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ABSTRACT  

Background 

There are major gaps in contemporary knowledge regarding the burden and risk factors for 

road traffic injuries (RTI) in Pacific Island countries. 

 

Aim 

To investigate the epidemiology of RTI and the contribution of driver sleepiness to four-

wheel motor vehicle crash injuries in Viti Levu, Fiji. 

 

Methods 

Systematic reviews evaluated the published evidence on: (1) the burden of RTI in Pacific 

Island countries; and (2) the role of driver sleepiness in motor vehicle crashes in low- and 

middle-income countries (LMIC). Subsequently, three population-based studies were 

conducted in Viti Levu: (1) an analysis of the Fiji Injury Surveillance in Hospitals database to 

describe the incidence and characteristics associated with RTI; (2) a cross sectional roadside 

survey of 752 drivers to estimate the prevalence of driver sleepiness; and (3) a case control 

study (131 cases and 752 controls) to investigate the contribution of driver sleepiness to the 

risk of four-wheel motor vehicle crashes involving fatal or hospitalised injuries. 

 

Results 

Systematic reviews: Based on 19 studies identified, all of which were published more than 15 

years ago, data on the burden of RTI in Pacific Island countries and territories is largely 

descriptive with limited evidence on aetiology. Ten studies from LMIC, largely focused on 

heavy vehicle drivers, suggest that daytime sleepiness increases the risk of road crashes. 
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Study 1: During the 12-month study period, fatal and hospitalised RTI in Viti Levu most 

commonly involved males (72%) and people aged 15 to 29 years (33%). Two thirds of deaths 

occurred before hospitalisation and fatality rates were higher among Indians compared to 

Fijians. 

 

Studies 2 and 3: 18% of driving time was undertaken by drivers who reported being sleepy 

(1%) or not fully alert (17%). After adjusting for confounders, driving while sleepy or not 

fully alert was associated with an almost six-fold increase in the odds of injury-involved 

crashes (OR 5.7, 95% CI 2.7, 12.3). The corresponding population attributable risk was 34% 

(95% CI 28.6, 39.5). 

 

Conclusions 

Addressing RTI in Pacific Island countries and territories should be a public health priority 

with particular attention to the role of driver sleepiness, a poorly characterised risk factor for 

four-wheel motor vehicle crashes in less-resourced settings. 
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CHAPTER 1. INTRODUCTION AND OBJECTIVES 

1.1. INTRODUCING THIS THESIS 

This chapter sets the context from which this research has arisen; the Traffic Related Injury in 

the Pacific (TRIP) research project. It highlights the knowledge gap relating to the burden of 

road traffic injuries (RTI) and the role of driver sleepiness in motor vehicle crashes in Pacific 

Island countries and territories and low- and middle-income countries, focusing on the 

Republic of Fiji (Fiji). This research uses an epidemiological approach to identify five 

primary research objectives designed to address these research gaps. 

1.2. STUDY CONTEXT AND OBJECTIVES 

The research incorporated in this thesis is nested in the TRIP research project; an 

epidemiological investigation of injury focusing on road crashes and the identification of 

priorities for injury prevention and control in Fiji. 

The primary objectives of the research presented in this thesis were to: 

1. Conduct a systematic review and critical appraisal of the published literature to 

determine the burden of RTI and its attendant risk factors in low- and middle-income  

Pacific Island countries and territories (Review 1); 

2. Conduct a systematic review and critical appraisal of the published literature to 

determine the role of driver sleepiness as a risk factor for road traffic crashes in low- 

and middle-income countries (Review 2); 

3. Describe the incidence and demographic characteristics associated with road traffic 

crashes resulting in death or hospitalisation in Fiji (Study 1); 
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4. Estimate the prevalence of driver sleepiness among the driving population in Fiji 

(Study 2); and 

5. Investigate the association of driver sleepiness with the risk of four-wheel motor 

vehicle crash injuries in Fiji, and the associated relative and population attributable 

risk (Study 3). 

1.3. ROAD TRAFFIC INJURIES AND DRIVER SLEEPINESS: A GLOBAL 

PUBLIC HEALTH CONCERN 

Road traffic crashes are responsible for an estimated 1.2 million deaths and 50 million people 

injuries every year, with estimated costs to the global community of about US$520 billion.
1,2

 

By 2030, RTI are projected to be the fifth major contributor to the global burden of disease.
3
 

 

Although 90% of global road fatalities occur in low and middle-income countries, these 

countries own less than half of the world‟s motor vehicle fleet.
2,4

 The disproportionate RTI 

burden
1,5,6

 and the diverse socioeconomic characteristics of these populations pose 

considerable challenges, hindering opportunities to prevent injuries or their serious 

consequences, including the capacity to adopt road safety initiatives from high-income 

countries.
7,8

 The economic and social impact of RTI is considerable, with vulnerable road 

users such as pedestrians, cyclists, and riders of motorised two-wheel vehicles, at increased 

risk of fatal and disabling injuries, trapping many families further in poverty.
2,9-15

 With 

economic development, motorisation, and the predicted widening of the motor vehicle crash 

fatality rate between low- and middle-income countries (>2 per 10,000 persons) and high-

income countries (less than one per 10,000 persons) by 2020,
16

 a global response is 

critical.
17,18
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Epidemiological studies, interventions, and recommendations for road traffic crash 

prevention in resource-poor countries, have largely focused on speed, drink driving, and the 

use of motorcycle helmets, seatbelts, and child restraints.
2,5,18-22

 Driver sleepiness as a 

contributory factor to road traffic crashes in these settings has received little attention, yet it is 

acknowledged to be a significant contributor to the burden of RTI in high-income 

countries,
2,23,24

 increasing the risk of motor vehicle crashes three to six-fold
25-27

 with 

attributable risk estimates of up to 22%.
28-33

 Obstructive sleep apnoea is also reported to 

contribute significantly to road traffic crashes,
26,34

 a risk that appears to be reduced with 

treatment.
35

 

1.4. ROAD TRAFFIC INJURIES AND DRIVER SLEEPINESS IN LESS-

RESOURCED SETTINGS 

While the burden of RTI in low- and middle-income countries is significant,
2,3,13,22,36-41

 its 

magnitude and determinants are poorly quantified. This is due largely to the paucity of 

aetiological epidemiological studies, and subsequent reliance on routinely collected hospital 

and police data, which frequently lack in-built information systems to monitor trends and data 

quality.
2,41,42

 

 

Driver risk factors for sleep-related motor vehicle crashes include those working for extended 

periods involving multiple jobs, night shifts, or unusual work schedules.
2,43,44

 These 

occupational risks are of increasing concern in low- and middle-income countries where 

drivers are vulnerable to less regulated labour conditions, as well as socioeconomic pressures 

to drive for prolonged periods without adequate rest.
45-47

 However, while it would appear that 

there is an increasing awareness of the burden of driver sleepiness in less-resourced 

countries,
48-52

 its contribution to crashes remains poorly defined.
2,53,54
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1.5. ROAD TRAFFIC INJURIES AND DRIVER SLEEPINESS IN PACIFIC 

ISLAND COUNTRIES AND TERRITORIES 

This section highlights key geographic, demographic, road crash and injury-related 

characteristics in Pacific Island countries and territories. 

1.5.1. THE PACIFIC ISLANDS: LAND AND PEOPLE 

Anthropologically, indigenous Pacific people are categorised culturally and geographically as 

Melanesian (Northern Pacific region), Micronesian (Western-central Pacific ocean), and 

Polynesian (Eastern-central Pacific ocean; including Hawaii and New Zealand Māori). The 

22 Pacific Island countries and territories that are member states of the Secretariat of the 

Pacific Community are scattered across the vast Pacific Ocean, classified economically as 

largely low- and middle-income nations (91%), and populated by approximately 10 million 

people.
55-57

 Pacific people are diverse in culture, language, and dance, and have different 

levels of access to health and social services, due largely to their respective colonising and 

development histories.
58

 

 

Most Pacific Island countries and territories are small islands, two thirds of which are less 

than 1,000 km
2
, and one third less than 200km

2 
in size.

 
The largest country is Papua New 

Guinea (460,000 km
2
, 80% of the total Pacific Islands land area), which has diverse 

geographical characteristics ranging from the flat lands on the coast, to the rugged 

mountainous peaks and terrains of the highlands.
57

 This has made it difficult to develop 

transportation infrastructure, with poorly gravelled and maintained roads, and no roads 

connecting the capital Port Moresby to other larger centres in the country. While a long 

highway connects the second largest city Lae, to the highlands of Papua New Guinea, access 

to some areas is only possible by air transport.
59,60

 Importantly, Papua New Guinea has rich 



5 

 

natural mineral deposits (e.g. Ok Tedi copper mine) and renewable resources, which are 

heavily commercialised. Papua New Guinea is the largest populated island in the Pacific and 

comprises 70% of the total Pacific population (6.8 million residents, 82% of whom live 

rurally). The next largest island in the Pacific is the Solomon Islands (30,000 km
2
), followed 

by New Caledonia (19,000 km
2
), Fiji (18,000 km

2
), and Vanuatu (12,000 km

2
).

61
 Fiji is the 

second largest populated Pacific Island country (840,000 people).
62

 

1.5.2. PACIFIC ISLANDS ROAD SAFETY CHARACTERISTICS 

In general, roads in Pacific Island countries and territories are poorly designed, inadequately 

maintained, mostly unpaved, have poor lighting, and lack the safety features apparent in high-

income countries.
59,60,63-67

 The Global Road Safety Surveys identify Pacific Island country-

specific road traffic crash and injury data, and road safety characteristics from the 

perspectives of government statistics and stakeholders.
18,68,69

 Road crash and death rates are 

generally higher than those found in high-income countries, with 40 to 75% of all deaths 

involving pedestrians. 

 

The predominant motor vehicle type is determined largely by land mass, terrain, economy, 

and population size. Higher populated countries such as Papua New Guinea, Fiji, Samoa and 

the Solomon islands report higher registrations of four-wheel car and truck registrations, 

compared to smaller island countries such as the Cook Islands and Tuvalu where two-wheel 

motorcycles registrations are high. While all Pacific Island countries and territories have 

established motor vehicle and driver standards and licensing systems, the enforcement of 

these, including road safety legislation (i.e. speed, alcohol, seatbelt/car restraint, and mobile 

phone use), is inconsistent and relatively inadequate.
68,69
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1.5.3. ROAD TRAFFIC INJURIES AND DRIVER SLEEPINESS IN THE PACIFIC 

Information on the burden of RTI in the Western Pacific region, as defined by the World 

Health Organisation (WHO), is dominated by the impact in rapidly motorising countries with 

large populations such as China and Indonesia.
2,68

 In Pacific Island countries and territories, 

the published literature suggests that RTI and their attendant risks are a significant but poorly 

quantified cause of death and disability.
22,70,71

 Indeed, given that up to half of all fatal injuries 

are reportedly due to road traffic crashes,
72

 previous commentators and researchers have 

drawn attention to the impact of RTI on Pacific populations, highlighting factors that require 

particular attention such as alcohol, low seatbelt use, poor driving, and increasing 

motorisation with poorly maintained vehicles and roads.
59,60,64,73-76

 However, the role of 

driver sleepiness while suspected to contribute to crashes when drivers fall asleep at the 

wheel, is poorly understood with no established data collecting mechanisms.
77,78

 

1.5.4. ROAD TRAFFIC INJURIES AND DRIVER SLEEPINESS IN FIJI 

In Fiji, information on RTI is derived from routine national hospital and police data systems. 

RTI are one of the top ten causes of mortality,
79

 with fatality rates averaging 9.0 per 100,000 

persons and 10 per 10,000 motor vehicles.
79-81

 When extrapolating costs of 1-2% of gross 

domestic product,
1
 RTI are estimated to cost Fiji at least 28 million FD per year (16 million 

USD) or 18% of the annual health budget (2009). 

 

In general, most road traffic crash-related deaths, as described in the Fiji annual traffic report, 

occur in those aged 16 to 25 years (26%), 31 to 40 years (23%), among pedestrians (35%), 

motor car occupants (23%), and occupants of „pick up‟ utility vehicles (28%) and minibuses 

(10%).
81

 Recent data collected from country-level standardised self report questionnaire-

based information suggest that Fiji road traffic crash-related fatality rates per 100,000 persons 
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appear to be declining (2008-7.0),
68

 (2009-5.1),
79

 including the proportion of pedestrians 

affected (25%),
68

 however inconsistent definitions across information systems makes it 

difficult to infer trends without closer examination of data. 

 

Information on risk factors for road traffic crashes in Fiji is scarce with no identifiable system 

systematically collecting relevant data, including those for driver sleepiness. While it has 

been noted that drink-driving is associated with 27% of crashes in Fiji, even for this 

commonly acknowledged risk factor for road traffic crashes, its role remains poorly 

quantified.
68,73

 

1.6. DRIVER SLEEPINESS: AN AETIOLOGICAL FACTOR FOR ROAD 

TRAFFIC INJURIES 

1.6.1. INTRODUCTION 

This section provides a brief overview of sleep, the sleep-wake cycle, sleepiness, sleep 

measurement tools, and the relationship of driver sleepiness to road traffic crashes. 

1.6.2. SLEEP AND THE SLEEP WAKE CYCLE 

The sleep construct is complex, but sleep research has evolved,
82,83

 with experts reviewing 

the theoretical framework for sleepiness and wakefulness, its definition, aetiology, 

measurement tools, and relationship with fatigue.
84-87

 

 

„Sleep is the intermediate state between wakefulness and death: wakefulness being regarded 

as the active state of all the animal and intellectual functions and death as that of their total 

suspension‟.
88

 Synchronised to the 24-hour day, the human sleep wake cycle involves a 

diurnal fluctuation in physiological functions and sleep tendency the latter peaking in the 
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early morning hours (2am to 5am) and mid-afternoon.
89,90

 This cycle is regulated by: (1) the 

homeostatic process representing the drive for sleep (increasing during wakefulness) as a 

function of prior sleep and waking; and (2) the circadian pacemaker, whereby pressures on 

wakefulness follow the diurnal pattern over the 24-hour day, independent of prior sleep and 

waking.
90-94

 The light-dark cycle is the main environmental signal that influences the 

circadian system, giving rise to most people being awake during the day, and sleeping at 

night.
90

 This physiological process underpins the use of environmental light to reset the 

circadian rhythm in individuals whose sleep patterns are not synchronised with the sleep 

wake cycle.
95

 

1.6.3. SLEEPINESS 

Disruption to the sleep wake cycle, such as those experienced in acute, total, or partial sleep 

deprivation, results in prolonged wakefulness which stimulates homeostatic pressures for 

sleep, subsequently increasing neurobehavioral indicators for sleepiness and reducing 

alertness, until sleep occurs.
96

 In this context, sleepiness is defined as a basic „physiological 

need‟ state, „inclined to sleep‟, drowsy, and having difficulty keeping awake with a tendency 

to fall asleep, due to the unavoidable consequence of the unsatisfied need to sleep.
23,85,96

 

Contemporary definitions for sleepiness include „sleep propensity‟, the speed, ease or 

likelihood of falling asleep as opposed to remaining awake.
85

 

 

In essence, poor sleep contravenes a normal physiological process integral to life and good 

health.
83,97

 Moreover, inadequate sleep, adversely affects human learning, mood, behaviour, 

performance, and organ-system function.
83,98

 Applying the sleep construct to sleep-related 

road traffic crash studies is useful to identify modifiable risk factors. 
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1.6.4. DRIVER SLEEPINESS AND ROAD TRAFFIC INJURIES 

Challenges in conceptualising sleepiness and wakefulness have hindered efforts to quantify 

the role of driver sleepiness in motor vehicle crashes.
85,99,100

 Studies suggest that drivers are 

generally unable to predict when their level of sleep impairment could significantly affect 

their driving.
101,102

 In this regard, by the time people are aware of reduced alertness, they are 

already experiencing potentially important deteriorations in their ability to drive. 

Furthermore, while the circadian rhythm has been found to correlate with two peaks for crash 

risk (2am to 5am, 2pm to 4pm), closer examination demonstrates an additional peak in crash 

risk at 9pm, likely to be due to an additional factor referred to as time „on task‟.
103-107

 Time 

„on task‟ quantifies the time period at which a person has been driving, or the period at which 

a person has been working at the workplace.
107

 

 

Some confusion arises when sleepiness has been used synonymously with terms such as 

drowsiness, languor, inertness, sluggishness, tiredness, weariness, somnolence, lethargy, 

inattention, exhaustion, boredom, and fatigue.
105,108

 In brief, the focus of this research is 

driver sleepiness, synonymous with the definition used in the drowsy driving literature.
105

 

Driver inattention while known to be influenced by sleepiness can also result from the driver 

being distracted in the vehicle.
109

 Driver fatigue is defined as a disinclination to continue 

performing the task at hand, due to time spent „on task‟, circadian factors, and inadequate 

sleep.
110

 In other words, there is a biological drive for recuperative rest.
107

 In this respect, 

there is considerable overlap between driver fatigue and driver sleepiness with both terms 

commonly used interchangeably.
100,107,109,111,112

 

 

In 2000, a consensus statement by sleep experts declared that: fatigue (sleepiness, tiredness) 

is the largest identifiable and preventable cause of accidents in transport operations (between 
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15 and 20% of all accidents), surpassing that of alcohol or drug related incidents in all modes 

of transportation.
113

  

 

Risk factors for sleepy driving are more common in three population groups: young people 

(especially males aged 16 - 29 years), shift workers, and people with untreated sleep-related 

disorders.
24,27,31,105,109,114-122

 Sleep studies suggest, young people are physiologically 

predisposed to develop chronic sleep deprivation because of maturation changes of the 

circadian and homeostatic regulation of the sleep-wake cycle.
105,115,120

 Shift workers are 

particularly prone to driver sleepiness-related crashes due to sleep disrupted by working at 

night, working long irregular hours, and being subjected to the monotony of long 

drives.
43,105,107,108,111-113,123,124

 Increased crash risk among drivers reporting symptoms of 

obstructive sleep apnoea syndrome, narcolepsy, or other sleep-related disorders is well 

established with one large study reporting a three-fold odds of crash.
26,27,31,34,105,107,114,116-

118,120,121
 

1.6.5. MEASURING SLEEPINESS 

Several tools measure sleepiness in terms of sleep propensity or as a state of drowsiness.
85,125

 

While sleep propensity is measured in terms of how long it takes a person to fall asleep, a 

state of drowsiness refers to the measurement of the presence of sleepiness, or different levels 

of sleepiness at a particular time.
85

 

1.6.5.1 SLEEP PROPENSITY 

Sleep propensity can be measured either: (1) objectively, using the multiple sleep latency test 

or the maintenance of wakefulness test; or (2) subjectively, using the Epworth sleepiness 

scale.
84,86,96,126

 The multiple sleep latency test is considered the gold standard for quantifying 
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sleep, and measures the speed at which persons fall asleep at repeated intervals throughout 

the day, while lying in a quiet room.
127

 On the other hand, the maintenance of wakefulness 

test measures the ability of persons to remain awake while lying in a quiet room, a test which 

has not been validated.
128

 Both tests measure acute and chronic sleepiness, however, they are 

disadvantaged by cost, lack of portability, and limitation of use to laboratory settings. The 

Epworth sleepiness scale is a validated subjective measure for measuring chronic or average 

daytime sleepiness. It uses a scale from „0‟ no chance to „3‟ high chance of dozing, and asks 

the patient to report how quickly they would fall asleep or doze off in eight daily routine 

situations, such as watching television, sitting and reading, sitting and talking to someone.
129

 

1.6.5.2 STATE OF DROWSINESS 

The measurement of the state of drowsiness can be measured either: (1) objectively, using the 

electroencephalogram, pupillometry, or performance-based psychomotor vigilance test; or (2) 

subjectively, using the Stanford sleepiness scale, Karolinska sleepiness scale, and Visual 

Analogue scale.
96,105,125,130

 The psychomotor vigilance test is frequently used to identify 

sleepiness or drowsiness among drivers.
131

 The Stanford sleepiness scale is a validated 

subjective measure for acute sleepiness, and uses a seven-point Likert rating scale consisting 

of seven numbered statements that asks persons to describe their current state of 

sleepiness/drowsiness from „1‟felt active, wide awake, to „7‟ could not stay awake, sleep 

onset imminent.
132,133

 The statements provide a mix of descriptions relating to sleep 

propensity, energy/fatigue, and cognitive performance. The Karolinska sleepiness scale is a 

validated measure similar to the Stanford sleepiness scale and uses a nine-point Likert rating 

scale to describe the subjective level of sleepiness at a particular time of the day.
130

 In both 

the Stanford and Karolinska sleepiness scales, the „state of sleepiness‟ is measured. The 
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visual analogue scale consists of a 100mm horizontal line on which the right extreme is 

labelled „very sleepy‟ and on the other end „very wide awake‟. 

1.6.5.3 OTHER MEASURES OF SLEEPINESS 

While there are other sleepiness measurement tools such as the Pittsburgh sleep quality index, 

Berlin questionnaire, and Wisconsin sleep cohort study questionnaire, all have their 

limitations. However, this has not prevented the development of innovative technological 

advances. such as, the application of afferent sensory measures in driver fatigue settings 

which involves a driver wearing glasses equipped with sensors that measure the velocity of 

the eyelid closing and reopening during blink, and the duration of closure.
134,135

 This personal 

safety device warns drivers through aural and visual alerts, if their level of drowsiness 

exceeds a predetermined level. Newer validated objective sleep measurement tools include 

actigraphy, an ambulatory monitoring method for tracking a patient‟s sleep/wake activity 

pattern over time (worn as a wrist watch).
136

 

1.6.6. DETERMINANTS OF SLEEP 

Daytime sleepiness is directly related to the amount of nocturnal sleep.
96

 Acute sleep 

deprivation is known to increase mortality risk almost two-fold in those reporting six or less 

hours (or more than 9 hours) of sleep per night,
137

 with sleep of five hours or less in the 

previous 24 hours increasing the odds of injury-crash almost three-fold (OR 2.7, 95% CI 1.4, 

5.5).
31

  On the other hand, the odds of crash-producing injury is increased 1.5 times in those 

reporting chronic sleep deprivation with no full nights of adequate sleep in the previous week 

(i.e. sleep mostly between 11pm and 7am for seven hours or more).
31

 As highlighted 

previously, young drivers and drivers with sleep-related disorders and/or undertaking shift 
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and long work hours are at increased risk of having poor quality, interrupted, and/or less 

sleep,
31,137

 

 

Driver sleepiness can also be influenced by alcohol use, drug (illicit or medicine) use, injury 

or illness, increasing age, or a combination of one or more of these.
43,54,138-146

 Some of these 

factors are established aetiological risk factors for road traffic crashes and are examined as 

confounders and effect modifiers in this study. 

1.7. ADDRESSING THE KNOWLEDGE GAP - THE RATIONALE FOR A 

SERIES OF LINKED EPIDEMIOLOGICAL STUDIES  

Although low- and middle-income countries carry the overwhelming burden of RTI, there is 

a lack of robust epidemiological data, quantifying the RTI burden and its attendant factors, 

including driver sleepiness. In the absence of robust epidemiological information, populations 

in the Pacific region forego opportunities to develop and implement evidence-based road 

safety initiatives. Motorisation and competing social priorities further compound these fragile 

economies, making it difficult for countries to mount an effective road safety response. 

Arguably, road safety policy in the Pacific region is disproportionately silent with evidence to 

suggest that enforcement of traffic regulations is generally poor and varies considerably 

between countries.
68,69

 Yet with over 10 million residents, and a population projected to 

almost double by 2050,
55

 it is likely that without adequate attention to motor vehicle crashes, 

escalating premature mortality, morbidity, and disability is inevitable. 

 

The magnitude of the burden and aetiological factors for RTI in the Pacific region, including 

the role of driver sleepiness in crashes, is not well defined. While gaining insight into a 

significant public health problem, reliance on routinely collected surveillance data that is 
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infrequently audited for quality, limits its ability to identify critical aetiological factors to 

inform preventative measures.
147-149

 It is important to assess the quality of local research 

evidence examining the burden and risk factors for RTI in the region, in order to develop 

effective road safety initiatives relevant to the Pacific context, and to gain a broader 

appreciation of its utility to influence national policy and behavioural change.
147-149

 

 

This thesis includes a series of linked systematic reviews and individual epidemiological 

studies to help address this evidence gap. 

1.7.1. THE RATIONALE FOR A SYSTEMATIC REVIEW OF EPIDEMIOLOGICAL STUDIES 

RTI research and road safety initiatives in low- and middle-income countries lag considerably 

behind those in high-income countries. In less-resourced Pacific Island countries and 

territories, the published literature suggests that up to half of all fatal injuries in the Pacific 

are due to road traffic crashes, yet the burden of RTI and their attendant risk factors are 

generally poorly quantified. Furthermore, in low- and middle-income countries, the 

contribution of driver sleepiness to motor vehicle crash injuries is scant, in comparison to 

high-income countries. The paucity of information in these particular areas highlights critical 

gaps in knowledge, essential evidence required to inform the development of robust road 

safety policies and interventions. 

 

Systematic literature reviews are an established efficient scientific technique for summarising 

the current „state‟ of information on a defined topic, highlighting study limitations and biases, 

allowing increased precision in estimates of risk or effect size, and often generating new 

research questions and higher quality studies.
150,151

 Indeed the explicit and reproducible 

methodological rigour of systematic reviews conducted by the Cochrane collaboration, 
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surpasses those undertaken in unstructured literature reviews.
152

 The application of structured 

literature reviews to studies examining prognostic variables to improve understanding of the 

disease process and to define risk groups is by no means perfect.
153,154

 However, there are 

guidelines on its use and the reporting of results, which take into consideration study 

publication and outcome reporting biases that may be potentiated.
155-159

 This process provides 

a framework by which researchers can assess variations in study design and end results. 

 

Undertaking a systematic review of the literature to assess the quality of evidence examining  

the burden and risk factors for RTI in the Pacific, as well as the contribution of driver 

sleepiness to injury-involved road crashes in less-resourced settings, provides an important 

knowledge base for road safety stakeholders to draw on. 

1.7.2. INDIVIDUAL EPIDEMIOLOGICAL STUDIES FOR ROAD TRAFFIC INJURY 

PREVENTION 

Regarding epidemiological studies, descriptive studies are designed to describe the 

occurrence of disease by time, place, and person.
160

 These include prevalence surveys, case 

series, surveillance data, and the analysis of routinely collected data such as registries, and 

hospitalisation and mortality data. Descriptive studies of road traffic crashes and injuries are 

essential to assess the magnitude of different health problems and subsequently the 

identification of priorities for action and further research. 

 

Analytical studies on the other hand are designed to examine aetiology and casual 

associations, and classified as intervention (experimental) or observational (non-

experimental) studies. When investigating aetiological factors for road crash and crash-

related injuries, intervention studies or trials on human subjects are generally inappropriate. 

As such, observational studies such as cohort, case control, case crossover, cross sectional, 
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and ecological studies are the alternative option.
160,161

 Aetiological studies provide an 

evidence base from which to identify and prioritise intervention and research initiatives. 

Haddon‟s matrix is a useful construct to help apply traditional epidemiological dimensions of 

disease to RTI prevention.
162-165

 It draws on the triad of host (driver), vector (vehicle), 

environment (road/weather), which interact with an agent (road crash), to cause injuries and 

death, either pre-crash, during the crash, or post-crash.
166

 This can be expanded to identify 

risk factors that influence exposure to crash risk, crash involvement, crash severity, and 

severity of post-crash injuries.
2,165

 Identifying these risk factors would assist in developing 

road safety initiatives specific and appropriate to the Pacific context. 

1.8. THE TRIP RESEARCH PROJECT AND THE ROLE OF THE 

INVESTIGATORS 

The impetus for the TRIP study arose following heightened political interest in the 

disproportionate burden of injuries in less-resourced countries,
167-170

 but little information 

quantifying the burden and attendant risk factors in Pacific Island countries. 

 

The primary aim of the TRIP research project was to: 

1. Undertake an epidemiological investigation of context-specific evidence on injury 

focusing on road crashes, and the identification of priorities for injury prevention and 

control in Fiji, Samoa, and the Republic of Palau (Palau); and 

2. Increase Pacific workforce capacity and capability to address the burden of RTI and 

other emerging threats to the health and safety of Pacific populations. 
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Regarding the epidemiological investigation in Fiji, there were three key research streams 

relevant to my study. These were to: 

1. Establish a population-based prospective trauma register to identify cases of serious 

fatal and non-fatal injuries; 

2. Undertake a population-based cross-sectional study to estimate the prevalence of 

major risk factors for road user injury; and 

3. Conduct case-control analyses to quantify the contribution of potentially modifiable 

risk factors for road user injury and population attributable risks. 

 

The TRIP study was initiated and led by Prof Shanthi Ameratunga
1
 (the study director) with 

support from the principal investigators Prof Rod Jackson
2
 from the University of Auckland, 

and Prof Sitaleki Finau
3
 from the Fiji School of Medicine. Assoc Prof Eddie McCaig

4
 joined 

as the Fiji principal investigator following the departure of Prof Sitaleki Finau from the Fiji 

School of Medicine. In addition to the principal investigators and study director, members of 

the research team included: Dr Iris Wainiqolo
5
, Dr Berlin Kafoa

6
, Dr Robyn McIntyre

7
, 

Asilika Naisaki
8
, Mabel Taoi

9
, Ravi Reddy

10
, Ramneek Goundar

11
, Ms Litia Vuniduvu

12
, 

Nola Vanualailai
13

, and Elizabeth Robinson
14

. The wider team based in Fiji, Samoa, Palau 

                                                 

1
 Study director, University of Auckland 

2
 Principle investigator, University of Auckland 

3
 Principal investigator, Fiji School of Medicine (2004 - July 2006) 

4
 Principle investigator, Fiji School of Medicine (July 2006 – 2009)  

5
 Research manager, Fiji School of Medicine 

6
 Research manager, Fiji School of Medicine 

7
 Research manager, University of Auckland (2004 – 2005) 

8
 Research assistant, Fiji School of Medicine 

9
 Research assistant, Fiji School of Medicine 

10
 Research assistant, Fiji School of Medicine (2005-2006) 

11
 Research assistant, Fiji School of Medicine 

12
 Research assistant, Fiji School of Medicine 

13
 Data manager, Fiji School of Medicine 

14
 Biostatistician, University of Auckland 
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and the University of Auckland, included: Lepani Waqatakirewa, Frances Brebner, Gregory 

Dever, and David Thomas. 

 

This study was funded by an international collaborative research grant awarded by the 

Wellcome Trust based in the United Kingdom, and the Health Research Council of New 

Zealand. 

1.8.1. ROLE OF THE CANDIDATE 

My involvement in TRIP began in 2006 as a research manager, mid-way during the data 

collection phase of the study, following the departure of Dr Robyn McIntyre, the previous 

research manager. As such, I was not involved in the original design of the study, which was 

conceived as a collaborative research initiative by the senior investigators of the project, 

including my PhD supervisors. 

 

In my position as one of three research managers, I took a lead role in overseeing the conduct 

of the TRIP research programme in Fiji. This project had three inter-related research streams 

(Figure 1-1). Research managers Drs Wainiqolo and Kafoa took the lead role in the 

establishment of the injury surveillance register and conduct of the cross sectional roadside 

survey respectively. I took the lead role in the design and conduct of the first TRIP case 

control study, focusing on driver sleepiness (Epidemiological study 3), drawing RTI cases 

from the injury surveillance and motor vehicle crash databases, and controls from the 

roadside survey. This was in addition to undertaking the study of the burden of RTI in Viti 

Levu, Fiji, using information from the FISH database (Epidemiological study 1), as well as 

using sleep data from the cross sectional roadside survey to determine the prevalence of 
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driver sleepiness in Viti Levu, Fiji (Epidemiological study 2). I was also responsible for the 

conduct of study data quality processes. 

Figure 1-1. Role of the Candidate in the TRIP study 

CASE MOTOR VEHICLES

Drivers with sleep data

Mechanism of Injury classified as 

Road Traffic Injury

(all road users and vehicle types)

CONTROL MOTOR VEHICLES

 Drivers with sleep data 

The burden of RTI in Viti 

Levu, Fiji

The role of driver 

sleepiness in motor 

vehicle crash injuries in 

Viti Levu, Fiji

The prevalence of driver 

sleepiness in Viti Levu, 

Fiji

Fiji Injury surveillance in Hospitals

(FISH Database)

All injuries

4-wheel motor vehicle drivers 

involved in road crashes

Cross-sectional road side survey of 

4-wheel motor vehicles 

Epidemiological Study 1 Epidemiological Study 2Epidemiological Study 3

Data Quality Processes 

Dr Iris Wainiqolo

Research manager/Lead coordinator

Fiji Injury surveillance in Hospitals

Dr Berlin Kafoa

Research manager/Lead coordinator

Viti Levu, Fiji Road side survey

Dr Josephine Herman

Research manager/Lead coordinator

Case control study & Data quality

 

 

I also undertook administrative functions such as planning, coordinating and contributing to 

the conduct and operational aspects of the study, as well as the development and conduct of 

training workshops, research outputs and annual/final reports to funding agencies. 

 

I have personally conducted all the analyses presented in this thesis, with advice from 

Elizabeth Robinson and Shanthi Ameratunga, and led the writing of the four publications. 

1.8.2. CANDIDATE’S RELATIONSHIP TO THE PHD 

At a personal level, my journey with this thesis and research role owes much to my Cook 

Islands heritage and personal and professional links to the Pacific region. Born and raised in 

the Cook Islands, I began undergraduate medical training at the Fiji School of Medicine, until 
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its interruption by the first coup d'état in Fiji (1987), resulting in my transfer to the University 

of Papua New Guinea to complete studies. I returned to the Cook Islands to practise in 

obstetrics and gynaecology, and co-authored the Cook Islands Women‟s Health report 

(2004/2005). In this role, I further developed my skills in clinical audit processes and an 

understanding of the need for quality data to inform practice and policy, particularly in a 

resource-constrained environment. My interest in preventative medicine, led to my 

completion of the generalist stream of the Australasian fellowship qualification in public 

health medicine. 

 

Joining the TRIP project provided an exciting opportunity to be involved in a Pacific-based 

epidemiological research project. During the TRIP project and my PhD studies, I also 

undertook a two-year appointment with the Cook Islands Ministry of Health, as Director of 

Community health services and for one-year Acting Director of Clinical health services. This 

period coincided with the 2009 Influenza H1N1 Pandemic, to which I held the role of 

National focal point for the Cook Islands. I also held the role of National focal point for Road 

safety, and led the contribution of Cook Islands road safety data to the inaugural Global Road 

Safety Status report.
18

 The wide range of public and clinical health responsibilities I held 

included travel to international meetings where I was fortunate to meet other Pacific and 

global health representatives. I was particularly aware that injury as a public health issue had 

limited visibility in government policy, and the public health sector. These experiences and 

the relationships forged, continue to inform my knowledge and insight into key social and 

political determinants in many Pacific Island countries and territories. 
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1.9. STRUCTURE OF THE THESIS 

This thesis has five chapters. The organisation of this thesis, the chapters and related 

publications (four) which arise from this research are outlined in Figure 1-2. 

