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Abstract

Road traffic injuries (RTIs) continue to increase with the proliferation of motor vehicles, especially 

in low-income countries where safe road infrastructure is lacking Knowing where and why RTIs 

occur would allow for increased safety and prevention planning. In this study, police records of 

300 motor vehicle collisions which occurred between February 2013 and January 2014 in Moshi, 

Tanzania, were reviewed. Analysis of variables including victim age, gender, type of collision, 

conditions, and use of safety equipment were analyzed. Geographic information system (GIS) 

analysis was performed to identify areas with the most collisions. Most injuries occurred at four 

intersections on two main corridor. Car crashes represented 48% of reports while motorcycle 

collisions were 35% of reports. Victims were predominantly male. The majority (64%) of RTI 

victims in cars used seatbelts while only 43% of motorcyclists wore helmets; none of those who 

used the helmet or seatbelt suffered a grievous injury. These data demonstrate that RTIs in Moshi 

occur in predictable high traffic locations. RTIs injure victims of all backgrounds and safety 

equipment is not universally utilized. More investment is needed in improved data collection 

methods, and a greater emphasis on intersection safety is needed to reduce these preventable 

injuries.
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Introduction

About 1.25 million people die and 80 million people are injured from road traffic collisions 

each year1. About 90% of road traffic injuries (RTIs) occur in low and middle-income 

countries2, costing between 3–10% of gross domestic product per year3. Road traffic crashes 

(RTCs) continue to increase with the proliferation of motor vehicles and are predicted to 

become the 3rd leading cause of disability and disability-adjusted life years lost by 2030; 

this burden especially impacts young and economically active populations in low-income 

countries where safe road infrastructure is lacking4,5. The scope of this problem is only 

partially described in scattered, incomplete analyses, which point to large scale morbidity 

and health care costs6. In low-income countries, the exact burden of injuries is difficult to 

define because of limited data regarding the epidemiology of RTCs and RTIs in these 

settings7,8.

RTIs are preventable. Cost-effective interventions include the installation of speed bumps, 

improvements in road pavement conditions, visibility, signage, and helmet use [9]. While 

these interventions are more common in high resource settings, they nonetheless represent 

relatively affordable options for resource-poor countries10. The primary barriers to 

improvements in road safety are thought to be organizational and logistical11. Only 28 

countries representing 7% of the world’s population have adequate laws addressing relevant 

factors in RTCs, such as speed, alcohol, helmets, and restraints12.

Half of all RTC deaths are among vulnerable road users (VRUs); motorcyclists, cyclists, and 

pedestrians13. Resource-poor settings have more VRUs, and these VRUs are more likely to 

be injured due to a lack of safety equipment, lack of safety infrastructure, and limited law 

enforcement14,15. Because VRUs carry a higher risk of severe injury when involved in 

RTCs, targeted interventions to enhance VRU safety have the potential to significantly 

reduce overall morbidity and mortality associated with RTCs16.

Like many other cities in low-income countries, Moshi, Tanzania, has experienced a 

dramatic increase in road traffic that has exceeded the existing capacity of the city’s traffic 

system. This increase in road traffic has presumably led to an increase in RTCs and RTIs. In 

one recent study, approximately two-thirds of traumatic brain injuries presenting for care at 

the local hospital were from RTIs17. In order to design effective strategies to reduce 

morbidity and mortality from RTIs in cities like Moshi across the developing world, more 

data is needed regarding regional epidemiology, underlying causative factors, and 

socioeconomic burdens of RTCs in these settings. Therefore, the aim of this study was to 

describe the epidemiology and geographic distribution of RTCs in Moshi, Tanzania.
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Methods

Ethics

This retrospective data analysis was approved by the Duke University IRB (Pro00049408) 

and the Kilimanjaro Christian Medical Center Ethics Committee.

Setting

Moshi, Tanzania, is situated in northern Tanzania at the base of Mt. Kilimanjaro, and has a 

population of approximately 180,000 persons. The rainy season typically during the months 

of March and April, and outside of this period precipitation is minimal. There is one double-

lane road within the city limits, and all other roads are single-lane roads. Roads are 

connected by traffic circles or intersections; there are no traffic lights in the city.

