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Abstract 

Background: Children who live on farms experience high rates of fatality, morbidity, and 

disability when compared to children from the general population. There is an existing body of 

research describing injury rates and common patterns of agricultural injuries in pediatric 

populations in Canada; however, these studies are dated. Few contemporary studies have focused 

on the etiology of pediatric agricultural injury, particularly in a Canadian context. 

Objectives: This study provides updated epidemiological information on agricultural injury in 

Canadian children and youth and investigates relationships between high-risk farm activities and 

the occurrence of agricultural injuries in youth and young adults on farms. 

Methods: Manuscript 1 describes the incidence and patterns of pediatric agricultural fatalities 

and hospitalizations in the provinces of Ontario and Saskatchewan using surveillance data from 

the Canadian Agriculture Injury Reporting System. Manuscript 2 involved performance of cross-

sectional analyses of written questionnaire data from 1135 youth and young adults from the 

Saskatchewan Farm Injury Cohort, an on-going study of active farm populations. 

Results: In manuscript 1, the overall age-adjusted annual rates of agricultural injuries per 

100,000 persons were: 7.8 (95%CI: 6.2-10.0) for Saskatchewan fatalities, 6.9 (95%CI: 5.6-8.5) 

for Ontario fatalities, 80.2 (95%CI: 73.9-87.1) for Saskatchewan hospitalizations, and 74.5 

(95%CI: 69.9-79.4) for Ontario hospitalizations. Leading mechanisms of injury in both provinces 

were: falls from heights, animal-related mechanisms, machine entanglements, machine runovers 

and rollovers, and drowning. In manuscript 2, the prevalence of farm injury was estimated at 

4.9%/year (95%CI: 3.7-6.2). After adjustment for important covariates relative to baseline (<10 

hours/week), duration of farm work was strongly associated with the occurrence of injury [RR 8.0 

(95%CI: 1.7-36.7) for 10-34 hours/week vs. baseline; RR 10.3 (95%CI: 2.2-47.5) for those 

working 35+ hours/week]. Tractor maintenance, tractor operation, chores with large animals, herd 

maintenance activities, and veterinary activities were identified as risk factors. 
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Conclusions: Together, these manuscripts demonstrate that there is a considerable burden of 

agricultural injury among children, youth, and young adults on farms and that experiences of 

injury are related to the amounts and type of exposure to farm work and related occupational 

hazards. 
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Chapter 1 

Introduction 

1.1 General Overview 

Farms and other agricultural settings are often thought of as wholesome and beneficial 

environments for children to grow up in; however, living on a farm is not without risks. Children 

who live on farms experience higher rates of premature death, injury-related morbidity, and 

disability due to injury along with their associated healthcare costs when compared to children 

from the general population.1,2 In Canada, from 1990-2008, there were 344 fatal agricultural 

injuries experienced by children under the age of 20 years, accounting for 17.4% of all 

agricultural deaths related to trauma.3 In addition, children and youth under the age of 20 

accounted for 19.0% of all hospitalized agricultural injuries from 1990 to 2000 within Canada.4 

Agricultural injuries in children and youth are clearly an important public health concern. 

 Few comprehensive studies have profiled the characteristics of agricultural injuries 

among children and youth in Canada. There are also a limited number of investigations that have 

focused on the etiology of pediatric farm injuries while employing strong epidemiologic 

designs.5–13 In terms of descriptive patterns, leading mechanisms of hospitalized pediatric 

agricultural injuries include blunt animal trauma, machinery entanglements, falls from heights, 

machinery runovers, and being pinned or struck by a machine.4 Beyond descriptive analyses, 

there is little research assessing how exposure to different types of physical farm environments 

and other contexts relate to these mechanisms, and hence contribute to the etiology of pediatric 

agricultural injury.  

1.2 Rationale 

Children and youth experience a substantial burden of agricultural injuries in Canada. 

Consequently, the prevention of pediatric agricultural injuries needs to be a leading concern for 
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public health efforts focused upon rural areas. However, research in this area is limited. Aside 

from the obvious medical expenses, costs attributed to pediatric agricultural injuries also include 

short-term and long-term child and parental work loss, reduction in household productivity, and 

impacts on quality of life.14 Given that pediatric agricultural injuries occur early in life, the 

resulting burdens in terms of person-years of lost life or quality-adjusted life years lost are high. 

For example, a national study in the United States found an annual loss of 4,322 quality-adjusted 

life years due to non-fatal agricultural injury in children and youth under the age of 19 years.14 

This demonstrates that non-fatal agricultural injuries in children have ongoing effects, such as 

temporary and permanent disability, that can impact the quality of life of those injured.  Such 

risks are rarely experienced by other populations of children in Canada, making such populations 

of farm children unique. 

The economic burden associated with agricultural injuries is also high. In 2004, 

preventable farm-related injuries cost the Canadian economy $373 million dollars.15 Based on 

inflation rates, 373 million 2004 Canadian dollars is $437 million today16, meaning that the 

current economic losses from farm injury are likely $400-$500 million annually. Although no 

Canadian estimates of the economic costs specific to pediatric agricultural injuries were 

identified, a national study of pediatric agricultural injuries in the United States from 2001-2006 

found an annual economic cost of $1.423 billion per year in 2005 dollars (95% CI: $1.333 billion, 

$1.513 billion).17 Consequently, these pediatric injury costs are substantial, and the prevention of 

agricultural injuries would not only improve the health and well-being of rural populations, but 

could hypothetically benefit Canada economically.   

While descriptive studies have identified preventable patterns of agricultural injury, the 

surveillance data used in these reports is over a decade old.4,18 Due to potential changes in 

technology and farming practices, findings from studies with older surveillance data may not 

reflect current patterns. Additionally, existing studies rarely compare the experiences of different 
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geographic regions. Moreover, there are few studies that investigate potential risk factors for 

pediatric agricultural injury.5–12 The existing body of analytic literature aimed at farm children and 

their injury experiences is limited in methodology and scope. Little is known about how the 

amounts of farm work exposure contribute to the burden of pediatric agricultural injuries. Also, 

the majority of the analytic research in this field is conducted using samples from American farm 

populations. There is one contemporary analytic study of pediatric agricultural injury in Canada 

from our own research group that investigated the effects of long parent work hours; but the 

outcome measured was children’s exposure to farm hazards instead of injury.13 Therefore, more 

research is required to provide foundational information about the rates, characteristics, and risk 

factors for pediatric agricultural injuries in Canada to inform into future preventive efforts and 

targeting of interventions. 

1.3 Objectives and Hypotheses 

1.3.1 Study Aims 

The aim of this thesis is to address identified gaps in the applied literature in order to 

inform and direct future efforts to prevent the burden of pediatric agricultural injuries.  The thesis 

includes two manuscripts. The first investigates the incidence and characteristics of agricultural 

injuries in children and youth from two provinces of Canada. The second investigates 

associations between exposures to high-risk environments and contexts on farms with the 

occurrence of agricultural injury in youth and young adult farm dwellers. By necessity, these two 

manuscripts were developed using different sets of data. Together, these complementary 

manuscripts intend to quantify and describe the current burden of pediatric agricultural injuries as 

well as provide further etiological understanding of this problem to assist with the targeting of 

future preventive efforts. 
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1.3.2 Manuscript 1 Objectives 

The first manuscript aimed to address the gaps in the descriptive literature by using two 

decades of provincial agricultural injury surveillance data to: 1) describe fatal and hospitalized 

agricultural injuries in children and youth under the age of 20 years in the provinces of Ontario 

and Saskatchewan; and 2) identify common patterns and potential causes of preventable 

agricultural injuries.  

1.3.3 Manuscript 2 Objectives 

To address existing gaps in analytic research, the second manuscript used data from a 

preexisting sample of Canadian farm dwellers from the province of Saskatchewan to: (1) describe 

characteristics of injuries that occurred in a sample of youth and young adult farm workers aged 

12 to 29 years; (2) describe exposures to specific farm work tasks in this sample using multiple 

categories; and (3) investigate the association between exposures to high-risk farm environments 

and activities, and the occurrence of agriculture injuries. It was hypothesized that increased 

engagement in specific high-risk work tasks would result in a concomitant increase in injuries in 

youth and young adults. 

1.4 Scientific and Societal Importance 

Manuscript 1 builds upon the existing descriptive analyses of pediatric agricultural injury 

in Canada by providing an epidemiological update of the occurrence and patterns of agricultural 

injury in the provinces of Saskatchewan and Ontario, using more contemporary surveillance data. 

