvasive indicator of improved 

pulmonary hemodynamics (Khargekar et al., 2024). 

In an open-label global study involving 606 children aged 1 to 10 years across four clinical 

settings in Sub-Saharan Africa, hydroxyurea use was associated with a lower incidence of vaso-

occlusive events, infections, malaria, transfusion requirements, and mortality. This highlights 

how important it is to increase access to this treatment in low-income communities (Tshilolo 

et al., 2019). 

There was no discernible difference in the presence or absence of asthma, wheezing, or 

abnormal pulmonary function among patients receiving various treatments, including 

hydroxyurea, in a single-centre, cross-sectional study involving 70 SCD patients and controls 

between the ages of 6 and 18 (Angel et al., 2020). 

In a cross-sectional analytical study conducted, 76 clinically stable adult patients with Hb-SS 

who had never received hydroxyurea were compared with 76 matched controls without sickle 
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cell disease. The levels of Hb, urea, and free plasma haemoglobin were notably linked to a 

reduced FEV1% predicted, less than 80% (Dei-Adomakoh et al., 2019).  

2.7.3 Body Mass Index 

In a cross-sectional study conducted in Lagos, Nigeria, 233 children with sickle cell anaemia 

(SCA) (mean age 9 ± 4 years; 60.9% boys) were found to be shorter, lighter, and more likely 

to be undernourished than their HB AA counterparts (Esezobor et al., 2016). 113 SCD patients 

and matched controls participated in another cross-sectional study at a Nigerian tertiary 

hospital. The results showed that individuals with SCD had considerably worse body mass 

index (BMI) than their non-SCD counterparts. Furthermore, abnormal lung function was 

prevalent among these individuals with SCD, occurring in 40.7% of cases, with the restrictive 

pattern being the most frequently observed, affecting 28.3% of the participants in the study 

(Odeyemi et al., 2022). 

2.7.4 Abnormal Hb concentration 

Hb concentration was positively correlated with FEV1 and FVC, while White Cell Count and 

age were negatively correlated with FVC and FEV1, according to a case-control study 

conducted at Lagos University Teaching Hospital in Nigeria with 245 SCD patients and 216 

age- and gender-matched non-SCD controls (Ozoh & Olufunto, 2019). Low haemoglobin 

levels contribute to lower FEV₁, which is a major predictor of death (Liem et al., 2019). Lower 

haemoglobin was linked to reduced lung function (lower FEV₂, FVC), as well as a higher 

likelihood of restrictive patterns and pulmonary hypertension, according to a systematic review 

(Taksande et al., 2021). 

2.8 Pathophysiology of abnormal lung function 

As explained in this section, the many variant genotypes of SCD (double heterozygous states 

or SCA with modifying genes) have a similar pathophysiology. 
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Over the past 70 years, researchers have identified three primary biological mechanisms that 

contribute to disease progression: hemolysis-related endothelial dysfunction, vaso-occlusion, 

and HbS polymerisation. A fourth process that has been discovered more recently is sterile 

inflammation (Sundd et al., 2019). 

The main pathogenic mechanism causing ischemia, inflammation, vascular proliferation, 

endothelial dysfunction, and oxidative stress in people with SCD is the frequent occurrence of 

vaso-occlusive episodes (Olutogun et al., 2018). 

The primary causes of pulmonary complications in SCD include chronic hemolysis, endothelial 

dysfunction, inflammation, and recurrent vaso-occlusion. Haemoglobin S polymerisation in 

deoxygenated conditions causes red blood cells to become hard and sickled, blocking the 

pulmonary microvasculature and resulting in recurrent episodes of ischemia-reperfusion injury 

(Kato et al., 2018). 

Inflammation, endothelial activation, and tissue damage are all caused by recurrent vaso-

occlusive episodes in the lungs. These processes may cause pulmonary vascular remodeling, 

poor gas exchange, and a gradual decline in lung function over time (Sundd et al., 2019). 

Recurrent pulmonary injury may contribute to impaired gas exchange and progressive 

abnormalities in lung function (Brandow & Liem, 2022; Pace et al., 2021). 

Chronic hemolysis contributes further through the release of cell-free haemoglobin, which 

scavenges nitric oxide, leading to endothelial dysfunction and increased pulmonary vascular 

resistance. These mechanisms are implicated in the development of pulmonary hypertension, 

a recognised complication of SCD (Potoka & Gladwin, 2015). 

In addition, repeated episodes of ACS and pulmonary infections can cause chronic lung injury, 

fibrosis, and restrictive ventilatory defects. Persistent inflammation and repeated pulmonary 

insults may therefore contribute to the development of abnormal lung function patterns, 
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including restrictive, obstructive, and mixed ventilatory abnormalities observed among 

individuals with SCD (Brandow & Liem, 2022; Pace et al., 2021). 
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CHAPTER THREE:  

3.0 METHODOLOGY 

3.1 Study Design 

This was a hospital-based cross-sectional study among individuals with sickle cell disease 

(SCD) aged 12 years and above attending Mbale Regional Referral Hospital (MRRH) Sickle 

Cell Clinic (SCC). 

3.2 Study setting 

The study was conducted at the SCC of MRRH, located in Mbale City, approximately 220 km 

east of Kampala, Uganda's capital city. MRRH is a regional referral hospital that serves as a 

teaching hospital for Busitema University, an internship training centre, and a referral facility 

for Eastern Uganda. 

The hospital serves a large catchment population from the districts of Eastern Uganda and 

neighbouring regions. The SCC provides specialised outpatient care to children, adolescents, 

and adults with SCD and is staffed by paediatricians, medical officers, senior house officers, 

intern doctors and other members of the multidisciplinary healthcare team involved in patient 

care. The clinic operates once weekly, every Wednesday, and attends to approximately 150 

patients, making it an important centre for the management of SCD in Eastern Uganda. 

Patients attending the clinic receive routine follow-up and clinical assessment, including 

evaluation for symptoms and complications of sickle cell disease. Common services provided 

include clinical review, counselling, health education, prescription and monitoring of 

medications, laboratory investigations, management of acute and chronic complications, and 

referral to other specialist services when indicated. Hydroxyurea is prescribed as part of routine 

disease-modifying care for eligible patients; however, its use may depend on clinical eligibility, 

treatment availability, patient acceptance, and adherence. 
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Common complications managed among the individuals with SCD include vaso-occlusive pain 

episodes, anaemia, acute chest syndrome, infections, and other disease-related complications. 

Routine lung-function screening using spirometry was not part of the standard clinical services 

offered at the clinic during the study period. Therefore, the study provided an opportunity to 

determine the burden and patterns of abnormal lung function among patients attending the 

clinic. 

The choice of this study site was based on the high burden of SCD in the region and the 

availability of a dedicated SCC that provides continuous follow-up care to patients with SCD. 

3.3 Study Population 

Adolescents and adults living with SCD aged 12 years and above who received care at Mbale 

Regional Referral Hospital Sickle Cell Clinic between October 2025 and March 2026 

3.3.1 Target population 

All adolescents and adults living with SCD aged 12 years and above in Uganda. 