Data Set

Between February 2013 and January 2014, municipal police officers of Moshi, Tanzania 

recorded data regarding RTCs within the municipality of Moshi as part of a standard police 

reporting forms. Reported information included demographics of persons involved, collision 

location, and injuries sustained. Data were only recorded for RTCs that resulted in injuries. 

Data from these reports were entered into an online database using REDCap software 

(Vanderbilt University, Nashville, TN). Predictor data included latitude and longitude of the 

RTI, age of victim, gender, level of schooling, day of week, time of day, weather, type of 

road, vehicles involved, alcohol intoxication, and safety equipment used. Outcome data 

included severity of injury (grievous or non-grievous), whether or not there were any 

fatalities, and whether or not the patient was transported to a hospital. The determination of 

grievous versus non-grievous injury was made at the sole discretion by the reporting police 

officer; no standard definition was available. Geolocation coordinates were determined 

based on addresses and description in police data, or the latitude and longitude if available. 

These were used for further spatial analysis.

Data Analysis

Data were imported into Excel 2013 (Microsoft, Remond, WA) and JMP 12 (SAS Institute, 

Cary, NC). Descriptive data were analyzed with frequencies and proportions. Bivariate and 

multivariate association models were conducted with R Language for statistical programing, 

through chi-square, fisher’s exact, and logistic regression models (the R foundation, Vienna, 

Austria). Missing data were analyzed individually. Age and gender information was missing 

for a large number of reports, and since there were non-random patterns of missing age and 

gender information, these variables were excluded from the models. Multiple imputation 

was conducted for the other variables in the dataset, through the mice package in R18. 

Variables with near zero variance were also excluded from the multivariate modeling. Type 

of vehicle was not included in the multivariate model because it was collinear with the 

presence of VRU.

To perform spatial analysis of RTCs in order to determine their distribution and identify 

possible hotspots, the kernel density estimator was used with heatmap plugin software 

Quantum GIS, version 2.4 Team19. This estimator is a two-dimensional function which 
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weighs holes within a defined radius, indicating a higher or lower concentration of events 

analyzed20. A weighted measure was used to increase the influence of crash severity (non-

grievous, grievous, fatal) on the resulting heatmap.

Results

Descriptive Statistics

Police reported 300 RTIs during the study period. Of these, 35 (12%) were considered 

grievous. Characteristics of RTI victims are summarized in Table 1. 121 (89%) of the 

persons injured in the reported RTCs were male, and the average victim age was 33 years 

old. Seatbelts were only worn by 64% of car victims and helmets were only worn by 43% of 

motorcycle victims. No grievous injuries were reported among those who wore helmets or 

seatbelts.

Detailed characteristics of the reported RTIs are summarized in Table 1. The majority of 

RTIs occurred during daylight hours (67%) and at locations where there was no form of 

traffic control (88%). VRUs were involved in 59% of RTIs during the study period. Cars 

(48%) and motorcycles (35%) were the most commonly involved vehicles. Alcohol testing 

was only performed in 72 (24%) of cases, and of these only 10 (14%) of drivers were found 

to be alcohol positive.

Association with injury severity

Bivariate association of victims and crashes characteristics with severity of injury showed 

that those who suffered grievous injuries tended to be older, more common when VRUs and, 

similarly, more frequent when motorcycles, buses and trucks were involved (Table 1). In the 

multivariate analysis, VRU (OR 5.34), Truck (OR 3.62) and Bus (OR 3.68) related crashes 

were associated with higher odds of grievous crashes (Table 2).

GIS Mapping

GIS maps of RTI hotspots are shown in Figures 2–4. The geospatial distribution of RTIs 

occurred predominantly at intersections of two main roads: Taifa Road and Mawenzi Road 

(Figures 2A and 2B). Taifa Road is a high-speed one lane road that connects Moshi to other 

surrounding cities. Mawenzi Road refers to the mostly populated area of Urban Moshi, 

involving more road traffic and VRUs.