Findings from Manuscript 1 also compare the two provinces which are representative of 

agricultural regions with different characteristics such as farm size and type of operation.19 

Manuscript 2 adds to the existing body of research about risk factors for pediatric 

agricultural injury by using survey data to investigate the relationship between high-risk farm 

work exposures and the occurrence of injury in a Canadian context. Furthermore, the findings 

contribute to further understanding the risk associated with farm work exposures by investigating 
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the dose-response effect between the amounts of time spent engaged in farm work and the risk for 

injury.  

Together, the research presented in this thesis can be used to inform future preventive 

efforts through targeted interventions. Based on the research findings, Manuscript 1 recommends 

strategies for interventions for pediatric agricultural injury including targeting of interventions 

towards high-risk groups and contexts. Manuscript 2 further justifies the targeting of 

interventions by quantifying the risk for injury associated with specific farm work exposures. 

Furthermore, the estimates of risk presented in both manuscripts can be used in a wide spectrum 

of prevention initiatives including education, regulatory and other options to improve awareness 

in the agriculture community about the injury risks associated with farm work exposures. 

Together findings of the two manuscripts also provide evidence to policy-makers and planners, 

which can be used to support and identify priorities for occupational health and safety regulation 

reform for this vulnerable population.  

1.5 Thesis Outline 

This thesis conforms to the Queen’s University School of Graduate Studies and Research 

guideline “General Forms of Thesis”.20 The second chapter is a literature review summarizing the 

existing body of research on pediatric agricultural injuries and prevention in this population. The 

third chapter and fourth chapters are the previously described Manuscript 1 and Manuscript 2, 

respectively. Manuscript 1 was formatted for submission to the international journal, Pediatrics 

and Manuscript 2 was formatted for the American Journal of Industrial Medicine. Chapter 5 

contains a summary of key findings and a general discussion including the epidemiological 

strengths and weaknesses of the research and implications for research and prevention. 
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Chapter 2 

Literature Review 

2.1 Scope of Literature Review 

This chapter will explore the existing literature on pediatric agricultural injuries with a 

particular focus on research investigating potential risk factors. The chapter will start with a list of 

key definitions. The chapter continues with a description of the magnitude of problem of 

agricultural injury in Canada including associated injury rates and costs. Next, common patterns 

of pediatric agricultural injury identified from the descriptive literature are described. A 

conceptual framework for risk factors for agricultural injuries in children and youth is then 

presented. Next, I summarize and critically review the analytic research investigating risk factors 

for pediatric agricultural injuries. The main risk factors under investigation are individual and 

area-level exposures to high-risk farm environments and (mainly work-related) activities. I then 

provide an overview of prevention strategies for agricultural injury in these populations, 

including a summary of the evidence surrounding existing strategies. Next, I present an overview 

of agricultural injuries in young adults, as the scope of the second manuscript includes young 

adults aged 20 to 29 years old. Lastly, I summarize the key findings of the literature review and 

my synthesis of gaps in the scientific evidence. 

2.2 Key Definitions 

 For the purpose of this report the term children will be used to refer to persons under the 

age of 20 years.1 The term youth will be used to describe children that are between the ages of 12-

19 years.2 Young adults will be used to describe 20 to 29 year olds.3 

 Agricultural injuries are defined as “any unintentional injuries that occur during activities 

related to the operation of a farm or ranch including injuries that occur during agricultural work 

that took place off the farm or ranch (i.e. driving a tractor on a public road) and/or involve any 
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hazard of a farm or ranch environment and/or injuries that occur because a third party is engaged 

in agricultural work.”1 Agricultural fatalities are agricultural injuries that result in death. Pediatric 

agricultural injuries and fatalities will refer to agricultural injuries and fatalities that occur in 

children and youth under the age of 20 years. 

 For the purpose of this thesis, a farm refers to “a farm, ranch or other agricultural 

operation producing agricultural products for sale.”4 Agricultural products include: crops, 

livestock, poultry, animal products, or other agricultural products such as Christmas trees, 

greenhouse or nursery products, mushrooms, sod, honey, bees, and maple syrup products.4 

2.3 Methods Surrounding the Review of the Literature 

The literature review was conducted during the months of May 2013 to July 2014. 

Literature searches involved the use of the following bibliographic databases: Pub Med, Google 

Scholar, and the Summon search engine for the Queen’s University library. I also used the 

Google search engine to search for reports published by agricultural health and safety 

organizations and other agencies that monitor agricultural injuries. These searches were restricted 

to articles and reports published since 1990 to capture contemporary patterns of agricultural 

injuries as farming practices and technology have changed vastly over the years. Different 

combinations of the following search terms were used: “injury” (and derivatives), “fatality” (and 

derivatives), “accident”, “prevention”, “intervention”, “safety”, “farm”, “ranch”, “agricultural”, 

“rural”, “pediatric”, “children”, “youth”, and “young adult”. Searches yielded thousands of 

results. The abstracts for the first 50 results from each of the many searches were reviewed. The 

literature search also used the “snowball” technique of identifying additional manuscripts and 

other academic sources from the reference list of included articles. Research papers that focused 

on pediatric agricultural injuries in the developing world were not included due to large 

differences in farming practices and technology, which made such articles and associated 

population experiences not generalizable to the Canadian agricultural population. As such, the 
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literature search mainly included papers published in English from North America, Australia, 

New Zealand, and Europe. 

2.4 Pediatric Agricultural Injury in Canada  

As of the 2006 Census of Agriculture, there were approximately 700,000 permanent 

residents living on Canadian farms or ranches, of which 35% (approximately 245,000 thousand) 

were under the age of 25 years.5 As such, there is a large population of children, youth, and young 

adults at risk for agricultural injuries in Canada. The following sections quantify the burden and 

characteristics of agricultural injury in this population by discussing incidence rates, costs and 

common patterns observed in these populations. I will also compare pediatric agricultural injuries 

in Canada to other countries. 

2.4.1 Injury Rates 

The most comprehensive source of information about the incidence of agricultural 

injuries in Canada is the Canadian Agriculture Injury Reporting system (CAIR).6 CAIR is a 

surveillance program that aims to identify all agriculture related fatalities and hospitalizations 

using administrative data and records. Among children under the age of 20 years, CAIR identified 

344 agricultural fatalities that occurred in Canada from 1990-2008.6 The resulting crude annual 

incidence rates of agricultural fatalities per 100,000 were: 12.6 in 0-4 year olds, 6.8 in 5-9 year 

olds, 4.1 in 10-14 year olds, and 6.8 in 15-19 year olds.6  

There is limited information available to describe the prevalence of non-fatal agricultural 

injuries for the full spectrum of injury severity. Agricultural injuries that do not require admission 

to hospital or emergency care are more difficult to monitor via existing surveillance mechanisms. 

However, CAIR identified 2,828 hospitalised agricultural injuries among children from 1990-

2000 and this translated to a crude annual incidence rate of 98.3 per 100,000.1 
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2.4.2 Costs  

 Agricultural injuries can result in substantial burdens: for the child, their family, their 

community, and society. These injuries can be fatal or result in long-term disability due to severe 

injuries such as spinal cord injury, traumatic brain injuries, crush injuries, loss of limbs, and 

chemical ingestion. Although information on the outcomes of agricultural injuries is limited, 

estimates of permanent disability in retrospective studies of survivors range from 13-41%.7 Aside 

from the obvious immediate medical expenses and the costs of rehabilitation and ongoing 

treatment, costs attributed to pediatric agricultural injuries also include short-term and long-term 

child and parental work loss, reduction in household productivity, and impacts on quality of life.8 

There were no studies or reports identified that attempted to quantify the economic losses 

associated with pediatric injuries in Canada. However, a national study in the United States found 

an annual loss of 4,322 quality-adjusted life years due to non-fatal injury in children and youth 

under the age of 19 using surveillance data from 2001-2006.8  

2.4.3 Common Patterns of Pediatric Agriculture Injuries 

Pediatric agricultural injuries follow predictable and preventable patterns. This section 

will summarize common patterns identified from descriptive analyses of pediatric agricultural 

injuries in Canada: by age, sex, and mechanism of injury. 