3.3.2 Accessible population 

Adolescents and adults living with SCD aged 12 years and above receiving care from the Mbale 

Regional Referral Sickle Cell Clinic. 

3.4 Selection criteria 

3.4.1 Inclusion criteria 

i. Adolescents and adults aged 12 years and above with SCD confirmed by Hb 

electrophoresis 

ii. Those who consented to take part in the study. 
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3.4.2 Exclusion criteria 

i. Adolescents and adults with SCD aged 12 years and above who were critically ill, for 

spirometry to be carried out. 

ii. Adolescents and adults with SCD aged 12 years and above who had musculoskeletal 

disorders capable of influencing spirometry results. 

iii. Adolescents and adults with SCD aged 12 years and above who had verified cases of 

pneumonia, pulmonary tuberculosis, or any other respiratory illness being treated or 

diagnosed at the time of enrollment. 

3.5 Sample size 

The sample size was derived using the Kish-Leslie formula as stated below.  

𝑛 =  
𝑍2𝑝𝑞

𝑑2
 

Where: 

n=Sample size 

Z-score for the desired confidence interval (1.96 for a 95% confidence interval)  

P- Assumed true population prevalence;  

q = complement of p(1-p) 

d- Margin of error (0.05) 

The sample size for objective 1 (Prevalence of abnormal lung function) 

Calculated using a similar study with similar age groups that reported a prevalence of 18.9% 

for abnormal lung function (Fawibe et al., 2010). 

Substituting into the formular  
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𝑛 =  
3.84162 × 0.189 × 0.811

0.052
 

n = 235.54 

n is approximately 236 participants 

Sample size for objective 1(Patterns of abnormal lung function): Calculated using a 

prevalence of 18.8% for restrictive pattern,9.4% for obstructive pattern, and 0% for mixed 

pattern. This was based on a hospital-based analytical cross-sectional study in Kenya 

(Olewe et al., 2024). This gave a sample size of 235,33,0 respectively. 

The sample size for Objective 2 

To describe the factors associated with abnormal lung function, the prevalence of previous 

episodes of ACS of 8% was used based on a cross-sectional study done at a tertiary hospital in 

Uganda by Aol et al, giving a sample size of 113 participants (Aol et al., 2024). 

From a hospital-based cross-sectional study that was carried out to determine the lung function 

of children and adolescents with SCD at Jaramogi Oginga Odinga Hospital in Kenya, which 

reported a prevalence of 91% for wasting (Olewe et al., 2024) was used to give a sample size 

of 125. 

A final sample size of 228 participants was considered practically equivalent and feasible 

within the available study period. 

3.5.1 Sampling procedure 

All individuals aged 12 and older diagnosed with sickle cell disease (SCD) and receiving 

treatment at the Mbale Regional Referral Sickle Cell Clinic (SCC) were included in the study. 

Before the start of recruitment, Research Assistants (RAs) reviewed the clinic register and 

identified individuals with SCD aged 12 years and older who were expected to attend the clinic. 

The register review was used only to identify potentially eligible patients and to facilitate 
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recruitment planning; enrolment was not conducted directly from the register. On each clinic 

day, Research assistants approached all individuals aged 12 and older after they had arrived at 

the SCC and screened them individually to determine their eligibility for participation before 

consultation. Eligibility was determined using the study inclusion and exclusion criteria. 

Eligible patients were provided with information about the study, and written informed consent 

was obtained before enrolment. For participants below the legal age of consent, assent and 

parental or guardian consent were obtained in accordance with the approved study protocol. 

Consecutive sampling was used to enroll all eligible and consenting individuals with SCD aged 

12 years and above who attended the Mbale Regional Referral Hospital Sickle Cell Clinic 

during the study period, until the required sample size of 228 was reached. 

To prevent repeat enrolment, each participant was assigned a unique study identification 

number at the time of enrolment. This identification number was recorded in the participant 

enrolment log and was used consistently on the interview questionnaire and haemoglobin 

estimation form. Before enrolling a patient, the RAs cross-checked the patient’s clinic 

identification number against the enrolment log to determine whether the patient had 

previously participated. Patients whose clinic identification numbers were already recorded in 

the enrolment log were not enrolled again. The enrolment log was reviewed regularly by the 

research team to identify and resolve any potential duplicate records. A screening log was 

maintained to document all patients assessed for eligibility, including the date of screening, 

age, sex, eligibility status, and the reason for ineligibility or refusal to participate. This 

information was used to describe the recruitment process and assess the potential for selection 

bias. Patients who declined participation or were ineligible were not replaced individually; 

instead, consecutive recruitment continued among subsequently attending eligible patients 

until the required sample size was achieved. The recruitment procedures were designed to 

minimize disruption to routine patient care. Eligibility screening and enrolment were conducted 
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before or after clinical consultation, as appropriate, without interfering with the delivery of 

routine services. 

3.5.2 Study variables  

Dependent variables 

The dependent variables were the abnormal lung patterns, which included: restrictive, 

obstructive, which was either reversible or irreversible, and mixed patterns on spirometry. 

Independent variables 

The independent variables comprised clinical and laboratory parameters, which included: 

Recurrent episodes of Acute Chest Syndrome, Hydroxyurea use, Hb, and BMI. The 

demographics included: Age, Sex, Education status, Alcohol consumption and Smoking 

history.  

3.5.3 Data collection tools 

Data were collected using a structured, pretested questionnaire; the modified Medical Research 

Council (mMRC) Questionnaire for assessment of respiratory symptoms; a Spirolab spirometer 

for pulmonary function testing; a Haemocue Hb 301 System for haemoglobin estimation; a 

SECA weighing scale for weight measurement; and a stadiometer for height measurement. The 

Global Lung Initiative (GLI) reference values were used to interpret spirometry. 

3.5.4 Data Collection Procedures 

The study data were collected by the principal investigator and two research assistants (RAs), 

who were certified clinical officers with diplomas. 

To guarantee the consistency and quality of the data collected, the RAs were trained on the 

study protocol, participant recruitment, informed consent procedures, questionnaire 

administration, anthropometric measurements, haemoglobin estimation, and spirometry 
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procedures before the start of data collection. 

The data collection tools were pretested among 22 patients with sickle cell disease attending 

the Mbale Regional Referral Hospital Sickle Cell Clinic who met the study inclusion criteria 

but were not included in the final study sample. Feedback from the pretest was used to refine 

the questionnaire and improve the clarity of the study tools. 

Eligible participants were consecutively recruited during routine clinic visits to the Mbale 

Regional Referral Hospital Sickle Cell Clinic. The study objectives, procedures, potential risks, 

and benefits were explained to all eligible participants. Written informed consent was obtained 

from participants aged 18 years and above. For participants aged 12–17 years, written consent 

was obtained from parents or guardians, and assent was obtained from the adolescents before 

enrolment. 