 

CHAPTER 1 introduced the overarching research gap relating to the burden of RTI in Pacific 

Island countries and territories and the role of driver sleepiness in motor vehicle crashes in 

low- and middle-income countries. Through the TRIP study, using an epidemiological 

approach for RTI prevention, this chapter identifies five primary research objectives: two 

systematic reviews of the published literature, and three epidemiological studies, designed to 

address this knowledge gap. 

 

CHAPTER 2 presents the methodology and findings of the systematic reviews of the 

published literature undertaken, to address two primary research objectives: (1) the RTI 

burden and related risk factors in Pacific Island countries and territories; and (2) the role of 

driver sleepiness in road traffic crashes in low- and middle-income countries. The key 

findings, strengths and weaknesses, and implications of both reviews are discussed in 

CHAPTER 5. 

 

CHAPTER 3 describes the methodology for the three primary epidemiological studies. These 

are: (1) an analysis of the incidence and characteristics of RTI drawing from a population-

based hospital injury surveillance system; (2) a cross sectional roadside survey investigating 

the prevalence of driver sleepiness among the driving population; and (3) a case control 

analysis investigating the role of driver sleepiness and its determinants in injury-involved 

four-wheel motor vehicle crashes in Viti Levu, Fiji. The results of these studies are presented 
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in CHAPTER 4, with key findings, strengths and limitations, and subsequent implications, 

discussed in CHAPTER 5. 

 

The final chapter (CHAPTER 5) is divided into four parts. The first part summarises key 

research findings of the five primary research objectives, highlighting study limitations, and 

discussing the meaning of this research and associated public health implications. The second 

part reviews notable driver sleepiness interventions in high- and low-and middle-income 

countries, identifying research priorities and implications for road traffic crashes and driver 

sleepiness policy and prevention in Pacific Island countries and territories. The third part 

discusses the broader challenges for RTI research in less-resourced settings, highlighting the 

TRIP research project‟s contribution to the development of RTI research capacity in the 

Pacific. The final part highlights opportunities for future RTI prevention and control 

including those targeting driver sleepiness in Pacific Island countries and territories. 
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Figure 1-2. Structure of thesis with chapters and relevant publications 
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CHAPTER 2. SYSTEMATIC REVIEWS  

2.1. INTRODUCTION 

This chapter describes the method and results of two systematic reviews of epidemiological 

studies investigating: (1) the burden of RTI and its attendant factors in low- and middle-

income Pacific Island countries and territories; and (2) the role of driver sleepiness in motor 

vehicle crashes in low- and middle-income countries. The key findings, study strengths and 

weaknesses, and implications of both reviews are discussed in CHAPTER 5. 

2.2. METHODS 

The outcome of interest in both reviews was road crash or injury-involved crash. Both 

reviews followed prescribed methodological principles for undertaking systematic 

reviews.
154,157,159

 

2.2.1. LITERATURE SEARCH STRATEGY 

All published epidemiological studies investigating the burden and risk factors for RTI in 

less-resourced Pacific Island countries and territories, and studies investigating driver 

sleepiness as a risk factor for motor vehicle crashes or crash-related injury in less-resourced 

settings, were considered. While much of the road safety literature is unpublished material 

(grey literature), those captured in the search process were reviewed for eligibility for 

inclusion in the review. 
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2.2.2. LIMITING STUDIES TO LESS-RESOURCED COUNTRIES AND PACIFIC ISLAND 

COUNTRIES AND TERRITORIES 

As the reviews were limited to less-resourced settings and Pacific Island countries and 

territories, a structured search strategy was required to exclude high-income countries. The 

following search string based on the World Bank classification of countries (by gross national 

income)
171

 was developed (Figure 2-1). Regarding Pacific Island countries and territories, 

countries of interest comprised 18 of the 22 member states of the Secretariat of the Pacific 

Community, encompassing all of the Pacific Island countries and territories in the Pacific 

region but excluding those classified as high-income. 

Figure 2-1. The World Bank Classification of Countries 

Low income 

(Afghanistan$ or Haiti$ or Papua New Guinea$ or Bangladesh$ or India$ or Rwanda$ or Benin$ or Kenya$ or 

Sao Tome$ or Principe$ or Bhutan$ or Korea$ or Senegal$ or Burkina Faso$ or Kyrgyz Republic$ or Kyrgyz$ 

or Sierra Leone$ or Burundi$ or Lao$ or Solomon Islands$ or Cambodia$ or Liberia$ or Somalia$ or Central 

African Republic$ or Madagascar$ or Sudan$ or Chad$ or Malawi$ or Tajikistan$ or Comoros$ or Mali$ or 

Tanzania$ or Congo$ or Mauritania$ or Timor-Leste$ or Cote d'Ivoire$ or Mongolia$ or Togo$ or Eritrea$ or 

Mozambique$ or Uganda$ or Ethiopia$ or Myanmar$ or Uzbekistan$ or Gambia$ or Nepal$ or Vietnam$ or 

Ghana$ or Niger$ or Yemen$ or Guinea$ or Nigeria$ or Zambia$ or Guinea-Bissau$ or Pakistan$ or 

Zimbabwe$).mp. 

Lower Middle Income 

(Albania$ or El Salvador$ or Namibia$ or Algeria$ or Fiji$ or Nicaragua$ or Angola$ or Georgia$ or 

Paraguay$ or Armenia$ or Guatemala$ or Peru$ or Azerbaijan$ or Guyana$ or Philippines$ or Belarus$ or 

Honduras$ or Samoa$ or Bolivia$ or Indonesia$ or Serbia$ or Montenegro$ or Bosnia$ or Herzegovina$ or 

Iran$ or Sri Lanka$ or Brazil$ or Iraq$ or Suriname$ or Bulgaria$ or Jamaica$ or Swaziland$ or Cameroon$ or 

Jordan$ or Syrian$ or Syria$ or Syrian Arab Republic$ or Cape Verde$ or Kazakhstan$ or Thailand$ or China$ 

or Kiribati$ or Tonga$ or Colombia$ or Lesotho$ or Tunisia$ or Congo$ or Macedonia$ or Turkmenistan$ or 

Cuba$ or Maldives$ or Ukraine$ or Djibouti$ or Marshall Islands$ or Vanuatu$ or Dominican$ or Dominican 

Republic$ or Micronesia$ or Federated States of Micronesia$ or West Bank$ or Gaza$ or Ecuador$ or 

Moldova$ or Egypt$ or Morocco$).mp. 

Upper Middle Income 

(American Samoa$ or Hungary$ or Romania$ or Argentina$ or Latvia$ or Russian Federation$ or Russia$ or 

Barbados$ or Lebanon$ or Seychelles$ or Belize$ or Libya$ or Slovak Republic$ or Slovak$ or Botswana$ or 

Lithuania$ or South Africa$ or Chile$ or Malaysia$ or St Kitts$ or Nevis$ or Costa Rica$ or Mauritius$ or St 

Lucia$ or Croatia$ or Mayotte$ or St Vincent$ or Grenadines$ or Czech Republic$ or Mexico$ or Trinidad$ or 

Tobago$ or Dominica$ or Northern Mariana Islands$ or Turkey$ or Equatorial Guinea$ or Oman$ or Uruguay$ 

or Estonia$ or Palau$ or Venezuela$ or Gabon$ or Panama$ or Grenada$ or Poland$).mp. 

Additional classification for Pacific Island countries and territories 

Pacific region 

(Guam$ or Trust Territor$ or Northern Mariana$ or Palau$ or Caroline Island$ or Marshall Island$ or Federated 

States of Micronesia$ or FSM or Micronesia$ or Nauru$ or Kiribati$ or Gilbert Island$ or Papua New Guinea$ 

or Bismarck Archipelago$ or Solomon Island$ or Vanuatu$ or New Caledonia$ or Melanesia$ or Fiji$ or Fiji 

Island$ or Rotuma$ or American Samoa$ or Western Samoa$ or Samoa$ or Tuvalu$ or Tokelau$ or Niue$ or 

Cook Island$ or Tonga$ or Tuamotu$ or Pitcairn$ or Norfolk$ or Wallis$ or Futuna$ or Rapa Nui$ or Easter 

Island$ or French Polynesia$ or Tahiti$ or Marquesas Island$ or Society Island$ or Savaii$ or Polynesia$).mp. 
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2.2.3. COMPUTERISED SEARCHES OF ELECTRONIC DATABASES 

The following electronic databases were searched building on strategies recommended for 

reviewing the literature addressing incidence and aetiological studies:
172

 

Medline (OvidSP) (1946 - Dec 2011); 

EMBASE (1980 – Dec 2011); 

CINAHL (1980 – Dec 2011); 

PsycINFO (1980 – Dec 2011); 

Australian Transport and Road Index (ATRI) (1980 – Dec 2011); and  

Transport Research International Documentation (TRID) (1980 – Dec 2011). 

The ATRI is produced by the Australian Road Research Board Transport Research Ltd and 

includes road safety, transport economics, transport administration, intelligent transport 

systems, transport and the environment, public transport, road and airfield pavements, road 

design and engineering, traffic engineering and control, vehicle design and safety, and soil 

and rock mechanics. ATRI provides access to over 140,000 records on transport and road 

related material. TRID is a newly integrated database that combines the records from the 

Transportation Research Board's Transportation Research Information Services database and 

the Organisation for Economic Co-operation and Development's, Joint Transport Research 

Centre‟s International Transport Research Documentation database. TRID provides access to 

over 940,000 records of transportation research worldwide. 

2.2.4. SEARCHES OF JOURNALS AND OTHER DOCUMENTS 

Hand and electronic searches of journals focusing on traffic injury in less-resourced countries 

including Pacific Island countries and territories involved the examination of tables of 

contents, subject indices, and abstracts. Journals included those published in the Pacific 
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region: Papua New Guinea Medical Journal (1972-2009), Fiji Medical Journal (1974 - 

October 2006), and Pacific Health Dialogue (1994-2010). Focused electronic searches of 

relevant road crash journals included: Accident Analysis and Prevention, Injury, Injury 

prevention, Journal of Injury Control and Safety Promotion, Journal of Safety Research, and 

Traffic Injury Prevention. Journals relating to sleep included Sleep, Journal of clinical sleep 

medicine, Sleep medicine, and Sleep medicine review. Studies, reports, conference 

proceedings, and other relevant publications in the grey literature were located through the 

reference lists of identified articles and websites of groups involved in road safety and sleep 

including but not limited to the Road Traffic Injuries Research Network (RTRIN). The 

reviews were restricted to studies published in the English language. 

2.2.5. CRITICAL APPRAISAL 

All studies identified were screened by title and abstract, and then more thoroughly in full 

text (Figure 2-2, Figure 2-3). 

Figure 2-2. Flow diagram of the selection process to identify eligible studies addressing the 

burden and risk factors for RTI in Pacific Island countries and territories 
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Figure 2-3. Flow diagram of the selection process to identify eligible studies investigating the 

role of driver sleepiness in road traffic crashes in low- and middle-income countries 
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All studies meeting the inclusion criteria were critically appraised for the quality of the 

evidence using GATE-LITE™ for randomised control trials, cohort, and cross sectional 

studies (Error! Reference source not found.).
173

 GATE-LITE™ is a tool that assesses study 

design according to the five components of epidemiological studies: Participants, Exposure 

group, Comparison group, Outcome, and Time frame (PECOT). When appraising the quality 

of studies to examine elements of bias, the acronym RAMBO for Recruitment, Allocation, 

Maintenance, Blind or Objective measurements & processes, is applied. 

 

All results of the critical appraisal using GATE-LITE™ were summarised in evidence tables. 

In the case of the review of RTI in less-resourced Pacific Island countries, results were 

presented under the following headings: study design, participants, variables examined, key 

findings relevant to the review, and study appraisal and comments. Regarding studies 

examining the association of driver sleepiness to motor vehicle crashes in less-resourced 



29 

 

settings, results were presented under the following headings: study setting, participants, 

exposure, outcomes, confounders, results, and appraisal comments. 

2.3. THE BURDEN AND RISK FACTORS FOR RTI IN LESS-RESOURCED 

PACIFIC ISLAND COUNTRIES AND TERRITORIES 

2.3.1. OVERVIEW 

This section presents the results of a systematic review and critical appraisal of 

epidemiological studies published between 1980 and 2010, examining the burden and risk 

factors for RTI in less-resourced Pacific Island countries and territories. Key findings and 

implications are discussed in CHAPTER 5. 

2.3.2. INCLUSION CRITERIA 

Studies describing the burden of RTI were included if they presented epidemiological data on 

road users who had sustained an injury resulting from a road traffic crash. Studies 

investigating risk factors for RTI were reviewed if they included a comparison group or time 

period (as in case crossover studies) with respect to the exposure of interest, and the study 

outcome measure was a road traffic crash resulting in an injury (fatal or non-fatal). Therefore, 

the primary study designs of relevance included: case control, cohort, case crossover, or cross 

sectional research methodologies. 

2.3.2.1 SEARCH TERMS 

The keywords and relevant medical subject heading terms used included: specific names of 

all eligible Pacific Island countries and territories, Polynesia, Melanesia, Micronesia, 

Oceania, road user, driver, occupant, passenger, pedestrian, motor, vehicle, cycle, bike, 

moped, automobile, car, walking, traffic, road, accident, crash, collision, casualty, trauma, 
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wound, injury, fatal, death, disability. Specific search terms for risk factors included alcohol, 

wine, spirit, beer, seatbelt, helmet, head protective device, sleep, fatigue, apnoea, conspicuity, 

visibility, illumination, visual, headlights, light, colour, contrast. 

2.3.3. REVIEW OF THE EVIDENCE 

2.3.3.1 STUDIES IDENTIFIED 

Nineteen studies 
174-192

 published between 1980 and 2010 met the inclusion criteria with the 

most recent RTI-specific study published in 1996 (Figure 2-2).
192

 One study was published in 

two journals,
192,193

 so the study with less information was excluded.
193

 Fifteen studies were 

case series; including ten studies identifying cases from retrospectively documented 

records,
174-177,179,180,182,183,186,188

 three studies from prospectively documented records,
178,181,187

 

and two studies from both retrospective and prospective records.
184,185

 There were three 

ecological studies
189,190,194

 and one case control study.
192

 

2.3.3.2 STUDY POPULATIONS 

All but three studies were undertaken in Papua New Guinea, the exceptions being 

retrospective case series conducted in Yap
186

 and Fiji.
182,188

 Most of the studies conducted 

outside Papua New Guinea were small except for one study in Fiji reviewing national road 

crash data (n=2277).
188

 In general, Papua New Guinea studies involved larger study samples 

(up to 5772) including three ecological studies drawing on the national road crash database. 

189,190,194
 

2.3.3.3 OUTCOME MEASUREMENTS 

Eleven studies focused on describing the overall burden of RTI and type of road users 

injured,
174-176,178-180,188-190,192,194

 eight studies highlighted the contribution of RTI to trauma-
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related injuries,
177,182-187

 and 11 studies described the anatomical distribution of injuries 

sustained in a road crash.
174-177,182-185,187,188,195

 

2.3.3.4 EXPOSURE MEASUREMENTS 

While 11 studies provided information on exposures such as alcohol, seatbelt use, and vehicle 

type,
174-176,178,181,188-190,192,194,195

 only two studies, published in 1991 and 1996,
192,194

 

incorporated epidemiological designs that enabled identification of aetiological factors for 

RTI. 

2.3.3.5 CONFOUNDING 

Although one study represented a case control study,
192

 there was no consideration for 

potential confounding variables. 

2.3.3.6 EFFECT ESTIMATION 

Regarding measures of occurrence and effect, most of the studies reported unadjusted event 

counts and proportions, with only three studies providing population-based rates,
174,189,194

 and 

an ecological study reporting effect estimates.
191

 

 

One ecological study attempted to estimate the relative risk (RR) of crash fatality by vehicle 

type and vehicle occupant. The risks were as follows: RR of fatality; Driver - utility 0.99, bus 

0.88, car 1.57; Passenger: utility 3.1, bus 2.4, car 1.3. RR of crash involvement; utility 1.07, 

bus 2.14, car 0.87. Open-back vehicles were responsible for a high number of fatalities per 

crash, thought to be due to occupants (passengers) being thrown out of the vehicle. The study 

estimated a potential 27% reduction in crash fatalities if utility and heavy goods vehicles 

were restricted to those designed for passenger occupancy. 
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2.3.3.7 CRITICAL APPRAISAL 

Although the majority of studies were case series, there was wide variation in study design 

and quality. The methodological quality of the studies and the ability to appraise them was 

compromised by inadequate reporting of population characteristics, case definitions, 

recruitment methodology (source, eligible and study population), exclusion criteria, data 

collection and analysis, response rates, and identification of potential biases and confounders.  

 

Most research designs failed to consider possible biases in analysis and the interpretation of 

findings. Since many studies reviewed post mortem records, potential cases may have been 

excluded if they had not presented to the hospital setting. The majority of studies were 

retrospective, and the quality of data sources, (e.g. completeness, accuracy) was unspecified.  

 

This makes it difficult to ascertain the extent to which misclassification and underreporting 

may have been a source of information and recall bias. No studies reported whether outcome 

measures or blood alcohol concentration measurements were assessed blind to exposure 

information, nor whether measurement bias was considered when estimating alcohol 

concentration from breath or blood samples. 

 

Acknowledging these limitations, a summary of the studies investigating the burden and 

aetiological factors for RTI in Pacific countries is presented in Table 2-1.The key aspects of 

these studies are described in the next section. 
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2.3.3.7.1 RTI-RELATED FATALITIES IN PAPUA NEW GUINEA 

In a study of 1,279 post mortems from all causes of deaths, in all ages conducted at Port 

Moresby General Hospital for the years 1962 to 1989, RTI (n=573) accounted for 45% of all 

deaths, 75% of whom were male.
180

 Another post mortem study focusing only on trauma-

related fatalities in all ages (n=608) at Port Moresby General Hospital (1976 to 1985), 

suggested that road traffic crashes were responsible for 60% of these deaths, 83% of whom 

were male.
179

 Notable findings in other studies included the high proportion of road deaths 

that occurred at the crash site or before arrival to Port Moresby General Hospital (66%)
175

 

and Goroka Hospital (81%),
176

 as well as the disproportionately high number of fatal crashes 

on weekends and the early morning hours.
174,179

 

 

Motor vehicle passengers (46-51%) and pedestrians (34-36%) were the road user groups 

commonly involved in fatal crashes.
189,190,194

 Head injuries were reported as the commonest 

cause of RTI-related deaths, with in-country differences observed between Port Moresby 

(43%)
195

 and Goroka (71%).
176

 In a study of 305 trauma related post mortems undertaken in 

Port Moresby General Hospital, chest injuries were found to be more common among drivers 

(65%) whereas in passengers, head injuries were more common (71%).
175

 

2.3.3.7.2 RTI-RELATED HOSPITAL ADMISSIONS IN PAPUA NEW GUINEA 

Studies suggest road traffic crashes were responsible for 14-30% of trauma admissions,
183,185

 

49% of head injury admissions,
184

 10% of abdominal trauma admissions,
187

 and 34% of 

trauma-related spinal cord injury hospitalisations.
177

 The average length of stay was usually 

longer for RTI compared to other trauma-related injuries with variations between hospitals 

(Mendi=10 days, Port Moresby General=26 days).
183,185
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2.3.3.7.3 RTI-RELATED STUDIES IN PACIFIC ISLAND COUNTRIES AND TERRITORIES 

OTHER THAN PAPUA NEW GUINEA 

Road traffic crashes contributed to 14% of injury-related admissions (n=100) to the accident 

and emergency department in Yap Hospital,
186

 and 25% of trauma-related spinal cord injury 

admissions (n=75) to a rehabilitation unit in Fiji.
182

 A Fiji study examining national (n=2277) 

and Western division province (n=872) crash data in 1980, reported deaths  in 1% and 6%  of 

crashes respectively.
188

 This was in contrast to the previous year, where the proportion of 

fatal crashes nationally and for the province was 3%. While dangerous driving was postulated 

to contribute to about 70% of crashes (nationally and in the province), there was little 

information provided to explain the increase in crash fatalities in the Western division 

province. In this same study, 40% of those hospitalised had sustained head and neck injuries, 

while injured children were more likely to be pedestrians.
188

 

2.3.3.7.4 POTENTIAL CONTRIBUTORS TO ROAD TRAFFIC INJURIES 

Although we did not identify any aetiological studies with appropriate control (unexposed) 

groups, several studies suggested factors that were likely to be important contributory factors 

to road crashes. 

 

An ecological study drew attention to vehicle type, noting increased risks of crashes 

involving buses and open-back utility vehicles compared with cars.
191

 Several other studies 

also noted the high proportion of utility vehicles involved in crashes.
178,189,190

 When 

combined with road user type, passenger fatalities were noted to be highest for utility 

vehicles and lower for buses and cars.
191

 Between 25 and 60% of passenger deaths were due 

to falls from utility vehicles,
174,176

 attributed largely to vehicle overcrowding.
194
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In contrast to passenger injuries, driver injuries were reported to be highest for cars, with 

some studies attributing up to 70% of RTI-related fatalities to driver error.
175,188

 One review 

of 121 post mortem records in Papua New Guinea identified that motorcycle drivers were 

five times more likely to die in a road crash than car drivers.
174

 

 

Several studies commented on the role of alcohol in road traffic crashes. In a roadside survey 

of motor vehicle drivers (n=893), and review of road traffic crash-related drivers assessed at 

the Port Moresby General Hospital emergency department (n=10), blood alcohol 

concentration levels above 80mg/dL were detected in 24% and 80% of drivers, 

respectively.
192

 Post mortem data on trauma-related cases revealed blood alcohol 

concentration levels greater than 80 mg/dl in 48% of drivers and 67% of pedestrians.
195

 In 

188 RTI-related cases involved in 109 crashes, 49% of crashes were associated with 

alcohol.
181

 Several studies suggested that alcohol-related crashes were more common at 

night, early morning, and during weekends.
174,181,192,195

 While not designed as a formal 

aetiological investigation, one study in Fiji attributed 4% of road crashes to alcohol and 2.5% 

to speed.
188

 

2.3.3.8 EXTERNAL VALIDITY 

This review was limited to scientific publications and the English language. Therefore, it 

excluded the grey literature and routinely collected data such as police annual reports and 

national hospital and mortality statistics, most of which report events but provide little 

critique or analysis.  The diverse methodological characteristics of the studies identified made 

it inappropriate to undertake a meta-analysis, or infer that the findings from these largely 

Papua New Guinea-focused studies can be generalised to Pacific Island countries and 

territories. 
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2.3.4. SUMMARY OF THE SYSTEMATIC REVIEW OF THE BURDEN OF RTI IN PACIFIC 

ISLAND COUNTRIES AND TERRITORIES 

Results of this review suggest that the burden of RTI in Papua New Guinea and other less-

resourced Pacific Island countries and territories is significant, however the contribution of 

modifiable risks for RTI remain poorly quantified. While some studies revealed the likely 

importance of factors such as alcohol misuse and vehicle type, effective public health and 

road safety policy requires attention to population-based studies that can identify and quantify 

the contributors to RTI in the Pacific context. As highlighted earlier, the main findings and 

implications are discussed in CHAPTER 5. 
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Table 2-1. Summary of epidemiological studies: study descriptions of the burden and risk factors for road traffic injuries in less-resourced Pacific 

Island countries 

Study design Participants Variables examined Key findings relevant to review Study appraisal/Comments 

1. Wyatt 174 

(1980), PNG, 

Case series 
Retrospective 

121 RTI-related forensic autopsies 

PMGH, 1975-78. 

Road user type, injury distribution, 

day and time, BAC. 

Drivers 21%, passengers 38%, pedestrians 41%, 

males 85%, males 20-39 years 66%. Injuries: brain 

25%, spinal cord 6%, multiple sites 54%. Driver 
fatality per 10,000 vehicles: cars (4.6), motorcycle 

(21.3). Pedestrian 20% aged <10 years, passengers 

25% fell/jumped from moving vehicle. Alcohol 

associated with 76% of those aged >10 years. 

BAC>80mg/dl observed in 1/3 drivers and 69% 

male pedestrians, BAC>120mg/dl 62% fatalities. 
46% of fatalities occurred on Friday and Saturday 

Method to identify eligible cases not stated. 

Measurement bias reported for incomplete or 

delayed blood alcohol testing. 

2. Sinha et al 175 

(1981), PNG, 
Case series 

Retrospective 

305 trauma-related forensic 

autopsies, (171 RTI-related) 
PMGH, 1976-80. 

Road user type, age, sex, injury 

distribution, day and time, risk 
factors, BAC. 

Drivers 17%, passengers 46%, pedestrians 36%, 

males 86%, 82% < 35 years. Injuries: head 65%, 
chest 51%, abdomen 37%, spine 18%, fracture skull 

57%, brain injury 53%, and fracture ribs 39%. Chest 

injuries higher in drivers (65%), head injuries higher 
in passengers (71%). Risk factors: driver lost 

control 60%; passengers fell off a truck 60%. 

Alcohol associated with 85% of drivers and 90% of 
adult pedestrians. 53% BAC >80 mg/dl. 57% 

occurred over weekend, 44% occurred between 6pm 

and 6am. 66% died at the crash site or soon after. 

Post mortem records supplemented with 

hospital admission notes. Incomplete records 
excluded, measurement bias reported for 

incomplete or delayed blood alcohol testing. 

Comparison between RTI and non-RTI 
related deaths limited to those with spleen 

injury. 

3. Palmer 176 

(1982), PNG, 

Case series 
Retrospective 

353 forensic autopsies (97 RTI-

related) Goroka hospital, 1978-82. 

Injury cause, distribution  Dead on arrival to hospital 81% (n=79), head 

injuries 71% (n=56), most deaths followed ejection 

or jumping from a moving vehicle. Of those who 
died during hospital admission, 61% had head 

injuries. 

Method to identify eligible cases not stated  

4. Gee et al 177 

(1982), PNG, 
Case series 

Retrospective 

36 trauma-related spinal cord injury 

admissions PMGH, Lae, and 
Madang hospitals, 1978-81. 

Age, sex.  RTI-related spinal cord injuries 34% (n=12). For all 

trauma related spinal cord injuries: 88% Male, mean 
age 26 years 

Incomplete information in case records 

reported. Selection bias not reported. 

5. Lourie et al 178  
(1983), PNG, 

Case series 

Prospective 

209 RTI-related admissions A&E 
PMGH, 1982-83. 

Road user and vehicle type, 
passenger seating, seatbelt use  

Drivers 15%, passengers 72%, pedestrians 13%, 
males 82%, those aged > 16 years 87%, 3 dead on 

arrival,  22% admitted, 40% drivers/front seat 

occupants injured, 13% front-seat occupants wore 
seatbelt. 28% passengers on the back of utility 

trucks, and all injured. 

Vehicles: cars 33%, utility trucks 27%. 1/3 vehicles 
no seat belts fitted. 

Presence of investigator blinding of outcome 
not stated. Limitations of study such as 

selection and recall bias, well described, 

Measurement bias for alcohol association 
reported. While risk factors for RTI 

identified, study design precluded 

quantification of risk. 

6. Sinha et al 195 

(1989), PNG, 
Case series 

363 RTI-related forensic autopsies 

PMGH, 1976-85. 
 

Road user type, age, sex, BAC, 

injury distribution, day and time, if 
death occurred before arrival to 

Drivers18%, passengers 45%, pedestrians 34%, 

males 83%, 15-44 years70% 
Injuries to the head 43%, chest 30%, abdomen 8%, 

Reports on five year extension to earlier 

study by Sinha et al;179 Measurement bias 
reported for incomplete or delayed blood 
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Study design Participants Variables examined Key findings relevant to review Study appraisal/Comments 

Retrospective Total trauma-related autopsies 608, 

60% RTI related. 

hospital. spine and pelvis 10%, fracture skull 15%, brain 

injury 17%, intracranial bleed 10%, fracture 

ribs14%. 
Raised BAC (> 80 mg/dl) in 48% of drivers tested 

(n=16/33), and 67% of pedestrians (n=20/30)  

54%  occurred over the weekend, 40% 6pm to 6am 
2/3 died at the crash site or soon after 

alcohol testing. 

7. Cooke et al 180  

(1992), PNG, 

Case series 

Retrospective 

573  RTI-related forensic autopsies 

PMGH, 1962-89 

Total autopsies 1279, 45% RTI-

related 

Road user type, sex. 75% males (n=432). Total males: drivers 12%, 

passengers 35%, pedestrians 28% 

Annual crude data shows increasing RTI-related 

fatality trends over 4 decades 

Limited reporting on methodology. Bias due 

to incomplete data sets, identified.  

8. Posanau181 

(1994), PNG, 
Case series  

Prospective 

188 RTI-related admissions A&E 

PMGH, 1990.  
 

Total road traffic crashes 104. 

Road user type, age, sex, time and 

day of crash, association with 
alcohol. 

74% males (n=136), 48% aged 18-29 years. 

49% of road traffic crashes associated with alcohol. 
Most crashes occur in first part of day, but for 

alcohol related crashes, more common at night and 

early morning. In addition, alcohol related crashes 
more common on weekends. 

 

Road users – 25% drivers, 61% passengers. For 
those admitted to hospital, 43% drivers, 54% of 

passengers and 31% of pedestrians. 

Data source; administered questionnaire, 

clinical assessment, and autopsy reports. 
Validation of definition of alcohol-related 

road traffic crash and assessment of alcohol 

intoxication not stated. Presence of 
investigator blinding of outcome not stated.  

9. Maharaj 182 
(1996), Fiji, 

Case series  

Retrospective 

140 spinal cord injury admissions 
Fiji medical rehabilitation unit, 

1985-94. 

Sex, distribution of injuries. Trauma-related spinal cord injuries 54% (n=75), 
25%  RTI-related (n=19) 

Fijian males comprised 87% of trauma-related 

spinal cord injuries.  

Included both trauma and non-trauma-related 
spinal cord injuries. Results reported as event 

counts and proportions. 

10. Mathew et al 183 
(1996), PNG, 

Case series 

Retrospective 

454 trauma-related admissions 
Mendi hospital, 1993. 

Injury distribution, length of 
hospital stay. 

RTI-related trauma admissions 14% (n=63) 
Injuries to head 37% with 2 deaths, chest 14%, 

abdomen 6%,  fractures and dislocations 29%,  

 
Average length of stay for RTI, 9.6 days, median 5 

days, range 1-51 days, same for assaults 

Method of data collection not reported. 
Exclusion of 15% of patient charts due to 

incomplete data.  

11. Liko et al 184   
(1996), PNG, 

Case series 

Prospective (x2) 
Retrospective (x1) 

274 head injury admissions PMGH 
and Goroka hospital, 1984-93. 

Injury distribution. RTI-related head injuries 49% (n=134).  
Distribution of  admissions, 55% to PMGH and 

45% to Goroka hospital 

Head injury case fatality 21% 

Method to identify eligible cases not 
reported. Selection bias not reported. 

12. Watters et al 185 

(1996), PNG, 

Case series (x4) 
Prospective (x2) 

Retrospective (x1) 
Prospective and  Retrospective 

(x1) 

667 trauma-related admissions 

A&E, PMGH, (35 days over 3 

months); 154 trauma admissions 
PMGH general surgical unit (over 1 

year); 88 trauma-related deaths 
prior to admission to  PMGH (8 

months); 50 deaths during 

admission (over 18 months) 
PMGH, 1992-93. 

Injury cause, distribution, length of 

hospital stay. 

RTI-related A&E admissions 6%, hospital 

admissions 30% 

Mean stay for RTI, 26 days, twice as long compared 
to assault, accidents and sports 

 
Deaths prior to admission RTI 30% (n=26), assault 

45% (n=40). 

 
Total head injuries 37% (n= 33), RTI-related n=24.  

Four studies over study period. Recruitment 

dates for trauma-related admissions 

randomised. Method to identify eligible 
cases as well as selection bias not reported. 
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Study design Participants Variables examined Key findings relevant to review Study appraisal/Comments 

13. Ravia 186 

(1999), Yap, 

Case series 
Retrospective 

100 injury-related admissions A&E 

Yap State Hospital,1996-98  

Road user type,  association  with 

alcohol, residence 

Drivers 12, passengers 2, pedestrians 0, RTI-related 

injury admissions 14% (n=14). Five times increase 

in RTI among drivers from n=2 to n=10. 88% of all 
injuries associated with alcohol 

Methodology section limited. Biases not 

reported.  

14. Ponifasio 187 

(2001), PNG, 

Case series 
Prospective 

213 abdominal trauma related 

admissions to PMGH (Feb 1992- 

Jun 1994), and 98 to Lae 
hospital,1996 

Distribution of injuries RTI-related non-fatal abdominal injuries 10% 

(n=30), 311 admissions: 214 males aged 13-56 

years, mean 22 years. 

Method of data collection and biases not 

reported. 

15. Prasad et al 188 

(1981), Fiji 

Case series – hospital and 

population-based  

Retrospective 

2277 road traffic crashes Fiji, 1980; 

872 road traffic crashes Western 

division province Fiji, 1980; 165 

RTI-related admissions Lautoka 

hospital, 1980. 

Road user type, age, sex, ethnic 

group, injury distribution, day and 

time, risk factors. 

Road traffic crashes: Fiji 1%, Western division 

province 6%. In the Western division province 9% 

of road crash victims required hospital admission. 

Risk factors: dangerous driving, (66-70%); 

pedestrian fault (7.5%); alcohol (4%); speed (2.2-
2.5%); mechanical defects. Most crashes occurred 

during the day and in dry weather conditions, 75-

77% crashes occurred on tar-sealed roads. 
Hospital admissions: 73% male, 24% aged 20-29 

years, 60% Fiji-Indian, 32% Fijian, 40-46% head 

and neck injuries. Crashes increased during school 
holidays, over weekend, afternoons and evenings. 

Children more likely to be injured as pedestrians. 

Falling off the back of utility vans common. 

Limited reporting on methodology and 

quality of data. Risk factors indicated, but 

study design precluded quantification of risk. 

No biases reported. 