 By Age. The developmental stage of a child characterizes their physical, cognitive, and 

social abilities. In general, the occurrence and patterns of pediatric agricultural injuries varies 

with age which acts as a proxy for developmental stage.1,8–11 As Table 1 demonstrates, there are 

substantial differences in rates of injury experienced in different age groups. These were 

estimated from Canadian national surveillance data from 1990-2000 for hospitalizations and 

1990-2008 for fatalities.1,6 The highest rates of fatalities occurred in children under the age of 5 

years (15.8 per 100,000 persons per year). Youth aged 15-19 years had highest rate of 

hospitalized agricultural injuries. These findings, along with other descriptive analyses indicate 
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that farm children are most likely to be injured as toddlers and preschool aged children, or as 

youth of working ages.1,10,12  

Table 1. National Fatal and Hospitalized Agricultural Injuries by Age Category 
Age 

Group 
Fatal Agricultural Injuriesa Hospitalized Agricultural Injuriesb Rate ratio of 

hospitalized to 
fatal 

Number Percent Crude rate per 
100,000/year 

Number Percent Crude rate per 
100,000/year 

1-4 109 31.7 12.6 471 16.7 90.4 7:1 
5-9 80 23.3 6.8 675 23.9 95.0 14:1 

10-14 59 17.2 4.1 742 26.2 88.3 22:1 
15-19 96 27.9 6.8 940 33.2 116.8 17:1 

Notes. a. CAIR surveillance data from 1990-20086; b) CAIR surveillance data from 1990-20001,13  

 By Sex. Rates and proportions of agricultural injuries are consistently higher in male 

children than in female children.1,6,10,11,2 For example, males accounted for 82.5% of Canadian 

agricultural fatalities in children under the age of 20 years, with a 4.7:1 overall male to female 

ratio reported in the 1990-2003 national surveillance data. In addition, rates of pediatric 

agricultural injury in males are between 2.0 to 3.6 times the rates of injuries reported for 

females.11, 14 

 Mechanisms leading to agricultural injury. Tractors and other farm machinery are the 

leading cause of serious agricultural injuries in children and youth under the age of 20 in 

Canada.1 Different types of farm machinery account for 66% of pediatric agricultural fatalities 

and 48% of hospitalized agricultural injuries in children under 20 years.1 Machinery is most 

frequently associated with injuries via the following mechanisms: tractor runovers (“victim is 

stationary on the ground or falls off a moving tractor and then is crushed underneath a tractor 

wheel”) and rollovers (“victim is on the tractor when it tips over”), entanglement, or being pinned 

or struck by machinery.1,15–17 After machinery-related injuries, drowning is the most common 

mechanism of fatal pediatric injury, accounting for 16% of fatalities in children under age 15.6 

Water and other liquid hazards on farms include irrigation ditches, dugouts, sloughs, watering 

troughs, sewage ponds and manure lagoons.  

 Animal-related mechanisms and activities are among of the leading causes of non-fatal 

pediatric agricultural injury in both Canadian and American farm populations.1,8 Included in these 
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are horseback riding, livestock operations, herd maintenance, and veterinary activities. These 

exposures have been identified as the contributing mechanisms of injury in 18% of hospitalized 

pediatric agricultural injuries.1 Falling from heights is also a recurrent pattern. There are a variety 

of scenarios in farm operations that involve working at heights such as grain bin or silo 

maintenance and riding or working on high machinery. Haylofts, balestacks, and tall farm 

structures are additional hazards with a risk of falling. Falls account for 15% of hospitalized 

pediatric agricultural injuries.1 

 All-terrain vehicles (ATVs) are frequently identified as causes of injury in children and 

youth and are often used on farm sites and for farm work.12,18 In a study of machine-related fatal 

and hospitalized farm injuries in children aged 0-17 years, ATVs were the most common cause of 

injury (N=76, 25%; 1990-1997).12 ATVs accounted for 4.4% of the fatalities in children and 

youth under 20 years identified by CAIR from 1990-2003 but were not specifically reported in 

the hospitalization data.1 

 Seasonally. For fatalities from 1990-2003 and hospitalizations from 1990-2000 in 

Canada, there was a trend of increased pediatric agricultural injuries during the summer and fall 

months.1 A study of pediatric agricultural injury in Ontario from 1985-1990 also found the 

hospitalized and fatal agricultural injuries peaked from July to September.19  

2.4.4 Comparing Pediatric Agricultural Injuries in Canada to other countries 

How does agricultural injury in children and youth in Canada compare to other countries? 

A summary of available descriptive research of pediatric agricultural injuries is presented in 

Table 2. Comparisons between incidence and characteristics of pediatric agricultural injuries 

across countries are difficult to interpret due to methodological differences. Furthermore, the 

international research rarely involved calculating rates due to problems with identifying or 

obtaining appropriate denominator data. 
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Table 2. International Descriptive Research on Pediatric Agricultural Injuries Using Surveillance Data 
Author, date, and country   Source and time 

period of data  
Participants Findings 

Mitchell et  
al, 200120  
Australia 

Coroners records 
1989-1992 

117 farm fatalities 
in children less 
than 15 years old 

 Children less than 15 year old account for  20% of all unintentional farm-
related fatalities in Australia, with 

 Children less than 5 years old representing 63% of all child fatalities.  
 Drowning was the most common mechanism of farm fatality in children 0-4 

years (58%) 
 Vehicles were a leading agent of injury across all age groups, increasing with 

age group (16% for 0-4 year olds, 47% for 5-9 year olds, and 67% for 10-14 
year olds) 

 8% occurred while working, 77% occurred while bystanding I the area of 
agricultural work 

Fragar et al., 200521 
Australia 

Hospitalization 
records 
1994-1998 

2408 hospitalized 
farm injuries in 
children less than 
15 years of age 

 Annual rate of 574 per year 
 Trend of increasing proportions with age group: 20% aged 0-4 years, 28% aged 

5-9 years, and 52% aged 10-14 year olds 
 Leading agents of injury: motorcycles, farm vehicles, horses, and falls 

Trichopoulos et al., 200422 
Austria, 
Denmark, 
France, 
Greece, 
Portugal, 
Sweden, The Netherlands 

European Home and 
Leisure Accident 
Surveillance System 
(EHLASS) 
Austria: 1996-2001 
Denmark: 1998-
2002 
France: 1996-2000 
Greece: 1996-2000 
Portugal: 2002 
Sweden: 1998-2002 

Non-fatal farm 
injuries in children 
and youth aged 0-
16 years  
Austria: N=199 
Denmark: N=113 
France: N=162 
Greece: N=277 
Portugal: N=82 
Sweden: N=638 

 Male were more frequently injured in all countries but Sweden, ranging from 
52%-76% of the injuries. In Sweden, males accounted for 45% of farm injuries  

 Increased proportion of injuries by age group in Austria, Denmark, France, 
Sweden and the Netherlands: 0-5 years: 9-21%; 10-14 years: 26-38%; 15-19 
years:44-64% 

 In Portugal and Greece, 5 to 9 year olds had the highest proportion of farm 
injuries (43% and 48%, respectively) 

 Falls were the leading mechanism of injury in all countries 
 Leading types of injuries were open wounds, contusions/abrasions, fractures, 

and dislocations 

Cameron et al, 199223 
United Kingdom 

Health and Safety 
Executive Registrar 
1986-1990 

33 farm fatalities  
in children aged 0-
16 years 

 45% of fatalities were in 10-14 year olds  
 Leading mechanisms were tractors and other farm machinery and falling 

objects 

Sosnowska and Kostka, 
200724 
Large region in Poland 
(Wloclawek province)  

Farmers’  
Insurance Fund in 
Wloclawek, which 
registered all farm-
related  
Injuries 
1994-2003 

449 farm injuries 
in children aged 6 
to 15 years 

 Crude rate of 1.3 per 1,000 rural residents 
 71% of children injured were male 
 Trend of increasing injury with age, although 14 year olds had the highest 

proportion of injuries 
 Leading mechanisms of injury were: falls and slips on the same altitude 

(47.2%), falls from height (22.9%), and machine-related injuries (14.9%) 
 Leadings types of injury were fractures and dislocations and the majority of 

injuries were to limbs 
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Author, date, and country   Source and time 
period of data  

Participants Findings 

Rivara, 1997 
USA 

US National Center 
for Health Statistics 
Mortality Multiple 
Cause of Death   
Data 
1991-1993 
National Electronic 
Injury Surveillance 
System 
1990-1993 