Following enrolment, participants were assigned unique study identification numbers to ensure 

confidentiality. Socio-demographic and clinical information were collected using a structured 

pretested questionnaire. Thereafter, respiratory symptoms were assessed using the Medical 

Research Council (MRC) Questionnaire. Physical examination, anthropometric measurements, 

haemoglobin estimation, pulse oximetry, and spirometry were then performed according to 

standard operating procedures. Completed questionnaires were reviewed daily by the principal 

investigator for completeness and consistency before data entry. 

3.6 Measurement of variables 

Socio-demographic variables collected included age, sex, residence, education level, 

occupation, smoking history, and alcohol consumption. Clinical variables included history of 

recurrent acute chest syndrome, hydroxyurea use, respiratory symptoms, haemoglobin level, 

oxygen saturation, and body mass index (BMI). 

Respiratory symptoms were assessed using the Medical Research Council (MRC) 
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Questionnaire. Weight was measured using a SECA weighing scale and height using a 

stadiometer. BMI was calculated as weight in kilograms divided by height in metres squared 

(kg/m²). Participants with a BMI below 18.5 kg/m² were classified as underweight, while those 

with a BMI of 25 kg/m² or above were classified as overweight. 

Hemoglobin levels 

A HemoCue HB 301 System was used for point-of-care testing to determine the Hb levels. A 

qualified nurse used a swab and a lancet to perform a venepuncture using conventional sterile 

technique. To avoid clotting, 1 to 2 mL was taken from a peripheral vein and placed in an 

EDTA vacutainer. To guarantee uniform distribution, the EDTA tube would be gently shaken. 

A tiny drop of the sample was then collected using the Haemocue microcuvette, which was 

then placed inside the Haemocue hemoglobin analyzer. After reading the absorbance, the 

device would show the hemoglobin concentration in grams per deciliter. 

The Haemocue 301 system was factory calibrated for quality control; nevertheless, regular 

checks with Haemocue-provided control cuvettes were performed at regular intervals to 

guarantee accuracy. Control tests were performed for internal quality control either before to 

patient testing or upon opening a fresh batch of cuvettes. For external quality control, the 

Lancet Laboratory, an outside laboratory, was consulted for each of the thirty samples. The 

RAs received training on proper microcuvette filling, including preventing bubbles, overfilling 

or underfilling, and keeping the cuvettes at room temperature, as part of operator quality 

control. 

Spirometry 

To ascertain the pulmonary function pattern, spirometry was performed. A Spirolab spirometer 

produced by Medical International Research (MIR), USA, was used. The spirometer was 

calibrated and checked according to the manufacturer’s instructions before data collection. A 
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calibration check was performed using a 3-L calibration syringe in accordance with the 

American Thoracic Society/European Respiratory Society (ATS/ERS) standards. The 

calibration was considered acceptable when the measured volume was within ±3% of the 3-L 

syringe volume. Spirometry was conducted by the principal investigator who had received  

training  on  participant  preparation,  standardised  spirometry  techniques, equipment 

operation, recognition of acceptable manoeuvres, and spirometry quality-control procedures. 

Before the test, the procedure was explained to each participant using simple and 

understandable language. The participant was informed that the test required a maximal 

inhalation followed by a rapid, forceful, and sustained exhalation until no more air could be 

expelled. The principal investigator demonstrated the correct spirometry manoeuvre before 

testing. Participants were allowed to ask questions and were given an opportunity to perform 

practice attempts to become familiar with the procedure before the recorded manoeuvres were 

obtained. The patients were instructed to sit up straight, with their feet on the ground and their 

legs uncrossed. After the patient's nose was occluded, the mouthpiece was inserted into their 

mouth, and they were told to firmly close their lips around it. After that, the patient was 

instructed to inhale as deeply as possible and exhale as quickly and forcefully as possible until 

their lungs were empty. Standardised verbal encouragement was provided throughout the 

expiratory manoeuvre to promote maximal effort and completion of the test. At least three 

repetitions of the test would be conducted. Additional attempts were allowed when the initial 

manoeuvres did not meet the required acceptability or reproducibility criteria. The test could 

not be repeated eight times in a row by patients. The acceptability and reproducibility of the 

spirometry manoeuvres were assessed using ATS/ERS quality-control criteria. A qualified 

clinician reviewed the results before final classification. The acceptable grades were A, B and 

C. Spirometry results that did not meet the required quality criteria were excluded from the 

final analysis. To check for reversibility, a 400-mcg salbutamol inhaler was used. The test was 
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done after a 15-minute interval from the initial dose. Bronchodilator responsiveness was 

assessed by comparing the post-bronchodilator FEV₁ with the baseline FEV₁. An increase in 

FEV₁ of at least 12% from the baseline value was considered evidence of significant 

bronchodilator responsiveness. A change in FEV₁ of less than 12% from the baseline value was 

classified as the absence of significant bronchodilator responsiveness. However, the absence 

of bronchodilator responsiveness was not considered diagnostic of chronic obstructive 

pulmonary disease (COPD), and the presence of bronchodilator responsiveness alone was not 

considered diagnostic of asthma. The diagnosis of asthma or COPD requires interpretation of 

spirometry findings together with the patient’s clinical history, symptoms, physical 

examination, and, where appropriate, additional investigations. Participants with abnormal 

spirometry findings or clinically suspected respiratory disease were referred to a physician for 

further clinical assessment and appropriate management. For interpretation quality control, 

GLI 2012 reference values for age, sex, height, and ethnicity were used as stated below. A 

qualified clinician reviewed the results to confirm acceptability and reproducibility before 

classification. The results were stated as normal, restrictive, obstructive with reversibility, 

obstructive without reversibility, or mixed patterns. 
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Figure 2:  GLI 2012 reference values for spirometry 

 

3.7 Data management and analysis 

3.7.1 Data management 

A unique serial number was given to each participant for the questionnaire. The questionnaires 

were stored in a safe place, and their completeness was confirmed by a second check. The data 

were recorded using the double-entry method and input into a password-protected computer to 

ensure correctness. 

3.7.2 Data Analysis 

Data were exported from REDCap into Microsoft Excel for cleaning and analysed in R version 

4.5.2 using the tidyverse, gtsummary, and broom packages. Continuous variables were 

assessed for normality using the Shapiro–Wilk test and visual inspection of histograms and Q–

Q plots. Because most continuous variables were non-normally distributed, they are 

summarised as medians with interquartile ranges (IQR), while categorical variables are 

presented as frequencies and percentages. Missing data in independent variables (<5%) were 

handled using median imputation for continuous variables and mode imputation for categorical 

variables; participants with missing outcome data were excluded from analysis. 
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For objectives 1 and 2, the prevalence of abnormal lung function was calculated as the 

proportion of participants with any spirometric abnormality and presented with 95% 

confidence intervals using the Wilson score method. Patterns of abnormal lung function were 

summarised as frequencies and proportions across restrictive, obstructive, and mixed 

categories. 