Comparison of Figures 2A and 2B demonstrates that the same intersections where RTIs 

were most common were also the locations where grievous injuries and fatalities were most 

common. Figure 3A and 3B demonstrates similar geospatial distribution of RTIs involving 

cars and motorcycles, following the overall trend of hotspots (Taifa Road and Maweni 

Road). Trucks and buses had hotspots centered mostly in the intersection of Mawenzi Road 

and Market Street, a highly populated and traffic dense area of Urban Moshi (Figure 3C and 

3D). Trucks also showed a hotspot in Taifa Road close to the Moshi Club, a higher speed 

road with low signs and structure (Figure 3C). Figure 4A and 4B displays the geospatial 

distribution of both grievous and non-grievous injuries in Moshi. The main discrepancy is 

that grievous/fatal injuries happened mostly on Mawenzi Road, both in a Urban 
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neighborhood with local streets and commercial activity, and in the intersection with Market 

Road, an important traffic hub to other parts of Moshi.

Discussion

This is the first evaluation of the geospatial distribution, epidemiology, and risk factors for 

RTI in Tanzania, and of the most in-depth assessment in a midsized city in sub-saharan 

Africa. In this study setting, the involvement of vulnerable road users (motorcyclists, 

bicyclists, and pedestrians) was associated with a markedly elevated risk of increased injury 

severity, consistent with the findings of prior studies performed elsewhere in sub-Saharan 

Africa21–23. In the sequential bivariate analysis, several factors were found to be associated 

with decreased risk of grievous injury, including younger age of victim, use of helmets, and 

use of seatbelts. These findings are again consistent with the results of studies conducted 

elsewhere in sub-Saharan Africa24–26.

Although alcohol positive, speeding and poor light conditions have been associated with 

increased risk of injury severity in studies performed in Ethiopia and Kenya23,27, these 

factors were not associated with increased risk of grievous injury in this study. The reasons 

for this discrepancy are not clear, but could be a reflect of the overall lack of infra-structure 

of Tanzanian roads and the reporting method, which makes it harder to identify alcohol use, 

time of crash or driving behavior. Only 35% of all RTIs from this police data set were 

associated with motorcycle use. This is somewhat lower than local hospital-based data 

which demonstrates that 49% of road traffic crash victims who present for care of a 

traumatic brain injury were on a motorcycle17. This discrepancy may be due to 

underreporting of RTIs involving motorcycles, as motorcycle crashes have been shown to be 

subject to underreporting bias28,29.

The geospatial analysis did identify hotspots for RTIs, suggesting that targeted interventions 

at these specific locations could result in significant reduction in RTIs in this setting. The 

vast majority of RTIs occurred in four limited areas of Taifa Road and Mawenzi Road, the 

two main corridors of Moshi. Built environment analysis would potentially help to 

understand the particular characteristics that predict the risk of a hotspot. For instance, one 

of the hotspots that is consistent across all types of motor vehicles and for grievous and non-

grievous injuries it the intersection of Mawenzi Road and Market street. This specific 

intersection is complicated by the fact that it is right before a major round-about, so drivers 

entering this intersection are faced with a group of vehicles lined up waiting to enter the 

roundabout.

In addition to the overall RTI hotspot patterns, trucks and buses followed a disparate hotspot 

pattern. The bus and truck hotspots are more concentrated in the Moshi Urban area in high-

traffic areas that may serve as commuter hubs while the motorcycle and car RTIs are spread 

throughout downtown Moshi. Additionally, trucks have a hotspot along Tafia road–a one 

lane high-speed road used to commute from Moshi Urban and to connect Moshi with other 

cities around. This specific hotspot is located in front o a bus and motorcycle stand in the 

road that could help to explain the higher risk for crashes. It is noteworthy that both Trucks 

and Buses related crashes had a higher odds of grievous injuries, in relation to other motor 
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vehicle transportation, similar to results found in Ghana9. This results is particularly 

interesting because it draws attention to the unsafe usage of Buses and Trucks as 

transportation methods that require safety interventions and regulations on its own, but 

receive little attention from the literature.

These overall hotspot locations are the main sites where all types of injury occurred; minor, 

grievous and fatal crashes, and injuries associated with all types of vehicles. Minor injuries 

extend along the length of the road, while grievous and fatal injuries are more frequently 

seen at intersections, consistent with other literature on RTI distribution9,30,31. This location 

of grievous injuries overlaps with the location of truck and bus hotspots, supporting that 

trucks and buses had more grievous injuries than cars. A formal environmental analysis of 

these streets and their intersections may help to identify future interventions to reduce RTIs 

at these locations. It is likely that the installation of stoplights or speed humps near known 

hotspots may produce a significant reduction in morbidity and mortality from RTI by 

preventing excessive acceleration at these specific locations.