Children and 
adolescents 19 
years and younger 
injured on farms 

 Average 104 deaths per year, resulting in a rate of 8 per 100,000 child farm 
residents per year 

 Average 22 288 emergency department treated agricultural injuries per year, 
resulting in a rate of 1717 per 100,000 child farm residents per year 

 Males were injured more frequently than females 
 Highest rate of fatalities was among 15 to 19 year olds (10.2 per 100,000 per 

year) 
 Leading mechanisms of fatalities were farm machinery (34%) and drowning 

(24%) 
 Leading agents of all farm injuries were tractors (21%), horses (8%), all-terrain 

vehicles and mini-bikes (8%), and farm wagons (8%) 
 Leading nature of farm injuries were open wounds (38%), contusions/abrasions 

(23.3%), and fractures/dislocations (20%) 
Myers and Adekoya, 
200125 
USA 

Vital Statistics 
Mortality files and 
from the National 
Traumatic 
Occupational 
Fatalities  
1982-1994 

770 farm fatalities 
in 16 to 19 year 
olds 

 Rates of non-work related farm fatalities ranged from 6.8-8.4 deaths per 
100,000 per year 

 Rates of work-related farm fatalities ranged from 4.9-12.0 per 100,000  
 40% of the farm fatalities were work-related 
 The leading mechanisms of work-related fatalities were machinery (54%) and 

electrical current (20%)  
 The leading mechanisms of non-work-related fatalities were drowning (38.9%) 

and firearms (28.6%) 

Hendricks et al., 200526 Childhood 
Agricultural Injury 
Survey (CAIS), 
nationally 
representative 
survey 
2001 

Farm children and 
youth under the 
age of 20 years  

 Estimate of national rates of injury per 1,000 household youth on farms 
- Overall: 15.7  
- Males: 18.7, Females: 13.1 
- Less than 10 years old: 14.7, 10-15 years old: 21.1, 16-19 years old: 11.0  

 Leading nature of injuries: fractures and open wounds 
 Leading mechanisms of injury: falls, contact with objects, and transportation 

incidents 
 Vehicles and animals among leading mechanisms of injury 

Zaloshna et al, 201227 CAIS, Mortality 
Multiple Cause of 
Death Data 
2001-2006 

Farm children and 
youth under the 
age of 20 years 

 An estimated average of 26,570 non-fatal injuries occurred per year 
 Average annual incidence of 84 agricultural fatalities per year 
 The leading mechanism of fatal injuries was farm machinery 
 Leading mechanisms of unintentional non-fatal injury were falls and 

transportation 
 Most agricultural injuries occurred to older youth (10-14 and 15-19 years old) 
 Children age 0 to 4 had the largest proportion of fatalities 



 

 

16

Results presented in Table 2 demonstrate that there are some common injury patterns 

observed across countries and contexts. The fatality rates observed in surveillance data in the 

United States (8.0 per 100,000 per year in children under the age of 20 years, and 6.8-8.4 in 16-19 

year olds) are comparable to the fatality rates estimated from Canadian surveillance data.6,14,25 

Likewise, children less than 5 years of age accounted for the majority of agricultural fatalities in 

Australia, and the United States.20,27 Comparable to the trend of increasing hospitalization rates 

by age group in Canada, non-fatal agricultural injuries followed a trend of increasing proportions 

of injuries as age groups increase in Australia, Austria, Denmark, France, Sweden, the 

Netherlands, and Poland.21,22,24 Another similarity is that males were consistently injured more 

frequently in farming contexts than females in all countries with the exception of non-fatal 

injuries in Sweden.11,14,20–24,27 Common leading mechanisms of farm injury in the international 

research were the same as in Canada including drowning, falls, machine-related mechanisms 

(including tractors and motor vehicles), and animal-related mechanism with horses as a frequent 

agent of injury.11,14,21–25,27  

2.5 Risk Factors for Pediatric Agricultural Injury 

2.5.1 Introduction and Conceptual Model 

Supporting the descriptive body of research presented above, there is also a modest body 

of analytic research on the risk factors for pediatric agricultural injury. We adapted a 

socioecological conceptual model (Figure 1) to frame the discussion of risk factors based on 

Bronfrenbrenner’s ecological model of human development 28 This classic model has been used 

as a basis for many socioecological models, including Gallagher’s model of childhood farm 

injury interventions, which also informed the development of our conceptual model.29 Proposed 

levels in the adapted nested and hierarchal model include: child or youth individual factors, 

parental factors, and farm-related factors, broader community level factors, and societal factors. 

For each level, we included factors that could affect the risk for pediatric agricultural injury. 



 

 

17

 
 

There are complex interactions between the hierarchical levels and factors listed in this 

socioecological model. To illustrate, consider a child’s exposures to potential risk factors for 

injury such as “high-risk farm tasks”. Parents may assign work based on the age and sex of the 

child, the needs of their farm operations, and their beliefs about whether the task is age-

appropriate and safe. Parental beliefs about the farm tasks can in turn be influenced by their own 

experiences, the beliefs and practices of other members of their social circle, by exposure to 

safety information and education, and by awareness of any relevant policy or legislation. This is 

just one example of how farm work exposures result from interplays between individual, parental, 

community, and societal factors.  

A total of 8 analytic studies using 6 data sources were identified that investigated risk 

factors for pediatric agricultural injuries. A summary of each study’s design, key results and 

limitations is presented in Table 3. Potential risk factors will be discussed at the individual, 

parent, and farm-levels even though it is extremely difficult to separate the levels at which risk 

factors are operating due to the unique operational nature of a farm. 

 

    
    

 Child/Youth 
 Risk behaviours/  
Risk-taking orientation 

 Safety practices 
 Safety beliefs and    

attitudes 

Farm 

 Farm environment: 
Livestock operations, Water hazards,  

Working at heights, Machine shop, etc. 

 Age and maintenance of farm equipment 
 Use of proper safety and security measures Parent/Family 

 Supervision/Permissiveness 
 Safety beliefs and attitudes 

 Safety practices (role-modelling) 

 

Community 

(Schools, Church, Health 

Organizations, Social Media)  

Society 

 Policy, regulations,  
and legislation 

Figure 1. Socioecological Model for a Farm Child or Youth in the Context of 
Agricultural Injury 
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Table 3. Summary of Studies of Risk Factors for Pediatric and Young Adult Agricultural Injury 
Study name and details Design and Exposure(s) Investigated Key Findings Key Limitations 
University of 
California, Davis 
Youth Agricultural 
Injury Study2 
 489 public high 

school students in 
rural California 

 2002-2005 

Cohort study 
 Farm characteristics  
 Work habits 
 Sleep 
 Safety attitudes 

Odds ratios (95% CI) for agricultural injury from 
adjusted logistic model include 
 Heavy machinery operation: 3.19 (1.21, 8.40) 
 Applying chemicals: 2.50 (1.20, 5.21) 
 Current smoker: 4.98 (1.95, 12.7) 
 Risky farm safety attitude: 2.82 (1.03, 7.75) 

compared to safe attitude 
Number of hazardous tasks performed: associated 
prospectively with injury in stepwise fashion 
(Ptrend<0.05) 

 Recall bias/error – even though it is a 
cohort study, follow-up was once yearly, 
so recall of injuries over the past year 
may be problematic (less likely to recall 
less severe injuries);  

 Limited power due to a relatively small 
number of prospective injuries 

 Representativeness (low follow-up 
response rate); generalizability 

Westaby and Lee, 
200330 
 3,081 American farm 

youths aged 12-21 
years  

 1998-2000 

Cohort study 
 Safety consciousness 
 Dangerous risk taking 
 Safety knowledge 

 Dangerous risk-taking was the strongest predictor 
of injury in cross-sectional analyses and of future 
injury in prospective analyses 

 Safety consciousness negatively related to injury 
 Counterintuitively, safety knowledge was 

positively related to injury 

 No quantifiable estimates of risk (i.e. 
relative risk or odds ratios) as results are 
from path analyses and structural 
equation modelling 

 Potential confounding – analyses did not 
control for age or sex 

 Quality of measures used 
Shipp et al., 201331 
 410 farmworkers 

aged 13-19 years in 
Southern Texas 

 Large proportion of 
migrant workers 

 2003-2004 
 

Combined cross-section and cohort 
 Demographic characteristics (sex, 

age, school, main language etc.)  
 Health Characteristics (sleep, 

alcohol use, cigarette smoking, 
health, stress/anxiety) 