For objective 2, factors associated with abnormal lung function were assessed using logistic 

regression. Candidate predictors were first examined in bivariate analyses to generate crude 

odds ratios (ORs) with 95% confidence intervals. For ordered categorical variables, tests for 

trend were performed by modelling categories as ordinal scores in logistic regression. Variables 

with p < 0.2 were considered for multivariable logistic regression. The final model was fitted 

using maximum-likelihood logistic regression, with adjusted odds ratios (aORs), 95% 

confidence intervals, and p-values reported. Model adequacy was assessed using McFadden’s 

pseudo-R-squared, Akaike Information Criterion (AIC), and variance inflation factors to 

evaluate multicollinearity. All statistical tests were two-sided, with p < 0.05 considered 

statistically significant. 

3.8 Data quality control 

RAs who were well-trained by the principal investigator were used for data collection. These 

RAs were diploma-holding clinical officers. The inclusion and exclusion criteria were carefully 

followed. A well-tested questionnaire was used. The principal investigator supervised the 

completion of the questionnaires to ensure they were accurately and thoroughly filled out. 
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3.9 Validity of data collection instruments 

Ten per cent of the sample size that met the study's inclusion criteria underwent a pretest of the 

instruments. This was done to evaluate consistency, and before data collection began, any 

questionnaire items that needed to be modified were revised. 

3.10 Reliability of data collection instruments 

To ensure reliability, standardisation of the equipment, regular calibration logs, and the formal 

training of the clinical research assistants. 

3.11 Ethical consideration 

Ethical consideration was sought from BUFH-REC, award number BUFHS-2025-85. For all 

participants aged 12 years to 17 years, consent was obtained from their parents or guardians 

while they provided assent before participating in the study. Those 18 years and above provided 

informed consent before being enrolled in the study. Those who were found to have markedly 

deranged pulmonary functional test results on spirometry were referred to a paediatrician or 

physician for further follow-up and care. Administrative approval was also obtained from 

Mbale RRH. 

3.12 Data Dissemination Plan 

A reputable journal will publish copies of the study's findings and recommendations. Copies 

will be sent to the Faculty of Health Sciences Research and Ethics Committee at Busitema 

University (BUFHSREC). Copies will also be sent to Mbale Regional Referral Hospital 

(MRRH). 
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CHAPTER FOUR:  

4.0 RESULTS AND DISCUSSION 

4.1 Results 

4.1.1 Study Flow and Participant Characteristics 

A total of 228 participants were enrolled over 6 consecutive months of rolling clinic visits, of 

whom 218 (95.6%) had valid spirometry data and were included in the final analysis. Ten 

participants were excluded due to missing or uninterpretable spirometry results. The median 

age was 17.0 years (IQR 14.0–22.0). A total of 113/218 (51.8%) were adolescents aged 12–17 

years, and 116/218 (53.2%) were male. Alcohol use was reported by 10/218 participants 

(4.6%), while smoking was reported by 2/218 participants (0.9%). 

A history of recurrent acute chest syndrome (ACS) episodes was reported by 154/218 

participants (70.6%), while 202/218 participants (92.7%) were receiving hydroxyurea. The 

median haemoglobin concentration was 7.6 g/dL (IQR: 6.6–9.6 g/dL). Overall, 71 of the 218 

participants (32.6%) had severe anaemia, defined as a haemoglobin concentration of <7 g/dL. 

A total of 130/218 participants (59.6%) were underweight, and the median BMI was 17.7 kg/m² 

(IQR: 15.8–19.8). On the mMRC dyspnea scale, 80/218 (36.7%) were Grade 0 (minimal 

dyspnea), while 58/218 (26.6%) were Grade 3. Smoking history was excluded from the logistic 

regression analysis because there were zero outcome events in one exposure category. 
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Figure 3: Study flow diagram 

 

Table 1: Socio-demographic and clinical characteristics of study participants (N=218) 

Variable Category n (%) or Summary 

Total  218 (100.0) 

Age (years) Median (IQR) 17.0 (14.0–22.0) 

Age category 12–17 (Adolescent) 113 (51.8) 

 18–29 94 (43.1) 

 30–39 9 (4.1) 

 40+ 2 (0.9) 

Sex Male 116 (53.2) 

 Female 102 (46.8) 

Alcohol use No 208 (95.4) 

 Yes 10 (4.6) 

Smoking history No 216 (99.1) 

 Yes 2 (0.9) 

History of recurrent ACS No 64 (29.4) 

 Yes 154 (70.6) 

Hydroxyurea use No 16 (7.3) 

 Yes 202 (92.7) 

Haemoglobin (g/dL) Median (IQR) 7.6 (6.6–9.6) 

Hemoglobin category Severe anaemia (<7) 71 (32.6) 

 Moderate anaemia (7–9.9) 99 (45.4) 

 Mild anaemia (10–11.9) 42 (19.3) 

 Normal (≥12) 6 (2.8) 

BMI (kg/m²) Median (IQR) 17.7 (15.8–19.8) 

BMI category Underweight (<18.5) 130 (59.6) 

 Normal (18.5–24.9) 84 (38.5) 

 Overweight (25–29.9) 2 (0.9) 

 Obese (≥30) 2 (0.9) 
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Oxygen saturation (%) Median (IQR) 96.0 (94.0–98.0) 

SpO2 category Normal (≥95%) 161 (73.9) 

 Low (<95%) 57 (26.1) 

SCD age at diagnosis 

(years) 

Median (IQR) 5.0 (3.0–7.0) 

mMRC dyspnea grade Grade 0 80 (36.7) 

 Grade 1 38 (17.4) 

 Grade 2 28 (12.8) 

 Grade 3 58 (26.6) 

 Grade 4 14 (6.4) 

ACS = Acute Chest Syndrome; BMI = Body Mass Index; IQR = Interquartile Range; mMRC 

= Modified Medical Research Council; SCD = Sickle Cell Disease; SpO2 = Peripheral Oxygen 

Saturation 

4.1.2 Prevalence of Abnormal Lung Function 

Abnormal lung function was identified in 103 of 218 participants, yielding a prevalence of 

47.2% (95% CI: 40.7–53.9%). The distribution of normal and abnormal lung function is 

presented in Figure 4. 
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Figure 4 : Prevalence of abnormal lung function among adolescents and adults with SCD 

aged 12 years and above attending Mbale Regional Referral Hospital sickle cell clinic 

(N=218) 

 

 

4.1.3 Spirometric Patterns of Abnormal Lung Function 

Among the 103 participants with abnormal lung function, the restrictive pattern was the most 

common, occurring in 50/103 (48.5%), followed by the obstructive pattern with reversibility 

in 27/103 (26.2%). The distribution of patterns is illustrated in Figure 5 
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Figure 5: Patterns of abnormal lung function among SCD individuals with spirometric 

abnormalities (n=103) 

 

4.1.4 Factors Associated with Abnormal Lung Function 

In the bivariable analysis, the following factors were statistically significant with abnormal 

lung function: age and Hb level 

Age 

In bivariable analysis, increasing age and lower haemoglobin were significantly associated 

with abnormal lung function. Participants with abnormal lung function were older than those 

with normal lung function (median 19.0 years, IQR 16.0 to 25.0 versus median 16.0 years, IQR 

13.0 to 20.0), and each additional year of age was associated with 11% higher odds of abnormal 

lung function (cOR 1.11, 95% CI 1.06 to 1.17, p < 0.001).  