Although cost has been suggested as a major factor in the reduction of RTI morbidity and 

mortality, most interventions such as speed bumps, improved traffic signage, and traffic 

lights are affordable for governments to implement in comparison with the cost of RTI10,32. 

This police data provides specific locations which could be amenable to future 

environmental analysis for specific suggestions about road improvements. Similarly, this 

data suggests targeted interventions to protect VRUs such as bicycle lanes, helmet laws, and 

protected crosswalks are likely to significantly reduce rates of grievous injury.

In this study, none of the grievously injured car victims wore seatbelts and none of the 

grievously injured motorcycle victims wore helmets. While data regarding use of seatbelts 

and helmets was not available in many cases, none of the victims who had documented use 

of helmets or seatbelts were grievously injured. Overall, only 64% of car victims and 43% of 

motorcycle victims used seatbelts or helmets, respectively. These data are concerning and 

emphasize the importance of basic safety equipment and the urgent need to increase their 

use in Moshi. These findings are consistent with prior data from the region which shows that 

Moshi motorcycle taxi drivers have extremely low rates of safety equipment use33. There is 

ample data to support the effectiveness and cost effectiveness of the use of these and other 

safety equipment even in LMIC10,34. While the challenges of increasing safety equipment 

usage are immense, including availability of the equipment, laws supporting their use, and 

variable enforcement, further multifaceted approaches to increase use of safety equipment is 

needed.

There are several limitations of this study. First, this study involved a secondary analysis of 

the data collected by the Municipal Police of Moshi, Tanzania. Therefore, the RTIs analyzed 

in this study are limited to those which were reported to police and noted by officers. Traffic 

reports from those cases being processed by courts or insurance companies were not 

available. This situation may have introduced some bias as very minor injuries were likely 

not reported to police, while reports of very major injuries may be more likely to be 

unavailable due to court proceedings. It is uncertain whether missing data were truly non-

random. Previous studies have shown under-reporting of RTIs to police in low and middle 
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income countries27,35, but to date there have been no quality assessments of the Moshi, 

Tanzania police data. Similarly, completeness of the police data was a challenge. More than 

half of the police reports did not have information on the age or gender of the injured party 

and 7% of the records did not include enough information in order to conduct geolocation 

for spatial analysis. This is unfortunately a very common challenge especially in low and 

middle income settings36. Furthermore, several important study variables including grievous 

versus non grievous injury, daylight versus dark conditions, and presence of traffic control 

was determined at the discretion of the reporting policy officer. Determination of what 

constituted a grievous injury, therefore, was subjective and may have varied from officer to 

officer. Despite these limitations, given the absence of data regarding RTI epidemiology in 

sub-Saharan Africa, and the absence of other RTI data sources in Moshi, this extensive 

police database represents an important first step in understanding and describing the 

characteristics and distribution of RTIs in the region.

Conclusion

In Moshi, Tanzania, RTIs occur in predictable locations near busy intersections and have 

identified hotspots that ought to the the focus of targeted traffic safety interventions. The 

involvement of vulnerable road users (motorcyclists, bicyclists, and pedestrians) was 

associated with increased injury severity. Basic safety equipment such as helmets and 

seatbelts were woefully underutilized. Although this study suggests several potential 

interventions for reducing RTI morbidity and mortality in Moshi, more comprehensive data 

collection mechanisms are needed across sub-Saharan Africa to allow for a more robust 

analysis of risk factors and distribution of RTIs.
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Figure 1. 
Geographical location of Moshi Urban - Tanzania. Source: QGIS OSM plugin (http://

qgis.org/en/site/)
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Figure 2. 
Police Data Crashes depicted by A) Kernel Density Analysis of High, Medium and Low 

Density areas of All Types of Road Traffic Crashes, B) Locations by Severity of Crash.
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Figure 3. 
A–D: Comparison of the Kernel Density Estimation of Low, Medium and High Density 

Hotspots of A) Cars, B) Motorcycles, C) Trucks, D) Buses.
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Figure 4. 
A–B: Hotspots of Crashes by A) Minor Injuries B) Fatal/Grievous Injuries
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Table 1

Characteristics of persons injured in RTCs in Moshi, Tanzania.