 Work variables (location and type 
of farm operation, job tasks 
performed, job hazards, work 
organizations) 

Significant hazard ratios (95%CI) for agricultural 
injury based on an adjusted Cox model included 
 Age <15: 5.8 (1.9, 17.8) and age 16: 4.5 (1.6, 

12.8) compared to 17 year olds 
 Sleep <8 hours during the week: 2.1 (1.1, 4.0) 

compared to ≥8 hours 
 Sometimes/often feeling tense, stressed or 

anxious: 2.3 (1.2, 4.1) compared to not often/never 
 Working around ditches: 2.0 (1.1, 3.7) 
 Detasseling corn: 2.7 (1.2, 6.3) 

 Recall error due to self-report of 
exposures 

 Potential power issues – large 
confidence intervals; 50 injury event in 
sample of 410 

 Potential bias – exposures collected prior 
to establishing cohort therefore, 
identified determinants of injury may be 
predictors of injury survival and 
recovery rather than risk factors for 
injury 

Gerberich et al., 20019 
 4,398 children aged 

0-19 years in rural 
Midwestern USA 

 1990 

Cross-sectional study 
 Selected demographics 
 Number of hours worked on farm 
 General farm environment:  

- Presence of animals 
- Machinery in active use 

 Specific exposures involving 
animals, machinery, and chemicals 
(i.e. riding on a tractor, working 
with dairy cattle) 

Significant relative risks (96% CI) were 
 Operating tractors: 1.42 (1.04, 1.94) 
 Working with dairy cattle: 1.60 (1.19, 2.14) 
 Being male: 1.63 (1.15, 2.30) 
Findings also suggestive of potential increased risk 
for injury with working with beef cattle, ATV use 
and operating harvesters 

 Self-report measures 
 Data on exposure and outcome recorded 

at the same time - greater potential for 
recall bias 

 Lack or power due to a small number of 
agricultural injuries 

 Unable to establish temporality – injury 
may have proceeded exposure. 
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Study name and details Design and Exposure(s) Investigated Key Findings Key Limitations 
Stallones, Beseler, & 
Chen, 200632 
 262 Colorado farm 

youth aged 13-18 
years 

 2003-2004 

Cross-sectional study 
 Sleep patterns 

 Sleeping ≤ 8.5 hours: 2.23 (1.09, 4.58) 
 Ever up past 3 am: 2.22 (1.22, 4.02) 
 Ever overslept and late for class: 2.28 (1.02-5.11) 
 Ever fallen asleep in afternoon class: 2.30 (1.17-

4.52) 

 Limited power  
 Unable to establish temporality – based 

on average sleeping habits  
 Self-report 
 Potential for recall error/bias 

Marlenga et al., 201033 
 1, 068 eligible farms 

in rural 
Saskatchewan  

Cross-sectional study 
 Adult working habits: long working 

hours worked by owner-operator 
and spouse 

 Outcome: Scores of hazard 
exposure scale 

 Higher farm working hours reported by spouses of 
farm owner-operators was positively associated 
with increased scores on hazard exposure scale for 
young children (β=2.06; p<.001) 

 Increases in longer farm working hours reported 
by owner-operators was associated with marginal 
increases hazard exposure scale among youth 
workers (β=0.90; p=.10) 

 Outcome was injury risk (exposure to 
farm hazards), but did not directly 
investigate injury 

 Used self-report which is susceptible to 
measurement error 

 Did not account for adult hours worked 
off farm 

Regional Rural Injury 
Study-II 34–36 
 Large cohort of rural 

communities in 
Midwest USA 

 425 cases of 
agricultural injury in 
children (aged < 20 
years) 

 1,886 controls (aged 
< 20 years) selected 
using incidence 
density 

 1999, 2001 
 

Nested case-control study 
 Parental safety beliefs36 

Significant adjusted odds ratios (95%CI) for 
agricultural injury include 
 Parental monitoring: 0.60 (0.40,0.90),  
 Parents believing in the importance of readiness 

when assigning new tasks: 
 0.80 (0.60, 0.95) for physical readiness and 0.70 

(0.50, 0.90) for cognitive readiness 

 Self-report measures 
 Data on exposure and outcome recorded 

in the same interview resulting in greater 
potential for recall bias 

 Exposure and outcome based on recall – 
possible misclassification 

 Generalizability issues due to potential 
selection bias due to non-response  

 Unable to establish temporality – injury 
may have proceeded exposure. 

Nested case-control study 
 Bystanding near farm hazards:35 

- Equipment in use 
- Stored equipment 
- Fields or barnyards  
- Workshops 
- Bodies of water 
- Animals 

Adjusted odds ratios (95%CI) of agricultural injury 
for bystanding near 
 Equipment in use: 1.5 (1.1, 1.9) 
 Stored equipment : 1.4 (1.1, 1.8) 
 Fields or barnyards: 1.4 (1.0, 1.9) 
 Workshops: 1.2 (0.9-1.6) 
 Bodies of water: 1.2 (0.9-1.7) 
 Animals: 1.3 (0.9-1.7) 

Nested case-control study 
 Work habits:34  

- Agricultural work 
- Performing chores earlier than 

developmentally appropriate 
- Hours worked per week  
- Number of chores performed 

Adjusted odds ratio (95% CI) for agricultural injury 
 Any agricultural work: 3.9 (2.6, 5.6) compared to 

none 
 Performing chores 2-3 years earlier than 

developmentally appropriate: 2.6 (1.4, 4.5) 
compared to age-appropriate 

 Worked 11-30 hours/week: 1.6 (1.2, 2.1) and 
worked 31-40 hours/week: 2.2 (1.3, 3.7)  (using 1-
10 hours a week as reference) 

 7-10 chores performed per month: 2.2 (1.3, 3.5) 
compared to one chore 
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2.5.2 Risk Factors Related to the Individual 

Based on the studies presented in Table 3 and supporting literature, key individual risk 

factors for agricultural injury have been identified. This section will highlight some of the 

common risk factors that have been investigated in analytic studies. 

Exposure to farm work. Children as young as 12 years old participate in farm work.2 

Exposures to farm work and participation in specific high-risk farm tasks have been associated 

with the occurrence of pediatric agricultural injuries. In a recent prospective cohort study of 489 

rural California high school students working on farms from 2002-2005, total hours annually 

worked on the farm or ranch was directly associated with injuries observed prospectively (OR 

5.09, 95% CI 1.61 to 16.1 for 1,501+ compared to 0–300 hr/year).2 After simultaneous 

adjustments for hours worked, school grade (as a proxy for age) and sex, the odds of experiencing 

an injury was associated with operating heavy machinery, (OR 3.19; 95% CI 1.21 to 8.40) and 

application of chemicals (OR 2.50; 95% CI 1.20 to 5.21). An increasing number of hazardous 

tasks performed was also associated with increased rates of injury (Ptrend<0.05) with a strong odds 

ratio of 2.60 (95% CI 0.67 to 10.1; for 7+ compared to 0–2 reported tasks).2 The effect was not 

statistically significant most likely due to a lack of statistical power. Other farm work exposures 

were not significantly associated with injury in these multivariate analyses but these findings are 

not conclusive due to the limited power and possible bias due to a low follow-up response rate. 

 Further supporting the finding of increased risk for injury associated with operating 

heavy machinery above, in a cross-sectional study of a sample of 4,398 farm children and youth 

from five states in the U.S. in 1990, injury rates were significantly higher in those operating 

tractors (Adjusted Risk Ratio: 1.42; 95% CI: 1.04 to 1.94). Additionally, children and youth that 

worked with dairy cattle were 1.6 (95% CI: 1.19 to 2.14) times more likely to have experienced 

injury.9 There were suggested positive associations of injury with: operating harvesters (Adjusted 

RR: 1.37; 95% CI: 0.98 to 1.91); all-terrain vehicle use (Adjusted RR: 1.23; 95% CI: 0.96 to 
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1.59); and working with beef cattle (Adjusted RR: 1.22; 95% CI: 0.94 to 1.59).9 Lack of 

statistical significance may be the result of methodological limitations, such as insufficient power 

due to a low count of injury events. Furthermore, due to the cross-sectional nature of the data, the 

temporality of farm work exposures preceding the agricultural injury cannot be established, 

limiting the inference of causality. 