16. Jayasuria 189 

(1991), PNG, 

Ecological study 
Retrospective 

 3202 motor vehicle crash-related 

injury registrations (314 deaths), 

Royal PNG Constabulary database 
for traffic accidents, 1987; National 

statistical office data for motor 

vehicle crash-related injury trends 
prior to 1980. Motor vehicle 

registry, and Licensed drivers 

National statistical office. 

Motorisation, crashes, 

injuries/deaths by road user and 

vehicle type, age, time of crash 

Injuries and deaths: drivers 18%, passengers 61%, 

pedestrians 19%, 23% 26-30 years. Deaths: Drivers 

13%, passengers 51%, pedestrians 34%. 
 

Trends in injuries and deaths by road user type have 

not changed much since 1970. However, for 
pedestrians the fatality index (deaths/deaths and 

injuries) there was a significant increase from 11% 

to 18% for the period 1970 to 1987. 
Rate of pedestrian injury per 100000 population = 

31 (21-30 years) 20 (0-10 years), and 18 (30-50 

years). 
Total deaths and injuries by vehicle type: 44% 

utility - small pick-up trucks), 16% heavy goods 

vehicles - single unit trucks, 18% pedestrians, 10% 
cars. Pedestrians, 32% aged < 10 years. Crash rates 

by vehicle type (1982-87), declining, but buses 

increasing, to four times the rate of cars and 2.4 
times that of utility vehicles. Severity of crash and 

vehicle type (1987); highest rates of injury and 

fatality: drivers (motorcycles), passengers (utility, 
heavy goods vehicles, buses). Increased crashes 

from 6pm, and over weekends (Friday and 

Saturday) 

Data collection, exclusion criteria, not 

reported. Results reported as trends in 

unadjusted event counts, proportions, and 
rates. 
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Study design Participants Variables examined Key findings relevant to review Study appraisal/Comments 

17. Hills et al 190  

(1993), PNG, 

Ecological study 
Retrospective 

4485 motor vehicle crashes-related 

injury registrations, Royal PNG 

Constabulary database for traffic 
accidents, 1991.  

Other LMIC countries:   

Bandung n=1059, (1990) Malaysia 
n=37955, (1992) Karachi n=1261 

(1991)  Colombo n=946 (1991-92) 

Total crashes 45702.  

Road user type, age, vehicle type, 

collision characteristics, day and 

time of crash. 

Pedestrians ranked 1st or 2nd for RTI 

Peak age for RTI: 21-30 years (PNG, Karachi, 

Colombo); 16-25 years (Malaysia, Bandung) 
Pedestrians: 6-10 years peak for PNG and Malaysia.  

Vehicle type: utility trucks - PNG 45%, other LMIC 

countries – mostly motorcycles.  
Vehicle collisions: PNG – rollover, Malaysia side or 

90°, Bandung collisions with pedestrians. Number 

of vehicles in collision: PNG > 70% single vehicle. 
Most injuries occurred in rural areas (70%), 

associated with higher speed, and delayed medical 

aid. 
 Common day and time for RTI, PNG - Friday and 

Saturday, usually alcohol-related; between 8am to 

8pm.  

Methodology for data collection not 

reported. Results reported as unadjusted 

proportions comparing countries. Identified 
variation in defining injury severity.  

18. Nelson et al 194  

(1991), PNG, 

Ecological study 
Retrospective 

5772 motor vehicle crashes-related 

injury registrations (1921 deaths), 

Royal PNG Constabulary database 
for traffic accidents, 1984; Motor 

vehicle registry, and Licensed 

drivers National statistical office, 
1980-84; Traffic survey 1984 on 

vehicle occupancy.  

Road user type, Vehicle type, 

ownership and occupancy 

characteristics 
Crash severity and crash rates 

 

Fatalities: drivers 17%, passengers 46%, pedestrians 

36%. Utility responsible for 38% of crashes, 65% 

passenger fatalities. 34% crashes involve single 
vehicles,  

 

RR of fatality; Driver - utility 0.99, bus 0.88, car 
1.57; Passenger: utility 3.1, bus 2.4, car 1.3. RR of 

crash involvement; utility 1.07, bus 2.14, car 0.87. 

Open back vehicles responsible for high number of 
fatalities per crash, occupants thrown out of vehicle. 

Potential 27% reduction in crash fatalities if utility 

and heavy goods vehicles restricted to designed 
passenger occupancy 

Methodology for data collection, exclusion 

criteria, not reported. Results reported as 

trends in unadjusted event counts, 
proportions, and rates, for motorisation, 

crashes, deaths and injuries stratified by road 

user, vehicle type, age and time of crash. 
Reported limitations to notification, 

collection, assumptions, and modelling – e.g. 

multiple vehicle crashes reported as total 
injuries per event therefore unable to identify 

vehicle with casualties. Effect estimates 

identify RR for drivers and passengers based 
on type of vehicle. 

19. Hills et al 192  

1996, PNG, 

Case control 
 

893 drivers undertaking roadside 

breath alcohol testing. 

12 road sites, two different sites per 
night, 10pm - 2am, Thursday to 

Sunday, for 5 weeks (1990). 

Sex, ethnic group, BAC 

 

97% males, 98% PNG Nationals, BAC > 80 mg/dl 

24% Males, 21% Females, 24% drivers.  (Driver 

BAC>150 mg/dl 12%, BAC > 215 mg/dl 4%). 
Friday night early Saturday morning 29% drivers 

BAC> 80 mg/dl, Thursday 27%, Saturday 25%, 

Sunday 8%. 
BAC > 80 mg/dl 17% after 22 cases excluded.  

BAC > 80 mg/dl  PNG nationals (citizens) 22% 

Non-PNG nationals 33% sampling error significant 
(p<.05) 

Non-randomised sampling by site, day, time. 

No response rate provided, nor vehicle type. 

22 participants excluded due to test 
conducted < 20 minutes from the last drink. 

Measurement bias for BAC not reported.  

37 RTI-related admissions A&E, 

PMGH undertaking BAC tests, 
11pm to 3am, for 15 weekends 

(1990). 

Road user type, BAC and breath 

alcohol concentration. 

Drivers 27%, passengers 62%, pedestrians 11%. 2 

fatalities,  
2% hospitalised, 76% discharged.  

 

BAC > 80 mg/dl in 50% of A&E admissions, and 
80% drivers (n=8) 

Little information on methodology and 

distribution of blood and breath alcohol 
concentration results among cases. Results 

reported as events with no adjustment for 

confounding and bias, including differences 
in testing methods. 

Abbreviations: Port Moresby General Hospital (PMGH), Papua New Guinea (PNG), Accident and Emergency (A&E), Blood alcohol concentration (BAC), Relative risk (RR), Milligrams per decilitre (mg/dL), low- 

and middle-income countries (LMIC) 
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2.4. THE ROLE OF DRIVER SLEEPINESS IN ROAD TRAFFIC CRASHES IN 

LOW- AND MIDDLE-INCOME COUNTRIES 

2.4.1. OVERVIEW 

This section presents the results of a systematic review of epidemiological studies examining 

the role of driver sleepiness in road traffic crashes and crash-related injuries in low- and 

middle-income countries. Key findings and discussions regarding this review are presented in 

CHAPTER 5. 

2.4.2. INCLUSION CRITERIA 

Studies were included in the review if they met the following criteria: the study population 

was from countries identified as low or middle-income, based on The World Bank 

classification;
171

 the study measured sleep or sleep-related exposures in motorised vehicle 

drivers; there was a comparison group or time period (as in crossover studies), thus including 

case control, cohort, or cross sectional studies; and the outcome measure was road traffic 

crash, injury or fatality. We excluded two- or three-wheel motor vehicles (motorbikes, 

motorcycles and mopeds). The review criteria therefore excluded case reports because of the 

lack of comparison groups, self-reported aetiological measures from road users, witness and 

police reports, as well as simulator studies. 

2.4.2.1 SEARCH TERMS 

Keywords and/or a combination with explode terms and functions included: low and middle 

income country, specific country names of less-resourced countries, sleep, drowsy, fatigue, 

apnoea, driver, shift work, night work, motor vehicle, automobile, car, bus, truck, lorry, 
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traffic, road, accident, crash, collision, casualty, trauma, wound, injury, fatal, death, 

disability. 

2.4.3. REVIEW OF THE EVIDENCE 

2.4.3.1 STUDIES IDENTIFIED 

400 papers were retrieved from the search. Abstracts from each of these papers were 

examined including an additional 50 papers identified from reference lists and websites with 

the full text of 112 papers formally appraised (Figure 2-3). 102 studies were excluded as they 

were either commentaries or review articles, the study outcome was not an injury crash, sleep 

was not the exposure of interest, or they were laboratory studies. 10 studies conducted in 

China, Brazil, Peru, Pakistan, and Turkey were published in languages other than English and 

were excluded. Drawing from the English language abstracts of nine of these studies, all were 

cross sectional studies, except for one, which was a case control design. In general, these 

studies suggested driver sleepiness and sleep-related disorders increased risk of crash injury. 

 

10 studies
196-205

 published between January 1980 and December 2011 fulfilled the inclusion 

criteria and were included in the review, with the earliest publication in 2002 (Table 2-2). 

There were eight cross sectional studies
196,198-203,205

 and two case control studies,
197,204

 one of 

which was population-based.
197

 

2.4.3.2 STUDY POPULATIONS 

Studies were undertaken in a wide range of countries including Argentina,
199

 

Brazil,
198,200,201,203

 China,
197

 Iran,
205

 Thailand,
202

 Turkey,
196

 and Sri Lanka.
204

 All but one
197

 

involved commercial bus, lorry, or truck drivers, however, there appeared to be some 
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discrepancy, as the study referred to cars, whereas in the methods section, study base vehicles 

included light and heavy vehicles.
197

 

2.4.3.3 OUTCOME MEASUREMENTS 

Aside from two studies,
197,204

 which examined motor vehicle crash as the primary outcome, 

hypersomnolence (a disorder characterised by excessive sleepiness) was the primary outcome 

and motor vehicle crash a secondary outcome. In this latter group, the outcome of interest 

was motor vehicle accident or near-miss.
199

 No studies reported on the type or severity of 

crash-related injuries sustained. 

2.4.3.4 EXPOSURE MEASUREMENTS 

All studies used self-report questionnaires with only one being interviewer-based.
201

 All 

studies used validated sleep measurement tools or adaptations of such, to measure driver 

sleepiness except for one case control study,
204

 which focused on prolonged work hours (i.e. 

> 11 hours per day) a known determinant of sleepy driving. Nine studies used the Epworth 

sleepiness scale,
196-203,205

 while others used the Stanford sleepiness scale,
197,200

 the Pittsburgh 

sleep quality index,
198,201

 the Berlin questionnaire,
205

 insufficient sleep syndrome,
199

 and an 

adapted version of the Wisconsin sleep cohort study questionnaire.
199

 One study
204

 used a 

questionnaire focusing on the hours of work and risk of crash. Three studies translated the 

questionnaires to the predominant language of the study participants.
199,204,205

 No studies used 

objective measures to measure driver sleepiness or sleep-related disorders. 

2.4.3.5 CONFOUNDING 

Most research designs failed to consider possible biases in analysis with four 

studies
196,198,202,203

 not identifying potential confounders, and the remaining studies aside 
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from one,
197

 not clearly describing how confounders were selected. For studies which 

identified confounders, these included age, gender, marital status, education, body mass 

index, night time driving, driving experience, driver training, number of hours driving, 

distance driven, alcohol or hypnotic-sedative drug use, and smoking. No studies considered 

confounders such as speed and time of crash. 

2.4.3.6 EFFECT ESTIMATION 

Despite major weaknesses in study design and analysis, most studies demonstrated an 

association between driver sleepiness and crash risk. Regarding measures of effect, four 

studies reported an increased risk of crash or injury-related crash in drivers reporting chronic 

or excessive daytime sleepiness as represented by an Epworth sleepiness scale >10. These 

studies showed adjusted odds ratios of 1.7,
202

 2.1,
197

 2.5,
199

 and 3.0,
200

 but in contrast a study 

of over 900 professional drivers,
205

 reported reduced crash risk. Measures of acute driver 

sleepiness (Stanford sleepiness scale, 4 to 7) did not appear to increase crash risk.
197

 On the 

other hand, the odds of crash among those reporting chronic driver sleepiness was protective 

when using measurement tools such as the Pittsburgh sleep quality index,
198

 and insufficient 

sleep.
199

 Regular snoring (>3 times per week) increased crash risk (OR 1.7),
199

 as well as 

witnessed obstructive sleep apnoea (OR 2.0).
205

 Working for more than 11 hours a day was 

associated with a two-fold increased risk of crash (OR 1.8), but not for drivers working more 

than seven days per week (OR 0.9).
204

 Significant proportions of crashes or near-miss crashes 

could be accounted for by excessive daytime sleepiness (18%), snoring (24%), and driver 

sleepiness (16%).
199

 The scale employed to evaluate driver sleepiness in this study, used a 5-

point Likert scale, ranging from one (1) = „never‟ to five (5) = „always‟. 
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2.4.3.7 CRITICAL APPRAISAL 

With most studies conducted using cross sectional designs, relatively large study populations 

were generated ranging from 200 to 4331. However, in general recruitment strategies, 

selection criteria, response rates, and case and crash outcome measures were poorly reported, 

posing difficulties in ascertaining the level to which the study populations were representative 

of the base population, and risks of selection bias. The limitation of sleep measures being 

based on self-report questionnaires without objective tests, may have introduced information 

and recall bias. Arguably the use of the validated Epworth sleepiness scale, Stanford 

sleepiness scale, Pittsburgh sleep quality index, Berlin, and Wisconsin sleep cohort study 

questionnaire tools, would have reduced misclassification bias to some degree, however 

while some studies attempted to translate questionnaires into their local languages, the 

validation of sleep measurement tools in low- and middle-income countries is not 

widespread. The relatively large number of published studies in the non-English language 

(excluded) may have also affected effect estimates if there were systemic differences in these 

study populations. 

2.4.3.8 EXTERNAL VALIDITY 

This review was limited to scientific publications and the English language. It therefore 

excluded studies published in languages other than English (n=10), the grey literature and 

routinely collected surveillance data from national road safety stakeholder agencies. A meta-

analysis was considered inappropriate given the diverse methodological characteristics and 

internal validity constraints. With studies mostly focusing on commercial drivers of heavy 

motor vehicles (bus, lorry and truck), and the predominant use of the Epworth sleepiness 

scale to measure driver sleepiness, the generalisability of study findings to other low- and 

middle-income countries is severely limited. 
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2.4.4. SUMMARY OF THE SYSTEMATIC REVIEW OF THE ROLE OF DRIVER 

SLEEPINESS IN ROAD TRAFFIC CRASHES IN LOW- AND MIDDLE-INCOME 

COUNTRIES 

Acknowledging these limitations, these studies (of mostly heavy motor vehicle drivers) 

suggest that the crash risk afforded to sleepiness in particular excessive daytime sleepiness 

(chronic sleepiness) in less-resourced settings is two to three-fold, and potentially accounts 

for up to 18% of crash injuries. With all studies only published in the last decade, robust 

epidemiological studies investigating the role of driver sleepiness to crash injuries in less-

resourced settings is required. Findings and implications of this review are discussed in 

CHAPTER 5. 
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Table 2-2. Summary of epidemiological studies: study descriptions of the role of driver sleepiness in road traffic crashes in low- and middle-income 

countries  

Study setting Participants Exposure Outcomes Confounders Results Comments 

Ozturk et al.196 
(2002), Turkey  

cross sectional  

 

100 commercial drivers 
from taxi and bus 

stations.  

Non validated 
questionnaire similar to 

ESS, requesting 

information on average 
number of hours sleep per 

day, sleep symptoms 

related to sleep disordered 
breathing using a five point 

scale: 1=never, 2=rarely, 

3=sometimes, 4=often, 
5=always. Sleep disordered 

symptoms scoring „often‟ 

or „always‟ were classified 
with excessive daytime 

sleepiness (EDS).  

Primary outcome: 
hypersomnolence  

  

Secondary outcome: 
Association between 

hypersomnolence and 

traffic accidents with 
EDS as self reported 

None  Accident drivers with EDS 
n=17. Accident drivers 

reporting <5 hrs sleep/day 

(35%), compared to non-
accident drivers with EDS 

(13%), p<0.05.  

  

Recruitment strategy whether 
consecutive or random, representative 

of eligible population, response rate 

not reported. No truck drivers 
recruited. 

 

Authors reported study underpowered 
due to small sample. No time frames 

for exposures and traffic accidents 

 
No effect estimates reported for the 

association of hypersomnolence and 

accidents 
 

Liu et al.197 
(2003), China 

population-based case 

control  
 

 

Cases  
406 light and heavy 

vehicle drivers involved 

in crashes identified 
through the local traffic 

accident department of 

Shenyang 
Controls 438 car 

drivers recruited from 

28 roadside surveys in 
Shenyang  randomised 

by day, time of week 

and travel direction 
 

 

Interviewer-administered 
questionnaire using SSS, 

ESS, SF36, social support, 

night or shift work , sleep 
hours in previous 24 hours, 

sleep nights in previous 

week, regular loud snoring, 
triad of obstructive sleep 

apnoea symptoms  

Motor vehicle crash Unconditional logistic 
regression analysis 

used to control for 

confounders selected 
according to change in 

model estimates (cut 

off point 5%); sex, 
age group, education 

level, alcohol use in 

previous 6 hours, 
hours prior to 

survey/crash, hours 

driving/week, 
night/shift work 

Response rate 90% Adjusted 
OR for crash: SSS (> 4-7) 0.6 

(CI 0.2, 1.8), ESS ≥10 2.1 (CI 

1.3, 3.3) No change in effect 
estimates when drivers 

consuming alcohol excluded.  

Study based on Conner et al,31 
investigating driver sleepiness in car 

crashes. Recruitment limited to Traffic 

police data. Exclusion of deceased 
drivers and drivers involved in crashes 

between 12 midnight and 5am; no 

surveys conducted during these hours. 
Regarding vehicles, cars reported but 

study base, light and heavy vehicles 

described in the methods section. 
Emergency vehicles excluded. 

Potential confounders such as  speed, 

type of vehicle, time of crash, 
occupation or income not considered 

in model  

Analysis did not report if sampling 
method for controls was  considered in 

analysis 

Self report on alcohol used rather than 
measured alcohol concentrations 

Souza et al.198 

(2005), Brazil 
Cross sectional 

 

260 male truck drivers 

working on federal 
roads in Mato Grosso do 

sul 

 

Interviewer-administered 

questionnaire using ESS 
and PSQI. Quality of sleep, 

sleep hours, sleep habits, 

shift work, sleep disorders, 
use of alcohol or 

psychostimulant drugs  

Primary outcome: 

hypersomnolence  
 

Secondary outcome: 

association between 
hypersomnolence and 

accidents in the last 5 

None  27 drivers (13%) involved in 

accidents: outcome 5 injuries, 
3 deaths.  

Mean age of accident drivers 

(34 yrs), younger than non-
accident drivers (39 yrs) 

p=0.03. Mean EDS 8.2 in 

Recruitment strategy and selection 

criteria not reported. 
 

3 drivers died in preceding 5 years (no 

description of proxy for dead drivers) 
 

No effect estimates reported for the 
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Study setting Participants Exposure Outcomes Confounders Results Comments 

years as self reported  accident drivers, compared to 
6.3 in non-accident drivers, 

p=0.02. No significant 

differences between sleep 
hours, waking time, use of 

alcohol or psychostimulant 

drugs. PSQI no significant 
association with accidents. 

association of hypersomnolence and 
accidents 

 

Perez-Chada et al.199  

(2005), Argentina  

cross sectional 

738 long haul truck 

drivers (driving at least 

800km per day) 

recruited at the Buenos 

Aires Central Market 

 

Interviewer-administered 

questionnaire using an 

adapted version of the 

Wisconsin Sleep Cohort 

Study questionnaire 

(translated into Spanish) 
which includes a 

previously validated 

version of the ESS: sleep 
habits/quality, snoring, 

smoking history, leg 

movements during sleep 
Insufficient sleep 

syndrome defined as a 

difference of >2 hrs 
between hours slept over 

weekend and hours sleep 

during weekdays, driver 
sleepiness scored on scale 

of 1=never to 5 almost 
always. 

Primary outcome: 

hypersomnolence  

  

Secondary outcome: 

association between 

hypersomnolence and 
accidents or near 

accidents in previous 12 

months due to falling 
asleep or feeling sleepy 

while driving as self 

reported  

Logistic regression 

used to control for: 

age, night time 

driving, and number 

of hours driving 

 

Response rate 85%, mean age 

38 yrs males 99%, mean 

driving time 16 hrs, work hrs 

> 12 hrs (85%), night driving 

(59%).  

Accident drivers n=61 (8%), 
near accident drivers n=271 

(37%).  

Adjusted OR: ESS>10 2.5 (CI 
1.6, 4.0), ISS 1.3 (CI 0.8, 2.1), 

driver sleepiness 1.9 (CI 1.1, 

2.0), snoring >3x /week 1.7 
(1.2, 2.4) 

PAR estimates: ESS >10 

18%, snoring 24%, driver 
sleepiness (16%) 

Selection criteria not clearly 

identified. 

A range of sleep measures were used 

to establish driver sleepiness  

The study included a limited physical 

examination weight height (BMI), 
neck circumference, and BP. Also 

measures undertaken by drivers to 

fight sleepiness 
 

Potential confounders such as  speed, 

alcohol or drug use, and 
socioeconomic status 

(education/income) not reported 

 
Objective measures of distance 

travelled, work schedules or accidents 

were not available to verify any 
information.  

 

Canani et al.200 

(2005), Brazil 

cross sectional 
 

 

 
 

 

 

438 male professional 

Brazilian lorry drivers 

Self-administered 

questionnaire using ESS, 

SSS, as well as sleep 
habits, snoring, obstructive 

sleep apnoea, night-time 

symptoms, excessive 
daytime sleepiness, work 

patterns, shift work and 

hours 

Primary outcome: 

hypersomnolence  

  
Secondary outcome:  

association between 

hypersomnolence and 
previous automobile 

accidents as self 

reported 

Multivariate logistic 

regression analysis 

included the following 
variables: age > 25 

yrs, BMI, professional 

experience as a lorry 
driver, weekly driving 

distance, loud snoring, 

witnessed apnoea, 
restless sleep, dozing 

off, ESS >10 

 
Confounders not 

identified 

Mean age 34, drivers involved 

in previous accident n=171 

(40%). Accident drivers 
reporting sleepiness as cause 

of crash (16%). 

Mean score of ESS in 
accident drivers 8.7 compared 

to non-accident drivers 7.5. 

Positive correlation between 
ESS>10 and crash - Adjusted 

OR 3.0 (CI 1.5-5.8) p=0.001. 

Recruitment strategy and selection 

criteria not clearly identified. 

Drivers with medical disorders of the 
cardiac, respiratory, neurological, and 

psychiatric systems, and taking 

benzodiazepines were excluded 
Authors reported participants poor 

understanding of questionnaire 

Results of SSS not reported. 

De Pinho et al.201  
(2006), Brazil 

cross sectional  

300 long haul truck 
drivers consecutively 

recruited at a roadhouse 

Questionnaire using ESS 
and PSQI, also sleep 

quality, snoring, alcohol, 

Primary outcome: 
hypersomnolence  

  

Multivariate logistic 
regression analysis 

included the following 

Mean age 38 yrs 
Three independent predictors 

of hypersomnolence:  

Recruitment strategy and selection 
criteria not clearly identified, and 

response rates not reported. Not clear 
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Study setting Participants Exposure Outcomes Confounders Results Comments 

in Fortaleza, after a 
period of at least 12 

hours rest.  

  

hypnotic-sedative drug use, 
hours of work without rest 

Secondary outcome: 
association between 

hypersomnolence and 

accidents as self 
reported 

variables: age >28 yrs, 
hypertension, diabetes 

mellitus, snoring, 

smoking status, 
alcohol intake, 

hypnotic –sedative 

drug use, habitual 
sleep duration, sleep 

quality, hours of work 

without rest.  
 

Confounders not 

identified 

age > 28 years OR 0.45 
(0.24,0.84); snoring OR 1.89 

(1.02,3.5);  

working > 10 hours without 
rest 

OR 2.07 (1.21,3.51) 

 
Drivers involved in accidents 

n=102 (34%), accidents 

associated with 
hypersomnolence 27% 

(p=0.005) 

if interviewer or self-administered 
questionnaire. 

 

No effect estimates reported for the 
association of hypersomnolence and 

accidents 

 

Leechawengwongs et al.202 
(2006), Thailand cross 

sectional  

4331 commercial 
bus/truck drivers 

operating in and around 

Bangkok 

Self-administered 
questionnaire using ESS, 

as well as history of 

sleepiness/falling asleep 
while driving.  

 

Primary outcome: 
hypersomnolence  

  

Secondary outcome: 
association between 

hypersomnolence and 

accidents as self 
reported. 

 

None Mean age 41 yrs, male (98%) 
 

Drivers with an ESS score > 

11 were more likely to: feel 
drowsy while driving OR 1.7 

(1.5, 2.0); fall asleep at the 

wheel OR 1.9 (1.6, 2.3); have 
accidents while driving  

 OR 1.7 (1.4, 2.0) 

Drivers involved in accidents 
in the last 6 months - 69%, 

23% due to driver sleepiness  

Recruitment strategy and selection 
criteria not clearly identified, response 

rates not reported. 

 
The study also sought information on 

driver measures to fight sleepiness 

 

Viegasi et al.203 
(2006), Brazil 

cross sectional 

 

262 male interstate bus 
drivers employed by a 

single Brazilian 

company  

Self administered 
questionnaire ESS and 

sleep-related symptoms 

Primary outcome: 
hypersomnolence  

  

Secondary outcome: 
accidents as self 

reported then 

dichotomised by BMI 
30kg/m2 

 

None Mean age 38 yrs. 
 

Prevalence : 48% drivers 

reported drowsiness while 
driving, 42% drivers involved 

in accidents – of which 8% 

attributed to sleepiness (self 
reported) 

Comparing BMI >30 to BMI 

< 30; drivers drowsy driving 
(50% vs. 30%), sleep-related 

accidents (13%, vs. 7%) 

p<0.05 

Drivers invited to participate, no 
exclusion criteria. 

 

Jayatilleke et al204 

(2009), Sri Lanka 

case control  
 

Cases 

63 private bus drivers in 

Kandy District involved 
in crashes identified 

through the Kandy 

district police traffic 
administration database 

Controls  

Self administered 

questionnaire examining 

working conditions; work 
hours > 11 hours per day, 7 

days per week, income, 

disagreement on working 
hours, other driver and 

vehicle characteristics  

Motor vehicle crash  

 

Logistic regression 

analysis used to 

control for driving 
experience, education, 

marital status, driver 

training, age of bus 

Adjusted OR matched 

controls working >11 hrs/day 

1.1(CI 0.4, 2.9), 7 days/week 
1.0 (CI 0.4-2.2) 

 

Adjusted OR unmatched 
controls working >11 hrs/day 

1.8 (CI 0.7, 4.8), working >7 

Flow diagram clearly identified 

selection and exclusion criteria. 

Controls recruited 4-10 months post 
crash, for matched controls: 2 controls 

per case matched to route and time of 

crash (time before and after crash), 
and for unmatched group random 

selection. Response rate, 67%. 
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Study setting Participants Exposure Outcomes Confounders Results Comments 

(1) 90 private bus 
drivers working on the 

same route as cases 

(matched 1:2) 
(2) 111 private bus 

driver selected 

randomly from other 
driving routes 

(unmatched) 

days/week 0.9 (CI 0.4, 2.1) Unmatched controls: 83% 
Age correlated with driving 

experience so excluded from model, 

owners of buses also excluded when 
analysing drivers working conditions 

Working long hours - fatigue  

Authors reported study small 
Questionnaires translated from 

English language to two Sri Lankan 

languages and pretested 

Amra et al.205 

(2011), Iran 

cross sectional   

 

931 male professional 

Persian drivers visiting  

an official  government 

office in Shahrekord, as 
part of a monthly 

requirement 

 

Self administered 

questionnaire using ESS 

and Berlin questionnaire,  

 
Berlin questionnaire: 3 

categories; snoring, 

sleepiness or chronic 
fatigue, HTN or BMI  ≥ 30 

kg/m2; Drivers positive in 

≥ 2 categories classified as 
high risk for obstructive 

sleep apnoea. 

 
 

Primary outcome: 

hypersomnolence 

 

Secondary outcome: 
significant traffic 

accident (if it required 

police attendance) as 
self reported 

Logistic regression 

analysis included the 

following variables: 

age, BMI, ESS, loud 
snoring, witnessed 

apnoea, distance 

driven /week,    
 

Confounders not 

identified 

Mean age 40 yrs, Drivers 

involved in accidents n=63 

(7%), driving hrs/week 49, 

driving distance/ week 2905 
km. 

  

OR for drivers involved in 
accidents with high risk for 

obstructive sleep apnoea OR 

0.3 (CI 0.1, 0.8); witnessed 
apnoea OR 2 (CI 1.0, 4.2). No 

significant difference 

observed for: snoring  OR 
1.5(CI 0.1, 16), and ESS >10 

OR 0.5 (CI 0.2, 1.4)  

Recruitment strategy not clearly 

identified, 62% response rate There 

were no exclusion criteria, main 

reason was fear of losing job  
 

ESS and Berlin questionnaires 

translated from English language to 
Persian language and then to English 

again.  

 
Authors reported self reported traffic 

accidents not verified with police 

reports  
 

Abbreviations: Epworth sleepiness scale (ESS), Stanford sleepiness scale (SSS), Pittsburgh sleep quality index (PSQI), Short form health survey (SF36), Excessive daytime sleepiness (EDS), Hypertension (HTN), 
Body mass index (BMI), Odds ratio (OR), 95% confidence interval (CI), Population attributable risk (PAR).
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2.5. SUMMARY OF THE TWO SYSTEMATIC LITERATURE REVIEWS 

In general, there is a critical lack of published RTI-focused epidemiological studies in less-

resourced Pacific Island countries and territories, with the last publication at least 15 years 

old. Likewise, only a few studies have investigated the contribution of driver sleepiness to 

motor vehicle crash injuries in low- and middle-income countries. Of these, all but one 

focused on heavy motor vehicles, and all studies were published only in the last 10 years. 

 

The results of these reviews highlight inherent challenges faced by less-resourced countries 

attempting to develop road safety programmes, without robust evidence. 

 

Key findings of both systematic literature reviews are discussed in CHAPTER 5. This will 

include an assessment of the strengths and limitations of the studies appraised, the meaning 

of these findings, and implications for road safety policy and research. 
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CHAPTER 3. PRIMARY STUDIES: METHODS 

3.1. INTRODUCTION 

This chapter describes in detail the methodology used for the series of three linked 

population-based epidemiological studies conducted in Viti Levu. These are: 

1. A descriptive study drawing from an injury surveillance database to determine the 

RTI burden; 

2. A cross sectional roadside survey to estimate the prevalence of driver sleepiness in the 

four-wheel motor vehicle driving population; and 

3. A case control study investigating the contribution of driver sleepiness to four-wheel 

motor vehicle crash injuries, and relative and population attributable risk. 

 

Regarding Study 2 and Study 3, these studies were designed so that the driving motor vehicle 

population in the cross sectional study (Study 2) became the „control‟ population in the case 

control study (Study 3). With both studies using the same method to examine driver 

sleepiness as an exposure variable for road crashes, and to avoid duplicating methodologies, 

description of the methodological approaches shared by both studies are combined beginning 

from the section on data procedures (Section 3.5.4). 

 

As previously described in the introductory chapter, these studies were conducted as part of 

the TRIP study. While the TRIP study encompassed a broad set of injury and RTI research 

goals for Fiji, Samoa, and Palau, this thesis has focused on the epidemiological studies 

conducted in Fiji. The recruitment of study participants (including those for the pilot studies) 

occurred over a period of two years, January 2005 to December 2006. Components of the 
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methodology used in this research are adapted from the WHO Injury surveillance guideline
166

 

(Study 1), and the Auckland Car Crash Injury Study (Study 2 and Study 3).
31,206

  

 

As described in Section1.8.1, the candidate joined the TRIP project after the study had begun. 

As such, the study pilot and preliminary work surrounding the development of the Standard 

Operations Manual was already completed. This manual outlined the study objectives, study 

design, data collection instruments, procedures for recruiting controls and cases, as well as 

data collection and quality control. 

 

Prior to outlining each of the methodologies used in the three primary studies, the next 

section (Section 3.2), describes the study setting with regards to the country which is the 

focus of this research, Viti Levu, Fiji. It summarises baseline population demographics, road 

infrastructure, levels of motorisation, motor vehicle licensing, and existing health services. 

Published information relating to these characteristics is limited. 

3.2. STUDY SETTING: VITI LEVU, FIJI 

Fiji comprises more than 300 islands scattered over almost 1.3 million km
2
 of the South 

Pacific Ocean. The two main islands Viti Levu and Vanua Levu, both volcanic in origin and 

surrounded by coral reefs, comprise almost 90% of the total land mass of over 18,000 km
2
.  

Fiji is divided administratively into four divisions: Northern, Central, Eastern, and Western; 

the latter three being located on the largest island Viti Levu where Suva, Fiji‟s capital city is 

located (Figure 3-1). 
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Figure 3-1. Map of Fiji  

 

Source: Fiji Ministry of Health 

3.2.1. POPULATION 

Fiji is home to an estimated population of 837,000 (Census 2007),
62

 who identify with two 

main ethnic groups; Indigenous Fijian (I-Taukei) (57%), and Indian (37%). Fiji‟s population 

is relatively young (48% less than 24 years of age), with 51% residing in urban areas, and the 

majority (70%) residing on Viti Levu. Fiji is a middle-income country according to the World 

Bank classification of countries.
171
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The study population of Viti Levu has an estimated population of 650,000.
62

 The main ethnic 

groups in Viti Levu comprise Indigenous Fijian (I-Taukei) (54%) and Indian (40%). Men 

comprise 51% of the population, and similar to the wider Fiji population, 48% of the Viti 

Levu population are aged less than 24 years of age. At least half of the population live in 

urban areas, with the remaining residents populating the costal margins of the island. The 

rugged mountainous terrain in the central part of Viti Levu is sparsely populated. 