Haemoglobin 

Compared to participants with mild or normal haemoglobin (≥ 10 g/dL), those with moderate 

anaemia (7–9.9 g/dL) had over five-fold higher odds of abnormal lung function (cOR 5.29, 

95% CI: 2.17–12.93, p < 0.001), and those with severe anaemia (< 7 g/dL) had over thirteen-
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fold higher odds (cOR 13.05, 95% CI: 5.06–33.61, p < 0.001) and these were statistically 

significant. A test for linear trend across the three ordered haemoglobin categories confirmed 

a strong dose-response relationship, with the odds of abnormal lung function increasing by 

approximately 3.3-fold for each step up the anaemia severity ladder (OR per category step = 

3.32, 95% CI: 2.16–5.12, p for trend < 0.001). 

Other variables were not statistically significant, as shown in Table 2 below 

Table 2: Bivariate analysis of factors associated with abnormal lung function (N = 218) 

Variable Category Normal (n 

= 115) n 

(%) 

Abnormal 

(n = 103) n 

(%) 

cOR (95% CI) p-

value 

Sex Male 61 (53.0) 55 (53.4) Ref — 

 Female 54 (47.0) 48 (46.6) 0.99 (0.58–1.68) 0.958 

Age(years) Median (IQR) 16.0(13.0-

20.0) 

19.0(16.0-

25.0) 

1.11(1.06-1.17) <0.001 

ACS history No 39 (33.9) 25 (24.3) Ref — 

 Yes 76 (66.1) 78 (75.7) 1.60 (0.88–2.90) 0.120 

Hydroxyurea 

use 

Yes 110 (95.7) 92 (89.3) Ref — 

 No 5 (4.3) 11 (10.7) 2.63 (0.88–7.85) 0.083 

Hb category Mild/Normal (≥ 

10) 

41 (35.7) 7 (6.8) Ref — 

 Moderate (7–9.9) 52 (45.2) 47 (45.6) 5.29 (2.17– 

12.93) 

< 0.001 

 Severe (< 7) 22 (19.1) 49 (47.6) 13.05 (5.06– 

33.61) 

< 0.001 

BMI category Underweight 74 (64.3) 56 (54.4) Ref — 

 Normal/Overweigh 

t 

41 (35.7) 47 (45.6) 1.51 (0.88–2.61) 0.135 

SpO₂ category Normal (≥ 95%) 89 (77.4) 72 (69.9) Ref — 

 Low (< 95%) 26 (22.6) 31 (30.1) 1.47 (0.80–2.70) 0.210 

Alcohol use No 112 (97.4) 96 (93.2) Ref — 

 Yes 3 (2.6) 7 (6.8) 2.72 (0.69– 

10.82) 

0.155 

Smoking No 115 (100.0) 101 (98.1) Ref — 

 Yes 0 (0.0) 2 (1.9) — — 

Education 

status 

Educated 113 (98.3) 97 (94.2) Ref — 

 Uneducated 2 (1.7) 6 (5.8) 3.49 (0.69– 

17.72) 

0.131 

mMRC grade 0–1 69 (60.0) 49 (47.6) Ref — 

 2–4 46 (40.0) 54 (52.4) 1.65 (0.97–2.83) 0.067 
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ACS = Acute Chest Syndrome; BMI = Body Mass Index; mMRC = Modified Medical 

Research Council; SCD = Sickle Cell Disease; SpO2 = Peripheral Oxygen Saturation 

Multivariable logistic regression 

In multivariable logistic regression adjusting for age, haemoglobin category, Recurrent 

episodes of acute chest syndrome, hydroxyurea use, BMI, alcohol use, and education status, 

haemoglobin category and  increasing age remained independently associated with abnormal 

lung function. Haemoglobin showed the strongest association, with moderate anaemia (aOR 

6.04, 95% CI 2.26 to 16.15, p < 0.001) and severe anaemia (aOR 13.99, 95% CI 4.98 to 39.28, 

p < 0.001) having higher odds than mild or normal haemoglobin. Each additional year of age 

was associated with 9% higher odds of abnormal lung function (aOR 1.09, 95% CI 1.02 to 

1.17, p = 0.009; likelihood ratio test for age p = 0.007). After adjustment, non-use of 

hydroxyurea was independently associated with three-and-a-half-fold higher odds of abnormal 

lung function compared to current users (aOR 3.54, 95% CI: 1.01–12.49, p = 0.049).  No 

independent associations were observed for acute chest syndrome history, BMI, alcohol use, 

and education status, and the model showed adequate fit (pseudo R² = 0.197; AIC = 262.1) 

(Table 3). 
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Table 3: Multivariable logistic regression of factors independently associated with 

abnormal lung function (N = 218) 

Variable Category aOR (95% CI) p-value 

Age(years) Per 1-year increase 1.09(1.02-1.17) 0.009 

Hb category Mild/Normal (≥ 10) Ref — 

 Moderate (7–9.9) 6.04 (2.26–16.15) < 0.001 

 Severe (< 7) 13.99 (4.98–39.28) < 0.001 

ACS history No Ref — 

 Yes 1.36 (0.67–2.75) 0.305 

Hydroxyurea use Yes Ref — 

 No 3.54 (1.01–12.49) 0.049 

BMI category Underweight Ref — 

 Normal/Overweight 1.43 (0.71–2.89) 0.320 

Alcohol use No Ref — 

 Yes 2.18 (0.47–10.04) 0.319 

Education status Educated Ref — 

 Uneducated 4.28 (0.63–29.04) 0.137 

mMRC grade 0–1 Ref — 

 2–4 1.33 (0.70–2.53) 0.386 

ACS = Acute Chest Syndrome; BMI = Body Mass Index; mMRC = Modified Medical 

Research Council; SCD = Sickle Cell Disease; SpO2 = Peripheral Oxygen Saturation 
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4.2 Discussion 

4.2.1 Prevalence of Abnormal Lung Function 

In this hospital-based cross-sectional study, we found that 47.2% (95% CI: 40.7–53.9%) of 

adolescents and adults with Sickle Cell Disease (SCD) had abnormal lung function, suggesting 

that almost half of these individuals had spirometry abnormalities. 

The increased prevalence in our study could be attributed to the inclusion of adults, who have 

experienced a longer duration of chronic haemolysis, repeated vaso-occlusive episodes, 

pulmonary infections, and acute chest syndrome, all of which can lead to ongoing lung damage 

over time. In addition to these factors, the physiologic age-related decline in lung function also 

contributes to the higher prevalence of lung function abnormalities in adult individuals with 

SCD. 

The prevalence of abnormal lung function in our study was comparable to the 40.7% reported 

in a hospital-based cross-sectional study in a Nigerian tertiary hospital (Odeyemi et al., 2022). 

But higher than the 37.9% observed in a cross-sectional study in Ugandan children with SCD 

at Mulago National Referral Hospital (Aol et al., 2024) and t h e  results from a descriptive 

hospital-based cross-sectional Kenyan study where 28% of children and adolescents with sickle 

cell disease exhibited abnormal lung function (Olewe et al., 2024). 