 Age. In addition to the observed patterns of pediatric agricultural injury by age, analytic 

research has supported that age influences risk for injury. For example, one study of 13-19 year 

old farm workers in Southern Texas found that teens aged 13 to 15 years and 16 years were 

injured 5.8 (95%CI 1.9, 17.8) and 4.5 (95%CI: 1.6, 12.8) times more frequently than 17 year olds 

in time to event analysis.31 The difference in hazard of injury for 18-19 year olds was not 

statistically different from 17 year olds.31 However, as the large confidence intervals demonstrate, 

there are concerns about the power of this study to detect significant differences due to relatively 

small sample size of 410 and 50 injury events.31 

Furthermore, age may confound or modify the relationship between potential risk factors 

and pediatric agricultural injury, particularly in terms of exposures to farm environments and 

activities.37 For young children under the age of 7 years, simply being exposed to the farm 

worksite is a significant risk, typically when they are brought in to the worksite when adults are 

simultaneously engaged in farm work.16 Older children and youth may possess the cognitive 

abilities to ensure that they can be more safely brought into farm worksites; however, they 

frequently participate in farm work and chores, some of which may be beyond their cognitive and 

physical abilities.37,38 Participation in farm chores that are not “age-appropriate” have been shown 

to be associated with an increased risk for injury (OR=2.6 for 2-3 years early, 95% CI:1.4, 4.5) in 

a US-based case-control study.34 Whether a task was age appropriate or not was based on the 

voluntary North America Guidelines for Children’s Agricultural Tasks (NAGCAT) published in 

1999.37 NAGCAT has updated recommendations in 2014 to reflect novel research findings which 
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limits the conclusions that can be drawn from this finding about participating in tasks that are not 

age appropriate.39 

In addition, a series of investigations of the physical capabilities required for operation of 

tractors demonstrate that the majority of youth operators lack the reach and strength necessary to 

operate critical controls and that youth operators have a diminished field of vision.40–42 As such, 

the discrepancy between physical developmental abilities of youth and those required for safe 

operation of tractors may account for increased risks of injuries due to runovers, rollovers, and 

collisions but requires further research to confirm. 

 Gender. In a cross-sectional study of pediatric agricultural injury in the American 

Midwest, males under the age of 20 years were 4.44 times more likely to experience an injury 

(95% CI: 2.31 to 8.51) compared to females, based on unadjusted analysis. This rate ratio was 

reduced to 1.63 (95% CI:1.15 to 2.30) when controlling for tractor operation, working with dairy 

cattle, working with beef cattle, operating a harvester, sheep on the farm, number of different 

types of equipment, and any all-terrain vehicles.9 However, age was not included in the model 

and was not investigated in the model building strategy as a confounder or effect modifier. 

In contrast, a California teen farm worker study found that once adjusted for age, school 

grade, and hours worked, being female was associated with a marginal increase in prospective 

injury although the finding was not statistically significant (OR=1.61; 95% CI:0.74 to 3.48).2 

Given the difference in findings from the two studies, it is possible the relationship between sex 

and agricultural injury is confounded or mediated by age (the American Midwest study did not 

control for age or grade) or specific work exposures and other potential mediators (the 

Californian study did not control for specific farm exposures, only hours worked). Alternatively, 

the Californian study may have simply lacked the statistical power to detect the difference in 

prospective injury rates between females and males.  



 

 

 

 

23

Although the findings of these studies are inconsistent, they both demonstrate that 

controlling for farm work exposures can change the risk of pediatric injury associated with sex. 

This suggests that much of the observed sex pattern found in descriptive studies and analytic 

research could be explained by differential farm exposures among males and females.  

 Fatigue. Fatigue and sleep patterns have also been identified as contributing to 

agricultural injury in children and youth.32,9,43 A cohort study of 410 adolescent farmworkers aged 

13-19 years, found that typically sleeping less than 8 hours per day during the week was 

associated with increased risk for injury with an odds ratio of 2.10 (95% CI: 1.09 to 4.04).2 In a 

cross-sectional study of Colorado farm residents aged 13 to 18 years, sleeping 8.5 hours or less on 

average was associated with increased risk for injury with an odd ratios of 2.23 (95% CI 1.09-

4.58).32 Measures of fatigue such as falling asleep in afternoon classes and oversleeping in the 

morning were also associated with increased odds of agricultural injury [Adjusted OR=2.30 

(95%CI 1.17-4.52) for falling asleep in class; Adjusted OR=2.28 (95%CI 1.02-5.11) for 

overslept]. However, based on the cross-sectional data, it cannot determined if the fatigue and 

insufficient sleep preceded the injury. As such, it is possible that lasting effects from an 

agricultural injury such as pain can impact sleep and fatigue which would also account for the 

observed associations. 

 Risk behaviours and risk-taking orientation. In general, there is an established 

relationship between engaging in risk taking behaviours and injury. For example, early 

engagement in risk behaviours such as smoking, drinking and sexual activity is related to injury at 

age 15 years across countries and cultures. There was a substantial trend of odds of injury 

increasing with early engagement in one, two, three, or four risk behaviours in a cross-national 

analysis, with the odds of injury increasing to 1.85 (95% CI: 1.70-2.02) for early engagement in 

four risk behaviours.44  
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However, research specific to risk-taking and agricultural injuries is much more limited. 

A longitudinal study of youth aged 12 to 21 years in the United States demonstrated that scores 

on a dangerous risk-taking scale predicted future agricultural injury in a structural equation model 

but the analyses did not account for key covariates of age and sex.30 Additionally, specific risk 

behaviours have also been demonstrated to be related to injury.45 In the California teen farm 

workers study, smoking demonstrated a significant and graded increased odds for injury for 

smoking with an odds ratio of 4.98 (95% CI 1.95 to 12.7) for current smokers and an odds ratio of 

2.19 (95% CI 0.67 to 7.14) for former smokers when compared to never smokers.2 Although 

there are no known analytic studies focusing on risk-taking orientation and pediatric agricultural 

injuries, a study of a wide range of youth workers in the United States found that risk-taking 

orientation significantly predicted work injury in a structural equation model.46 

 Safety attitudes. A risky attitude toward safety predicted future injuries in the California 

teen farm workers study.2 Safety attitude was measured by a composite safety attitude risk index 

consisting of 3 items:(1) ‘‘No matter how hard you try to prevent them, serious injuries are going 

to occur on a farm or ranch;’’ (2) ‘‘Safety precautions are important and necessary, even if they 

slow the job,’’ and (3) ‘‘I am less likely to be injured doing farm work than other people my age 

doing the same work.’’ An odds ratio of 2.82 (95% CI 1.03 to 7.75; adjusted for sex, school grade 

and hours worked) was observed when comparing those with risky attitudes to those with safe 

attitude and overall, the index demonstrated a significant trend with injury risk (Ptrend<0.05).2 

2.5.3 Risk Factors Related to Parents 

 Pediatric agricultural injury has been attributed to parental factors such as inappropriate 

supervision, the related concept of permissiveness (such as allowing young children in the farm 

worksite), safety beliefs and attitudes, and work habits.33,36,47 There is little known about the 

degree to which these factors contribute to pediatric agricultural injuries. A retrospective case 

study of adult supervision was conducted using 334 cases of fatal or hospitalized pediatric 
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agricultural injuries from Canada and the United States from 1989-2002. Adequate supervision 

was defined as being available, proximal, and continuous.47 With this definition, 34% of injuries 

occurred in the presence of adequate supervision, implying that supervision alone is not enough 

to prevent pediatric agricultural injury.47 However, this was a descriptive study only, and there 

currently are no analytic studies investigating the contributable risk associated with lack of 

adequate supervision at the time of injury. 

 Parental beliefs about farm safety have been demonstrated as being significantly related 

to risk for injury.36 In a nested case-control study in the American Midwest, stricter beliefs about 

the importance of supervision were associated with decreased risks of injury for working children 

with an odds ratio of 0.60 when comparing ‘‘moderate’’ to ‘‘very strict’’ 95% CI: 0.40 to 0.90).36 

Parents believing in the importance of considering developmental readiness when deciding 

whether children were ready to perform a new chore was associated with a concomitant decrease 

in injury rates with an odds ratio of 0.80 for physical readiness (95% CI: 0.60 to 0.95) and of 0.70 

for cognitive readiness (95% CI: 0.50 to 0.90).36 Notably, there was no association between 

parents’ safety beliefs and chore assignments, indicating that the observed relationships are not 

mediated or confounded by chore assignments. 