3.2.2. PUBLIC ROADS 

There are over 11,000 kilometers (km) of roads with at least 4000 km classified as major 

public roads (800 km sealed) which encircle the perimeter of Viti Levu, connecting the two 

main cities Suva and Lautoka. Public roads within and between most urban centers are paved 

but as discussed earlier, and common in other Pacific Island countries and territories, are 

poorly maintained and lack much of the safety features and standards apparent in high-

income countries.
66

 

3.2.3. MOTOR VEHICLES AND DRIVER LICENSING 

Over the last decade, motorisation in Fiji has increased by at least 22%, although this was 

much higher for private cars (32%), and less for two-wheel motorcycles (5%).
62

 The main 

categories of registered motor vehicles in Fiji comprise private cars (53%), taxis and rental 

cars (7%), and light and heavy goods vehicles, which include trucks (26%). The remaining 

vehicles (14%) include motorcycles (3%) and buses (1%). The Fiji Land Transport Authority 

is responsible for the registration of all motor vehicles and granting of driver licenses. A 

private motor vehicle (cycle or car) license is obtained through a graduated driver licensing 

service. It begins from age 16 and a half years with a written test for a learners permit, 

followed by two attempts for a road test after age 17 years for a provisional license.
207

 After 

two years on a provisional driver license, a full license can be provided if a defensive driving 
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course is passed. For those applying for a truck driver license, this process starts from the age 

of 21 years. 

3.2.4. HEALTH SERVICES IN VITI LEVU 

A range of primary, secondary, and tertiary-level health care services are available in Viti 

Levu. These include two divisional tertiary-level hospitals (Colonial War Memorial and 

Lautoka), nine sub-divisional hospitals (Ba Mission, Korovou, Nadi, Navua, Rakiraki, 

Sigatoka, Tavua, Vunidawa, Wainibokasi), and one private hospital in Suva (Figure 3-2). The 

trauma-admitting hospitals in Viti Levu include; the Colonial War Memorial and Lautoka 

hospitals, the nine sub-divisional hospitals (outlined above) and the Suva private hospital. 

Being centrally located in the Pacific ocean and providing secondary and tertiary-level health 

care services, Viti Levu hospitals also receive serious injury cases from the other islands in 

Fiji, and some Pacific Island countries and territories. 
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Figure 3-2. Hospitals in Fiji 

 

Source: Fiji Ministry of Health 

 

Fiji is an established economic hub in the Pacific region and the second largest populated 

country in the region. Viti Levu provides an appropriate setting to undertake an 

epidemiological investigation of RTI. Quantitative data estimating the burden of RTI in Fiji 

and the contributory role of driver sleepiness, to injury-involved crashes in Fiji provides 

information to inform research and policy initiatives. 
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3.3. STUDY 1: THE BURDEN OF ROAD TRAFFIC INJURIES IN FIJI 

3.3.1. INTRODUCTION 

This section outlines the methodology undertaken to determine the burden of RTI in Viti 

Levu. 

3.3.2. STUDY OBJECTIVE  

The aim of this study was to describe the incidence and demographic characteristics 

associated with motor vehicle crashes resulting in serious consequences, such as death or 

hospitalisation in Viti Levu. The purpose of this study was to address the knowledge gap in 

this area, and to use this information to assist in informing road safety policy. 

3.3.3. STUDY DESIGN  

As part of the TRIP study, in 2005, the first population-based injury surveillance system for 

Fiji was established in all trauma-admitting hospitals in Viti Levu, the Fiji Injury Surveillance 

in Hospitals (FISH) database.
208

 This surveillance system was designed to identify all 

individuals who had sustained a serious injury resulting in death or requiring hospitalisation 

for 12 or more hours. 

3.3.3.1 THE FIJI INJURY SURVEILLANCE IN HOSPITALS DATABASE 

Linked to existing hospital electronic patient information systems and clinical referral 

pathways, the FISH database systematically extracted information on a defined set of 

variables recommended by the WHO injury surveillance guidelines.
166

 Using a study specific 

injury surveillance form (Error! Reference source not found.), information was sought on 

general demographic characteristics and a range of variables relating to the injury and 

eventual outcome. Some of these variables are described below. 
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3.3.3.1.1 MECHANISM OF INJURY 

Road traffic injury was included as a category (Table 3-1)  

Table 3-1. Mechanism/cause of injury: Fiji Injury Surveillance in Hospitals database 

MECHANISM / CAUSE: How was the patient hurt? Or How was the injury inflicted? (Please circle ALL that apply)     

1 
Road Traffic 

injury 
  6 Fire, heat, electricity   98 Other (specify)           

2 Sexual Assault 
 

7 Choking/hanging 
          

  

3 Fall 
   

8 Drowning/near-drowning 
        

  

4 Hit by person or object 9 Poisoning 
           

  

5 Stab/Cut     99 Unknown                         

3.3.3.1.2 NATURE OF INJURY 

Categories reflected the spectrum of possible physical injuries (Table 3-2). 

Table 3-2. Nature of injury: Fiji Injury Surveillance in Hospitals database 

NATURE OF INJURY (Please circle ALL that apply)                         

1 Fracture     5 Burn           98 Other (specify)         

2 Sprain/Strain/dislocation 6 Head injury/concussion 
         

  

3 Cut/bite, open wound 7 Internal injuries of chest &/or abdomen 
       

  

4 Bruise     8 Asphyxia         99 Unknown           

3.3.3.1.3 INJURY SEVERITY 

Injury severity was categorised into: (1) minor or superficial (unlikely to be admitted); (2) 

moderate (requiring some skilled treatment e.g. sutures or management of fracture); and (3) 

severe (requiring intensive medical/surgical management e.g. internal haemorrhage, 

punctured organs, or severed blood vessels) (Table 3-3). Validated injury severity tools were 

not available for this study.
209,210
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Table 3-3. Injury severity: Fiji Injury Surveillance in Hospitals database 

INJURY SEVERITY (Please circle the appropriate box)                       

1 Minor             2 Moderate         3 Severe     

3.3.3.1.4 INJURY OUTCOME 

Information on outcome of injury included subcategories so that fatal injuries could be 

further categorised to those occurring prior to hospitalisation, and those, which occurred 

during hospitalisation (Table 3-4). 

Table 3-4. Injury outcome: Fiji Injury Surveillance in Hospitals database 

OUTCOME OF THIS ADMISSION (Please circle the appropriate box)                   

1 Transferred     4 DOA/ died before admission 8 Other (specify)           

2 Discharged 
  

9 Unknown 
           

  

3 Died while admitted                                 

3.3.3.1.5 ALCOHOL AND/OR KAVA USE 

Data on use of alcohol and/or Kava within six hours of the event was collected (Table 3-5). 

Table 3-5. Alcohol and Kava use: Fiji Injury Surveillance in Hospitals database 

ALCOHOL USE: Did the patient use alcohol within 6 hrs of the incident?[Please circle the appropriate box)   

1 Suspected by report or confirmation   2 No           9 Unknown 

                                    

KAVA USE: Did the patient use kava within 6 hours of the incident? (Please circle the appropriate box)     

1 Suspected by report or confirmation   2 No           9 Unknown 

                                    

 

Due largely to resource constraints, supplementary data items from the WHO injury 

surveillance guidelines such as mode of transport, road user type, collision counterparts, and 

data regarding the range of injuries in victims with multiple trauma were excluded. Other 

items such as level of disability and person characteristics such as education, occupation, and 

socioeconomic status were also excluded from the FISH database. 

 

Hospital-based trauma surveillance systems particularly those, which are population-based, 

are a non-expensive and efficient method for gathering RTI-specific data.
211

 While not able to 
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investigate aetiological and causal associations, these registries provide a strategy to describe 

the size, distribution, and consequences of RTI and potential exposures.
212,213

 Using minimal 

data elements such as those proposed by WHO,
166

 provide an important stepping stone for 

many resource-poor settings. However, clearly defined and consistent definitions of injury 

and related measures such as injury severity, as well as an evaluation framework, are 

essential to improve the quality of data, which informs policy.
42,149,190,211,212,214,215

 Despite the 

exclusion of important road traffic data elements, in particular road user and motor vehicle 

type, the FISH database was an appropriate data source to determine the burden of RTI in 

Viti Levu. 

3.3.3.2 SELECTION OF CASES 

Drawing from the FISH database, all records where the mechanism of injury was classified as 

a „road traffic injury’ was examined for the period, 1 October 2005 to 30 September 2006. 

 

Eligible cases for inclusion in this study were defined as, any person involved in a motor 

vehicle crash (all road users) on a public road in Viti Levu resulting in death or an injury 

requiring hospitalisation for 12 hours or more. Cases excluded were those identified to have 

sustained injuries: (1) following a fall from a motor vehicle not involved in a crash; (2) from 

crashes in private driveways (non-traffic injuries); or (3) involving motorcycles, buses, 

vehicles of the diplomatic corps, police, and ambulance. As this study was limited to the 

island of Viti Levu, we excluded injury-involved motor vehicle crash-related cases 

transferred from health services outside Viti Levu and other Pacific Island countries and 

territories. 
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Fiji Police are notified of all motor vehicle crash-related deaths in Fiji (including those that 

occur prior to hospitalisation), and all motor vehicle crash-related deaths are referred to 

hospital-based pathologists for post mortem examination. The two mortuary registers in Viti 

Levu (based at the Colonial War Memorial and Lautoka hospitals) are considered complete. 

3.3.3.3 DATA COLLECTION 

Research members prospectively identified eligible cases by reviewing hospital accident and 

emergency registers, admission records, and mortuary registers in the study hospitals. In 

some instances, interviews with patients and/or family members were required to verify 

information. 

 

Data was sought on demographic and injury characteristics, as well as injury outcome i.e. 

whether the person died prior to or during hospitalisation (fatal), or was discharged (non-

fatal). Linked patient records using national hospital numbers ensured patients with multiple 

admissions for the same injury or who were transferred between hospitals were considered in 

the analyses. 

 

Although ten categories for the physical „nature of the injury‟ were available, if a person had 

sustained more than one injury, the most serious was selected. Information regarding 

suspicion or evidence of use of alcohol, kava, or other mood altering substances within six 

hours of the injury event was sought, however there was no laboratory test to quantify or 

verify actual use. Kava is a drink with anxiolytic and sedative properties, commonly 

consumed in Fiji.
216-218
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3.3.4. DATA MANAGEMENT AND ANALYSIS 

Following the identification of eligible cases, details were entered on the TRIP study injury 

surveillance form, and a verification phase undertaken to ensure data was accurate and 

complete. Data was then entered into EpiInfo™ Version 3.5.1. statistical software in 

preparation for analysis. Age-standardised rates were calculated using Microsoft® Excel 

Version 2010. 

 

For the purposes of analysis, age was stratified into bands (0-14 years, 15-29 years, 30-44 

years and 45 years and above) and ethnicity was categorised according to the Fiji ethnic 

classification system of three main ethnic groups, Fijian, Indian, and Other.  Univariate 

analysis of all relevant variables was undertaken, dichotomised into fatal and non-fatal 

injuries. The chi square test was used to assess statistical significance of associations between 

categorical variables. To estimate crude mortality (all deaths prior to or during 

hospitalisation) and hospitalisation (died while hospitalised or discharged) rates, we used the 

Viti Levu population from the Fiji population census 2007
62

 as denominator data, then age 

standardised RTI-related mortality rates to the WHO world standard.
219
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3.4. STUDY 2: THE PREVALENCE OF DRIVER SLEEPINESS IN THE FOUR-

WHEEL MOTOR VEHICLE DRIVING POPULATION IN FIJI  

3.4.1. INTRODUCTION 

This section describes in detail the methodology used to address the research question under 

investigation. As previously highlighted in the introductory section of this chapter, shared 

methodologies for Study 2 and Study 3, begin from the section titled Data procedures 

(Section 3.5.4). 

3.4.2. STUDY OBJECTIVE 

The primary research objective of this study was to estimate the prevalence of driver 

sleepiness and sleep determinants among the four-wheel motor vehicle driving population in 

Viti Levu. As far as the candidate is aware, driver sleepiness as a risk factor for road traffic 

crashes has not been the subject of epidemiological investigation in Fiji, or any Pacific Island 

country and territory, therefore study findings are likely to contribute to this knowledge gap. 

3.4.3. STUDY DESIGN 

As part of the TRIP study, conducting a population-based roadside survey using a study 

design based conceptually on the Auckland Car Crash Injury Study,
206

 is an appropriate 

design to address the research objective in this study. 

 

The advantage of the cross sectional roadside survey design in this particular study is that it is 

population-based, and conditional on robust sampling methodology, the study sample is 

likely to be representative of the study base, and exposure measurements relating to driver 

sleepiness potentially generalisable to Viti Levu. Surveys such as these are usually simple, 

cheap, and easier to conduct compared to longitudinal studies. The relatively short follow up 
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period, to some extent, assists in reducing information and recall bias, in comparison to 

retrospective studies.
160

 This study design also affords good control over the measurement of 

the exposure of interest, and ascertainment process. Importantly, it provides greater control 

over the precision of estimates in subgroups when using stratified sampling methods. While 

the main limitation of the cross sectional study design is its inability to directly assess 

causality, the distribution and correlation of exposure and outcome variables of interest 

provides an important pool for hypothesis generation. Other disadvantages relate to rare 

outcomes or exposures, which for this design requires larger sample sizes and therefore 

impractical to conduct. The potential for selection bias is also a problem when examining 

individuals with long-term conditions, as opposed to those with a short course of disease. 

3.4.3.1 DETERMINING THE STUDY BASE (SOURCE POPULATION) 

Investigating exposures for road user injuries requires a study base of „driving‟, as a road user 

is exposed to the risk of car crash only when the motor vehicle is being driven. Alternative 

source populations (e.g. from databases of licensed motor vehicles or drivers, or electoral 

rolls) are considered less appropriate from this perspective. 

 

We defined the study base as all eligible motor vehicles driving on public roads in Viti Levu, 

during the study period, July 2005 to June 2006. 

 

Eligible vehicles included motorised four-wheel vehicles such as private cars, taxis, 

commercial minibus, van or minibus, pick up (open „ute‟ with tray), trucks, and rental or 

government vehicles. We excluded two-wheel vehicles (motorcycles), buses, vehicles of the 

diplomatic corps, and emergency response vehicles. These vehicles represent less than 5% of 

the total motor vehicle fleet in Fiji. 
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Eligible roads included all public roads in Vii Levu; identified from Fiji police, public works 

and city council databases. These roads included main, secondary, country or residential 

roads. Smaller feeder roads including those in rural and central parts of Viti Levu were 

excluded, as road traffic density is much lower and road crashes less in number.
81

 

3.4.3.2 SELECTION OF STUDY BASE 

Selecting the appropriate study base or „driving‟ denominator, while dependant on the 

research question under investigation, requires an appreciation of person-time 

measures.
160,164,220,221

 The denominator commonly used in estimating incidence rates in 

epidemiological research is person-time. Person-time in this perspective, involves the 

enumeration of new onset of disease over a time period, in which the study population is 

living i.e. „person-time living‟.
220

 In injury research, person time „engaged in a particular 

activity‟ such as driving or walking, is more appropriate, as exposure to crash injury risk 

arises when driving occurs.
220

 Some injury studies have used denominators such as time spent 

driving, or distance travelled. In both measures, driving speed and the road environment are 

key determinants (as they are in road traffic studies), to which the latter (distance travelled) 

has been important in determining exposure differences between some driver groups (young 

men and older women).
164,222

 

 

In this study, we used motor vehicle driving time to estimate exposure for injury risk as it 

correlates best with epidemiological person-time measures. An advantage to using driving 

time is that unlike driving-distance, which requires indirect measures and additional resources 

to calculate, direct estimation of driving time is possible when sampling motor vehicle 

drivers. 
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3.4.3.2.1 SAMPLING DESIGN 

In order to recruit an appropriate sample of driving time, we used a two-stage cluster 

sampling design to select motor vehicle drivers from random roadside surveys. Cluster 

sampling designs provide a cost-effective method for collecting population data, compared to 

surveys using simple random designs.
223,224

 Key to identifying cluster groups is the need to 

ensure appropriate representation of the study base (Viti Levu), and in this study particularly, 

taking into consideration population and traffic density, road infrastructure, and available 

research-related resources. 

3.4.3.2.2 ROADSIDE SURVEYS: SELECTION OF SITES 

Based on the above, three roadside strata were identified, two for roads within city 

boundaries (Suva and Lautoka), and the third for roads beyond city limits. In order to identify 

eligible roads to include in the study, we generated a list of all public roads in Viti Levu 

drawing from police, public works, and city council databases. Roads eligible for inclusion 

were those meeting the following criteria: roads classified as main, secondary, country, 

residential, or within-city bus routes, and roads longer than 400 meters with daily traffic 

counts of 200 or more. Fifty roadside survey sites, (including 10 for each of the two cities) 

were randomly selected in proportion to the cumulative road lengths (100m intervals) of each 

of the three strata.
225

 To identify the sampling period for each of the 50 roadside sites, 

randomisation to time of day (24-hour clock), day of week (seven days), and travel direction 

(using the Suva Post office as the reference point) was undertaken. In order to optimise road 

user and research team safety, Fiji Police determined the final site for the roadside survey. 

We excluded recruitment between the hours of 2am to 5am as Fiji transport data indicated 

there were few vehicles travelling on the road during this period. 
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3.4.3.3 RECRUITMENT OF MOTOR VEHICLE DRIVERS REPRESENTING DRIVING 

TIME 

Between July 2005 and June 2006, 50 roadside surveys were conducted weekly, over a period 

of two hours. The surveys were designed to recruit a random population-based sample of 

eligible four-wheel motor vehicles (drivers as key informants) representative of driving time 

on public roads in Viti Levu, and therefore driver exposure to crash risk (person-time). 

 

For each of the roadside surveys, a minimum of three TRIP research members and one Fiji 

Police traffic officer attended. In line with legislative protocols, traffic officers facilitated the 

positioning of fluorescent road signs and cones ahead of the survey site, to alert oncoming 

drivers about the road survey in progress and to slow traffic. Traffic officers signalled motor 

vehicle drivers to stop whenever research team members became available to process them. 

Once a motor vehicle had stopped in the designated survey area, the potential participant (i.e. 

the driver) received an information brochure relating to the study, and an invitation to 

participate. If consent to participate was provided, contact details were obtained and a time 

and place to conduct the interview arranged. 

 

In order to reduce the likelihood of control driver responses being constrained by the 

presence of police at roadside stopping sites, all participants were provided the option of 

being interviewed by phone at another time. If they expressed a preference to be interviewed 

at the survey site, the questionnaire was administered some distance from police officials, and 

the latter did not have access to this information. 

 

During each survey, we recorded traffic counts of all motor vehicles travelling in the same 

direction as motor vehicles selected for the study. This enabled the assignment of a weighting 
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to each site that was the inverse of the proportion of selected vehicles to the traffic count. 

This is discussed further in the section on data analysis (Section 3.5.8). 

3.5. STUDY 3: THE ROLE OF DRIVER SLEEPINESS IN FOUR-WHEEL 

MOTOR VEHICLE CRASH INJURIES IN FIJI 

3.5.1. INTRODUCTION 

This section introduces the study objective and the hypothesis being tested, as well as the 

study design to address this. As previously outlined in the introductory section of this chapter, 

shared methodologies for Study 2 and Study 3 (this study), begin from the section titled Data 

procedures (Section 3.5.4). 

3.5.2. STUDY OBJECTIVES AND HYPOTHESIS 

The primary aim of this research was to investigate and quantify the contribution of driver 

sleepiness and its determinants to the risk of four-wheel motor vehicle crash injuries in Viti 

Levu. In addition, to reliably estimate the associated relative and population attributable risks 

of driver sleepiness and its determinants to serious crash injuries. 

 

The main hypothesis being tested was that driver sleepiness is associated with an increased 

risk of a four-wheel motor vehicle crash resulting in a road user sustaining serious injuries 

that are fatal or require hospitalisation. 

3.5.3. STUDY DESIGN 

This study is part of the TRIP study, drawing conceptually from methodologies used in the 

Auckland Car Crash Injury Study.
31

 Undertaking a population-based case control study is an 

appropriate study design to address the research question and the hypotheses being tested. 
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Case control studies are able to quantify aetiological and causal associations, and when 

population-based, have the advantage of being able to estimate population attributable 

risks.
160,226

 As road traffic crash injuries are relatively rare occurrences, the case control study 

design offers an efficient alternative to the cohort design, requiring a smaller study 

population, little follow up time as the event of interest (crash injury cases) has already 

occurred, and therefore less cost to conduct. Another advantage of the case control design is 

its ability to investigate several potential exposures (and confounders) at the same time. 

Importantly, it allows for the examination of exposures with short induction periods to the 

outcome of interest, as in the case when examining acute driver sleepiness to crash injury, 

which otherwise under a cohort design would require frequent observations. A limitation of 

the case control design relates to its restriction to only being able to investigate a single 

outcome and inability to assess the effects of matched variables. However, the main 

disadvantage of this design is its susceptibility to systematic error in particular selection bias 

if not carefully designed, and misclassification (case, exposure, and outcome), and recall 

bias.
160,220,227-229

 

 

Methodological issues also arise during data collection, whereby the identification and 

recruitment of injury cases, relies on the quality of surveillance registers to ensure that cases 

are a random but representative sample of the study base.
220,230

 While most non-fatal serious 

injury cases are hospitalised, in order to minimise the influence of organisational polices 

which determine admission criteria, injury studies have either limited outcome measures to 

fatal or serious injuries, or used objective methods to determine injury severity.
209

 

 

In theory, every case-control study takes place within a cohort, commonly referred to as the 

source population or study base, which gives rise to the cases included in the study.
160,227
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Identification of the appropriate study base and ensuring study cases and controls are 

representative of this base in respect to the exposures studied, is the main challenge in the 

design of case control studies.
220,227,230

 This leads to the process of defining and identifying 

the appropriate study base for this case control study. 

3.5.3.1 IDENTIFICATION OF THE STUDY BASE 

Information regarding the identification and selection of an appropriate study base is 

described in detail in Section 3.4.3. This involved a two-stage cluster cross sectional roadside 

survey designed to recruit a random population-based sample of motor vehicles 

representative of the driving time (person-time) on public roads in Viti Levu. Study base 

characteristics were appropriate for the case control study under investigation in this research. 

3.5.3.2 SELECTION OF CONTROLS 

As the objective of identifying controls was to recruit a random population-based sample of 

motor vehicles (drivers as key informants) representative of the driving time on public roads 

in Viti Levu, the driving time sample recruited in the cross sectional survey effectively 

became the control for this case control study. 

3.5.3.3 SELECTION OF CASES 

A study-specific road-crash surveillance database (which included the FISH database, 

described previously in Section 3.3.3.1) established at all trauma-admitting hospitals and 

mortuaries in Viti Levu recorded all road crashes and road users injured. 

 

Eligible cases for inclusion in the study were defined as, a four-wheel motor vehicle involved 

in a crash on a public road in Viti Levu, where a road user (e.g. driver, passenger, pedestrian) 
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had died or been hospitalised (for 12 hours or more) due to an injury. Similar to the case 

exclusion criteria described previously (Section 3.3.3.2), we excluded cases resulting from 

non-car crashes, private driveway crashes, and crashes involving non-eligible motor vehicles. 

3.5.3.4 STUDY SIZE 

Appropriate study size depends on the prevalence of the risk factors of interest and the likely 

size of their effect on outcome. At the outset of the study, reliable estimates on the prevalence 

and role of driver sleepiness (and other risk factors) to crash injury risk in Fiji was not 

available. Since the TRIP study was designed to investigate a range of risk factors with 

differing prevalence estimates and effects, a range of potential samples sizes was provided 

(Table 3-6). As the case control ratio is based on the ease of recruitment, experience from 

previous studies,
31

 suggested the ratio in Fiji was likely to be 1:1. Table 3-6 outlines the 

power of the study to detect effect sizes of variables with different prevalence measures. 

Table 3-6. Number of cases required for a study with 80% power at 5% level of significance, 1:1 

case control ratio 

 Proportion of controls exposed to a risk factor 

 1% 5% 10% 25% 50% 

Odds ratio      

1.5 8364 1774 957 490 407 

2.0 2597 559 307 165 148 

3.0 904 199 112 65 65 

5.0 355 81 48 31 36 

3.5.3.5 POTENTIAL RECRUITMENT RATE 

Road crash data from Fiji Police suggested that on average there were 2,180 road crashes and 

820 injured road users in Viti Levu every year, with 406 identified as serious 

(fatal/hospitalised) injuries.
81

 The majority of serious injury cases involved one motor vehicle 

(70%), while 30% involved two motor vehicles.
81

 Information on the number of road users 

injured per crash was not available. Taking the upper end of the spectrum, i.e. one injured 
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road user per crash, a case response rate of 75%, (75% of 406 serious injury cases) suggested 

approximately 304 cases (drivers as key informants) were potential recruits to the study. 

3.5.4. STUDY 2 AND 3: DATA PROCEDURES  

As previously stated, for the remainder of this Methods chapter, this section and those, which 

follow, will describe the methodologies for Study 2 (cross sectional roadside survey) and 

Study 3 (case control study). These two studies share methods relating to data procedures, 

data collection, the questionnaire, data management, and data analysis. 

3.5.4.1 STUDY OPERATIONS MANUAL 

Instructions on the conduct of the cross sectional and case control study were outlined in the 

study operations manual. Information also included interview techniques to supplement the 

interviewer training undertaken by all TRIP research managers and assistants. 

3.5.4.2 RECRUITMENT OF CONTROLS 

As previously described in this chapter, the „driving time‟ study sample recruited in the cross 

sectional survey (Section 3.4.3.3) became the „control‟ study base for the case control study. 

Controls were recruited from July 2005 to June 2006. 

3.5.4.3 RECRUITMENT OF CASES 

The identification of eligible motor vehicles (cases) involved a two-step process. Drawing 

from the road-crash surveillance database, we prospectively identified all eligible motor 

vehicle cases, defined as a four-wheel motor vehicle involved in a crash where a road user 

(e.g. driver, passenger, pedestrian) had died or been hospitalised (for 12 hours or more) due 

to an injury, during the study period July 2005 to December 2006. Following this process, 
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drivers of all eligible motor vehicles were identified, and provided contact details were 

available, approached and invited to participate in the study. Eligible „motor vehicle case 

drivers‟ therefore included injured drivers (fatal or hospitalised) as well as drivers who were 

not injured (but a passenger in their car or another road user e.g. pedestrian involved in the 

crash was fatally injured or hospitalised). If the driver had died, or was unable to participate 

due to severe injuries, we identified a suitable proxy (usually a relative of the driver also 

travelling in the vehicle). 

 

Using a sensitive and culturally appropriate manner, a researcher would introduce the study 

to the eligible driver (or proxy), provide a study brochure, followed by an invitation to 

participate. If consent to participate was provided, a suitable time to conduct the interview 

was arranged.  

 

Consistent with the control selection protocol, crashes between 2am and 5am were excluded 

from this study. 

 

Members of the research team collaborated with Fiji police and hospital personnel to ensure 

the identification of all eligible cases, and case records accuracy and completeness. During 

the course of the study, lower than expected numbers of eligible cases recruited, led to the 

decision to continue case recruitment for six months after control recruitment had ceased. 

3.5.5. DATA COLLECTION 

TRIP researches trained in conducting interviews specifically for the study facilitated all the 

interviews for case (proxy) and control drivers (as key informants). Instructions on 

conducting the interviews were supplemented with suggested templates for introductory 



75 

 

statements and prompts/explanations for participants requiring further clarification. TRIP 

researchers were all fluent in English, with some fluent in the Fijian language, and some 

Hindi (Indian). Study participants requesting an interpreter in either Fijian or Hindi were 

assigned an appropriate speaking interviewer. Interviews were conducted either face-to-face 

or by telephone. For controls, we provided the option to undertake the interview at the survey 

site during the recruitment period, ensuring this was some distance from police officials. 

Interviews for cases were conducted at the hospital, or at the residence of the driver, taking 

into consideration sensitivities surrounding those who had sustained severe injuries or in 

mourning. 

3.5.6. QUESTIONNAIRE 

As outlined above, trained interviewers administered the study questionnaire to all case 

(proxy) and control drivers. The questionnaire was highly structured and comprised 72 

questions, which sought information on; motor vehicle details, circumstances prior to the 

survey/crash, personal factors, driving experience and habits, and demographic 

characteristics. Questions relating to driver sleepiness examining a range of potential risk and 

protective factors were embedded within the questionnaire. The questionnaire for both cases 

and controls was identical in all aspects except for a short section in the case questionnaire, 

seeking case driver proxy details. Most interviews were completed within 45 minutes. 

3.5.6.1 OBJECTIVE MEASURES 

Due largely to resource constraints, no objective measures were obtained for known 

exposures (e.g. alcohol), potential confounders (e.g. speed), and sleep-related measures (e.g. 

polysomnography). In addition, validated measures for injury severity such as the 

Abbreviated Injury Score or Injury Severity Score
209,210

 were unavailable. Information on 
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vehicle and environment conditions at the time of the survey/crash were limited to those 

provided in the questionnaires. The extent to which the absence of objective measures may 

have influenced effect estimates is discussed in more detail later in this thesis. 

3.5.6.2 SLEEP-RELATED VARIABLES 

This section describes the sleep-related variables considered in this study. Sleep variables 

were identified drawing conceptually from a previous sleep-related study,
31

 and information 

in the sleep literature. These included measures addressing acute sleepiness, chronic 

sleepiness, and some determinants of sleepiness. 

3.5.6.2.1 ACUTE SLEEPINESS 

The Stanford sleepiness scale is a validated self-rating tool for measuring acute sleepiness. 

However, during the pilot phase of the study, several study participants found it difficult to 

understand the terminology used in the English-language version of this questionnaire. This 

resulted in the replacement of the standard seven-point scale of the Stanford sleepiness scale 

with a four-level sleepiness scale adapted specifically by the investigators for the TRIP study 

(Table 3-7). 

Table 3-7. The Stanford sleepiness scale and its adaptation to a four-level scale for the TRIP 

study 

Stanford sleepiness scale Sleepiness scale used in the TRIP study 

1 Felt active, wide awake Level 1 Felt active, wide awake 

2 Was functioning at a high level but not at peak 

Level 2 
Relaxed and awake but not fully 

alert 
3 Felt relaxed, awake but not fully alert, responsive 

4 Felt a little foggy headed 

Level 3 
Difficulty staying awake, was 

beginning to lose track 
5 

Felt foggy headed, had difficulty staying awake, was 

beginning to lose track 

6 Felt sleepy, would have preferred to lie down, woozy 

Level 4 
Felt sleepy, would have preferred to 

lie down. 
7 Could not stay awake, sleep onset imminent 
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The question seeking information on acute driver sleepiness was presented to study 

participants in the following form: 

Which of the following best describes your level of alertness in the 15 minutes prior to the survey/crash?  

(Read out all the options, as many times as necessary) 

 Felt active, wide awake 

 Relaxed and awake but not fully alert 

 Difficulty staying awake, was beginning to lose track 

 Felt sleepy, would have preferred to lie down 

3.5.6.2.2 CHRONIC SLEEPINESS 

As previously described, the Epworth sleepiness scale is a validated self-rating tool for 

measuring chronic or average daytime sleepiness, and although it has been validated in some 

low- and middle-income countries, it has not been validated in Pacific Island populations.
129

 

Results from the pilot study of the questionnaire revealed that the local population 

experienced difficulties understanding and interpreting the standard terminology relating to 

the Epworth sleepiness scale, and consequently this scale was not used. 

3.5.6.2.3 DETERMINANTS OF SLEEPINESS 

Alternative sleep measures were also used to establish the amount of driver-reported sleep 

prior to the survey/crash. These included measures relating to the quantity and quality of 

sleep as identified in Section 1.6. which were broadly categorised into sleep deprivation, 

obstructive sleep apnoea syndrome, and work patterns. 

 

Regarding sleep deprivation, this included the number of hours slept within the previous 24 

hours (using sleep of six hours or less, as the measure for acute sleep deprivation);
31,137

 and 

the number of nights of adequate sleep in the previous week i.e. sleep mostly between 11pm 

and 7am for seven hours or more (using no full nights of adequate sleep in the previous week 

to measure chronic sleep deprivation)
31

 (Table 3-8). 
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Table 3-8. Definitions of various sleep determinants used in the TRIP study 

Sleep determinants Definition  

Sleep deprivation  

Acute sleep deprivation < 6 hours sleep in previous 24 hours 

Chronic sleep deprivation No adequate sleep* in the previous week 

Obstructive sleep apnoea syndrome  

Triad of sleep apnoea symptoms Witnessed reports of regular loud snoring, breathing pauses, and choking 

≥ 2 sleep apnoea symptoms Witnessed reports of two or more sleep apnoea symptoms   

Regularly snore loudly Witnessed reports of regular loud snoring 

Work patterns  

Shift work 
Involving paid work starting before 6am or finishing after midnight 

whether permanent, rotating, or on call 

> 60 hours work per week Paid work hours every week 

* A night of adequate sleep was defined as; at least 7 hours of sleep mostly between 11pm and 7am 

 

Other information sought included the number of hours prior to the survey/crash since 

participants had undertaken a rest period of one hour or more, and participants experiencing 

symptoms of obstructive sleep apnoea syndrome (regular loud snoring, breathing pauses, and 

choking) as reported to them by friends or relatives.
31

 For those in paid work, information 

was sought on the number of work hours per week, and those working shifts (starting before 

6am or finishing after midnight whether permanent, rotating, or on call). For those reporting 

that they work for more than 60 hours per week, the odds of crash risk is almost 1.5.
43

 

 

These questions were presented to study participants in the following form: 

SLEEP DEPRIVATION 

In the 24 hours before the survey/crash, how many times did you sleep? When was that? 

(Please use time prompt and 24 hr clock, e.g. “If your crash was at 1000 Tuesday, how many sleeps had you 

had between then and 1000 Monday?”) 

 

Sleep 1  to  

Sleep 2  to  

Sleep 3  to  

 
In the week before the survey/crash, how many nights did you sleep for 7 hours or more? 

(“Nights” means mostly between 11pm and 7am) 

 nights, out of 7 
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TIME FROM LAST 1-HOUR BREAK 

How long on this trip had you been driving (before the survey/crash), since having a break of one hour or 

more? 

  

OBSTRUCTIVE SLEEP APNOEA SYNDROME SYMPTOMS 

Have you ever been told that you regularly snore loudly? 

 No 

 Yes 

 
Have you ever been told that you stop breathing while you‟re asleep? 

 No 

 Yes 

 
Have you ever been told that you appear to choke while you‟re asleep? 

 No 

 Yes 

WORK PATTERNS 

On average, how many hours per week were you working in paid job(s) at the time of the survey/crash? 

 If zero, go to Q 73 

 

What was your usual work pattern at the time of the survey/crash? 