However, our study's prevalence is lower compared to the 64% prevalence reported in a 

hospital-based cross-sectional study conducted among adults with sickle cell disease in Nigeria 

(Collins Ahamefule et al., 2025) and the 70.4% reported in an analytical cross-sectional study 

among adults with sickle cell anaemia attending the Ghana Institute of Clinical Genetics in 

Accra, Ghana (Dei-Adomakoh et al., 2019). 

The lower prevalence observed in this study compared with the adult studies from Nigeria and 

Ghana may partly reflect differences in the age distribution of participants, disease severity, 
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access to care, and treatment practices. In addition, the use of different spirometry reference 

equations and definitions of abnormal lung function may affect prevalence estimates and limit 

direct comparisons across studies 

4.2.2 Patterns of abnormal lung function 

Among participants with abnormal lung function, the most prevalent abnormality was the 

restrictive pattern, occurring in 48.5% of cases, followed by the obstructive pattern with 

significant bronchodilator reversibility noted in 26.2%. 

The higher prevalence of restrictive defects within adult cohorts may be attributed to several 

compounding pathophysiological mechanisms. Recurrent episodes of pulmonary vaso-

occlusion, acute chest syndrome (ACS), and localised lung infarctions induce chronic, low-

grade tissue inflammation, progressively leading to pulmonary fibrosis and parenchymal 

scarring (Brandow & Liem, 2022; Pervaiz et al., 2021). 

The predominance of restrictive abnormalities may not only reflect cumulative pulmonary 

injury from SCD itself. However, it may also be influenced by environmental exposures, 

particularly biomass fuel smoke and recurrent respiratory infections, which are very common 

in low-income countries, as demonstrated by the cross-sectional Ugandan study (Aol et al., 

2024). 

This finding of restrictive pattern predominance is consistent with findings from several studies 

conducted in Africa and elsewhere. A cross-sectional study conducted at a tertiary hospital in 

central Uganda similarly reported that restrictive abnormalities accounted for over half of all 

abnormal spirometry patterns (Aol et al., 2024). Studies from Ghana, Nigeria and Kenya have 

identified restrictive physiology as the dominant pulmonary manifestation in SCD (Dei-

Adomakoh et al., 2019; Odeyemi et al., 2022; Olewe et al., 2024). 

The presence of reversible obstruction in over one-quarter of affected participants in our study 
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may reflect coexisting airway hyper-responsiveness or asthma-like disease, which has been 

increasingly recognised in patients with SCD. Cohen et al. highlighted that airway obstruction 

and airway hyper-responsiveness are common pulmonary manifestations of SCD and may 

occur independently of classical asthma (Cohen et al., 2015). 

In a prospective longitudinal study of children with sickle cell disease in the United States, it 

was demonstrated that airway inflammation in SCD differs from classical allergic asthma and 

is characterised predominantly by neutrophilic and monocytic inflammatory pathways. The 

authors further proposed that this heightened inflammatory state may underlie the high 

prevalence of airway obstruction and airway hyper-responsiveness observed in patients with 

SCD, even in the absence of asthma (De et al., 2019). 

Studies involving children and adolescents with sickle cell disease frequently report substantial 

rates of obstructive lung abnormalities, supporting the concept that airway disease may 

represent an early manifestation of pulmonary involvement in SCD. In a multicenter cohort of 

children with sickle cell anaemia conducted in the United States, Robyn Cohen et al. found 

that obstructive abnormalities were more than twice as common as restrictive abnormalities 

(16% versus 7%) (Cohen et al., 2016). Similarly, in a cohort study among children and young 

adults with SCD at King's College Hospital, London, United Kingdom, a distinct phenotype of 

younger patients characterised by obstructive lung disease and bronchodilator reversibility was 

observed, whereas restrictive abnormalities were more common among older participants (Lunt 

et al., 2018) 

The differences in the distribution of spirometric patterns across studies may be related to 

variation in age, disease severity, SCD genotype, respiratory comorbidities, spirometry 

reference equations, and criteria used to classify pulmonary abnormalities (Dei-Adomakoh et 

al., 2019; Odeyemi et al., 2022). Both of the aforementioned studies were cohort studies 
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conducted in high-income nations. The prevalence of obstructive lung function abnormalities 

observed in research from these countries may be due to factors such as earlier identification, 

improved survival rates, regular pulmonary monitoring, and a greater awareness of asthma and 

airway hyper-responsiveness in patients with sickle cell disease. 

In contrast, studies from sub-Saharan Africa often identify restrictive abnormalities as the 

primary pattern, which may be attributed to accumulated lung damage from recurrent acute 

chest syndrome, delayed diagnosis, limited access to comprehensive care for SCD, and 

variations in study populations and spirometry techniques. 

4.2.3 Factors associated with abnormal lung function 

In our study, we found that haemoglobin level was the strongest predictor of abnormal lung 

function. This finding is consistent with the known pathophysiology of SCD. Severe anaemia 

reflects more pronounced haemolysis and disease severity. Chronic haemolysis leads to nitric 

oxide depletion, endothelial dysfunction, oxidative stress, and vasculopathy, all of which 

contribute to pulmonary vascular injury and parenchymal lung damage. Lower 

haemoglobin concentrations also reduce oxygen-carrying capacity, increasing tissue hypoxia 

and promoting recurrent vaso-occlusive events within the pulmonary microcirculation. 

Similar associations between anaemia severity and impaired lung function have been reported 

in several studies, where lower haemoglobin levels correlated with reduced forced vital 

capacity (FVC) and forced expiratory volume in one second (FEV1). In a cross-sectional study 

among adults with SCA in Nigeria, lower lung function indices were observed alongside 

chronic anaemia and disease burden (Musa et al., 2017) 

However, other studies, including a cross-sectional study from Ghana, found no significant 

independent association between steady-state haemoglobin levels and lung function indices 

(Dei-Adomakoh et al., 2019) 
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A multicenter prospective cohort study of children with sickle cell anaemia in the United States 

found that haemoglobin concentration was not an independent predictor of pulmonary function 

decline (Willen et al., 2018). Nevertheless, our findings reinforce the importance of optimising 

haemoglobin levels as part of comprehensive SCD management. 

We also observed a significant correlation between advancing age and abnormal lung function, 

indicating that as patients age, lung function abnormalities increase. This finding is 

biologically plausible and consistent with previous studies. This finding may reflect the 

cumulative effects of chronic haemolysis, recurrent vaso-occlusion, acute chest syndrome, 

pulmonary infections, and progressive organ injury over time (Brandow & Liem, 2022; Pervaiz 

et al., 2021). 

In a cross-sectional study conducted at Mulago National Referral Hospital involving 332 

children with sickle cell disease, the researchers indicated that ongoing respiratory issues, such 

as acute chest syndrome, hemolysis, and chronic inflammation, play a role in the gradual 

deterioration of lung health, which may worsen as the children grow older (Aol et al., 2024). 