 Although not specific to the outcome of injury, a cross-sectional study of Saskatchewan 

farm families investigated the association between adult work habits and both young child and 

youth exposure to farm hazards. Higher farm working hours reported by spouses of farm owner-

operators was positively associated with exposures to hazards for young children (�=2.06; 

p<.001). Increases in farm working hours reported by owner-operators was associated with 

marginal increases in exposures to hazards among youth workers (�=0.90; p=.10). These findings 

suggest the potential association between parent work habits contribute and risk for injury may be 

mediated by exposure to farm hazards.  
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2.5.4 Risk Factors Related to the Farm Environment 

Certain hazards on farms have been identified as leading causes of pediatric agricultural 

injuries including tractors and machinery, water hazards, falls from heights, working with 

animals, and all-terrain vehicles.1,6,16,12 Exposure to these acute risk factors is modifiable and as 

such they are especially important targets for safety interventions. In a prospective cohort study 

of adults and children on farms in Saskatchewan, farms with high levels of physical risks are 

associated with increased rates of injury [OR: 1.48 (95% CI: 1.15 to 1.90)].48 However, there is 

little analytic research investigating the degree to which the natures of specific farm work 

environments, and the degree of hazard imposed by those environments contribute to pediatric 

farm injury. 

 Researchers using a case-control study design of farm children in the Midwest of the 

United States investigated the effects of being a bystander near hazardous farm environments and 

activities.35 Bystanding in the vicinity of equipment in use [OR: 1.5 (95% CI: 1.1 to 1.9)] and 

equipment being stored [OR: 1.4 (95% CI: 1.1 to 1.8)] were both identified as risk factors.35 

Bystanding near fields and barnyards also was significantly associated with injury (OR=1.4; 95% 

CI: 1.0 to 1.9).49 Other exposures were positively associated with risk for injury in a marginal 

manner, but were not statistically significant including bystanding near bodies of water, animals, 

and workshops.49 However, these results may have been susceptible to recall error and bias. 

Bystanding near these hazards was based on self-report of past exposure (if child or youth was 12 

years of age or older) or parent report (if child was younger than 12 years) in a structured 

interview. Given that bystanding near farm hazards is likely commonplace and not particularly 

memorable, recall of exposures is particularly vulnerable to recall error. Furthermore, information 

about injury was collected in the same interview which could result in biased recall (i.e., parents 

who recall greater exposure of their children to hazards may be more likely to recall their child 

experiencing an injury). 
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2.6 Prevention of Pediatric Agricultural Injury 

This section focused on strategies that are currently used to prevent agricultural injury. 

Educational interventions have been the standard of practice for prevention in this area and will 

be summarized and evaluated below. A traditional approach to hazard prevention in occupational 

health is the hierarchy of controls which recommends from most to least effective: elimination, 

substitution, isolation, engineering controls, administrative controls, and the use of personal 

protective equipment.50 In this discussion of preventive strategies for pediatric agricultural injury, 

I will focus on two of those elements: administrative controls and engineering controls, which 

will be discussed in turn. 

2.6.1 Educational Interventions 

In practice, the majority of interventions aimed specifically at children and youth have 

been educational in nature: school-based programs, safety days or day camps, tractor training 

programs, and educational campaigns.29,51 Although frequently used in the prevention of pediatric 

agricultural injuries, evaluations of educational interventions are limited. In particular, many 

evaluations use weak methods and there is a lack of randomized controlled trials.29,51 

Furthermore, based on a systematic review of existing evidence it appears that educational 

interventions for pediatric agriculture injuries may not be effective on their own, as the support is 

mixed at best.29,51 Moreover, a recent systematic evaluation of safety days demonstrated limited 

and mixed results supporting effectiveness in preventing pediatric agricultural injury. 

These findings about educational interventions are supported by evaluations of 

educational strategies aimed at general and adult populations. Two systematic reviews which 

included meta-analyses whenever data were available also concluded that educational 

interventions have limited effectiveness.52,53 Since these systematic reviews, an assessment of a 

farm safety program in Saskatchewan that administered 112 mainly educational interventions had 



 

 

 

 

28

no demonstrated effect on farm safety practices, exposure to farm hazards, and agricultural 

injuries.54  

2.6.2 Assignment of Developmentally Appropriate Tasks 

The North American Guidelines for Children’s Agricultural Tasks (NAGCAT) is a 

unique preventive strategy that combines an educational and administrative approach. NAGCAT 

incorporates research findings to give recommendations for developmentally appropriate and safe 

farm work tasks for children aged 7–16 years.37,39 NAGCAT is intended to be a resource to assist 

parents in assigning tasks to their children.37  

Initially developed in 1999, the NAGCAT has recently been updated in 2014 based upon 

the latest empirical evidence.39 While NAGCAT does have the potential as an educational 

intervention for preventing pediatric agricultural injury, uptake has been sporadic, despite 

widespread distribution and efforts. Furthermore, NAGCAT does not target children under 7 

years, which have been identified as having the greatest risks for injury.16,20,27 As such, although 

NAGCAT is a great resource and is demonstrated to be effective when used, it needs to be used 

in combination with other preventive efforts. 

2.6.3 Administrative Controls 

Administrative controls for agricultural injury include workplace policy and practices, 

occupational health and safety regulations, labour laws and other relevant legislation. However, 

these types of controls are limited in practice as traditionally farmers and farm operations in our 

country emphasize autonomy and are highly resistant to outside interference.55 As such, 

occupational regulations governing the agricultural sector are inconsistent and can be difficult to 

enforce. For example, in the United States, farms that employ less than 10 employees are exempt 

from occupational safety and health regulations including mandatory safety training.56 Similar 

exemptions exist in most provinces and territories in Canada. In both Canada and the United 

States, children of farm owner-operators are exempt from child labour regulations.57 
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Although regulatory controls have demonstrated potential for reducing the burden of 

agricultural injury,58 farming populations are traditionally resistant to outside interference.55 For 

example, Marlenga and colleagues demonstrated that if the family farm exemption from the 

Hazardous Occupations Orders for agriculture within the US Child Labor Laws was removed and 

age restriction for performing hazardous agricultural work was raised from 16 to 18 years that, 

hypothetically, there would be a reduction in the burden of injuries experienced by youth farm 

workers.58 Based on this study and other research, in 2012, United States Departmental of Labor 

proposed to reform child labor laws pertaining to agricultural work. This proposal was strongly 

opposed by the some portions of the farming community,59 and ultimately was rejected.  

In contrast, there are recent trends of farms using voluntary policy such as using 

certification systems, safety audits, and safety standards.60 Based on these trends, a novel 

approach to the prevention of agricultural injury in youth workers was the development a new 

voluntary “best practice” model policy for youth employment in agriculture.60 The researchers 

also produced a template that can be easily customized and adapted for immediate use in farm 

operation. Given the novelty of this approach (published in June 2014), currently there is no 

information about the uptake and effectiveness of this intervention. 

2.6.4 Engineering controls 

Ergonomic and physical engineering controls involve altering the physical nature of farm 

work and the farm work environment in order to prevent injuries. Examples of physical 

engineering controls include roll-over protection structures for tractors, guards for power take off 

shafts, guard rails to prevent falls, better handling facilities for animals and closed transfer 

systems for pesticides.61 More socially oriented injury prevention strategies aim to keep children 

out of the farm work space and include designated outdoor play areas away from farm work and 

improved access to daycare options during fieldwork seasons in rural areas.16 Although studies 

have demonstrated that advances in engineering controls have made farm work safer, there is 
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very little research that investigates if engineering controls reduce the burden of injury at the 

population level.51,61 One study found that legislative mandates expanding the use of roll-over 

protective structures on tractors were not associated with a reduction of injuries, although this 

study did not control for adherence to the legislation.52 

2.7 Agricultural Injury in Young Adults 

 It is hypothesized that young adults on farms have similar experiences to youth working 

on farms. It is in the teenage years and young adulthood where farm work begins to be conducted 

independently with minimal supervision. It has also been demonstrated that young adults are at 

substantial risk for injury. In CAIR surveillance data, from 1990-2008, young adults aged 20 to 

29 years accounted for 145 agricultural fatalities.6 The resulting crude agricultural injury rate was 

10.2 per 100,000 per year. This rate is comparable to the highest pediatric fatality rate which was 

for 0-4 year olds (12.8 per 100,000 per year).6 For hospitalizations, from 1990-2000 there was a 

crude annual incidence rate of 193.3 per 100,000 for 20 to 29 year olds, based on the occurrence 

of 1,561 hospitalized agricultural injuries.13 This hospitalization rate is higher than rates for 

pediatric agricultural injury.  