 (Read out) 

 Daytime – no shifts 

 Rotating shifts with nights 

 Rotating shifts without nights 

 Permanent nights 

 Other (please specify) 

__________________________________________ 

 

3.5.6.3 POTENTIAL CONFOUNDING VARIABLES 

The following variables were considered as potential confounders or factors requiring 

adjustment in the models; age, sex, ethnicity, socioeconomic status (income), alcohol use, 

time and day of survey/crash, as well as vehicle type, and speed prior to the survey/crash. All 

measures were self-report, with no objective measures undertaken. 
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3.5.6.3.1 DEMOGRAPHIC CHARACTERISTICS 

Age was calculated by subtracting the date of birth from the date of the survey/crash. Sex and 

ethnicity were self-reported. As the major ethnic groups in Viti Levu are Fijian and Indian, 

the question on Ethnicity was presented to study participants in the following form: 

What ethnic group do you identify with? 

(Tick only one box, avoid reading out) 

 Fijian 

 Indian 

 Other (please specify) ____________________________ 

3.5.6.3.2 SOCIOECONOMIC STATUS 

We collected three indicators for socioeconomic status (education, occupation, income). Low 

socioeconomic status has been shown to increase crash risk.
231

 The questions relating to 

education, occupation and income were presented to study participants in the following form: 

EDUCATION 

What is the highest level of education that you have received or are currently receiving? 

 Primary school (class 1- form 2) 

 Secondary school (forms 3-7): 1-3 yrs 

 Secondary school (forms 3-7): >3 yrs 

 Technical Institute / Vocational School or similar (e.g. FIT, Montfort Boystown) 

 University 

 Still a secondary school student 

 Other (please specify) 

 ___________________________________________ 

OCCUPATION 

Which of the following best describes your main occupation at the time of the survey? 

 Work for pay (please specify)  

___________________________________________ 

 Planting and collecting food for your own consumption 

 Self-employed (please specify) 

 ___________________________________________ 

 Student 

 Domestic duties 

 Unemployed 

 Retired 

 Other (please specify____________________________________________ 

 Don‟t know 
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INCOME 

Was your household‟s total income, before tax, above or below $20 000 during the past 12 months? 

(Then ask appropriate categories if participant is cooperative) 

 Less than $5,000 

 $5,000-$9,999 

 $10,000-$19,999 

 $20,000-$39,999 

 $40,000-$79,999 

 $80,000-$159,999 

 $160,000 or more 

 Decline to answer 

3.5.6.3.3 ALCOHOL USE 

Self-report use of alcohol in the 12 hours preceding the survey/crash was sought. The 

question was presented to study participants in the following form: 

Had you had any alcohol in the 12 hours before the survey/crash? 

(Use time prompts for all alcohol questions) 

 No If no, go to Q 26 

 Yes 

3.5.6.3.4 VEHICLE TYPE 

In a review examining the risk of pedestrian injury, light truck vehicles such as minivans, 

pick-ups, and utility vehicles, posed a greater risk to pedestrians compared to cars.
232

 In this 

study, it was important to identify the different types of vehicles being driven on public roads 

in Viti Levu. The question was presented to study participants in the following form: 

What type is the vehicle?  

(Read all out and tick one box only. You may be able to use the classification on the registration sticker) 

 Private car 

 Taxi 

 Commercial minibus 

 Other van/minibus 

 Pick-up (open “Ute” with tray) 

 Truck 

 Other (including rental vehicle) (please specify)  

____________________________________ 

3.5.6.3.5 VEHICLE SPEED 

Vehicle speed is a known risk factor for crashes.
233,234

 Motor vehicle speed limits set in Fiji 

are 50km/hour on urban roads, 60km/hour on rural roads, and 80km/hr on highways. Self-
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reported vehicle speed prior to the survey/crash was sought and presented to study 

participants in the following form: 

How fast do you think you were travelling immediately before you were aware of the survey/crash? 

(If unsure get best approximation and probe with e.g. were you in a built up or rural area?) 

 

3.5.6.3.6 TIME AND DAY 

The time of the day as well as day of the week are known to influence road crashes.
28

 This 

was presented to study participants in the following form. 

            What was the date and day of week on which the survey/crash occurred? 

Date: (dd/mm/year)  

Day of week: 

 Monday 

 Tuesday 

 Wednesday 

 Thursday 

 Friday 

 Saturday 

 Sunday 

What was the time of the survey/crash? 

24 hour clock when entering time) 

3.5.6.3.7 WEATHER CONDITIONS 

Information regarding environmental conditions was limited to whether it was raining or not. 

Questions relating to weather conditions at the time of the survey/crash were presented to 

study participants in the following form: 

At the time of the survey/crash, was it raining? 

 No 

 Yes 

3.5.6.3.8 OTHER VARIABLES 

Information on vehicle brand, model, year of manufacture, colour, including whether 

seatbelts were fitted in the motor vehicle were sought. While exposure to risk of crash can 

also be measured using amount of driving, or driving experience, these measures were not 

systematically collected. Furthermore, we chose driving time as the most appropriate measure 

for driving exposure. No information on road conditions was collected. 



83 

 

We also sought information on the use of psychotropic and soporific agents such as 

marijuana, recreation drugs, sleeping tablets, regular medication for depression or anxiety and 

kava (a drink with anxiolytic and sedative properties consumed in Fiji), given their 

association with driver sleepiness.
105,139,142,216-218,235-239

 

3.5.7. DATA MANAGEMENT 

3.5.7.1 DATA QUALITY 

All completed questionnaires were examined for accuracy and completeness. This included 

crosschecking individual data items, including the identification of potential errors that may 

have occurred during the transcription phase. Once verified as correct and complete, data was 

entered by the data management officer into EpiData Entry Version 2.0 software. Further 

quality control checks of the electronic-based data alongside weekly reports/meetings helped 

to identify or clarify data outliers, data entry difficulties, and variable definitions. Double 

entry of data was then undertaken and the research team on reviewing paper files and 

interviewer records resolved differences once alerted. Results of random audits were 

discussed at these meetings. Further data quality control checks were undertaken by the 

candidate in Auckland, using draft versions of the electronic database, until all had been 

entered and finalised. A copy of all the completed questionnaires was also securely posted to 

Auckland so that data quality checks could continue during the analytical phase. 

3.5.8. DATA ANALYSIS 

All analyses presented in this thesis were undertaken by the candidate with advice from 

Elizabeth Robinson and Shanthi Ameratunga. 
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Detailed analyses were conducted using STATA
®
 version 12 statistical software (following 

the transfer of the TRIP study information from EpiData Version 2, to STATA
®
). 

 

The distributions of all variables of interest (demographic, sleep-related, potential 

confounders, and effect modifiers) were examined for both cases and controls. Some 

continuous and categorical variables were re-categorised (such as age, income, TRIP 

sleepiness scale), to reflect categories used in previous studies or government statistics, and 

to ensure adequate numbers in each category, while considering differential proportions of 

exposure variables between case and controls. While some categories appeared to maximize 

effect estimates, categories needed to make sense as well as being relevant to the Fiji context. 

 

As missing data comprised less than 10% of all variables investigated in this study, 

imputation of data was not undertaken. 

 

Multivariable models were developed to estimate the effects of the exposures of interest to 

the risk of injury crash in Fiji, while controlling for confounding variables. Unconditional 

logistic regression modelling was used, and selected potential confounders and factors 

requiring adjustment included in the models, based on the change-in-estimate (10%) method 

described by Greenland.
240

 Age, sex and ethnic group were forced into all models, and 

variables of interest added to the basic model according to the size of the effect on risk, until 

a parsimonious model was achieved. Interaction terms were introduced into the model and 

analysis to examine potential effect modifiers undertaken. 

 

Population attributable risks (PAR) were calculated using established methods described by 

Greenland and Coughlin.
241-243

 PAR estimates and the associated 95% confidence interval 
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were calculated for sleep-related factors found to have a significant association with the odds 

of injury crash. 

3.5.8.1 STATISTICAL ANALYSES 

STATA
®
 Version 12 statistical software was used to undertake detailed analyses using 

survey procedures. To reflect the cluster sampling design and the disproportionate probability 

of selection due to varying traffic flows at different sites, a weighting was assigned to each 

control recruitment site and the variance adjusted to account for the correlation within 

sites.
223,244

 For prevalence measures total driving time (equivalent to person-time)
164,220

 was 

used as the denominator to represent driver exposure. The chi square test was used to assess 

statistical significance of associations between categorical variables. 

3.6. ETHICAL PROCEDURES 

This study was approved by the University of Auckland Human Ethics Participation 

Committee, Fiji National Research Ethics Review Committee, with approval to undertake the 

roadside survey granted by the Fiji Police Force and Land Transport Authority. All potential 

participants received an information brochure outlining the study, and when satisfied with the 

requirements of the study, provided written informed consent. Participants were informed 

that they could withdraw from the study at any time. All TRIP-related study data (electronic 

and paper-based), are stored securely in Fiji, with duplicates in Auckland. 
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CHAPTER 4. PRIMARY STUDIES: RESULTS  

4.1. INTRODUCTION 

This chapter presents the results of the three primary studies examining the epidemiology of 

RTI, and the role of driver sleepiness in injury-involved four-wheel motor vehicle crashes in 

Viti Levu, Fiji. The key findings of these studies and related research and policy implications 

are discussed in CHAPTER 5. 

 

A study outline precedes the presentation of the study results illustrating the three research 

streams and inter-linkages relevant to this thesis. Study results are presented in two main 

parts. The first relates to results from Study 1, describing the general demographic and injury 

characteristics of RTI in Viti Levu, and estimation of mortality and hospitalisation rates. The 

second part presents the results of Study 2 and Study 3. It begins with a summary of study 

numbers and response rates, followed by a description of the characteristics of the study base 

(controls), and the prevalence of sleepiness and sleep determinants among the driving 

population. Results of the case control analysis (Study 3) follows, using univariate analyses, 

and multivariate logistic models to quantify the effect of sleepiness and sleep determinants to 

four-wheel motor vehicle crash-related injuries while adjusting for potential confounders. 

This chapter concludes with a presentation of the results of effect modifiers considered, the 

estimation of the population attributable risk, and sensitivity analyses of relevant variables on 

effect estimates. 
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4.2. STUDY OUTLINE 

To capture the components of the various epidemiological streams undertaken in this thesis, 

an overview of the research data framework and resulting study sample numbers is presented 

(Figure 4-1). 
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Figure 4-1. Study outline: investigating the burden of road traffic injuries and the prevalence and role of driver sleepiness in four-wheel motor 

vehicle crashes in Viti Levu, Fiji  

CASE MOTOR VEHICLES

Drivers (proxy) with sleep data

n=131

Mechanism of Injury classified as 

Road Traffic Injury

(all road users and vehicle types)

n=374

CONTROL MOTOR VEHICLES

 Drivers with sleep data

n=752 

The burden of RTI in Viti 

Levu, Fiji

The role of driver 

sleepiness in motor 

vehicle crash injuries in 

Viti Levu, Fiji

The prevalence of driver 

sleepiness in Viti Levu, 

Fiji

Fiji Injury surveillance in Hospitals

(FISH Database)

All injuries

Study-specific database identifying all 

4-wheel motor vehicles where at least 

one road user died or was 

hospitalised for 12 hours or more

n=187

Cross-sectional roadside survey of 

4-wheel motor vehicles

 n=17,217

Epidemiological Study 1 Epidemiological Study 2Epidemiological Study 3

Cross-sectional roadside survey of 

4-wheel motor vehicles

Drivers invited to participate

n=892 

All motor vehicles driving on all public 

roads in Viti Levu, Fiji

01 Jul 2005 – 30 Jun 2006 

Cross-sectional roadside survey of 

4-wheel motor vehicles 

Drivers completing interview

n=752

Eligible 4-wheel motor vehicles

Drivers (proxy) completing interview

n=142

Eligible 4-wheel motor vehicles

Drivers (proxy) invited to participate

n=155

All motor vehicle crashes reported in 

Viti Levu, Fiji

01 Jul 2005 – 31 Dec 2006

All types of injuries reported in

Viti Levu, Fiji

01 Oct 2005 – 30 Sep 2006
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4.3. STUDY 1: THE BURDEN OF RTI IN FIJI 

4.3.1. STUDY NUMBERS 

Of the 2,233 injury-related deaths and hospital admissions identified in the FISH database, 

374 (17%) were classified as RTI. RTI were the third most common cause of injury, after 

falls (28%), and being hit by a person/object (22%). RTI-related deaths (n=67) accounted for 

27% of all injury fatalities (n=246). 

4.3.2. GENERAL CHARACTERISTICS OF RTI CASES IN THE FISH DATABASE 

The following results relate to the 374 RTI-related cases identified in the FISH database for 

the study period 1 October 2005 to 30 September 2006. 

4.3.2.1 RTI-RELATED CASES ADMITTED TO VITI LEVU HOSPITALS 

The majority of RTI-related cases were admitted to the two tertiary-level hospitals Colonial 

War Memorial hospital in Suva city, and Lautoka hospital in Lautoka city (Table 4-1). No 

RTI-related cases were reported for Vunidawa hospital. All fatal RTI-related cases (n=67) 

were registered in Colonial War Memorial (n=27) and Lautoka (n=40), (where the only two 

mortuaries for Viti Levu are located). These fatalities contributed to almost 25% of all 

admissions to both of these hospitals. 
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Table 4-1.Number and proportion (%) of Road Traffic Injuries in the Fiji Injury Surveillance 

in Hospitals database by Hospital, 01 Oct 2005 to 30 Sep 2006, Viti Levu, Fiji (n=374) 

Name of Hospital Number Percentage (%) 

Ba Mission hospital 9 2.4 

CWM hospital 116 31.0 

Korovou hospital 3 0.8 

Lautoka hospital 166 44.4 

Nadi hospital 19 5.1 

Navua hospital 1 0.3 

Rakiraki hospital 8 2.1 

Sigatoka hospital 23 6.2 

Suva private hospital 7 1.9 

Tavua hospital 10 2.7 

Wainibokasi hospital 12 3.2 

Vunidawa 0 0 

Total 374 100 

4.3.2.2 RTI-RELATED CASES AND MONTH OF INJURY 

The occurrence of RTI-related crashes by month of year, were relatively constant with peaks 

observed in January, July and September (each 12% of all RTI identified) and the lowest 

numbers in December (5% of all RTI identified) (Figure 4-2). There was no significant 

association between the month of injury and outcome (fatal, non-fatal). 

Figure 4-2. Number of Road Traffic Injuries in the Fiji Injury Surveillance in Hospitals 

database by Month, 01 Oct 2005 to 30 Sep 2006, Viti Levu, Fiji (n=374)  
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4.3.2.3 RTI-RELATED CASES AND DAY OF INJURY 

Most RTI-related crashes occurred on the weekends (Saturday 25%, Sunday 19%) (Table 

4-2). There was no significant association between the day of injury and outcome (fatal, non-

fatal). 

Table 4-2. Number and proportion (%) of Road Traffic Injuries in the Fiji Injury Surveillance 

in Hospitals database by Day of the week, 01 Oct 2005 to 30 Sep 2006, Viti Levu, Fiji (n=374) 

Day of the week Number Percentage (%) 

Monday 40 10.7 

Tuesday 27 7.2 

Wednesday 48 12.8 

Thursday 44 11.8 

Friday 51 13.6 

Saturday 95 25.4 

Sunday 69 18.5 

Total 374 100 

4.3.2.4 RTI-RELATED CASES AND TIME OF INJURY 

The time of injury was not available for 43 cases. For the RTI-related cases available for 

analysis, almost two thirds of RTI-related crashes occurred between 12pm and 12 midnight 

(Table 4-3). There was no association between time of injury and outcome (fatal, non-fatal). 

Table 4-3. Number and proportion (%) of Road Traffic Injuries in the Fiji Injury Surveillance 

in Hospitals database by Time of day, 01 Oct 2005 to 30 Sep 2006, Viti Levu, Fiji (n=331) 

Time (24 hour clock) 
Fatal Non-fatal Total 

n % n % n % 

00:00 - 05:59 9 2.7 37 11.2 46 13.9 

06:00 to 11:59 15 4.5 55 16.6 70 21.2 

12:00 to 17:59 18 5.4 93 28.1 111 33.5 

18:00 to 23:59 22 6.7 82 24.8 104 31.4 

Total 64 19.3 267 80.7 331 100 
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4.3.3. DEMOGRAPHIC PROFILE OF RTI-RELATED CASES IN THE FISH DATABASE 

At least one third of all RTI-related deaths and hospital admissions involved cases aged 15 to 

29 years, with another 32% aged 30 to 44 years (Table 4-4). The majority of cases were male 

(72%), with most identifying as Fijian (50%) or Indian (47%) ethnicity. The majority of RTI-

related cases were discharged from hospital (82%). Two-thirds of RTI-related deaths (n=45) 

occurred prior to hospital admission. There was no association between age, sex, or ethnic 

group and outcome (fatal, non-fatal). 

Table 4-4. Number and proportion (%) of Road Traffic Injuries in the Fiji Injury Surveillance 

in Hospitals database by Age group, Sex, and Ethnic group, 01 Oct 2005 to 30 Sep 2006, Viti 

Levu, Fiji (n=374) 

Demographic 

characteristics 

Fatal Non-fatal Total 

n %* n %* n %* 

Age group 
 

  
 

  

      0-14 6 9.0 50 16.3 56 15.0 

     15-29 21 31.3 101 32.9 122 32.6 

     30-44 21 31.3 93 30.3 114 30.5 

     > 45 19 28.4 63 20.5 82 21.9 

Sex 
 

  
 

  

     Male 51 76.1 218 71.0 269 71.9 

     Female 16 23.9 89 29.0 105 28.1 

Ethnic group 
 

  
 

  

     Fijian 31 46.3 154 50.2 185 49.5 

     Indian 35 52.2 141 45.9 176 47.1 

     Others 1 1.5 12 3.9 13 3.5 

Total 67 17.9 307 82.1 374 100.0 

*Note some percentages may not add to 100 due to rounding 

4.3.4. NATURE OF INJURY OF RTI-RELATED CASES IN THE FISH DATABASE 

Among fatalities, the principal injuries reported were trauma to the head (49%, 33/67), chest 

or abdomen (21%, 14/67), and fractures (25%, 17/67). Among those with non-fatal injuries, 

fractures (51%, 158/307)) and head injuries (22%, 67/307) were the most commonly reported 

principal injuries (Table 4-5). There were no reported injuries resulting from burns or 

asphyxia. 
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Table 4-5. Number and proportion (%) of Road Traffic Injuries in the Fiji Injury Surveillance 

in Hospitals database by Nature of injuries sustained, 01 Oct 2005 to 30 Sep 2006, Viti Levu, Fiji 

(n=374) 

Nature of injury 
Fatal Non-fatal Total 

n % n % n % 

Fracture 17 10 158 90 175 47 

Head injury/concussion 33 33 67 67 100 27 

Internal injuries of chest/abdomen 14 74 5 26 19 5 

Cut/bite, open wound 1 2 44 98 45 12 

Sprain/strain/dislocation 0 0 20 100 20 5 

Bruise 0 0 13 100 13 3 

Other 2 100 0 0 2 1 

Total 67 17.9 307 82.1 374 100 

4.3.5. SEVERITY OF INJURY OF RTI-RELATED CASES IN THE FISH DATABASE 

Of the three levels of injury severity, 21% (n=130) of RTI-related cases were considered 

severe (requiring intensive medical/surgical management), while two-thirds were classified as 

moderate (69%) (Table 4-6). Half of all severe injuries were fatal. There was a significant 

association between injury severity and outcome (fatal, non-fatal) (χ
2 

=146.3, P = 0.000). 

Table 4-6. Number and proportion (%) of Road Traffic Injuries in the Fiji Injury Surveillance 

in Hospitals database by Severity of injuries sustained, 01 Oct 2005 to 30 Sep 2006, Viti Levu, 

Fiji (n=374) 

Severity of injury 
Fatal Non-fatal Total 

n % n % n % 

Minor 0 0.0 30 100 30 9.8 

Moderate 1 0.5 213 99.5 214 69.4 

Severe 66 50.8 64 49.2 130 20.9 

Total 67 17.9 307 82.1 374 100 

4.3.6. ALCOHOL AND KAVA USE OF RTI-RELATED CASES IN THE FISH DATABASE 

Alcohol or kava use six hours prior to the injury event was suspected in 17% (n=63) and six 

percent (n=22) of cases, respectively (Table 4-7). Information regarding the use of these 

substances prior to the injury was unknown in 13% and 20% of cases respectively. 
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Table 4-7. Number and proportion (%) of Road Traffic Injuries in the Fiji Injury Surveillance 

in Hospitals database by Alcohol and Kava use prior to the injury, 01 Oct 2005 to 30 Sep 2006, 

Viti Levu, Fiji (n=374) 

 

Fatal Non-fatal Total 

n % n % n % 

Alcohol use 6 hours prior to injury 
 

  
 

  

     No 33 49.3 229 74.6 262 70.1 

     Suspected 13 19.4 50 16.3 63 16.8 

     Unknown 21 31.3 28 9.1 49 13.1 

Kava use 6 hours prior to injury 
 

  
 

  

     No 36 53.7 240 78.2 276 73.8 

     Suspected 2 3.0 20 6.5 22 5.9 

     Unknown 29 43.3 47 15.3 76 20.3 

Total 67 17.9 307 82.1 374 100 

4.3.7. RTI-RELATED FATAL AND HOSPITALISATION RATES 

Crude RTI-related mortality (all fatalities prior to and during hospital admission) and 

hospitalisations (all hospital admissions for 12 hours or more, whether died during admission 

or discharged), from the FISH database were estimated. Total RTI-related numbers will 

therefore be greater than the actual number of road traffic injury-related cases (n=374). 

4.3.7.1 RTI-RELATED MORTALITY RATES 

Mortality rates were generally higher across all age groups for males and people of Indian 

ethnicity. Mortality rates were highest amongst those aged 30 to 44 years, three times higher 

in males relative to females, and 1.5 times higher in Indians compared to Fijians (Table 4-8). 

The annual RTI-related mortality rate was 10.3 per 100,000 (95% CI 10.05, 10.55). When 

standardised to the WHO world standard,
219

 the RTI-related mortality rate in Viti Levu was 

10.7 per 100,000 (95% CI, 10.06-11.36). 
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Table 4-8. Road Traffic Injuries in the Fiji Injury Surveillance in Hospitals database crude 

mortality rates (per 100,000 population) by Age group, Sex, and Ethnic group, 01 Oct 2005 to 30 

Sep 2006, Viti Levu, Fiji 

Deaths 

Age Groups 
 

0-14 15-29 30-44 45+ Total 

n(%) Rate n(%) Rate n(%) Rate n(%) Rate n(%) Rate 

Sex 
          

     Male 4(7.8) 4.2 16(31.4) 16.6 16(31.4) 22.9 15(29.4) 21.4 51(76.1) 15.4 

     Female 2(12.5) 2.3 5(31.3) 5.4 5(31.3) 7.4 4(25.0)) 5.6 16(23.9) 5.0 

Ethnic group 
          

     Fijian 6(19.4) 5.3 7(22.6) 6.9 11(35.5) 15.3 7(22.6) 10.3 31(46.3) 8.8 

     Indian 0(0.0) 0.0 14(40.0) 18.2 10(28.6) 17.3 11(31.4) 16.7 35(52.2) 13.5 

     Others 0(0.0) 0.0 0(0.0) 0.0 0(0.0) 0.0 1(100) 12.3 1(1.5) 2.7 

Total 6(9.0) 3.3 21(31.3) 11.2 21(31.3) 15.3 19(28.4) 13.4 67(100) 10.3 

4.3.7.2 RTI-RELATED HOSPITALISATION RATES 

Hospitalisation rates were generally higher across all age groups for males and people of 

Indian ethnicity (Table 4-9). The annual RTI-related hospital admission rate (for 12 hours or 

more) was 50.6 per 100,000 (95% CI 50.35, 51.15). 

Table 4-9. Road Traffic Injuries in the Fiji Injury Surveillance in Hospitals database crude 

hospitalisation rates (per 100,000 population) by Age group, Sex, and Ethnic group, 01 Oct 2005 

to 30 Sep 2006, Viti Levu, Fiji 

 Hospitalisations 

Age Groups 
 

0-14 15-29 30-44 45+ Total 

n(%) Rate n(%) Rate n(%) Rate n(%) Rate n(%) Rate 

Sex 
          

     Male 37(15.8) 39.3 81(34.6) 84.3 68(29.1) 97.2 48(20.5) 68.5 234(71.1) 70.8 

     Female 14(14.7) 15.8 28(29.5) 30.4 30(31.6) 44.3 23(24.2) 32.0 95(28.9) 29.7 

Ethnic group 
          

     Fijian 31(18.8) 27.4 55(33.3) 54.4 46(27.9) 64.2 33(20.0) 48.6 165(50.2) 46.6 

     Indian 20(13.2) 33.7 49(32.2) 63.8 48(31.6) 82.8 35(23.0) 53.1 152(46.2) 58.5 

     Others 0(0.0) 0.0 5(41.7) 48.5 4(33.3) 49.9 3(25.0) 36.8 12(3.6) 32.7 

Total 51(15.5) 27.9 109(33.1) 57.9 98(29.8) 71.2 71(20.5) 50.0 329(100) 50.6 
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The following graph summarises the crude mortality and hospitalisation rates by age and 

ethnic group (Figure 4-3). 

Figure 4-3. Road Traffic Injuries in the Fiji Injury Surveillance in Hospitals database mortality 

and hospitalisation rates (per 100,000 population) by Age and Ethnic group, 01 Oct 2005 to 30 

Sep 2006, Viti Levu, Fiji 
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RTI-related cases were identified, accounting for 17% of all injuries, and the third highest 

cause of injuries in Viti Levu. Of the 67 RTI-related fatalities, which comprised 27% of all 

injury-related deaths (n=246), two thirds occurred prior to hospitalisation. 

 

The majority of fatal and non-fatal RTI-related cases (n=282) were registered at the two city 

hospitals (CWM 31%, Lautoka 44%). While not significant, most RTI occurred on the 

weekends (Saturday 25%, Sunday 19%), with two thirds occurring between the hours of 

12pm and 12am. Most RTI-related cases were male (72%), and young to middle-aged (15 to 
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The principal injuries sustained in fatal cases (n=67) were trauma to the head (49%), chest or 

abdomen (21%), and fractures (25%), and for non-fatal injuries, fractures (51%) and head 

injuries (22%). In assessing injury severity, 21% of RTI-related cases (n=130) were 

considered severe, while 69% were moderate. Half of all cases classified as severe were fatal. 

While alcohol or kava use six hours prior to the injury event was suspected in 17% (n=63) 

and six percent (n=22) of cases respectively, in a large proportion of cases this information 

was unknown (alcohol 13%, kava 20%). 

 

Mortality rates were highest amongst those aged 30 to 44 years, three times higher in males 

relative to females, and 1.5 times higher in Indians compared to Fijians. The annual RTI-

related mortality rate was 10.3 per 100,000 (95% CI 10.05, 10.55) and 10.7 per 100,000 (95% 

CI, 10.06-11.36), when standardised to the WHO population. Hospitalisation rates were 

generally higher for males and Indians, and the annual RTI-related hospital admission rate 

(for 12 hours or more) was 50.6 per 100,000 (95% CI 50.35, 51.15). 

4.4. STUDIES 2 AND 3: THE PREVALENCE OF DRIVER SLEEPINESS AND 

ITS ROLE IN FOUR-WHEEL MOTOR VEHICLE CRASH INJURIES IN 

FIJI 

4.4.1. STUDY NUMBERS AND RESPONSE RATES 

4.4.1.1 SAMPLE OF THE STUDY BASE VEHICLES (CONTROLS) 

A total of 17,217 motor vehicles travelled through the 50 roadside survey sites during the 

survey period, July 2005 to June 2006. Drivers of 892 vehicles were physically approached 

and invited to participate in the study. 820 drivers provided informed consent, and 752 

completed the interview (response rate 84%). Non-responders (16%) declined or were not 

contactable. Apart from the driver‟s name and contact details, no other information (e.g. 
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demographic characteristics) was collected at the time of the survey. Therefore, it was not 

possible to undertake sensitivity analyses involving non-responders to examine potential 

biases. Interviews were conducted by telephone (49%) or in person (49%), in the latter, 7% of 

these were completed at the roadside during the survey. At least half of the interviews were 

completed within nine days of the roadside survey. 

4.4.1.2 SAMPLE OF THE CRASH MOTOR VEHICLES (CASES) 

Over the study period, 343 motor vehicle crashes occurring in Viti Levu, Fiji, were identified. 

These involved 383 motor vehicles and at least 728 road users (drivers, passengers, 

pedestrians). Of the 187 motor vehicles eligible for inclusion in the study, we were unable to 

contact the drivers of 32 vehicles, and of the 155 remaining eligible motor vehicles, drivers of 

eight declined to participate, while five were lost to follow up. Of the 142 motor vehicle case 

drivers who consented and completed interviews, 18 died, 76 were hospitalised, and the 

remainder (n=48) were not hospitalised (although another road user involved in the crash was 

hospitalised or fatally injured). Of the 19 proxies (all of whom were in the vehicle at the time 

of the crash, and proxies for all the drivers fatally injured) information on the level of 

sleepiness was not available for 11 cases, therefore analysis was limited to data from 131 

cases (70% response rate). Unlike the equal proportion of interviews conducted by telephone 

or in person for controls, most interviews for cases were conducted in person (86%). 

Interviews of cases drivers were delayed considerably in comparison to interviews for 

controls, with half of the case interviews not completed until 60 days after the injury crash 

event. 
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4.4.2. CHARACTERISTICS OF THE STUDY BASE (CONTROLS) 

As previously described, the study base comprised a representative sample of total driving 

time among the driving population, in order to better reflect motor vehicle exposure to crash 

risk (which can only occur while driving). 

4.4.2.1 DEMOGRAPHIC PROFILE OF STUDY BASE (CONTROLS) 

4.4.2.1.1 DEMOGRAPHIC PROFILE OF STUDY BASE AND 2007 CENSUS POPULATION FOR 

VITI LEVU, BY AGE GROUP 

The average age of study participants was 37 years (range 17 to 75 years), with those aged 15 

to 24 years, 25 to 34 years, and 35 to 44 years, comprising 13%, 32%, and 29% of driving 

time respectively (Figure 4-4). The youngest age group (15-24 years) was under-represented 

in driving time compared to the distribution of their peers in the census population, while 

older age groups were over-represented. 

Figure 4-4. Age distribution of Study base driving time (July 2005 – June 2006) and 2007 

Census population, Viti Levu, Fiji 
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4.4.2.1.2 DEMOGRAPHIC PROFILE OF STUDY BASE AND 2007 CENSUS POPULATION FOR 

VITI LEVU, BY SEX 

Most driving was undertaken by drivers who were male (93%). This was in contrast to the 

distribution of the general population of Viti Levu with women and men relatively evenly 

distributed (Figure 4-5). 

Figure 4-5. Sex distribution of Study base driving time (July 2005 – June 2006) and 2007 Census 

population, Viti Levu, Fiji 

 

4.4.2.1.3 DEMOGRAPHIC PROFILE OF STUDY BASE AND 2007 CENSUS POPULATION FOR 

VITI LEVU, BY ETHNIC GROUP 

The ethnic group distribution of driving time was higher among those identifying as Indian 

(70%), compared to Fijian (22%), and Other groups (8%) (Figure 4-6). Driving undertaken 

by those identifying as Fijian was under-represented when considering the general population 

distribution of Fijians, whereas driving undertaken by those identifying with Indian and Other 

ethnic groups was over-represented. With the low proportion of the „Other‟ ethnic group 

(8%) in the study base, the main comparisons presented in this thesis generally focus on 

Fijian and Indian ethnic groups. 
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Figure 4-6. Ethnic group distribution of Study base driving time (July 2005 – June 2006) and 

2007 Census population, Viti Levu, Fiji 

 

4.4.2.1.4 DEMOGRAPHIC PROFILE OF STUDY BASE AND 2007 CENSUS POPULATION FOR 

VITI LEVU, BY AGE GROUP, SEX, AND ETHNIC GROUP 
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Table 4-10. Age group, Sex, and Ethnic group distribution of Study base driving time (July 2005 

– June 2006), and 2007 Census population, Viti Levu, Fiji 

 

Number of 

interviewed drivers 

(Study Base) 

n=752 

Proportion of driving time 

(Study Base) 

(95% Confidence interval) 

Population census 

Viti Levu 2007 

Proportion of 2007 

census population 

Viti Levu 

15 yrs & over 

n %* (95% CI) n %* 

Age group (yrs) 
 

 
 

 

      0-14 84 12.9 (9.72 – 16.81) 128999 27.6 

     15-29 220 31.8 (24.69 – 39.80) 109769 23.5 

     30-44 223 29.3 (23.62 – 35.59) 87181 18.6 

     > 45 223 25.9 (19.84 – 32.98) 141917 30.3 

     Missing 2 0.3 (0.05-1.26) - - 

Sex 
 

 
 

 

     Male 717 93.2 (89.58 – 95.60) 236124 50.5 

     Female 35 6.8 (4.40 - 10.42) 231742 49.5 

Ethnic group 
 

 
 

 

     Fijian 154 21.9 (17.96 – 26.37) 240725 51.5 

     Indian 551 70.1 (64.61 – 75.02) 200664 42.9 

     Others 47 8.1 (5.55 – 11.54) 26477 5.7 

Total 752 100 467866 100 

*Note some percentages may not add to 100 due to rounding 
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When examining age and ethnic groups, middle-aged Indian drivers were over-represented in 

driving time (Table 4-11). 

Table 4-11. Age and Ethnic group distribution of Study base driving time (July 2005 – June 

2006) and 2007 census population, Viti Levu, Fiji 

 

Number of 

interviewed drivers 

(Study base) 

n=752 

Proportion of driving time 

(Study base) 

(95% Confidence interval) 

Population census 

Viti Levu 2007 

Proportion of 2007 

census population 

Viti Levu 

15 yrs & over 

n %* (95% CI) n %* 

Age group (yrs) 
 

 
 

 

15-24 
 

 
 

 

     Fijian 11 2.18 (1.07 – 4.37) 71131 15.2 

     Indian 68 9.50 (7.61 – 11.80) 50815 10.9 

     Other 5 1.18 (0.37 – 3.68) 7053 1.5 

25-34 
 

 
 

 

     Fijian 32 3.85 (2.25 – 6.49) 56811 12.1 

     Indian 177 26.11 (19.93 – 33.41) 46853 10.0 

     Other 11 1.81 (0.74 – 4.38) 6105 1.3 

35-44 
 

 
 

 

     Fijian 53 9.52 (6.07 – 14.63) 44877 9.6 

     Indian 158 18.11 (13.07 – 24.55) 37139 7.9 

     Other 12 1.62 (0.66 – 3.90) 5165 1.1 

> 45 
 

 
 

 

     Fijian 58 6.33 (2.72 – 14.04) 67906 14.5 

     Indian 146 16.09 (13.58 – 18.96) 65857 14.1 

     Other 19 3.45 (1.76 – 6.63) 8154 1.7 

Missing 
 

 
 

 

     Fijian 0 0 
 

 

     Indian 2 0.26 (0.05-1.26) 
 

 

     Other 0 0 
 

 

Total 752 100 467866 100 

*Note some percentages may not add to 100 due to rounding 

 

4.4.2.1.5 DEMOGRAPHIC PROFILE OF STUDY BASE, BY MARITAL STATUS 

At least 75% of driving time was undertaken by drivers who were married, a relatively high 

proportion when considering only 41% of people in the wider Fiji population are married.
62
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4.4.2.1.6 SOCIOECONOMIC PROFILE OF STUDY BASE 

While 38% of driving was undertaken by drivers who had received less than three years of 

secondary school education, at least 73% were in paid employment, with one third (36%) 

earning more than FJD 20,000 (USD 11,000) per year (Table 4-12). 