Similarly, in an analytical cross-sectional study among adults with sickle cell anaemia in 

Ghana, a higher prevalence of abnormal pulmonary findings was observed in adults compared 

with paediatric populations, suggesting that pulmonary complications accumulate over time, 

resulting in progressive lung damage (Dei-Adomakoh et al., 2019). 

Our findings are also consistent with reports from Nigeria, from a hospital-based cross-

sectional study where Odeyemi et al. found a prevalence of abnormal lung function of 40.7% 

with a statistical relationship to increasing age (Odeyemi et al., 2022) 

However, because this was a cross-sectional study, the observed association does not establish 

that increasing age caused abnormal lung function.  
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Non-use of hydroxyurea emerged as an independent predictor of abnormal lung function. After 

statistically controlling for the effect of haemoglobin, the protective association of hydroxyurea 

use with preserved lung function became apparent, consistent with its established role in 

reducing vaso-occlusive episodes and acute chest syndrome (ACS). 

Hydroxyurea exerts its role through several mechanisms, including increasing fetal 

haemoglobin levels, reducing haemolysis, decreasing the frequency of vaso-occlusive crises 

and ACS and reducing the need for blood transfusions and hospitalisations, hence improving 

overall clinical outcomes in individuals with SCD (Rankine-Mullings & Nevitt, 2022; Ware et 

al., 2017). Through these mechanisms, hydroxyurea may slow the progression of chronic lung 

injury (Pervaiz et al., 2021). 

Similar studies have suggested that patients receiving hydroxyurea experience slower declines 

in pulmonary function compared with untreated patients. Hydroxyurea reduces SCD 

complications that contribute to pulmonary injury (Aol et al., 2024). 

In contrast, a large prospective multicenter cohort study conducted among children with sickle 

cell anaemia in the United States found no independent association between hydroxyurea 

therapy and the rate of lung function decline (Willen et al., 2018). 

Given that over 90% of participants in our study were receiving hydroxyurea, the observed 

association may underestimate the true protective effect of the drug. Nonetheless, our findings 

provide further support for expanding access to hydroxyurea therapy in SCD populations. 

The lack of an independent association between recurrent ACS and abnormal lung function in 

our study was somewhat unexpected, given the established role of ACS in the pathogenesis of 

chronic sickle cell lung disease. Although participants with recurrent ACS had 44–60% higher 

odds of abnormal lung function, this association did not remain statistically significant after 

adjustment for potential confounders. The lack of statistical significance may be due to limited 
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statistical power, misclassification of self-reported ACS episodes, variation in episode severity, 

or the high prevalence of hydroxyurea use in the cohort, which may have attenuated the effect 

of ACS on pulmonary outcomes. 

Our findings differ from those reported in a hospital-based cross-sectional study among 332 

Ugandan children with SCD attending Mulago National Referral Hospital. In their study, a 

history of ACS remained independently associated with abnormal lung function after 

multivariable analysis (aIRR 1.55, 95% CI: 1.06–2.25, p = 0.024), indicating that children with 

a history of ACS were 55% more likely to have abnormal lung function than those without 

ACS (Aol et al., 2024). 

Similarly, Adegoke et al., in a cross-sectional study among Nigerian children with sickle cell 

anaemia, found that previous ACS was an independent predictor of impaired lung function. 

Children with a history of ACS were 3.6 times more likely to have impaired lung function than 

those without ACS, and this association remained significant after multivariable analysis (OR 

5.8, 95% CI: 1.1–5.8, p = 0.03) (Adegoke et al., 2018). 

A prospective cross-sectional study by Knight-Madden et al. of young adults with SCD in 

Jamaica demonstrated that participants with recurrent ACS had significantly lower FVC, FEV₁, 

and total lung capacity than those with one or no ACS episodes. Furthermore, lung function 

progressively worsened with increasing numbers of ACS episodes, suggesting a cumulative 

effect of recurrent pulmonary injury on long-term respiratory function (Knight-Madden et al., 

2010). 

Given the well-established role of ACS in the pathogenesis of chronic lung disease in 

individuals with SCD, the observed positive trend remains biologically plausible and clinically 

relevant. 
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Body mass index 

In our study, BMI was not significantly associated with abnormal lung function, although 

participants with normal or overweight BMI had higher odds of abnormal lung function than 

underweight participants; the association was not statistically significant in either the crude 

analysis or the adjusted analysis. This finding may partly be explained by the limited variability 

in BMI within the study population, as most participants were underweight and very few were 

overweight or obese. Consequently, the small number of participants in the higher BMI 

categories may have reduced the statistical power and precision needed to detect a significant 

association. In addition, low BMI may be associated with reduced muscle mass and respiratory 

muscle strength, while excess body weight may affect chest-wall mechanics and lung volumes 

(Peters & Dixon, 2019). However, these mechanisms were not directly assessed in our study. 

Studies among individuals with SCD have also demonstrated that BMI may not fully capture 

differences in body composition, as alterations in fat-free mass, muscle mass, and other 

nutritional indicators may occur independently of BMI (Nartey et al., 2021). 

Therefore, the absence of a statistically significant association should not be interpreted as 

evidence that nutritional status does not influence lung function; rather, it may indicate that 

BMI alone was insufficient to capture this relationship in the study population. 

4.3 Study strengths and limitations 

4.3.1 Strengths of the study 

This study had several strengths. 

i. Standardised and validated tools, including spirometry interpreted using Global Lung 

Initiative reference values, were used to ensure accurate assessment of lung function 

ii. Objective measurements of lung function and haemoglobin concentration were 

obtained using calibrated equipment with established quality-control procedures. 
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iii. The relatively large sample size and inclusion of both adolescents and adults 

enhanced the generalizability of the findings. 

4.3.2 Limitations 

i. The cross-sectional study design did not allow the temporal relationship between the 

associated factors and abnormal lung function to be established. Therefore, the 

observed associations should not be interpreted as causal relationships 

ii. Additional pulmonary investigations, including diffusion capacity testing and advanced 

chest imaging, were not performed. Therefore, subtle abnormalities in gas transfer, 

pulmonary vascular disease, or structural lung abnormalities may not have been 

detected. In addition, the absence of comprehensive imaging may have limited the 

ability to exclude all coexisting pulmonary or chest conditions that could influence 

lung-function results. 

iii. Information on previous episodes of acute chest syndrome was obtained from 

participant or caregiver reports and available clinical records. This may have introduced 

recall bias or misclassification, particularly where the number, timing, or severity of 

previous episodes was not consistently documented. 

iv. SCD genotype-specific analysis was not performed. Therefore, differences in lung-

function abnormalities across SCD genotypes could not be assessed, and genotype may 

have remained an unmeasured source of confounding. 

v. This study did not evaluate serum lactate dehydrogenase (LDH) levels or exposure to 

smoke from charcoal and other cooking fuels in households. As a result, it was not 

possible to determine whether there was a correlation between elevated LDH levels and 

household smoke exposure with abnormal lung function in the study population, which 

had been previously reported by Aol et al. The exclusion of these factors restricted the 
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study's capacity to confirm findings from the Mulago National Referral Hospital 

population and to analyze potentially modifiable environmental risk factors related to 

pulmonary impairment in individuals with sickle cell disease. 