Characteristic (N=300) Total Grievous (N=35) Non-Grievous (N=264) P-value

Age (years) (N=131), Mean (sd) 33.13 (13.94) 42.04 (17.44) 31.03 (12.16) 0.001*

Male (N=136), N (%) 121 (88.97) 22 (81.48) 99 (90.82) 0.291

Type of victim (N=199), N (%)

 Driver 136 (68.34) 20 (68.97) 116 (68.23) 0.969

 Passenger 16 (8.04) 2 (6.89) 14 (8.24)

 Pedestrian 47 (23.62) 7 (24.14) 40 (23.53)

Seatbelt if car victim (N=25), N(%) 16 (64.00) 0 (–) 16 (64.00) –

Helmet use if on motorcycle (N=49), N(%) 21 (42.86) 0 (0.00) 21 (48.84) –

Light condition (N=299), N (%)

 Daylight 201 (67.00) 23 (65.71) 177 (67.04) 0.875

 Darkness 99 (33.00) 12 (34.29) 87 (32.96)

Day of the week (N=300), N (%)

 Sunday 42 (14.00) 3 (8.57) 39 (14.77) 0.656

 Monday 36 (12.00) 3 (8.57) 33 (12.50)

 Tuesday 43 (14.33) 4 (11.43) 38 (14.39)

 Wednesday 39 (13.00) 6 (17.14) 33 (12.50)

 Thursday 47 (15.67) 6 (17.14) 41 (15.53)

 Friday 43 (14.33) 4 (11.42) 39 (14.77)

 Saturday 50 (16.67) 9 (25.71) 41 (15.53)

Holiday/Weekend (N=300), N (%) 102 (34.00) 13 (37.14) 89 (33.71) 0.832

Involving VRU (N=294), N (%) 175 (59.52) 30 (85.71) 144 (55.81) 0.001*

Straight Stretch of roads (N=295), N (%) 210 (71.19) 20 (60.61) 189 (72.41) 0.228

Traffic control (N=300), N (%)

 No control 266 (88.67) 35 (100.00) 230 (87.12)

 Police/Warden 14 (4.67) 0 (0.00) 14 (5.30)

 Signs 20 (6.66) 0 (0.00) 20 (7.58)

Type of vehicle (N=296), N (%)

 Bus 22 (7.43) 5 (14.71) 17 (6.51) 0.015*

 Car 142 (47.97) 9 (26.47) 133 (50.96)

 Motorcycle 104 (35.13) 14 (41.18) 90 (34.48)

 Truck 24 (8.11) 5 (14.71) 19 (7.28)

 Other 4 (1.35) 1 (2.94) 2 (7.28)

Tested for alcohol (N=299), N (%) 72 (24.08) 4 (11.43) 67 (25.48) 0.105

Alcohol positive (N=72), N (%) 10 (13.89) 1 (25.00) 9 (13.43) 0.463

Presence of speed limit (N=297), N (%) 127 (42.8) 17 (51.5) 109 (41.5) 0.359

Speeding and/or aggressive driving (N=289), N (%) 226 (78.20) 31 (88.57) 195 (77.07) 0.091
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*
Significant at p<0.05;

t-tests were used for numeric data and chi-square for categorical data, with fisher’s exact correction when applicable.
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Table 2

Association of RTCs environmental and drivers characteristics and severity (Grievous vs. Non-Grievous) of 

the crash.

OR (CI 95%) P-value

Dark vs. Daylight condition 1.03 (0.48;2.28) 0.937

VRU crash vs. non-VRU crash 5.34 (2.09;16.65) 0.001*

Truck crash vs. non-Truck crash 3.62 (1.01;11.82) 0.037*

Bus crash vs. non-Bus crash 3.69 (1.15;10.94) 0.021*

Stretch of road vs. Junctions 1.26 (0.57;2.71) 0.562

Speeding and/or aggressive driving 2.30 (0.82;8.28) 0.148

Alcohol testing being performed 0.42 (0.12;1.16) 0.125

OR = Odds ratio; CI = Confidence interval; VRU = Vulnerable road users

*
P-value > 0.05
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