Table 4-12. Distribution of Study base driving time (July 2005 – June 2006) Viti Levu, Fiji, by 

Education, Occupation and Income  

Variables 
Study Base 

n (%)* 

Education level   

     Primary school (class 1- form2) 126 (12.9) 

     Secondary school (forms 3-7):1-3 years 249 (24.4) 

     Secondary school (forms 3-7): >3 years 144 (25.4) 

     Technical institute/Vocational school 110 (16.5) 

     University 117 (20.6) 

     Still a secondary school student 1 (0.0) 

     Other 5 (0.2) 

Occupation   

     Work for pay 500 (73.5) 

     Planting and collecting food for own consumption 11 (0.3) 

     Self employed 194 (20.0) 

     Student 12 (2.4) 

     Domestic duties 7 (1.0) 

     Unemployed 1 (0.0)) 

     Retired 22 (2.6) 

     Other 5 (0.3) 

Income (Fijian Dollars)   

     < 5,000 35 (2.6) 

     5,000-9,999 240 (23.2) 

     10,000-19,000 239 (38.1) 

     20,000-39,000 158 (26.1) 

     40,000-79,999 47 (5.9) 

     80,000-159,000 20 (2.7) 

     ≥160,000 6 (0.7) 

     Declined to answer 7 (0.9) 

Total 752 100 

*Note some percentages may not add to 100 due to rounding 
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4.4.2.1.7 REASON FOR DRIVING ON THE DAY OF THE ROADSIDE SURVEY 

Those who were driving to or from work represented 29% of driving time. Those who 

reported driving as their main occupation (n=216) contributed to 26% of driving time. Of 

these, 71% were Indian, and 21% Fijian. 

4.4.3. PREVALENCE OF SLEEP-RELATED CHARACTERISTICS IN THE STUDY BASE 

(CONTROLS)  

The average duration of sleep (24 hours prior to the survey) reported by the driving 

population was eight hours (range 0-16 hours). 

4.4.3.1 MEASURES OF ACUTE SLEEPINESS USING THE TRIP SLEEPINESS SCALE 

While most driving (82%) was undertaken by drivers who reported being alert (TRIP 

sleepiness scale Level 1), 18% of driving was contributed by drivers who reported feeling 

sleepy, having difficulty staying awake, or not being fully alert (TRIP sleepiness scale Level 

2-4) (Figure 4-7). 

Figure 4-7. Distribution of Study base driving time (July 2005 – June 2006) Viti Levu, Fiji, by 

self-report driver sleepiness (TRIP sleepiness scale) 
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4.4.3.1.1 AGE GROUP 

Regarding age and the distribution of self-reported sleepiness among the driving population, 

25% of those aged 15 to 24 years and 23% of those aged 25-34 years, reported driving while 

sleepy or not fully alert (Table 4-13). 

Table 4-13. Prevalence (percentage with 95% CI) of acute driver sleepiness reported as 

proportions of Study base driving time (July 2005 – June 2006) Viti Levu, Fiji, by age group 

Variables: Acute driver 

sleepiness 

 Age groups (years) 

Total 15-24 25-34 35-44 > 45 

TRIP sleepiness scale      

Level 1: Active, wide awake 81.8(78.1-85.1) 74.6(59.1-85.6) 77.6(69.3-83.8) 82.2(71.7-89.3) 90.3(83.6-94.4) 

Level 2: Not fully alert 17.2(13.5-21.6) 25.3(14.3-40.8) 21.5(15.3-29.7) 15.5(8.0-27.9) 9.7(5.6-16.3) 

Level 3-4: Difficulty staying 

awake, feeling sleepy 
1.0(0.3-3.1) 0.1(0.0-1.0) 0.9(0.2-3.8) 2.3(0.5-10.2) 0.0(0.0-0.4) 

4.4.3.1.2 ETHNIC GROUP 

The distribution of self-reported sleepiness among the driving population showed that driving 

while sleepy or not fully alert was slightly higher among Fijians (21%) compared to Indians 

(18%) and the Other ethnic group (15%) (Table 4-14). 

Table 4-14. Prevalence (percentage with 95% CI) of acute sleepiness reported as proportions of 

Study base driving time (July 2005 – June 2006) Viti Levu, Fiji, by ethnic group 

Variables: Acute driver 

sleepiness 

 Ethnic groups 

Total Fijian Indian Other 

TRIP sleepiness scale     

Level 1: Active, wide awake 81.8(78.1-85.1) 78.6(62.7-88.9) 82.4(79.3-85.2) 85.5(66.8-94.6) 

Level 2: Not fully alert 17.2(13.5-21.6) 20.1(10.2-35.9) 16.5(13.1-20.7) 14.5(5.5-33.2) 

Level 3-4: Difficulty staying 

awake, feeling sleepy 
1.0(0.3-3.1) 1.3(0.5-5.6) 1.0(0.2-4.5) 0 
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4.4.3.2 DETERMINANTS OF ACUTE AND CHRONIC SLEEPINESS 

In general, driving with acute or chronic sleepiness was more common among young drivers 

although the largest proportion of driving with no nights of adequate sleep in the previous 

week was reported in drivers aged 35-44 years (7%) (Table 4-15). 

Table 4-15. Prevalence (percentage with 95% CI) of acute and chronic sleepiness reported as 

proportions of Study base driving time (July 2005 – June 2006) Viti Levu, Fiji, by age group 

Variables: Acute and chronic 

driver sleepiness 

 Age groups (years) 

Total 15-24 25-34 35-44 > 45 

Acute sleep deprivation      

Sleep in the previous 24 hours*      

     < 6 hrs sleep 3.6(1.9-6.8) 6.2(1.5-22.2) 1.2(0.4-3.6) 5.0(2.0-11.7) 3.6(1.4-9.1) 

Chronic sleep deprivation      

Adequate sleep in previous 

week† 
     

     5-7 nights of adequate sleep 79.0(69.4-86.2) 73.5(49.5-88.7) 79.7(68.1-87.9) 79.6(63.6-89.7) 79.6(65.9-89.2) 

     1-4 nights of adequate sleep 16.8(11.7-23.4) 21.6(9.3-42.5) 16.3(9.6-26.4) 13.9(8.5-21.8) 18.4(10.0-31.3) 

     No nights of adequate sleep 4.3(2.1-8.6) 4.9(0.9-23.7) 4.0(1.5-9.9) 6.6(2.1-19.0) 1.7(0.6-4.9) 

* Number of hours slept 

† Number of nights of adequate sleep (at least 7 hours sleep mostly between 11pm and 7am) 

 

Several sleep-related measures were associated with ethnicity. Driving while experiencing 

acute sleepiness was higher among the Other ethnic group (14%), compared to Fijian (6%) 

and Indian (2%) ethnic groups (Table 4-16). Driving time for those reporting chronic 

sleepiness (no full night of adequate sleep in the previous week) was significantly associated 

with ethnic group (χ
2
 = 13.5, p=0.005). 
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Table 4-16. Prevalence (percentage with 95% CI) of acute and chronic sleepiness reported as 

proportions of Study base driving time (July 2005 – June 2006) Viti Levu, Fiji, by ethnic group 

Variables: Acute and chronic driver 

sleepiness 

 Ethnic groups 

Total Fijian Indian Other 

Acute sleep deprivation     

     Sleep in the previous 24 hours*     

     < 6 hrs sleep 3.6(1.9-6.8) 5.8(2.1-15.2) 1.7(0.6-4.6) 13.5(5.2-30.8) 

Chronic sleep deprivation     

Adequate sleep in previous week†     

     5-7 nights of adequate sleep 79.0(69.4-86.2) 70.2(56.0-81.4) 82.9(71.0-90.5) 69.0(54.7-80.3) 

     1-4 nights of adequate sleep 16.8(11.7-23.4) 22.7(14.6-33.5) 14.6(8.1-24.7) 20.1(9.8-36.9) 

     No nights of adequate sleep 4.3(2.1-8.6) 7.1(3.2-15.2) 2.6(1.2-5.5) 11.0(3.2-31.7) 

* Number of hours slept 

† Number of nights of adequate sleep (at least 7 hours sleep mostly between 11pm and 7am) 

4.4.3.2.1 OBSTRUCTIVE SLEEP APNOEA SYNDROME 

A large proportion of driving time was undertaken by drivers reporting regular loud snoring 

(36%), but only 1% reported the triad of obstructive sleep apnoea syndrome symptoms 

(regular loud snoring, breathing pauses, and choking) (Table 4-17). 

Table 4-17. Prevalence (percentage with 95% CI) of obstructive sleep apnoea syndrome 

symptoms reported as proportions of Study base driving time (July 2005 – June 2006) Viti 

Levu, Fiji, by age group 

Variables: Obstructive sleep 

apnoea syndrome symptoms 

 Age groups (years) 

Total 15-24 25-34 35-44 > 45 

Sleep apnoea symptoms*      

Triad of sleep apnoea 

symptoms 
0.9(0.2-2.9) 0 0 2.1(0.4-11.2) 0.9(0.3-3.1) 

≥ 2 sleep apnoea symptoms 2.8(1.6-4.8) 0.8(0.0-6.0) 1.5(0.5-5.0) 2.9(0.8-9.8) 5.4(2.0-13.8) 

Regularly snore loudly 35.9(29.9-42.3) 8.1(3.0-20.1) 31.2(23.5-40.0) 44.7(30.1-60.4) 45.5(36.6-54.6) 

* Witnessed reports of symptoms of obstructive sleep apnoea syndrome (regular loud snoring, breathing pauses, and choking) 

 

Ethnicity was associated with the quality of sleep, with Fijians three times more likely to 

experience the triad of obstructive sleep apnoea syndrome symptoms as witnessed by others, 

compared to the other two ethnic groups (χ
2
 = 12.3, p=0.003) (Table 4-18). 
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Table 4-18. Prevalence (percentage with 95% CI) of obstructive sleep apnoea syndrome 

symptoms reported as proportions of Study base driving time (July 2005 – June 2006) Viti 

Levu, Fiji, by ethnic group 

Variables: Obstructive sleep apnoea 

syndrome symptoms 

 Ethnic groups 

Total Fijian Indian Other 

Sleep apnoea symptoms     

Triad of symptoms* 0.9(0.2-2.9) 3.1(0.6-13.5) 0.2(0.0-1.0) 0.8(0.1-4.3) 

≥ 2 symptoms 2.8(1.6-4.8) 6.5(2.9-13.9) 0.7(0.3-2.1) 11.0(2.7-35.7) 

Regularly snore loudly 35.9(29.9-42.3) 46.3(31.4-61.8) 30.8(27.2-34.8) 51.4(32.1-70.2) 

* Witnessed reports of symptoms of obstructive sleep apnoea syndrome (regular loud snoring, breathing pauses, and choking) 

4.4.3.2.2 WORK PATTERNS 

Regarding work hours, driving time undertaken by shift workers was highest among young 

drivers aged 15 to 24 years (24%) (Table 4-19). 

Table 4-19. Prevalence (percentage with 95% CI) of work patterns reported as proportions of 

Study base driving time (July 2005 – June 2006) Viti Levu, Fiji, by age group 

Variables: Work patterns 
 Age groups (years) 

Total 15-24 25-34 35-44 > 45 

Work patterns      

Shift work* 15.0(9.7-22.4) 23.5(11.8-41.4) 19.6(11.8-30.8) 13.2(5.8-27.3) 7.2(4.0-12.5) 

> 60 hours work per week 6.3(4.3-9.1) 4.1(1.3-12.4) 6.6(3.4-12.6) 5.7(2.7-11.6) 7.5(4.0-13.8) 

* Involving paid work starting before 6am or finishing after midnight whether permanent, rotating, or on call 

 

Shift work was associated with ethnic group. Driving time undertaken by shift workers was 

two times higher among Fijians compared to Indians (χ
2
 = 34.0, p<0.000) (Table 4-20). 

Table 4-20. Prevalence (percentage with 95% CI) of work patterns reported as proportions of 

Study base driving time (July 2005 – June 2006) Viti Levu, Fiji, by ethnic group 

Variables: Work patterns 
 Ethnic groups 

Total Fijian Indian Other 

Work patterns     

Shift work* 15.0(9.7-22.4) 22.9(16.7-30.5) 10.3(6.4-16.3) 33.9(13.7-62.4) 

> 60 hours work per week 6.3(4.3-9.1) 2.3(0.9-5.9) 8.0(5.0-12.5) 2.2(0.5-9.4) 

* Involving paid work starting before 6am or finishing after midnight whether permanent, rotating, or on call 
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4.4.3.3 SLEEP-RELATED VARIABLES AND ASSOCIATIONS 

A cross-tabulation of responses to the dichotomised TRIP sleepiness scale and other key 

sleep variables revealed that of all driving undertaken by those reporting being sleepy or less 

alert, 5% reported acute sleep deprivation while 26% reported chronic sleep deprivation 

(Table 4-21). However, these associations were not statistically significant. 

Table 4-21. Study base driving time (July 2005 – June 2006) Viti Levu, Fiji and the association 

of the TRIP sleepiness scale with sleep-related factors 

Sleep-related variables 

TRIP (acute) Sleepiness scale   

Level 1 

(Active/wide awake) 

Level 2 to 4 

(Not fully alert to sleepy) 
Chi2 P value 

TRIP sleepiness scale  
 

81.7% (77.8-85.1) 

 

18.3% (15.0-22.2) 
  

Acute sleep deprivation     

Amount of sleep in the previous 24 

hours* 
    

     ≥ 6 hours 96.8% (94.4-98.2) 94.8% (83.6-98.5)   

     < 6 hours 3.2% (1.8-5.6) 5.2% (1.5-16.4) 1.32 0.3387 

Chronic sleep deprivation     

Adequate sleep in the previous week†     

     5-7 nights of adequate sleep 80.1% (69.65-87.59) 74.0% (61.36-83.61)   

     < 5 nights of adequate sleep 19.9% (12.41-30.35) 26.0% (16.39-38.64) 2.52 0.2611 

Obstructive sleep apnoea symptoms‡     

     Triad of sleep apnoea symptoms  1.0% (0.2-3.7) 0.4% (0.05-3.1) 0.41 0.4804 

     ≥ 2 sleep apnoea symptoms 3.0% (1.7-5.3) 0.4% (0.6-7.1) 0.41 0.5568 

     Regularly snore loudly 37.0% (30.4-44.2) 30.2% (18.8-44.8) 2.29 0.3701 

* Number of hours slept  

† Number of nights of adequate sleep (at least 7 hours sleep mostly between 11pm and 7am)  

‡ Witnessed reports of symptoms of obstructive sleep apnoea syndrome (regular loud snoring, breathing pauses, and choking) 
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4.4.3.4 SUMMARY: CHARACTERISTICS OF THE STUDY BASE (CONTROLS) 

Important differences between the driving population (study controls) and census population, 

were noted. Little driving was undertaken by women (7% of total driving time), with the 

younger-aged group of drivers under-represented in driving time, in contrast to Indian and 

middle-aged groups who were over-represented. 

 

In terms of socioeconomic determinants, drivers who had received less than three years of 

secondary school education undertook 38% of driving time; drivers in paid employment 

undertook 73% of driving time, and drivers earning more than FJD 20,000 (USD 11,000) per 

year, 36%. Those who reported driving as their main occupation (n=215) contributed to 26% 

of driving time. Of these 72% were of Indian ethnicity. 

 

Regarding measures for acute sleepiness, while 1% of driving was undertaken by drivers 

reporting feeling sleepy or having difficulty staying awake, 17% of driving was contributed 

by drivers who reported not being fully alert. Most driving while sleepy or less alert was 

undertaken by young drivers aged 15 to 24 years (25% of driving time), and those aged 25 to 

34 years (23% of driving time). Among these young drivers (15-24 years), about a quarter of 

driving time was undertaken by those working shifts or sleeping less than four adequate 

nights per week. Generally, the prevalence of acute and chronic sleep deprivation, poor 

quality of sleep (obstructive sleep apnoea syndrome), and shift work was two to three times 

higher among Fijians compared to Indians. 
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4.4.4. INVESTIGATING DRIVER SLEEPINESS AS A RISK FACTOR FOR FOUR-WHEEL 

MOTOR VEHICLE CRASH INJURIES IN FIJI (CASE-CONTROL ANALYSES) 

4.4.4.1 INTRODUCTION 

This section presents the result of the case control analyses investigating the role of driver 

sleepiness in four-wheel motor vehicle crashes in Viti Levu. Controls were the interviewed 

subjects with an available sleep history (n=752). Univariate analyses of sleep-related 

measures examining unadjusted and adjusted effect estimates is presented, followed by the 

results of the multivariable modelling which calculates effect estimates using unconditional 

logistic regression (while controlling for confounding variables). Estimates of the PAR of 

relevant sleep-related variables and sensitivity analyses are summarised at the end of this 

section. 

4.4.4.2 UNIVARIATE ANALYSES 

4.4.4.2.1 ACUTE DRIVER SLEEPINESS 

In general, the odds of crash injury were increased with acute driver sleepiness (Table 4-22). 

A dose response relationship was observed, with risk increasing in those reporting increasing 

levels of sleepiness, but due to small numbers, estimates were imprecise with wide 

confidence intervals. In particular, the one-fifth of drivers reporting feeling sleepy or less 

alert (TRIP sleepiness scale Level 2-4) showed a three-fold increase in injury crash risk 

(unadjusted OR 3.1, 95% CI 2.0, 4,8) compared to drivers who were alert and wide awake 

(TRIP sleepiness scale Level 1). Due to the imprecise effect estimates, the latter two 

categories of the TRIP sleepiness scales (Level 1-2 versus 3-4, and Level 1 versus 2-4) were 

selected for inclusion in the multivariable models. 
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Table 4-22. Self-reported acute driver sleepiness using the TRIP sleepiness scale and risk of 

injury crash: univariate analysis, cases and controls - number, proportion (%), odds (adjusted 

for sampling design), and 95% confidence interval (95% CI) 

Variables: Acute driver sleepiness 
Case drivers Control drivers OR* (95% CI) 

n % n %   

TRIP sleepiness scale       

1 (felt active, wide awake) 77 58.8 629 81.7 1.0  

2 (relaxed and awake, not fully alert) 37 28.2 114 17.3 2.3 1.38 – 3.72 

3 (difficulty staying awake, beginning to lose 

track) 
5 3.8 4 0.05 105.9 12.93 – 867.43 

4 (felt sleepy, would have preferred to lie 

down) 
12 9.2 5 0.9 13.5 2.04 – 89.44 

TRIP sleepiness scale       

1 (felt active, wide awake) 77 58.8 629 81.7 1.0  

2 (relaxed and awake, not fully alert 37 28.2 114 17.3 2.3 1.38 – 3.72 

3-4 (difficulty staying awake, sleepy) 17 13.0 9 1.0 18.2 3.25 – 101.53 

TRIP sleepiness scale       

1-2 (active, wide awake, not fully alert) 114 87.0 743 99.0   

3-4 (difficulty staying awake, felt sleepy) 17 13.0 9 1.0 14.9 2.60 – 85.00 

TRIP sleepiness scale       

1 (felt active, wide awake) most alert 77 58.8 629 81.7 1.0  

2-4 (not fully alert, difficulty staying awake, 

sleepy) 
54 41.2 123 18.3 3.1 2.03 – 4.84 

* Adjusted for sampling design 

4.4.4.2.2 DETERMINANTS OF ACUTE DRIVER SLEEPINESS 

A number of factors are involved in determining acute sleepiness among drivers. These 

include, time of day as related to the circadian cycle, when individuals are at their most 

sleepy; as well as the amount of rest, and quantity and quality of sleep prior to driving. The 

following table (Table 4-23) summarises the univariate findings by time of day, noting the 

exclusion of the period 2am to 5am. It would appear that the time periods as categorised in 

Table 4-23, are not associated with crash risk. 
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Table 4-23. Self-reported determinants of acute driver sleepiness (Time of day) and risk of 

injury crash: univariate analysis, cases and controls - number, proportion (%), odds (adjusted 

for sampling design), and 95% confidence interval (95% CI) 

Variables: Time of day 
Case drivers Control drivers OR* (95% CI) 

n % n %   

Time of day       

     0500 - 1200 hrs 41 31.3 219 9.8 1.0  

     1201 - 1900 hrs 45 34.4 387 78.9 0.1 0.04 – 0.43 

     1901 – 0200 hrs  45 34.4 146 11.3 1.0 0.24 – 3.71 

* Adjusted for sampling design 

 

Table 4-24 examines the time since taking a rest (of at least one hour) while driving. Driving 

for more than two hours since having a rest of one hour, increased the odds of crash two-fold 

(Unadjusted OR 1.7, 95% CI, 1.0 - 2.7). 

Table 4-24. Self-reported determinants of acute sleepiness (Time from last 1-hour break) and 

risk of injury crash: univariate analysis, cases and controls - number, proportion (%), odds 

(adjusted for sampling design), and 95% confidence interval (95% CI) 

Variables: Time from last 1 hour break 
Case drivers Control drivers OR* (95% CI) 

n % n %   

Time since break of 1 hour while driving†        

      < 1 hour  68 51.9 468 70.4 1.0  

     1 – 2 hours  35 26.7 171 15.6 2.3 1.31 – 4.15 

     > 2 hours 28 21.4 113 14.1 2.1 1.22 – 3.46 

Time since break of 1 hour while driving†       

     ≤ 2 hours 103 78.6 639 86.0 1.0  

     > 2 hours 28 21.4 113 14.1 1.7 1.01 – 2.71 

* Adjusted for sampling design 
† Time since taking a break of 1 hour, while driving continuously 

 

There was a dose response relationship between the amount of hours slept in the previous 24 

hours and risk of crash (Table 4-25). In particular, the unadjusted odds of an injury crash 

increased almost five-fold among those reporting less than six hours of sleep in the previous 

24 hours. Due to small study numbers and imprecise effect estimates, sleep of six hours or 

more in the previous 24 hours was selected for inclusion in the multivariate model. 
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Table 4-25. Self-reported determinants of acute sleepiness (amount of sleep in the previous 24 

hours) and risk of injury crash: univariate analysis, cases and controls - number, proportion 

(%), odds (adjusted for sampling design), and 95% confidence interval (95% CI) 

Variables: Acute sleep deprivation 
Case drivers Control drivers OR* (95% CI) 

n % n %   

Amount of sleep in the previous 24 hrs†       

      ≥ 7 hours 103 78.6 652 88.8 1.0  

     6 to <7 hours 9 6.9 66 7.6 1.0 0.45 - 2.32 

     5 to < 6 hours 3 2.3 19 1.7 1.5 0.28 – 8.28 

     4 to < 5 hours 5 3.8 10 1.1 4.1 0.65 – 25.35 

     < 4 hours 11 8.4 5 0.8 11.7 1.09 –125.15 

Amount of sleep in the previous 24 hrs†       

     ≥ 5 hours 115 87.8 737 98.1 1  

     < 5 hrs 16 12.2 15 1.9 7.3 2.67 – 19.92 

Amount of sleep in the previous 24 hrs†       

     ≥ 6 hours 112 85.5 718 96.4 1  

     < 6 hrs 19 14.5 34 3.6 4.6 1.83 – 11.46 

* Adjusted for sampling design 
† Number of hours slept 

4.4.4.2.3 DETERMINANTS OF CHRONIC DRIVER SLEEPINESS 

Several factors contribute to chronic sleepiness. These include amount of sleep in the 

previous week, obstructive sleep apnoea syndrome, shift work, and working more than 60 

hours per week. While not significant, declining nights of adequate sleep in the previous 

week was associated with increased odds of an injury-involved crash (Table 4-26). 
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Table 4-26. Self-reported determinants of chronic sleepiness (amount of sleep in the previous 

week) and risk of injury crash: univariate analysis, cases and controls - number, proportion 

(%), odds (adjusted for sampling design), and 95% confidence interval (95% CI) 

Variables: Chronic sleep deprivation 
Case drivers Control drivers OR* (95% CI) 

n % n %   

Amount of  sleep in the previous week†        

     At least 5 adequate nights 99 75.6 607 79.0 1.0  

     1 - 4 adequate nights 23 17.6 118 16.8 1.1 0.56 – 2.15 

     No adequate night 9 6.9 27 4.3 1.7 0.49 – 5.85 

Amount of  sleep in the previous week†       

     At least 5 adequate nights  99 75.6 607 79.0 1.0  

     < 5 adequate nights 32 24.4 145 21.0 1.2 0.61 – 2.43 

Amount of  sleep in the previous week†       

     At least 1 adequate night 122 93.1 725 95.8 1.0  

     No adequate night  9 6.9 27 4.3 1.7 0.51 –5.43 

* Adjusted for sampling design 
† Number of nights of adequate sleep (mostly between 11pm and 7am for seven hours or more) 

 

There was an association between symptoms of obstructive sleep apnoea syndrome and crash 

risk (Table 4-27). Of note, the odds of crash almost increased four-fold among those 

reporting at least two or more symptoms of obstructive sleep apnoea syndrome (Unadjusted 

OR 3.5, 95% CI 1.5, 8.2). 

Table 4-27. Self-reported determinants of chronic sleepiness (symptoms of obstructive sleep 

apnoea syndrome) and risk of injury crash: univariate analysis, cases and controls - number, 

proportion (%), odds (adjusted for sampling design), and 95% confidence interval (95% CI) 

Variables: Obstructive sleep apnoea syndrome 

symptoms 

Case drivers Control drivers OR* (95% CI) 

n % n %   

Triad of sleep apnoea symptoms†        

     No 127 97.0 745 99.2 1.0  

     Yes 4 3.1 7 0.9 3.7 0.34 –39.41 

≥ 2 sleep apnoea symptoms†       

     No  119 90.8 724 97.2 1.0  

     Yes 12 9.2 28 2.8 3.5 1.49 – 8.16 

Regularly snore loudly       

     No  89 67.9 488 64.2 1.0  

     Yes 42 32.1 264 35.8 0.8 0.53 – 1.36 

* Adjusted for sampling design 
† Witnessed reports of symptoms of obstructive sleep apnoea syndrome (regular loud snoring, breathing pauses, and choking) 
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The work habits of drivers can influence crash risk, such as working shift hours, or working 

for prolonged periods every week. The following table (Table 4-28) presents results of the 

univariate analysis regarding work patterns. Results suggest there is no significant association 

between work patterns and injury crash risk among the study population. 

 Table 4-28. Self-reported determinants of chronic sleepiness (work patterns) and risk of injury 

crash: univariate analysis, cases and controls - number, proportion (%), odds (adjusted for 

sampling design), and 95% confidence interval (95% CI) 

Variables: Work patterns 
Case drivers Control drivers OR* (95% CI) 

n % n %   

Shift work†       

     No 112 85.5 634 85.1 1.0  

     Yes 19 14.5 118 14.9 1.0 0.46 – 2.04 

Hours paid work per week (> 60 hours)       

     No 121 92.4 701 93.8 1.0  

     Yes 10 7.6 51 6.3 1.2 0.54 – 2.82 

* Adjusted for sampling design 

† Involving paid work starting before 6am or finishing after midnight whether permanent, rotating, or on call 

4.4.4.3 POTENTIAL CONFOUNDERS 

A number of potential confounders and factors requiring adjustment were considered in 

analyses. These were age, sex, ethnicity, marital status, education, occupation, income, self-

reported alcohol use, vehicle speed prior to survey/crash, vehicle type, day of survey/crash, 

time of survey/crash, and weather conditions. This study did not collect information on road 

conditions. 

4.4.4.3.1 AGE, SEX, ETHNIC GROUP, MARITAL STATUS 

Although the association was not significant, the odds of an injury-involved crash were 

higher among males compared to females (unadjusted OR 1.5, 95% CI 0.5, 4.3), and lower 

among Indians and Other ethnic groups when compared to Fijians (Table 4-29). 
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Table 4-29. Demographic variables (age, sex, ethnic group, marital status) and risk of injury 

crash: univariate analysis, cases and controls - number, proportion (%), odds (adjusted for 

sampling design), and 95% confidence interval (95% CI) 

Variables: Demographics 
Case drivers Control drivers OR* (95% CI) 

n % n %   

Age category       

     15 – 24 19 14.5 84 12.9 1.0  

     25 – 34 47 35.9 220 31.8 1.0 0.51 – 1.95 

     35 – 44 33 25.2 223 29.3 0.8 0.37 – 1.58 

     ≥ 45 32 24.4 223 25.9 0.8 0.40 – 1.73 

     Missing data 0 0 2 0.3   

Sex       

     Female 6 4.6 35 6.8 1.0  

     Male 125 95.4 717 93.2 1.5 0.54 – 4.30 

Ethnic group       

     Fijian 41 31.3 154 21.9 1.0  

     Indian 88 67.2 551 70.1 0.7 0.42 – 1.07 

     Other 2 1.5 47 8.1 0.1 0.02 – 0.98 

Marital status       

     Never married 36 27.5 128 22.7 1.0  

     Married 88 67.2 600 74.7 0.7 0.44 – 1.22 

     Separated/divorced/widowed 7 5.3 24 2.6 1.7 0.52 – 5.30 

* Adjusted for sampling design 

4.4.4.3.2 SOCIOECONOMIC STATUS 

Proxy measures for socioeconomic status include education, occupation, and income. In the 

following table (Table 4-30); drivers who had attended more than three years of secondary 

education (but not tertiary level) had a two-fold increase in the odds of crash. While not 

significant, working (paid or unpaid) appeared to reduce the odds of crash injury. 
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Table 4-30. Socioeconomic variables (education, occupation, income) and risk of injury crash: 

univariate analysis, cases and controls - number, proportion (%), odds (adjusted for sampling 

design), and 95% confidence interval (95% CI) 

Variables: Socioeconomic  
Case drivers Control drivers OR* (95% CI) 

n % n %   

Education       

     ≤ 3 years secondary school 33 25.2 381 37.6 1.0  

     > 3 years secondary school 50 38.2 144 25.4 2.2 1.11 – 4.54 

     Higher education 48 36.6 227 37.1 1.5 0.86 – 2.52 

Occupation       

     Not in paid work 13 9.9 47 6.3 1.0  

     Farmer/Self employed 25 19.1 205 20.2 0.6 0.23 – 1.59 

     Paid work 93 71.0 500 73.5 0.6 0.27 – 1.40 

Income (Fijian Dollars)       

     < 10,000 60 45.8 275 25.8 1.0  

     10,000-19,999 35 26.7 239 38.1 0.4 0.21 – 0.73 

     ≥ 20,000 29 22.1 231 35.3 0.4 0.18 – 0.69 

     Declined to answer 7 0.9 5 3.8 2.5 0.46 – 13.22 

     Missing data 0 0 2 1.5   

* Adjusted for sampling design 

4.4.4.3.3 ALCOHOL USE 

Driver self-reported use of alcohol demonstrated a significant association, (five-fold increase 

in odds) with injury crash risk (Table 4-31). As noted previously, no objective measures were 

available in this study. 

Table 4-31. Potential confounding variables – alcohol use and risk of injury crash: univariate 

analysis, cases and controls - number, proportion (%), odds (adjusted for sampling design), and 

95% confidence interval (95% CI) 

Variable: Alcohol use 
Case drivers Control drivers OR* (95% CI) 

n % n %   

Alcohol use in the 12 hrs before the 

survey/crash 
      

     No 112 85.5 734 96.5 1.0  

     Yes 19 14.5 18 3.5 4.7 1.92 – 11.40 

* Adjusted for sampling design 
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4.4.4.3.4 VEHICLE SPEED 

Self-reported vehicle speed was strongly associated with crash risk, demonstrating a J-shaped 

relationship (Table 4-32). The odds of injury crash were higher for those reporting vehicle 

speeds of 60km/hour or more. While there are three regulated speed limits in Fiji, according 

to type of road, (urban <50km/hr, rural <60km/hr, highway <80km/hr), to avoid small study 

numbers leading to imprecise estimates and destabilising the model, 60km/hr was selected as 

the cut-off point for speed. 

Table 4-32. Potential confounding variables – vehicle speed and risk of injury crash: univariate 

analysis, cases and controls - number, proportion (%), odds (adjusted for sampling design), and 

95% confidence interval (95% CI) 

Variable: Vehicle speed 
Case drivers Control drivers OR* (95% CI) 

n % n %   

How fast do you think you were travelling       

     ≤40 km/hour 39 29.8 392 56.3 1.0  

     41 to ≤ 50 km/hour 12 9.2 110 18.0 1.0 0.39 – 2.37 

     51 to ≤ 60 km/hour 28 21.4 160 21.2 1.9 0.68 – 5.34 

     61 to ≤ 70 km/hour 16 12.2 50 2.4 9.8 3.33 – 28.78 

     > 70 km/hour 30 22.9 40 2.1 20.4 6.54 – 63.55 

     Missing data 6 4.6 0 0   

* Adjusted for sampling design 

4.4.4.3.5 VEHICLE TYPE 

Vehicle type and injury-involved crash risk were strongly associated (Table 4-33). The odds 

of injury-involved crashes with trucks in particular demonstrated an almost five-fold increase 

compared to cars and other vehicle types (Unadjusted OR 4.6, 95% CI 1.9, 11.3). 



121 

 

Table 4-33. Potential confounding variables – vehicle type and risk of injury crash: univariate 

analysis, cases and controls - number, proportion (%), odds (adjusted for sampling design), and 

95% confidence interval (95% CI) 

Variables: Vehicle type 
Case drivers Control drivers OR* (95% CI) 

n % n %   

Vehicle type       

     Cars 82 62.6 468 67.3 1.0  

     Other† 33 25.2 257 29.8 0.9 0.53 – 1.55 

     Four-wheel trucks 16 12.2 27 2.9 4.6 1.86 – 11.25 

* Adjusted for sampling design 
† Other type of vehicle: includes private/commercial minivan/bus, open back utility vehicle, rental or government vehicle 

4.4.4.3.6 WEATHER CONDITIONS 

The odds of injury-involved crashes were increased in raining weather (Unadjusted OR 4.7, 

95% CI 1.5, 14.3) (Table 4-34). 