vi. The application of Global Lung Function Initiative (GLI) reference equations to a 

Ugandan population was another limitation noted. While the GLI equations offer 

standardised reference values for a wide range of ages and account for factors such as 

age, sex, and height, their accuracy for all Sub-Saharan African populations has not 

been fully confirmed. The differences between the reference group and the study group 

could lead to a poor fit and potential misclassification of certain participants, especially 

adolescents. As a result, the observed prevalence and trends of abnormal lung function 

should be analysed with this limitation in mind. Future research should examine how 

well the GLI reference equations perform within Ugandan populations and seek to 

establish or confirm appropriate local spirometry reference values. 
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CHAPTER FIVE: CONCLUSIONS, RECOMMENDATIONS AND FURTHER 

RESEARCH 

5.1 Conclusions 

Abnormal lung function was common among adolescents and adults aged 12 years and above 

with sickle cell disease (SCD) attending the Mbale Regional Referral Hospital Sickle Cell 

Clinic (MRRH). The restrictive spirometry pattern was predominant. 

Increasing age, moderate and severe anaemia, and non-use of hydroxyurea were independently 

associated with abnormal lung function. These findings identify clinical characteristics that 

may help clinicians recognise patients who could benefit from closer respiratory assessment. 

Because this was a hospital-based cross-sectional study, the observed associations do not 

establish causality and may not be generalizable to all individuals with SCD in Uganda. The 

findings provide local evidence on the prevalence, patterns, and factors associated with 

abnormal lung function and may inform the development and evaluation of targeted approaches 

to respiratory assessment within sickle cell care. 

5.2 Recommendations 

Based on the findings of this study, the following recommendations are made: 

i. Targeted respiratory assessment: Healthcare providers at the Mbale Regional 

Referral Hospital (MRRH) Sickle Cell Clinic (SCC)should strengthen routine 

assessment of respiratory symptoms and clinical risk factors, particularly among older 

individuals with Sickle Cell Disease (SCD) and those with moderate or severe anaemia. 

Patients with respiratory symptoms, abnormal clinical findings, or other clinical 

indications should be prioritised for spirometry or further respiratory evaluation. 
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ii. Risk-based use of spirometry: Routine spirometry for every patient with SCD may not 

currently be feasible in a resource-limited setting because it requires functioning 

equipment, regular calibration, trained personnel, adequate testing time, quality-control 

procedures, and access to further diagnostic assessment. A phased, targeted approach 

may therefore be more practical. Spirometry could initially be prioritised for patients 

with persistent respiratory symptoms, recurrent acute chest syndrome(ACS), 

unexplained exercise limitation, low oxygen saturation, or other clinical features 

suggestive of pulmonary involvement. 

iii. Clinical follow-up of abnormal findings: Patients identified with abnormal 

spirometry findings should undergo further clinical assessment to determine possible 

underlying causes and should be referred for appropriate management when indicated. 

Abnormal spirometry findings should not be interpreted as a definitive diagnosis 

without clinical correlation and, where necessary, additional investigations. 

iv. Optimisation of comprehensive SCD care: Given the observed association between 

non-use of hydroxyurea and abnormal lung function, healthcare providers should assess 

barriers to hydroxyurea use and support appropriate access, prescribing, adherence, and 

monitoring in accordance with established SCD treatment guidelines. However, the 

present study does not establish that hydroxyurea use prevents lung-function 

abnormalities. 

5.3 Areas for further research 

i. Prospective cohort studies are needed to determine the temporal relationship between 

recurrent acute chest syndrome and decline in lung function among patients with sickle 

cell disease. 
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ii. Longitudinal studies should evaluate the rate of lung function decline over time and 

identify predictors of progressive pulmonary impairment. 

iii. To properly describe pulmonary abnormalities in this population, studies utilising 

comprehensive pulmonary function testing, including lung volumes and diffusion 

capacity assessments, are required. 

iv. Multi-centre studies involving different regions of Uganda should be conducted to 

determine the national burden and patterns of abnormal lung function among patients 

with sickle cell disease. 

v. Future studies should explore the influence of impaired lung function on quality of life, 

hospitalisation rates, exercise ability, and death among people with sickle cell disease. 
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APPENDICES 

Appendix 1: Study Timeline (Gantt Chart) 
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Appendix 2: Study Budget 

Category Item Description Quantity Unit Cost 

(UGX) 

Total Cost 

(UGX) 

Stationery Pens (2 boxes) 2 8,000 16,000 

Stationery Duplicating papers (5 reams) 5 20,000 100,000 

Stationery Punching machine 2 15,000 30,000 

Stationery Stapling machine 1 15,000 15,000 

Stationery Handbooks 3 20,000 60,000 

Stationery Box files 5 8,000 40,000 

Stationery Ink pad 2 5,000 10,000 

Secretarial 

Services 

Flash disk 1 40,000 40,000 

Secretarial 

Services 

Typing and printing Lump sum - 1,000,000 

Secretarial 

Services 

Photocopying Lump sum - 500,000 

Communication Modem 1 120,000 120,000 

Communication Internet subscription 3 months 100,000 300,000 

Communication Airtime Lump sum - 50,000 

Ethics and 

Administration 

IRB fees Lump sum - 100,000 

Ethics and 

Administration 

Questionnaire pretesting Lump sum - 50,000 

Investigations 

and Equipment 

Haemocue and microcuvettes 1 set - 1,100,000 

Investigations 

and Equipment 

Salbutamol inhaler 50 30,000 1,500,000 

Investigations 

and Equipment 

Stadiometer 1 150,000 150,000 

Investigations 

and Equipment 

Weighing scale 1 60,000 60,000 

Investigations 

and Equipment 

Pulse oximeter 1 80,000 80,000 

Investigations 

and Equipment 

Spirometer mouthpieces 250 5,000 1,250,000 

Investigations 

and Equipment 

Spirometer filters 250 2,000 500,000 

Research 

Personnel 

Research assistants (4) 4 400,000 1,600,000 

Data Analysis Statistical analysis Lump sum - 1,000,000 

Report Writing Report writing Lump sum - 500,000 

Report Writing Typing Lump sum - 50,000 

Report Writing Printing Lump sum - 50,000 

Report Writing Photocopying Lump sum - 50,000 

Dissemination Report dissemination Lump sum - 500,000 

Grand Total    9,271,000 
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Appendix 3: Consent to Participate in the Study (English) 
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Appendix 4: Consent to Participate in the Study (Lumasaba) 
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Appendix 5: Consent to Participate in the Study (Luganda) 
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Appendix 6: Assent to Participate in the Study (English)  
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Appendix 7: Assent to participate in the study (Lumasaba) 

 



94 

 



95 

 



96 

 



97 

 



98 

 

  



99 

Appendix 8: Assent to participate in the study (Luganda) 
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Appendix 9: Data collection tool 
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Appendix 10: mMRC Dyspnea 
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Appendix 11: Clearance form 
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Appendix 12: Administrative clearance letter, Mbale Regional Referral 

Hospital(MRRH) 

 

 