Table 4-34. Potential confounding variables – weather condition and risk of injury crash: 

univariate analysis, cases and controls - number, proportion (%), odds (adjusted for sampling 

design), and 95% confidence interval (95% CI) 

Variables: Weather conditions 
Case drivers Control drivers OR* (95% CI) 

n % n %   

     Weather conditions        

     Not raining  101 77.1 680 94.0 1.0  

     Raining 30 22.9 72 6.0 4.7 1.53 – 14.31 

* Adjusted for sampling design 

4.4.4.3.7 DAY OF WEEK AND TIME OF DAY 

Although not significant, the odds of injury-involved crash were slightly higher on Saturdays 

and Sundays, noting that crashes occurring between 2am and 5am were excluded from the 

study (Table 4-35). 
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Table 4-35. Potential confounding variables – day and time and risk of injury crash: univariate 

analysis, cases and controls - number, proportion (%), odds (adjusted for sampling design), and 

95% confidence interval (95% CI) 

Variables: Day and Time 
Case drivers Control drivers OR* (95% CI) 

n % n %   

Day        

     Monday 18 13.7 94 3.3 1.0  

     Tuesday 11 8.4 103 5.4 0.4 0.07 – 2.14 

     Wednesday 13 9.9 249 54.6 0.04 0.01 – 0.22 

     Thursday 12 9.2 90 3.8 0.6 0.06 – 5.25 

     Friday 14 10.7 74 14.6 0.2 0.01 – 2.13 

     Saturday 29 22.1 65 5.8 0.9 0.06 – 14.10 

     Sunday 34 26.0 77 12.5 0.5 0.01 – 22.09 

Time of day       

     0500 - 1200 hrs 41 31.3 219 9.8 1.0  

     1201 - 1900 hrs 45 34.4 387 78.9 0.1 0.04 – 0.43 

     1901 – 0200 hrs  45 34.4 146 11.3 1.0 0.24 – 3.71 

* Adjusted for sampling design 

4.4.4.4 MULTIVARIATE ANALYSES 

The association of acute sleepiness and related sleep determinants with crash-related injury 

was investigated in multivariable models. Unconditional logistic regression was used to 

calculate odds ratios and 95% confidence intervals, while controlling for potential 

confounders. The tables that follow (Table 4-36 and Table 4-37) present the results of 

measures for acute and chronic driver sleepiness respectively. These tables include models 

adjusted for age, sex and ethnic group, as well as the full multivariable model. As previously 

discussed, potential confounders to include in the model were identified using the change in 

estimate (10%) method.
240

 Marital status was excluded from the model as there was little 

change observed in point estimates. In order to avoid over-fitting, we selected income rather 

than education or occupation as a proxy for socioeconomic status, as it was the most reliably 

reported measure. 
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4.4.4.4.1 ACUTE DRIVER SLEEPINESS AND ITS DETERMINANTS 

After controlling for confounders, the odds of a crash-related injury associated with acute 

driver sleepiness was almost six (OR 5.7, 95% CI 2.7, 12.3) for those feeling sleepy or less 

alert compared to those who felt active and fully awake (TRIP sleepiness scale Level 2-4 

versus 1). For those reporting less than, compared to more than, six hours of sleep during the 

previous 24 hours, the odds of a crash-related injury was of a similar magnitude (OR 5.9, 

95% CI 1.7, 20.9) although the confidence interval was much wider. Using the TRIP 

sleepiness scale of Level 1-2 versus Level 3-4, the odds ratio was higher (OR 12.4, 95% CI 

1.5, 105.2) however, confidence intervals were wide (Table 4-36). 

Table 4-36. Association of variables related to Acute driver sleepiness with risk of motor vehicle 

crash in which a road user (driver, passenger, pedestrian) was injured. Adjusted odds ratio and 

95% confidence intervals for multivariate model 

Variables: Acute driver sleepiness 
Unadjusted OR* 

(95% CI) 

Age, Sex and 

Ethnicity adjusted 

OR (95% CI) 

Multivariable 

adjusted OR† 

(95% CI) 

P value 

TRIP sleepiness scale     

1 (felt active, wide awake) most alert 1.0 1.0 1.0  

2-4 (not fully alert, difficulty staying 

awake, sleepy) 
3.1 (2.03 – 4.84) 3.1 (1.92 – 4.85) 5.7 (2.67 – 12.28) 0.000 

     

TRIP sleepiness scale     

1-2 (active, wide awake, not fully alert) 1.0 1.0 1.0  

3-4 (difficulty staying awake, felt sleepy) 14.9 (2.60 – 84.99) 15.5 (2.65 – 91.15) 12.4 (1.46 – 105.16) 0.021 

     

Amount of sleep in the previous 24 hrs‡     

     ≥ 6 hours 1.0 1.0 1.0  

     < 6 hours 4.6 (1.83 – 11.46) 5.9 (1.65 – 20.85) 5.9 (1.66 – 20.85) 0.006 

* Adjusted for sampling design 

† Adjusted for age, sex, ethnicity, income, vehicle speed prior to survey/crash, day of survey/crash, self-reported alcohol use, and vehicle 
type. (as well as time of survey/crash for the model investigating the amount of sleep in the previous 24 hrs) 

‡Number of hours slept 
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4.4.4.4.2 CHRONIC DRIVER SLEEPINESS AND ITS DETERMINANTS 

While not statistically significant, two or more symptoms indicative of obstructive sleep 

apnoea syndrome (regular loud snoring, breathing pauses, and choking) were suggestive of an 

increased risk of crash-related injury, while shift work and working for more than 60 hours 

per week suggested a protective effect (Table 4-37). 

Table 4-37. Association of variables related to Chronic driver sleepiness with risk of motor 

vehicle crash in which a road user (driver, passenger, pedestrian) was injured. Adjusted odds 

ratio and 95% confidence intervals for multivariate model 

Variables: Chronic driver sleepiness 
Unadjusted OR* 

(95% CI) 

Age, Sex and 

Ethnicity adjusted 

OR (95% CI) 

Multivariable 

adjusted OR† 

(95% CI) 

P value 

Amount of sleep in the previous 

week‡ 
    

     At least 1 adequate night 1.0 1.0 1.0  

     No adequate night 1.7 (0.51 – 5.43) 1.80 (0.53 – 6.08) 1.1 (0.18 – 7.09) 0.905 

≥ 2 sleep apnoea symptoms§     

     No 1.0 1.0 1.0  

     Yes 3.5 (1.49 – 8.16) 4.1 (1.55 – 10.78) 2.9 (0.61 – 13.57) 0.183 

Shift work‖     

     No 1.0 1.0 1.0  

     Yes 1.0 (0.46 – 2.04) 0.9 (0.40 – 1.95) 0.4 (0.10 – 1.80) 0.244 

Hours paid work per week (> 60 

hours) 
    

     No 1.0 1.0 1.0  

     Yes 1.2 (0.54 – 2.82) 1.3 (0.56 – 2.90) 0.4 (0.05 – 2.82) 0.348 

* Adjusted for sampling design 

† Adjusted for age, sex, ethnicity, income, vehicle speed prior to survey/crash, day of survey/crash, self-reported alcohol use, vehicle type 

and time of survey/crash  
‡ Number of nights of adequate sleep (mostly between 11pm and 7am for seven hours or more) 

§ Witnessed reports of symptoms of obstructive sleep apnoea syndrome (regular loud snoring, breathing pauses, and choking) 

‖ Involving paid work starting before 6am or finishing after midnight whether permanent, rotating, or on call 
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4.4.4.5 EFFECT MODIFIERS 

Results suggest driving while sleepy or not fully alert, or having less than six hours of 

adequate sleep in the previous 24 hours significantly increased the risk of an injury-involved 

crash. However, modification of these effects in certain sub-populations is useful to inform 

sleepy driving interventions. We considered age and self-reported alcohol use as potential 

effect modifiers based on the literature,
105,138

 introducing the relevant interaction syntax into 

the multivariable model to assess the significance of any effect modification. Sex was not 

considered given the higher proportion of male drivers (94%) compared to females recruited. 

While ethnicity was also considered a potential effect modifier, due to small numbers in the 

„Other‟ ethnic group, it was not possible to investigate this further. 

4.4.4.5.1  AGE 

Regarding age, there was insufficient evidence to detect differences in the effect of acute 

sleepiness at different age groups, although there was a slightly higher risk of injury-involved 

crash among drivers aged 15 to 24 years compared to other age groups (Table 4-38). 
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Table 4-38. Effect modification by age group 

Variables 
Multivariable 

adjusted OR 
95% CI P value 

Sleepiness scale for TRIP Level 2-4    

     15 – 24 4.3 0.75- 24.54 

0.35 
     25 – 34 1.9 0.17 - 21.75 

     35 – 44 0.5 0.05- 4.02 

     ≥ 45 2.9 0.21-39.03 

Amount of sleep in the previous 24 hrs    

     15 – 24 2.7 0.11- 66.87 

0.80 
     25 – 34 2.8 0.09-91.68 

     35 – 44 2.4 0.05-122.43 

     ≥ 45 1.1 0.03-33.81 

4.4.4.5.2 ALCOHOL 

Due to small numbers of study participants reporting both acute sleepiness and alcohol use, 

there was insufficient data to reliable determine whether alcohol modifies the effect of 

sleepiness on risk (Table 4-39). 

Table 4-39. Effect modification by self-reported alcohol use in previous 12 hours 

Variables 
Multivariable 

adjusted OR 
95% CI P value 

Sleepiness scale for TRIP Level 2-4    

     No alcohol use 5.3 2.48 - 11.34 
0.78 

     Alcohol use 1.8 0.03 – 103.42 

Amount of sleep in the previous 24 hrs    

     No alcohol use 5.6 1.41- 21.92 
0.86 

     Alcohol use 1.4 0.03-63.42 
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4.4.4.6 POPULATION ATTRIBUTABLE RISK 

The PAR was calculated using established methods,
241-243

 with the analytic approach based 

on the following equation:
243

 

PAR =     pe (RR-1)   where: 

              pe (RR-1)+1 

pe = proportion of source population exposed to the factor of interest. RR may be the ratio of 

two cumulative incidence proportions (risk ratio), two (average) incidence rates (rate ratio), 

or an approximation of one of these ratios. 

 

In this study, the adjusted odds ratios were taken as approximations of the risk ratios, and 

STATA
® 

used to estimate the PAR from within a logistic regression framework, enabling 

confounders to be taken into account, and allowing for the estimation of the summary PAR 

for the exposures of interest. 

 

In this Fiji-based study, the PAR of RTI associated with driving while feeling sleepy or less 

alert, was estimated to be 34% (95% CI 28.6, 39.5), while the PAR of RTI associated with 

reporting less than six hours of sleep in the previous 24 hours, was 9.8% (95% CI 7.3, 12.4). 

(Table 4-40) 
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Table 4-40. Population attributable risk of RTI for selected sleep-related variables 

Variables 
Case drivers Control drivers OR* PAR (95% CI) 

n % n %    

TRIP sleepiness scale        

1 (felt active, wide awake) most alert 77 58.8 629 81.7 1.0   

2-4 (not fully alert, difficulty staying 

awake, sleepy) 
54 41.2 123 18.3 5.7 34.3 28.56 – 39.54 

        

TRIP sleepiness scale        

1-2 (active, wide awake, not fully alert) 114 87.0 743 99.0 1.0   

3-4 (difficulty staying awake, felt 

sleepy) 
17 13.0 9 1.0 12.4 11.7 9.48 – 13.84 

        

Amount of sleep in the previous 24 hrs†        

     ≥ 6 hours 112 85.5 718 96.4 1.0   

     < 6 hrs 19 14.5 34 3.6 5.9 9.8 7.27 – 12.35 

         

≥ 2 sleep apnoea symptoms‡        

     No  119 90.8 724 97.2 1.0   

     Yes 12 9.2 28 2.8 2.9 6.1 0.92 – 10.96 

*Adjusted for sampling design and age, sex, ethnicity, income, vehicle speed prior to survey/crash, day of survey/crash, self-reported 

alcohol use, and vehicle type. (as well as time of survey/crash for the models investigating the amount of sleep in the previous 24 hrs and ≥ 

two sleep apnoea symptoms) 
†Number of hours slept 

‡Witnessed reports of symptoms of obstructive sleep apnoea syndrome (regular loud snoring, breathing pauses, and choking) 

4.4.4.7 SENSITIVITY ANALYSES 

Several sensitivity analyses were undertaken to address the issue of missing data and data that 

was likely to be significantly under-reported. 

 

The use of proxy informants was required for 19 cases and information on the level of 

sleepiness was not available for 11 of these cases, so the main case control analyses were 

limited to data from 131 cases. A sensitivity analysis that excluded all proxy data (including 

eight, which provided sleep data) did not significantly change the effect estimates (OR 5.7, 

95% CI 2.6, 12.2) 

 

As the main exposure variable of interest (i.e. sleepiness) could be caused by psychotropic 

and soporific agents, the main multivariable analysis did not include the use of these 
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substances.
217,218

 Including the use of psychotropic/soporific agents as a covariate in a 

sensitivity analysis changed the odds ratio associated with acute driver sleepiness relatively 

little; the OR changed from 5.7 (95% CI 2.7, 12.3) to 5.5 (95% CI 2.4, 13.0). 

4.5. SUMMARY OF FINDINGS 

The results of the studies reported in this thesis suggest that the burden of RTI in Fiji is 

significant but underestimated. While RTI-related mortality rates in Fiji are comparable to 

rates in high-income countries, the absence of adequate attention to road safety initiatives at a 

time when motorisation is likely to increase, is concerning. 

 

The prevalence of driver sleepiness among the driving population in Fiji is relatively high 

(18%). Acute driver sleepiness as measured by self-reported states of feeling sleepy or less 

alert, or from sleeping less than six hours in the previous 24 hours shows a strong and 

significant association with injury-involved crash risk. In contrast, chronic driver sleepiness 

among the driving population in Fiji is not associated with injury-involved crash risk. The 

key findings, study limitations, and implications are discussed further in the next chapter. 
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CHAPTER 5. DISCUSSION AND CONCLUSIONS 

5.1. INTRODUCTION 

The final chapter of this thesis has four parts. The first and largest section of this chapter 

synthesises the key findings of each of the five primary research objectives investigated in 

this thesis. It includes an appraisal of the strengths and limitations of the studies and a 

summary of the significance of the findings. The second part of this chapter discusses the 

implications for future driver sleepiness research and policy priorities, based on a review of 

road safety interventions targeting driver sleepiness in high-income and low- and middle-

income countries. The third part provides a broader perspective of RTI-related research 

highlighting: the challenges of undertaking quality RTI-related research in less-resourced 

countries, and some of the TRIP project capacity building activities. The final part concludes 

by reiterating the need for quality data to inform effective road safety initiatives particularly 

in less-resourced settings including the Pacific, and the need to draw from global, regional 

and local partnerships as well as existing surveillance mechanisms, to assist this process. 

5.2. REVIEW 1: THE BURDEN AND RISK FACTORS FOR RTI IN PACIFIC 

ISLAND COUNTRIES AND TERRITORIES 

5.2.1. KEY FINDINGS 

The literature reviewed, for the period 1980 to 2010, regarding the burden and risk factors for 

RTI in the Pacific region, remains largely limited to descriptive studies with important 

limitations in their ability to determine the population-based burden of road crashes, and 

related risk factors. No RTI-focused epidemiological studies in these countries have been 

published for over 15 years with few studies conducted outside Papua New Guinea. 
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Most studies were case series, with three ecological studies and one case control study, thus 

limiting the ability to identify important aetiological factors. Study designs, potential biases, 

and confounding variables were generally poorly reported. While most studies involved the 

review of existing records, including post mortem reports, the quality of data sources was 

inadequately reported. It was therefore difficult to determine the extent to which 

misclassification and underreporting may have been a source of information and recall bias. 

 

The diverse methodological characteristics of the studies identified, made it inappropriate to 

undertake a meta-analysis. Furthermore, as Papua New Guinea was the focus of most of these 

studies, the generalisability of findings to other Pacific countries and territories remains 

uncertain. 

 

Notwithstanding these limitations, the published literature indicates that road crashes are a 

major public health problem. Studies from Papua New Guinea reported that RTI contributed 

up to 40% of all deaths, 60% of trauma-related deaths, one third of trauma-related 

hospitalisations, and 40% of all head injuries. Most (two-thirds) RTI-related deaths occurred 

prior to hospitalisation with related fatalities particularly high among pedestrians and 

passengers. 

 

Although head injuries were the most commonly reported RTI-related injury, chest injuries 

were reported to be particularly common among motor vehicle drivers. The available 

literature suggests that vehicle type (open-back utility), utility vehicle overloading, and 

alcohol are potentially important risk factors for RTI. 
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5.2.2. STRENGTHS AND WEAKNESSES 

As this review was limited to scientific publications and the English language, it excluded the 

grey literature and routinely collected data such as police annual reports and national hospital 

and mortality statistics. However, the candidate undertook a careful search (electronic and 

hand) of all Pacific journals, electronic databases, and relevant organisation websites (e.g. 

WHO, SPC, RTIRN) using a systematic strategy for searching and critical appraisal, based on 

published systematic reviews, and it is likely that the majority of Pacific scientific literature 

has been captured in this review. 

5.2.3. MEANING OF REVIEW FINDINGS 

Results of the literature review suggest that the burden of RTI in Papua New Guinea and 

other less-resourced Pacific Island countries and territories is significant, however, the 

contribution of modifiable risks for RTI remain poorly quantified. While some studies 

suggested the likely importance of factors such as alcohol misuse and vehicle type, effective 

public health and road safety policy, require rigorously conducted studies that can identify 

and quantify the contributors to RTI. This has not been achieved in the Pacific context. 

5.2.4. IMPLICATIONS 

The paucity of robust and contemporary epidemiological RTI-related studies from Pacific 

Island countries and territories, suggest research attention to RTI in the region have not been 

a priority, and long overdue.
245,246

 This need stimulated the primary research undertaken in 

this thesis, focusing on Fiji. It is also acknowledged that, as in other resource-poor settings, 

poor data should not delay action.
247

 As such, the following comments relate to the country, 

which has been the focus of most RTI-related research in the Pacific, Papua New Guinea. 



133 

 

This is the Pacific country with the largest land mass and population and is likely to have the 

greatest burden of RTI. 

 

While the research is more than 15 years old, indicative findings from the review suggest a 

key area requiring focused attention in Papua New Guinea is improved safety considerations 

relating to the use of utility type vehicles.
232

 While the approaches to address this must take 

into account the socioeconomic and transportation implications for the communities 

involved,
7,19

 it has been argued that restricting passenger numbers through vehicle occupancy 

capacity limits may have the potential to reduce crash fatalities by almost 30%.
194

 Other areas 

amenable to well-implemented legislative interventions in the region include the use of 

seatbelts, safer utility vehicles, and deterrents to drink driving.
68,248,249

 This is particularly 

important for Papua New Guinea, given the distribution of fatalities among road users: 

pedestrian (37%), four-wheel drivers (26%) and four-wheel passengers (11%).
68

 Given the 

high proportion of road deaths at the crash scene, greater attention is required to health 

system improvements including pre-hospital care and the training of first responders.
2,250,251

 

The poor condition of roads also requires urgent attention. 

 

Undertaking well-designed aetiological studies that can quantify the contribution of important 

context-specific risk factors associated with serious road crashes should be a matter of 

priority. 
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5.3. REVIEW 2: THE ROLE OF DRIVER SLEEPINESS IN ROAD TRAFFIC 

CRASHES IN LOW- AND MIDDLE-INCOME COUNTRIES 

5.3.1. KEY FINDINGS 

In contrast to the substantial body of evidence regarding the contribution of driver sleepiness 

to motor vehicle crashes in high-income countries, only 10 studies over the period 1980 to 

2011, were identified in this review of the literature, with all studies published in the last 

decade. All but one study focused on heavy motor vehicle drivers. 

 

Most studies used cross sectional designs, however in general the recruitment strategy and 

potential biases and confounders considered in the study design and analysis, were poorly 

defined. This posed difficulties in ascertaining the level to which the study populations were 

representative of the base population. Furthermore, although most studies used a range of 

validated sleepy measurement tools, the preferential use of the Epworth sleepiness scale over 

the Stanford sleepiness scale, limited the ability of studies to assess the effect of acute driver 

sleepiness to road crash injuries. The extent to which the absence of objective measures may 

have resulted in information and recall bias, as well as significant underreporting is unclear. 

 

Acknowledging major weaknesses in study design, findings of four studies suggested a two 

to three-fold odds of crash injury among drivers reporting excessive daytime sleepiness 

(chronic sleepiness), with one study attributing chronic driver sleepiness to 18% of crashes or 

near misses. In general, results of other studies examining acute driver sleepiness, and 

determinants for chronic driver sleepiness, while suggesting an association to crash injuries, 

showed small effects, with some being protective. Nine out of the 10 studies used the 

Epworth sleepiness scale (indicator of chronic sleepiness) as the main sleepiness measure, 

while two studies used the Stanford sleepiness scale (acute sleepiness measures). The only 
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study, which appeared to have recruited a car driving population, used both the Epworth and 

Stanford sleepiness scale measures and found a two-fold increase of crash injury among 

drivers reporting chronic (but not acute) sleepiness. 

5.3.2. STRENGTHS AND WEAKNESSES 

Acknowledging the likely bias of restricting the review to publications in the English 

language, current evidence suggests there has been no effort to systematically review the role 

of driver sleepiness in motor vehicle crashes and crash-related injuries in less-resourced 

settings. This review used an established scientific methodological approach to identify 

relevant aetiological studies in the published literature,
172

 and assessed the quality of studies 

using a robust critical appraisal tool.
173

 However, although the candidate undertook careful 

searches of reference lists, sleep and traffic-related journals, and journals published in less-

resourced settings, this method may have excluded studies not published in mainstream peer-

reviewed journals routinely accessible from library databases. The extent to which 

publication bias may have contributed to the exclusion of critical data is unknown. 

5.3.3. MEANING OF REVIEW FINDINGS 

Results of this review, suggest chronic driver sleepiness as reported in four studies increases 

the odds of crash injury two to three-fold. One study suggested this factor could account for 

up to 18% of crash-injuries. Acute driver sleepiness has not been a focus of these studies, and 

there were major methodological limitations of one study investigating acute (and chronic) 

driver sleepiness to car crash injuries. While the Epworth sleepiness scale has been validated 

in several low- and middle-income countries, this has not been the case for the Stanford 

sleepiness scale, highlighting a need to consider this in future sleep-related research. 
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5.3.4. IMPLICATIONS 

In less-resourced countries, the small number of epidemiological studies addressing driver 

sleepiness has hindered the development of effective road safety policy.
54

 Acknowledging the 

internal validity constraints of these studies, results of the review suggest chronic driver 

sleepiness (as opposed to acute driver sleepiness in high-income countries) and its 

determinants may contribute to road traffic crashes and related injuries. The inconsistencies 

and methodological limitations (relative to the wider literature) indicate the need for research 

using robust methodological designs, to quantify the role of driver sleepiness and its 

determinants to road crash injuries in low- and middle-income countries. This is particularly 

relevant for drivers working in poorly regulated environments, and subsequently vulnerable 

to pressures to work long hours and shift work.
48

 Studies examining the role of acute 

sleepiness are important, and should include the validation of appropriate sleepiness 

measurement tools, such as the Stanford sleepiness scale. 

5.4. STUDY 1: THE BURDEN OF ROAD TRAFFIC INJURIES IN FIJI 

5.4.1. KEY FINDINGS 

Based on the FISH database, for the 12-month study period, 1 October 2005 to 30 September 

2006, RTI (n=374) accounted for 17% of all injuries, and was the third highest cause of all 

injuries in Viti Levu. RTI-related fatalities (n=67) represented 27% of all injury-related 

deaths (n=246) with two thirds of RTI-related deaths occurring prior to hospitalisation. 

 

Although not significant, the majority of RTI occurred on the weekends, with two thirds 

occurring in the latter half of the day (12pm to 12am). Most RTI-related cases were male 

(72%), aged 15 to 29 years (33%), and of Fijian (50%) or Indian (47%) ethnicity. 



137 

 

Fatal RTI-related cases were likely to sustain head (49%), chest/abdomen (21%) injuries, or 

fractures (25%), whereas for non-fatal cases, fractures (51%) and head injuries (22%) were 

more common. Of the RTI-related cases classified to have severe injuries (21%, n=130), half 

were fatal. While alcohol or kava use was suspected in 17% (n=63) and six percent (n=22) of 

cases respectively, in a large proportion of cases, information was missing. 

 

RTI-related mortality rates were generally higher across all age groups for males and people 

of Indian ethnicity. The annual RTI-related mortality rate was 10.3 per 100,000 (95% CI 

10.05, 10.55) and 10.7 per 100,000 (95% CI 10.06, 11.36), when standardised to the WHO 

population. The annual RTI-related hospital admission rate (for 12 hours or more) was 50.6 

per 100,000 (95% CI 50.35, 51.15). 

5.4.2. STRENGTHS AND WEAKNESSES 

5.4.2.1 STUDY DESIGN 

Hospital-based trauma surveillance systems, particularly those that are population-based, are 

an efficient tool for gathering information on the size and distribution of RTI-related 

demographic, exposure, and outcome measures.
211

 Understanding the limitations of such 

systems and identifying mitigating measures however, is important in order to ensure quality 

data informs priorities for intervention and further research.
211-213

 This section discusses these 

aspects, relevant to the research in this thesis. 

5.4.2.2 SELECTION OF CASES 

Ensuring study samples are representative of the source population minimises risk of 

selection bias. While this study was population-based, the primary goal was to investigate 

serious RTI, thus restricting the case eligibility criteria to fatal or hospitalised cases i.e. 
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hospitalised for 12 or more hours. However, while this excluded injuries not requiring 

hospitalisation (or admitted for less than 12 hours), it was not possible to determine if other 

determinants for hospital admission, such as access barriers, admission policies, and medical 

and diagnostic capability, could have resulted in a degree of selection bias.
220

 In particular, a 

validated objective instrument, to assess the degree of injury severity and likely outcome was 

unavailable.
209

 More generally, the study design also limited our ability to determine the 

burden of injuries that may not be life threatening but may result in disability. With the 

prospective collection of data, it is likely that recall and information bias may have been 

minimal. 

 

Although the FISH database operationalised the standard minimum data inventories 

recommended by the WHO injury surveillance guideline,
166

 it excluded supplementary data 

items in particular information on the characteristics of motor vehicles and road users 

involved in these crashes. We also did not examine disabilities or injuries that may have been 

sustained such as whiplash, which may have serious consequences on the quality of life. In 

addition, despite Fiji hospital data using International Classification of Diseases (ICD-10) 

coding, the irregular documentation in hospital admission notes of vehicle and road user type, 

as well as the anatomical distribution of injuries made it difficult to verify and/or quantify 

these characteristics. 

 

Furthermore, while alcohol and kava use prior to the RTI-related event appeared to be 

common, the number of cases with missing information relating to these exposures, as well as 

the lack of objective measures of substance use, made it difficult to determine the extent to 

which information bias may have been a problem. Of note, sleepiness was not an exposure 

investigated in this study. 
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5.4.2.3 EFFECT ESTIMATES 

The relatively small number of cases identified over the course of one year (e.g. 67 deaths) 

restricted the precision of estimates, the ability to account for potential year-to-year 

variations, and to undertake informative subgroup analyses. 

 

Nevertheless, being a population-based study (and acknowledging study limitations), it is 

reasonable to suggest that the findings of this are likely to indicate the burden of serious road 

crash injuries in Viti Levu. As the FISH database drew conceptually from the WHO injury 

surveillance guidelines, results are potentially comparable to other low- and middle-income 

countries who have undertaken a similar study. However, this must take into consideration 

inconsistencies in case (and outcome) definitions, which are a global challenge not only for 

health systems, but also police and other stakeholder agencies.
42,211,214

 

5.4.3. MEANING OF THE FINDINGS 

Of the 374 RTI-related cases identified (17% of all injuries), 72% were males and one third were aged 

15 to 29 years. The estimated RTI-related mortality rate for Viti Levu (age standardised to the 

WHO standard population) was 10.7 per 100,000 population, which is comparable to national 

data.
80,81

 While this figure is similar to the global average for RTI-related fatality rates in 

high-income countries, measuring RTI-related mortality rates according to levels of 

motorisation are more higher.
18

 This is reflected in estimated fatality rates per 10,000 

registered motor vehicles, in high-income countries such as New Zealand (1.1) and Australia 

(1.4) compared to Fiji (7.5).
18

 

 

In general, the findings from this study, are consistent with studies from Papua New Guinea 

and the Pacific region with regards to the high proportion of young male crash victims, pre-
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hospital deaths (two thirds), the distribution of types of injury (head injuries more 

common);
252

 characteristics frequently reported in other low- and middle-income 

countries.
2,22,253

 

 

Previous studies in Pacific Island countries and territories suggest that alcohol
181

 and seatbelt 

non-use
178

 are important RTI-related risk factors in the region. This study did not explore the 

use of seatbelts among those injured. Regarding alcohol and kava use, acknowledging 

information biases which may have affected prevalence estimates, these findings correspond 

with information regarding the association of drink-driving to road crashes in Fiji (27%),
68,73

 

and the potential role of psychotropic and soporific agent use to motor vehicle crashes in Fiji 

and other less-resourced settings.
142,236,254

 

5.4.4. IMPLICATIONS 

In the absence of effective interventions, the burden of RTI is likely to escalate in Fiji. The 

country has experienced a 22% increase in motor vehicle registrations over the last decade,  

while the gross national income level remains considerably below the threshold usually 

associated with declining traffic fatality risks.
16

 To avert the threat to public health and 

economic development in Fiji, context-specific risk factors for RTI, particularly those 

relating to young males, is vital. Exploring contextual socioeconomic and cultural factors 

which may play a role in RTI causation in Fiji may be important.
231

 

 

While trauma registries provide an efficient RTI surveillance system, complementary 

population-based studies, and the standardisation of case definitions across road safety 

stakeholder organisations (e.g. hospitals, police) both locally and more widely, are critical to 

ensure appropriate policy responses.
42,211,212,255

 Given the challenges in translating research to 
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policy, opportunities to influence this process is likely when quality data is informed by 

robust RTI surveillance systems.
214,256

 Where possible, including the systematic collection of 

vehicle, road, and road user characteristics, and using a validated injury severity score, as 

well as other relevant crash data in routine injury surveillance data, is essential.
257,258

 This 

could be supplemented by the recent introduction of a health information policy in Fiji, 
259

 

drawing from global health information and surveillance system initiatives aimed at  

supporting policy decisions for improved health outcomes.
260,261

 

 

The RTI research-policy disjoint in the Pacific requires attention. While there are no studies 

examining the role of speed to RTI in Pacific Island countries and territories, Fiji legislature 

provides regulations for speed and alcohol limits, as well as seatbelt, and car restraints.
68

 The 

effectiveness of enforcing these regulations however, is poor, particularly in the case of car 

restraints (scored as five out of 10).
68

 In the 2008 Fiji Police annual report, only 28% of 

vehicle occupants involved in a crash were wearing a seatbelt.
262

 While motor vehicle type 

was not identified in our study, police statistics indicate that four-wheel vehicle passengers 

(49%) and drivers (26%), and pedestrians (25%) comprise the main road fatalities in Fiji.
81

 

Vehicle fleet composition influences the type of road user groups involved in road crashes. 

For example, passengers and pedestrians are more commonly involved in road crashes where 

four-wheel vehicle (including open-back utility vehicles) registrations are high, while 

motorcycle drivers are more frequently involved in crashes in countries where motorcycle 

registrations are high.
18,40,41,63,194

 

 

System-wide strategies focusing on road users, vehicles, road conditions and the traffic 

environment,
5,7,19,68

 and the enforcement of legislation relating to speed, drink driving, 

seatbelts, and child restraints are likely to be high priorities in Fiji, as in other less-resourced 
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settings.
21

 In addition, attention to effective pre-hospital and acute trauma care services is 

required in order to reduce the large burden of pre-hospital deaths. 

5.5. STUDY 2: THE PREVALENCE OF DRIVER SLEEPINESS IN THE FOUR-

WHEEL MOTOR VEHICLE DRIVING POPULATION IN FIJI 

5.5.1. KEY FINDINGS 

The roadside survey was conducted between July 2005 and June 2006. Of the 17,217 motor 

vehicles that travelled through the 50 roadside survey sites, 892 drivers of motor vehicles 

were approached and invited to participate in the study. 752 motor vehicle drivers 

representative of four-wheel motor vehicle driving time on public roads in Fiji completed the 

interview (response rate 84%). Almost half of the interviews were completed in person 

(49%), 7% of these at the roadside during the survey. 

 

Regarding demographic characteristics of the study driving population, in comparison to the 

Viti Levu census population, some groups were under-represented in driving time, (women 

7%, young people 15 to 24 years 13%), while other groups were over-represented in driving 

time (Indian 70%, middle-age 25 to 44 years 62%). 

 

With respect to the main research question, while the average duration of sleep (24 hours 

prior to the survey) reported by the driving population was eight hours, 18% of driving time 

was undertaken by drivers (when stopped at the roadside survey sites) who reported being 

sleepy or having difficulty staying awake, (1%) or not being fully alert (17%). This is likely 

to be an underestimate as the study relied on self-reported assessments and did not recruit 

participants between 2am and 5am, a period when circadian activity is considered to be 

lower. Of particular concern, 25% of the high-risk 15 to 24 year age group, reported driving 
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while sleepy or not fully alert, and scored highest on almost all measures of acute and chronic 

sleepiness and sleep deprivation. 

 

Whereas driving while sleepy or not fully alert was slightly higher among Fijians (21%) than 

Indians (18%), characteristics likely to impair alertness while driving (acute and chronic 

sleep deprivation, poor quality of sleep -obstructive sleep apnoea syndrome, and shift work), 

were two to three times more likely to be reported by Fijians compared to Indians. 

5.5.2. STRENGTHS AND WEAKNESSES 

5.5.2.1 STUDY DESIGN 

The population-based cross sectional roadside survey is an appropriate design to address the 

research objective for this study. The sampling method (cluster sampling design and 

randomisation of roadside survey sites) was designed to recruit a study population intended to 

be representative of the driving population, i.e. in proportion to the amount of driving 

undertaken, rather than in proportion to the total number of licensed vehicles or drivers. As 

drivers are only at risk when they are driving, sampling according to driving time (person-

time), is a more appropriate sampling method, than obtaining a sample for a motor vehicle 

registrations database, electoral role, or similar list. 

 

Using a two-stage cluster sampling strategy to recruit a random sample of motor vehicle 

drivers representing total driving time on public roads in Viti Levu, is likely to be 

representative of the study base of interest. While a short follow-up period assists in reducing 

information and recall bias, errors in exposure (driver sleepiness and its determinants) 

measurement may result in misclassification. This study design is recognised for its ability to 
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describe the distribution and size of exposure variables of interest, generating hypotheses and 

informing policy. 

5.5.2.2 SELECTION OF DRIVING TIME 

In recruiting the driving time population, selection bias may have arisen during the sampling 

phase. While 50 roadside survey sites, appears to be a large number (relative to population 

density in Viti Levu) it is unclear whether this number was adequate to capture a 

representative sample of the study base. In addition, it is not possible to determine the extent 

to which roads not selected may have significantly different exposure distributions. 

 

When applying similar principles to recruitment of driving time at the roadside surveys, 

sampling issues may arise in relation to the proportion of vehicles approached and invited to 

participate in the study. Recruitment of vehicles was determined by traffic flow and the speed 

at which researchers became available to process drivers. Other study designs have included 

the identification of eligible vehicles travelling past the survey site, and followed up these 

vehicles (drivers) with an invitation to participate.
31

 Of the 17,217 motor vehicles that 

travelled through the 50 survey sites, 892 vehicles (drivers as key informants) were 

approached and invited to participate in the study, and it is unclear as to the extent that 

systematic differences in those not selected may have affected prevalence estimates. 

 

While participant response rates could be considered relatively high (84%), the degree to 

which systematic biases may have existed in those who declined to participate or were lost to 

follow up, is not possible, as this information was not available. During recruitment, 

participants were not aware that driver sleepiness was under investigation. 
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As previously mentioned, some population groups were under-represented (women and 

young drivers) or over-represented (middle-aged Indians) in driving time, compared to the 

Viti Levu census population distribution. It was not possible to determine the extent to which 

any selection bias could be a problem since demographic information about the usual driving 

population in Viti Levu (or Fiji) is unpublished. 

5.5.2.3 INFORMATION BIAS 

Minimising recall and information bias in the cross sectional survey was achieved through a 

number of ways. While seven percent of drivers elected to complete the survey at the 

roadside, the remainder elected a later interview date. Follow up of drivers was challenging 

due to a variety of reasons including; the wide geographical distribution of study participants, 

poor telephone systems, and resource constraints. Although we completed one-half of the 

interviews within nine days of the survey, the survey questions were anchored to a clearly 

defined experience (i.e. being stopped at the roadside with provision of study information 

sheets). 

 

The use of structured interviewer-administered questionnaires attempted to minimise 

information bias, allowing researchers to explain more fully to participants the questions at 

hand. Errors in exposure measurement however may have arisen, in particular among drivers 

wishing to avoid acknowledging high-risk behaviours (e.g. speeding, alcohol, or other 

substance use), and subsequent involvement of Police authorities. Another problem in 

exposure measurement was the use of a sleepy scale specifically modified for the TRIP study, 

which still requires formal validation. Sleep measurement tools are discussed further in 

Section 5.6. 
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Overall, the use of self-report tools and the risks of social desirability and recall bias in 

responses are likely to have resulted in the underestimation of the prevalence of driver 

sleepiness and sleep-related disorders. 

5.5.2.4 PREVALENCE ESTIMATES 

Despite its design as a population-based study and relatively good response rates, self-report 

measures for sleepiness, and the relatively small proportion of driving undertaken by; those 

aged less than 25 years (n=85), women (n=34), and Other ethnic group (n=47), compromised 

the precision of estimates and sub-group analyses in particular for sex. On the other hand, the 

high proportion of driving undertaken by the two main ethnic groups (Fijian and Indian) 

resulted in more precise prevalence estimates. 

 

Overall, the prevalence of acute driver sleepiness in four-wheel motor vehicles in this study 

was 18%. This included a smaller proportion of driving time undertaken by drivers who 

reporting feeling sleepy and having difficulty staying awake (1%), thus limiting further 

analysis. 

 

Although the motor vehicles and roads excluded, represented a small proportion of driving 

time (< 5%) and injury crashes (being less on road tributaries), the inclusion of all drivers 

(with and without driver licenses) allowed for all types of eligible vehicles to be considered 

in the study. While it is likely that the study base is representative of the source population, 

Viti Levu, the extent to which study bias may have affected prevalence estimates is uncertain. 
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5.5.3. MEANING OF THE FINDINGS 

Acknowledging study limitations, this study suggests that a considerable amount of driving is 

undertaken while drivers are sleepy or not fully alert (18%). Previous studies indicate that 

young male drivers are high-risk population groups for drowsy driving and crashes.
105,120,263

 

While the small sub-group sizes compromise the precision of estimates, this study 

demonstrates that young people aged less than 24 years contribute to a high proportion of 

driving with several sleep-related factors, that could increase the risk of crash involvement. 

 

Other high-risk groups include those who work night or shift work, or suffer from 

pathological sleep disorders.
105,113,123

 The contribution of shift workers to overall driving time 

in this study (15%) was low compared to a study of car drivers in Shenyang, China (20-

34%).
197

 In contrast, some studies focusing on bus or truck drivers in low- and middle-

income countries indicate much higher proportions of driving contributed by those who work 

night shifts, or report snoring or other measures indicative of poor quality sleep.
49,199,200,202

 In 

a survey of Thai commercial bus and truck drivers (n=4331), drowsy driving was reported by 

75% of drivers.
202

 In Malaysia, a study of bus drivers (n=289) suggested that 44% of drivers 

had symptoms of obstructive sleep apnoea syndrome, of whom 15% were considered 

moderate to severe.
49

 While some studies reported a relatively high proportion of driving 

while drowsy among Argentinean (44%) and Brazilian (22%) truck drivers,
199,200

 witnessed 

snoring among these drivers was common (72% and 45% respectively). 

 

Impaired driving (from reduced alertness, acute and chronic sleep deprivation, and shift 

work) was generally more common in Fijians compared to Indians, and younger drivers (15-

24 years) compared to older drivers. However, some symptoms indicative of obstructive 

sleep apnoea syndrome (regular loud snoring, breathing pauses, and choking) increased with 



148 

 

age. In a study of taxi drivers in New Zealand (n=241),
264

 excessive daytime sleepiness 

(ESS>10) and symptoms of obstructive sleep apnoea syndrome were more likely to be 

reported by drivers of Pacific Island ethnicities, compared to Māori and New Zealand 

Europeans. Information on the prevalence of obstructive sleep apnoea symptoms and other 

sleep-related disorders among Pacific Island country populations is unknown. 

5.5.4. IMPLICATIONS 

Findings of this study while indicating the prevalence of sleepiness among drivers, highlights 

the need for an aetiological investigation of the contribution of acute and chronic driver 

sleepiness as well as driving with sleep-related disorders, to the risk of motor vehicle crashes 

in Fiji. This would require research designs that consider both drivers of motor vehicles 

involved in crashes as well as those not, using appropriate epidemiological approaches. These 

studies may consider addressing occupational risk factors such as long work hours and shift 

work, which are of increasing concern in resource-poor countries, particularly those with 

poorly regulated work environments.
2,44-47

  

 

In addition, it is important to develop validated tools to measure acute and chronic sleepiness 

in the Pacific context. This could complement efforts to screen, diagnose, and manage 

potentially important clinical conditions such as obstructive sleep apnoea syndrome and other 

sleep-related disorders.
49
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5.6. STUDY 3: THE ROLE OF DRIVER SLEEPINESS IN FOUR-WHEEL 

MOTOR VEHICLE CRASH INJURIES IN FIJI 

5.6.1. KEY FINDINGS 

This case control study undertaken from July 2005 to December 2006 included 752 controls 

and 131 cases. Overall, 30% of eligible cases and 16% of eligible control participants 

declined to participate or were uncontactable for interviews. The most common reason was 

incorrect contact details. Of the 187 eligible motor vehicles identified, 142 case drivers 

consented and completed interviews. A further 11 cases were excluded as information on 

measures for sleepiness were unavailable, so analysis was limited to data from 131 cases 

(70% response rate). 

 

This study found a strong and significant association between driving a four-wheel motor 

vehicle while sleepy or less alert, and involvement in injury-producing crashes. The related 

increase in odds of injury crash was almost six-fold (OR 5.7, 95% CI 2.7, 12.3), and, if un-

confounded, would mean driver sleepiness and drivers who are less alert contributes to 

almost one third of the crash injury burden in the study base (PAR 34%, 95% CI 28.6, 39.5). 

 

Having less than six hours of sleep in the previous 24 hours was also associated with a six-

fold increase in the odds of involvement in crash-related injuries (OR 5.9, 95% CI 1.7, 20.9), 

suggesting a reasonably consistent acute effect from driver sleepiness on the risk of crash 

injury. Driving by people reporting symptoms suggestive of obstructive sleep apnoea 

syndrome, working shifts, or for periods of more than 60 hours per week, was not 

significantly associated with crash risk in this study. 
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5.6.2. STRENGTHS AND WEAKNESSES 

5.6.2.1 STUDY DESIGN 

The case control study design is the most appropriate design to address the research question 

and hypothesis being tested in this thesis. This design when compared to the cohort study 

design has the advantage of being efficient (time and cost), reduces loss to follow up, and 

provides the ability to investigate exposures (and confounders) such as acute sleepiness, 

which have a relatively short induction period to the outcome of interest (crash event). 

However, methodological difficulties may arise without considerable attention to the design 

of the study. The main principle being, that for the valid conduct of a case control study, 

cases and controls should be „representative of the same base experience‟.
160,220,227,230

 While 

the use of driving time (person-time) for the control population is considered appropriate, 

reducing errors in measurement (cases, exposures, and confounders) is important. Unlike 

most other studies which have limited study participants to drivers or vehicle occupants,
33

 

this study as well as the Auckland study,
31

 considered road users injured other than car 

occupants. Finally, unlike hospital-based case control studies, the advantage of this 

population-based study is its ability to estimate population attributable risks. 

5.6.2.2 SELECTION OF CONTROLS 

As previously highlighted throughout this thesis, this research comprised a series of linked 

epidemiological studies. As such the driving time population (study base) selected in the 

cross sectional survey, became the control population in this case control study. This 

information is outlined in Section 5.5.2.2. Response rates were relatively high (84%). 
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5.6.2.3 SELECTION OF CASES 

This study focused on four-wheel motor vehicle crashes that resulted in road users (drivers, 

passengers, pedestrians) sustaining serious injuries, which were fatal or required 

hospitalisation for 12 hours or more. In recruiting cases for inclusion in the study, selection 

bias may have been a problem particularly in case ascertainment given objective measures for 

injury severity were not available, and hospital admissions therefore potentially influenced by 

access barriers and admission policies.
209,210,220

 On the other hand, the consecutive 

identification of eligible cases from all secondary and tertiary level trauma hospitals in Viti 

Levu, (thus population-based) is likely to have captured the majority of motor vehicle crash 

injuries during the study period. Furthermore, recruiting cases using a study-specific 

surveillance system provided additional opportunities for data quality checking processes. 

 

Lower than expected numbers of eligible cases were identified, even though case recruitment 

was extended for a further six months. There were several potential explanations for this. The 

police and hospital data suggested there could be a larger number of hospitalised crashes. 

However, the strict eligibility criteria applied in the study, restricted to crashes involving 

four-wheel motor vehicles and crash victims admitted for 12 hours or more, would have 

reduced the numbers of eligible cases (compared with those reported in police databases).  

Furthermore, in the later stages of the study, the political tensions leading up to the Fiji coup 

d'état of December 2006 could have also had an impact on the numbers of road users and 

related motor vehicle crashes in Fiji. The response rates were modest (70%), with problems 

experienced in engaging potentially eligible participants due to incorrect addresses, or in 

some cases, a reluctance to participate due to potential legal implications. While each of these 

factors can increase the risk of selection bias, the extent to which these influenced effect 
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estimates could not be analysed further in the absence of more detailed information on cases 

who declined to participate, were lost to follow up, or were not contactable.  

5.6.2.4 INFORMATION BIAS 

Information bias arises especially in the data collection stage when errors in exposure 

measurement may result in cases and/or controls being misclassified, with respect to the risk 

factor of interest.
220,223,227,265

 This problem is exaggerated when collection of exposure 

information cannot occur until the „interview‟ is conducted.
228

 Although recruitment of cases 

and controls occurred in parallel, and considerable efforts made to undertake timely 

interviewer-administered questionnaires, there were delays in completing interviews 

particularly for cases. Interview modes were also considerably different with 86% of cases 

interviewed in person, compared to 49% of controls. Although blinding of outcome was not 

possible, both cases and controls used a standardised questionnaire, which did not identify 

specific exposures of interest thus reducing the risk of information bias. While the „crash 

event‟ may have made it more likely for cases to recall exposures, the anchoring of controls 

to the survey experience aimed to reduce non-differential misclassification bias. 

 

Regarding sleep and sleep-related disorders, the absence of validated subjective and objective 

measures, may have introduced misclassification and recall bias. Despite an existing range of 

objective and subjective measures relating to sleepiness, direct application of some was 

compromised by resource constraints (e.g. polysomnography) and the lack of validated self-

report measures in Pacific populations. Nevertheless, we used a modified version of the 

Stanford sleepiness scale, which was adapted following pre-testing in the study population, 

alongside several single item measures used in a previous sleep-related study.
31

 As 

highlighted in the methods chapter, the Epworth sleepiness scale although considered, was 
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not included in the study questionnaire. The degree to which the use of this measure, a tool 

thought to be more sensitive to characterising obstructive sleep apnoea syndrome than the 

Stanford sleepiness scale, may have affected estimates, is unknown.
266

 However, we used 

other chronic sleep measures such as chronic sleep deprivation, obstructive sleep apnoea 

syndrome, and prolonged work, or shift work patterns, which characterised several of the 

domains of primary interest to the research questions. 

 

Proxy drivers were required for eight case (all fatal) interviews, and while systematic 

differences may have been a possibility among drivers fatally injured, proxy drivers were 

close family members who were usually travelling in the vehicle at the time of the crash 

event. 

 

Given the importance of alcohol use as a confounder and effect modifier for crash risk, 

objective measures to establish reliable estimates although preferred, were unavailable for the 

study thus potentially introducing misclassification bias. Similarly, for other measures such 

as motor vehicle speed which relied on respondent‟s self-report estimates of driving speed at 

the time of the survey/crash event. 

5.6.2.5 CONFOUNDING 

The extent of bias from an unknown or uncontrolled confounder depends on the strength of 

the association between it and study exposure and disease risk.
230

 While we made efforts to 

ascertain data on a wide range of potentially important confounding factors, information on 

exposure to and experience in driving were not systematically collected, and it is not possible 

to determine the extent to which this may have affected the precision of estimates. 

 



154 

 

As all information was self-reported, we did not obtain objective measures of factors such as 

alcohol or substance involvement, nor corroborate if information obtained regarding speeding 

involved driving at speeds greater than posted speed restrictions, including prevailing 

environmental conditions e.g. road conditions. The extent to which these factors modify the 

effect of sleepiness on crash risk requires further epidemiological investigation. 

 

The lack of an effect of chronic sleepiness and its determinants on risk of crash injury, while 

consistent with the literature in high-income countries, does raise the possibility of 

uncontrolled confounders. 

5.6.2.6 EFFECT ESTIMATES 

Although designed as a population-based study, overall poor case response rates increased 

the risk of selection bias, while reliance on self-report measures (no objective measures), and 

the relatively small number of cases (given the population size of Fiji) compromised the 

precision of some estimates of interest. 

 

Selecting the threshold for driver sleepiness as that of drivers who were fully alert versus 

those who were not fully alert, having difficulty staying awake, or feeling sleepy, drew from 

the knowledge that drivers are poor at predicting when the level of sleep impairment they are 

experiencing might overwhelm them. 
101,102

Furthermore, in contexts like Fiji, where resource 

constraints challenge maintenance of high quality roads and vehicles that are more commonly 

found in high-income countries, the risk of any level of reduced driver alertness is likely to be 

of greater concern than may be the case in more tolerant road environments. While this 

threshold indicated a six-fold increase in odds of injury-involved crashes, the alternative 

threshold of driving while having difficulty staying awake or feeling sleepy (compared with 
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driving while fully alert or not fully alert) was associated with a much higher albeit 

considerably less precise adjusted odds ratio of 12.4 (95% CI 1.5, 105.2). 

 

Cognisant of the limited statistical power, this study was not designed to investigate an 

exhaustive range of mechanisms that could influence sleepiness. Importantly, this study did 

not explore the relationship of crashes to the circadian cycle (which would suggest crashes 

associated with drowsy driving are more common in the early hours of the morning, as 

demonstrated in a previous study undertaken in Auckland
31

). Given the greater likelihood of 

sleepy driving during this period, it is likely that our study has underestimated the effect of 

sleepiness on crashes. 

5.6.3. MEANING OF THE FINDINGS 

Acknowledging the study limitations, the odds of an acute driver sleepiness-related crash 

injury in Viti Levu (OR 5.7) is comparable to that reported in high-income countries (OR 3 to 

6), but contrasts that in low- and middle-income countries where the odds of chronic driver 

sleepiness-related crashes are two to three-fold.
197

 The population attributable risk of acute 

driver sleepiness in Viti Levu was estimated to be 34%, compared to 20% in high-income 

countries. A study among Thai commercial bus/truck drivers reported that 23% of crashes in 

the previous six months were due to driver sleepiness,
202

 whereas the population attributable 

risk of chronic driver sleepiness among truck drivers in Argentina was estimated to be 

18%.
199

 

 

While addressing a knowledge gap in what appears to be a poorly characterised risk factor in 

Pacific Island countries and territories, context-specific research and policy initiatives in the 

Pacific may now be better informed. However, this should not deter from the need for further 
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epidemiological studies exploring determinants for acute and chronic sleepiness among the 

driving population, including the identification of valid instruments for measuring sleepiness. 

5.6.4. IMPLICATIONS 

Identifying and quantifying the specific risk factors for sleep-related crashes is an important 

first step to reducing the burden of RTI attributed to drowsy driving.
43,105,113,123,220

 Results of 

the case control study investigating the role of driver sleepiness to four-wheel motor vehicle 

crashes in Fiji, suggest acute driver sleepiness is a significant contributor. 

 

Study findings add to the very limited evidence base regarding the contribution of acute 

sleepiness when driving, to crashes involving four-wheel motor vehicle in a less-resourced 

setting. In this regard, the study findings contrast with the findings of the literature review, 

which included a study from Shenyang, China,
197

 which found an increased risk for chronic 

driver sleepiness but not acute sleepiness. However, these findings are consistent with the 

much larger body of evidence from high-income countries, indicating this is an important 

contributor to road crashes.
31,119

 

 

Notably the distribution of the vehicle fleet in Fiji contrasts those in larger populations with 

higher proportions of two- and three-wheel motor vehicles, such as Korea (10%), Malaysia 

(47%), and Cambodia (80%),
2,18

 highlighting important differences to consider when 

developing road safety policy. 

 

Although the findings are inconsistent, shift workers and people with untreated obstructive 

sleep apnoea syndrome or narcolepsy are at increased risk of sleep deprivation and drowsy 

driving.
24,27,31,105,114-121

 While this study did not have sufficient study power to explore 
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potentially important differences in levels of risk, the increased odds of crashes involving 

vehicles driven by people with symptoms indicative of obstructive sleep apnoea syndrome 

are consistent with the published literature. 

 

While epidemiological studies investigating driver sleepiness are required, driver error in an 

unforgiving road and transport environment common to Fiji and other resource-poor 

countries, calls for policy interventions targeting sleepy driving. This is discussed in the next 

section. 

5.7. IMPLICATIONS FOR DRIVER SLEEPINESS RESEARCH AND POLICY IN 

FIJI AND LESS-RESOURCED COUNTRIES 

5.7.1. INTRODUCTION 

This section reviews driver sleepiness interventions in the context of the scant data available 

to Pacific Island countries and territories, and poorly resourced settings, and identifies 

priorities for sleep-related research and policy. 

5.7.2. DRIVER SLEEPINESS INTERVENTIONS: THE KNOWLEDGE GAP 

The development of sleepy driving interventions aimed at reducing motor vehicle crashes are 

challenging, because of the difficulty in understanding the intricacies of the sleep 

wakefulness cycle, and the neurobiological processes, which influence these.
85,100,110,123

 This 

is further compounded by the fact that drivers are seldom aware when they become sleepy, 

nor when they are about to experience a short lapse in wakefulness, and therefore do not have 

time to take preventative action.
28

 This has been a point of difference to legislate and enforce, 

as compared to alcohol and drugged driving where objective measures of the levels of these 

substances are obtainable pre- and post-crash.
123
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While acknowledging inherent challenges in injury intervention research,
164,267,268

 such 

studies are poorly represented in low- and middle-income countries.
269

 These populations are 

further disadvantaged by the paucity of robust epidemiological studies quantifying the role of 

driver sleepiness to RTI-related crashes in resource-poor settings, despite sleepy driving 

being an established risk factor for crashes in high-income countries.
28-31,113

 As a result, road 

safety priorities in less-resourced countries mostly focus on speed, alcohol and protective 

head and body gear.
2,18-21,270-273

  

 

Similarly, in Pacific Island countries and territories, the role of driver sleepiness in RTI-

related crashes is poorly understood, with alcohol suspected to play a contributory role to 

drivers „falling asleep at the wheel‟.
77,78

 Consequently, road safety interventions in the Pacific 

context have focused more on alcohol and other risk factors such as speed, with little 

attention to driver sleepiness. 

5.7.3. INTERVENTIONS IN HIGH-INCOME COUNTRIES 

Educational campaigns have been the mainstay for addressing driver sleepiness in high-

income countries. National committees in some countries such as the United States of 

America (USA), United Kingdom (UK), and New Zealand (NZ),
105,123,274

 use a variety of 

tools including the internet, to disseminate road safety information.
274-276

  

 

While aimed at the general driving population, campaigns target high-risk populations (young 

males, those with sleep-related disorders, shift workers, and long haul drivers), with 

information on sleep, the circadian rhythm, sleep-related disorders, and lifestyle measures 

(including avoiding alcohol and psychotropic/soporific agents) to counter these.
2,105,113

 A 

range of self-help tools aimed at breaking the monotony of driving such as stopping to get out 
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of the car for fresh air, radio listening, talking to passengers, and drinking caffeine have been 

recommended.
277,278

 However, two commonly promoted countermeasures which essentially 

removes the sleepy driver from the driver‟s seat (eliminates crash risk) include; stopping the 

car to have a short nap (or getting proper sleep), and changing drivers.
279,280

  

 

The compulsory screening of commercial drivers for obstructive sleep apnoea syndrome 

remains a contentious topic and is variably implemented, with some suggesting the need for 

legislation given the benefits of treatment in reducing the risk of motor vehicle crashes.
35,281-

284
 Unions and employers in the work industry have also sought to legislate, develop policy, 

and/or negotiate for better working conditions, to limit work hours and night driving.
23,285-287

 

 

Road safety stakeholders have helped develop innovative initiatives targeting environmental 

or vehicle factors. The establishment of rest areas along highways has been shown to reduce 

crashes, but not between 2am to 6am.
24,274,288

 Other measures have included the installation 

of rumble strips along the road edge or centre line. When breached, the rumble strips alert 

inattentive drivers to potential danger with tactile vibratory and audible rumbling that is 

transmitted from the wheels of the vehicle through to the body of the car.
113,289,290

 

Technological advances have developed „smart cars‟ which can recognise when a car is 

beginning to cross lanes and sets an alarm to alert the drive. Other initiatives include the 

fitting of tachographs in heavy motor vehicles to monitor (and enforce) the need for drivers to 

take adequate breaks, as well as the use of visual devices to detect rates of eye blinking in 

drivers who are alerted (sound or lights) when a threshold for fatigue is reached.
123,134
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5.7.4. INTERVENTIONS IN LOW- AND MIDDLE-INCOME COUNTRIES 

Addressing driver sleepiness in low- and middle-income countries with diverse 

socioeconomic and political characteristics is complex. This is in light of poorly regulated 

work conditions, which lack robust occupational safety and health measures, and inadequate 

road and transport infrastructure that is less tolerant of driver error. Understanding the 

underlying social and cultural beliefs of drivers, and how this influences driver skills, 

knowledge, and behaviours may be important, 
291

 
292

 with some suggesting its incorporation 

in road safety campaigns are essential to achieve optimum effect and action.
123

 

 

Based on the limited information available at the time, the World Report on Road Traffic 

Injury Prevention argued for better working conditions for drivers at risk of sleepiness-related 

crashes, using mechanisms such as limiting work and driving (night) hours and requiring rest 

periods for long haul drivers.
2
 The magnitude of the risks involved is likely to be 

considerable in less-resourced counties as apparent from the study findings and implied in 

other studies.
48-52

 In such contexts where drivers are likely to be particularly vulnerable to 

less regulated labour conditions, policy-led initiatives in Thailand
293

 and the banning of early 

morning hour operations of express buses in Malaysia are critical occupational strategies, but 

must also take into consideration undesired cultural and socioeconomic consequences.
294

  

 

In the Pacific, the introduction of Optalert a personal protective device based on eye blinking, 

to prevent driver fatigue-related heavy motor vehicle crashes in the Ok Tedi commercial 

mining industry in Papua New Guinea highlights the successful commercialisation of 

preventive measures in the private sector.
135

 The feasibility of extending this technology to 

high-risk driving populations such as young people, those with sleep disorders, shift workers, 

and long-haul drivers, is worth exploring. 
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As in high-income countries, campaigns emphasising the primary prevention of driver 

sleepiness-related crashes is required. Driver licensing agencies should consider screening for 

sleep disorders in high-risk populations. These agencies should also support driver education 

programmes, to encourage safer driver behaviour and emphasising the importance of 

ensuring adequate sleep and avoiding known circadian peaks in crash risk. Other 

countermeasures to consider including promoting the message to „stop for a nap‟ or „change 

the driver‟.
108,120,279,280,282-284,295-297

 

 

Addressing modifiable environmental factors in particular roads, infrastructure, and 

urban/rural design is essential.
298

 These could include measures which incorporate safety 

features in the design of urban and rural roads infrastructure, (e.g. regular road maintenance, 

rumble strips, adequate road lighting).
113,299-301

 Incorporating road safety features in motor 

vehicle designs are equally important, and requires robust mechanisms which ensure regular 

vehicle licensing procedures are linked to vehicle safety inspections, warrants of fitness, and 

the provision of appropriate driver/vehicle licensing permits.
302

 

 

Interventions in low- and middle-income countries appear poorly developed compared to 

those in high-income countries. Acknowledging the challenges in implementing high-income 

country interventions in resource-poor settings,
7
 innovative research-informed interventions 

are required. 

5.7.5. PRIORITIES FOR RTI SLEEP-RELATED RESEARCH 

Results of this study suggest there is a need to undertake further epidemiological studies 

investigating the contribution of acute and chronic driver sleepiness and its determinants to 

the risk of motor vehicle crashes in Fiji. This would include study designs, which consider 
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important factors such as driver experience and behaviour, vehicle safety, and 

environmental/road conditions. A closer examination of factors likely to impair driver 

alertness using validated tools to measure driver sleepiness relevant to the Pacific context is 

required. Identifying the gold standard for measuring sleepiness is difficult,
85,99,303-307

 

reflecting more the various factors that influence the sleep wake cycle. Afferent sensory 

measures, which assess what people are doing at a particular time, are already in use,
85

 and 

future research should explore these factors and incorporate more precise instruments (e.g. 

objective and validated measures) to elucidate the pathways by which driver sleepiness 

contributes to motor vehicle crashes.
43,100

 

5.8. ROAD TRAFFIC INJURY RESEARCH AND POLICY IN LESS-

RESOURCED SETTINGS 

The paucity of driver sleepiness data and competing social and economic priorities in low- 

and middle-income countries, are barriers to prioritising scarce resources for interventions.
5,7

 

The relative lack of RTI research in Pacific Island countries and territories reflects a wider 

systemic failure to develop research capacity in the Pacific region,
245,308

 a situation requiring 

adequately-funded  research initiatives to address the specific needs in the region.
309

  

 

The introduction of the TRIP research project drew attention not only to the evidence gap 

relating to the burden of RTI in Pacific Island countries and territories, but also the research-

policy disjoint particular to road safety interventions in the Pacific. The second Global road 

safety report
69

 highlights ongoing data gaps in the Pacific, and areas to focus resources. In 

terms of human resource capacity building, undertaking the situational analysis on injuries in 

Fiji, Samoa, and Palau introduced key road safety stakeholders to this process and enhanced 

their awareness of the limitations of data sources. The epidemiological studies conducted in 
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Fiji, provided training in epidemiological principles and data analysis using a range of basic 

and advanced statistical software such as Microsoft® Excel, EpiInfo™, EpiData, and 

STATA
®
. On-site training was provided for health personnel working in the hospital setting 

during the establishment of the FISH database. Several members of the research team have or 

are in the process of graduating with recognised academic achievements (Postgraduate 

Certificates, Diplomas, Masters, and Doctorates in public health). While the TRIP project is 

officially completed, elements of the FISH database are under consideration for incorporation 

into routine health information systems. 

 

Global road safety stakeholders and funding agencies play a critical role in the prevention of 

RTI in resource-poor settings however, current road safety interventions in the ten countries 

exclude driver sleepiness.
2,21

 There are lessons to learn from road safety campaigns 

addressing both driver sleepiness and alcohol in high-income countries.
310

 In this regard, the 

establishment of a national stakeholder committee addressing driver sleepiness may be 

useful, ensuring all community leaders and members are engaged in this process. 

 

The timely engagement of research and policy stakeholders is critical, and requires effective 

organisational and functional relationships.
39,311

 The research-policy interface has often been 

difficult to traverse due to philosophical differences of researchers and policy makers. Some 

argue that the traditional public health practitioner approach to the prevention of RTI needs to 

extend beyond Haddon‟s matrix to understanding legal, policy, and institutional 

frameworks.
13,312,313

 A conventional approach, proposes a central point where the 

„recognition of a window of opportunity‟ occurs following the convergence of three streams: 

political will, problem recognition, and development of injury prevention policy.
256

 Indeed, in 

today‟s paced and resource-competitive environment, this approach appears plausible. 
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Understanding the epidemiological distribution of road users, vehicle type, and other relevant 

factors assists the development of targeted interventions.
14

 Improving the quality of primary 

(epidemiological studies) and secondary data sources from hospital and police surveillance 

systems, which include vehicle, road user, and injury severity data as a minimum, is 

essential.
14,36-38,40,258,314-319

 Reliable and sustainable injury data surveillance
212,215,314,320,321

 

including secondary data routinely collected from hospital and police records, comprises an 

important foundation for monitoring and evaluating road safety strategies in the Pacific 

context.
149,190

 This would be strengthened by the standardisation of RTI-related case 

definitions (e.g. ICD-10 coding, abbreviated injury severity scores), data collection processes, 

analysis, and reporting from surveillance systems,
42,209,210

 while ensuring dissemination 

approaches link findings to interventions, policies, context-specific research, and funding 

mechanisms. 

 

The development of evidence-based interventions and effective road safety policy requires 

quality data, which include those obtained from aetiological epidemiological studies.
322,323

 

Implementation of interventions however, must also take into consideration the absorptive 

capacity, resources, and political will of populations and countries for road safety change 

measures. For instance, in Russia, the knowledge, attitudes and cultural norms, may have 

contributed to delayed uptake of seatbelt and child restraints use.
324

 Evaluation frameworks 

should also consider induction time and delays in assessing the effectiveness of programmes, 

as in the case of helmet use in Vietnam, where uptake of helmet use has been considered 

relatively slow.
325

 

 

As noted elsewhere,
326

 a critical requirement for identifying and implementing effective road 

safety strategies is a skilled workforce integrated across relevant stakeholder agencies 
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including legislation, economic policy, capital infrastructure, road engineering, vehicle 

design, and health care. Strengthening emergency (hospital and pre-hospital) care services 

has become an essential component of comprehensive road safety strategies.
250

 With two 

thirds of RTI-related fatalities in Pacific Island countries and territories and other less-

resourced settings occurring prior to hospital admission, efforts to strengthen ambulance and 

emergency services is also essential.
252

 

5.9. CONCLUSIONS 

While the TRIP research project raised the road safety profile in Fiji and the Pacific Island 

countries and territories, this study found that RTI in less-resourced settings in particular the 

role of driver sleepiness in motor vehicle crashes is neither a research nor policy priority. In 

this regard, the research presented in this thesis represents a significant landmark in terms of 

its attempt, using a rigorous epidemiological approach, to test a hypothesis never before 

undertaken in a Pacific Island country. While based conceptually on a previous case control 

study, it is the different context and setting, unique to low- and middle-income countries, 

which defines this study, providing new information to address a critical knowledge gap. 

 

Findings from Fiji highlight the need to design, implement, and evaluate road safety 

strategies targeting driver sleepiness more generally. While driver education on sleep 

hygiene, and the association of alcohol and other substances with driver sleepiness to crash 

risk is required,
202

 other measures targeting road infrastructure, transport systems, and work 

conditions requires investigation.
2
 Sleep-related studies in Fiji and other resource-poor 

settings, using robust injury surveillance systems and validated sleepiness measurement tools, 

are important in identifying modifiable aetiological factors and opportunities to implement 

context-specific interventions. The low margins for driving error accommodated by relatively 
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unforgiving road systems makes the need to attend to this factor in rapidly motorising 

countries a matter of urgency. 

 

The World Report on road traffic injury prevention identifies the need for a comprehensive 

multi-sectoral, integrated, systems approach that focuses on improved information systems, 

institutional capacity strengthening, research that quantifies common modifiable risk factors, 

and resources for targeting these factors.
2
 The launch of the United Nations (UN) Decade of 

Action for Road Safety in 2011, as well as the identification of UN road safety collaboration 

national focal points in Pacific Island countries and other low- and middle-income countries, 

reinforces political will to advance road safety initiatives in these settings.
17,327

  The TRIP 

research project has identified RTI as a significant contributor to premature morbidity, 

mortality, and disability in the Pacific and this has renewed stakeholder interest to improve 

road safety. Based on existing health and intergovernmental (and nongovernmental) 

mechanisms and global public health partnerships,
260,261,328-333

 the establishment of a Pacific 

Island road safety network to coordinate a comprehensive road safety strategy for Pacific 

Island countries and territories, would be important and timely.  
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