 Unlike pediatric agricultural injuries, which have comparatively received more attention 

in research, there is very limited research about agricultural injuries in young adults, even at a 

descriptive level. Usually, this age group is grouped together either with youth or with adults 

under the age of 60.6,13,62,63 As such, there is little known about common patterns or risk factors of 

injury in this specific population. 

2.8 Summary 

Common causes of more serious pediatric agricultural injuries include: tractors and 

machinery, water and other liquid hazard, animal-related mechanisms, falls from heights, and 

ATV use. Risk factors supported by analytic research include: specific age groups, sex, hours 
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worked on farm, times of year associated with intensive field work, operating machinery, 

participation in developmentally inappropriate chores, bystanding in the vicinity of hazards, 

working with certain types of livestock, fatigue, risk behaviours, and safety attitudes. Prevention 

strategies for pediatric agricultural injuries largely have focused on educational interventions and 

these may be limited in effectiveness. Interventions should focus more on administrative and 

engineering controls. 

The following research gaps were identified. The surveillance data used in the most 

recent comprehensive report on pediatric agricultural injury is over a decade old. As such, the 

information about the rates and characteristics of pediatric agricultural injuries and fatalities in 

Canada needs to be updated using more recent national surveillance data in order to identify 

contemporary patterns. Analytic research specific to pediatric agricultural injuries is limited and 

may not be generalizable to Canadian farming populations as studies almost exclusively used 

samples from American farm populations. Majority of analytic research has investigated the 

presence or absence of farm exposures which does not provide information about how the amount 

of exposure impacts rates of injury. These gaps will be addressed in the following two 

manuscripts. 
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Chapter 3 

Fatal and Hospitalized Pediatric Agricultural Injuries in Ontario and 

Saskatchewan, Canada, 1990-2011 
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Abstract  

Objective: This study aimed to provide updated information on the epidemiology of agricultural 

injury in Canadian children and youth. 

Methods: We described the incidence and patterns of pediatric agricultural fatalities and 

hospitalizations in the provinces of Ontario and Saskatchewan. The primary data source was the 

Canadian Agriculture Injury Reporting system. Age-adjusted rates were calculated using Poisson 

regression.  Available descriptors included demographic factors, temporal factors (years and 

month), anatomical sites and nature of injuries, and mechanisms of injury.  

Results: The overall age-adjusted annual rates of agricultural injuries per 100,000 persons were: 

7.8 (95%CI: 6.2-10.0) for Saskatchewan fatalities, 6.9 (95%CI: 5.6-8.5) for Ontario fatalities, 

80.2 (95%CI: 73.9-87.1) for Saskatchewan hospitalizations, and 74.5 (95%CI: 69.9-79.4) for 

Ontario hospitalizations. Males accounted for majorities of both fatalities and hospitalizations in 

both provinces. Temporally, the only substantial trends were that Ontario fatality rates and 

Ontario hospitalization rates from 2000-2009 decreased slightly over time. Agricultural 

hospitalization and fatality rates peaked during summer months. Leading mechanisms of injury in 

both provinces were: falls from heights, animal-related mechanisms, machine entanglements, 

machine runovers and rollovers, and drowning.  

Conclusion: There continues to be a substantial burden of agricultural injuries in Canadian 

children and youth.  Recurrent patterns of injury provide evidence in support of preventive 

recommendations. 
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3.1 Introduction 

Children who live on farms experience higher rates of premature death, injury-related 

morbidity, disability due to injury, and associated healthcare costs when compared with children 

from the general population.1,2 Agricultural injuries can result in substantial burdens to the 

children involved, their families, their communities, and society. These injuries can be fatal or 

result in long-term disability due to severe injuries such as spinal cord injury, traumatic brain 

injuries, crush injuries, loss of limbs, and chemical ingestion.3  

Aside from the obvious medical expenses, costs attributed to pediatric agricultural 

injuries also include short-term and long-term child and parental work loss, reduction in 

household productivity, and impacts on quality of life.4 Given that pediatric agricultural injuries 

occur early in life, the resulting burdens in terms of person-years of lost life or quality-adjusted 

life years lost are high. For example, a national study in the United States found an annual loss of 

4,322 quality-adjusted life years due to non-fatal agricultural injury in children and youth under 

the age of 19.4  

Contemporary epidemiological data that describe the occurrence and patterns of pediatric 

farm injuries in Canada are lacking in the biomedical literature. The most recent information 

published by the Canadian Agricultural Injury Reporting system (CAIR) about hospitalized 

agricultural injuries in children and youth contains surveillance information from 1990 to 2003.5 

More current analyses are warranted. Furthermore, there are very few comparisons of pediatric 

agricultural injury between agricultural or geographic regions. We therefore used provincial 

surveillance data covering two decades, from 1990-2011, to: 1) describe fatal and hospitalized 

agricultural injuries in children and youth in the provinces of Ontario and Saskatchewan; and 2) 

identify common patterns and potential causes of preventable agricultural injuries.  
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3.2 Methods 

Cases of agricultural injury (hospitalized injuries and fatalities) were abstracted from the 

Ontario and Saskatchewan provincial registries of the CAIR program. CAIR, formerly known as 

Canadian Agricultural Injury Surveillance Program, is an ongoing national initiative established 

to monitor agricultural injuries.6 Since the founding of this system in 1995, standard protocols 

have been established for the identification and description of agricultural injuries and fatalities in 

Canada6 which are described below.  

We focused on a single comparison of geographic regions in Canada. Ontario and 

Saskatchewan were chosen for this comparison because these provinces: 1) represent two of the 

largest proportions of the national farming population, 26.1% and 16.3% respectively; and 2) 

have very different farming characteristics such as acreage, scope and type of farm operations, 

and contributions to the national economy. 7 Surveillance data were available for 1990-2011 for 

fatalities in both provinces. For hospitalizations, the surveillance period was 1990-2008 for 

Ontario and 1990-2006 for Saskatchewan. 

3.2.1 Definition and identification of fatalities and hospitalizations 

 CAIR defines an agricultural fatality as: “1) Any unintentional injury resulting in death 

that occurs during activities related to the operation of a farm or ranch in Canada and/or 2) any 

unintentional injury resulting in death that involves any hazard of a farm or ranch environment in 

Canada (excluding fatal non work-related injuries that take place in the farm residence).”5 

Included in this definition are deaths that occurred off farm but involved farm work (e.g., driving 

tractor on a public road) and deaths where victims are killed because a third party is engaged in 

agricultural work.5  

For the agricultural fatalities, data were collected on-site at provincial Chief Coroners’ or 

medical examiners’ offices using standardized abstraction methods.6 For hospitalizations, basic 

hospital data were obtained through agreements with the Ministry of Health for each province.8 
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Cases were identified by systematic searches of hospital discharge (or separation) databases. 

Cases were considered for inclusion if the International Classification of Diseases (ICD) code for 

place of occurrence identified that the injury took place on a farm or ranch (ICD 9 CM code = 

E849.1; ICD 9 CA 5th digit sub-classification "place of occurrence" code =1; ICD 10 CA code= 

U98.7) and/or the external cause of injury codes indicate involvement of agricultural machinery 

(ICD 9 code=E919.0; ICD 10 codes=W30 or V84X).9 The majority of hospitalized agricultural 

injury cases were identified using ICD 9 codes, with the exception of most Ontario cases filed 

after March 1999 which were identified using ICD 10 codes. Only cases where a patient has been 

admitted to hospital for at least one day are included.  

Enhanced hospitalization data were obtained by chart data requests to the institutions 

where cases were admitted. Medical records personnel abstract specific information from the 

individual patient charts using a standardized data abstraction form that has been mailed to the 

institution.8 These forms were mailed back to CAIR collaborators where the information obtained 

from the mail survey abstraction form was combined with the computerized hospital record to 

create the enhanced data sets.8  

Human subject requirements used in this study and by CAIR were approved by Research 

Ethics Boards at a variety of institutions including the Biomedical Research Ethics Board at the 

University of Saskatchewan and the Health Sciences and Affiliated Teaching Hospital Research 

Ethics Board at Queen’s University. 

3.2.2 Analysis strategy  

 SAS 9.3 (SAS Institute Inc., Cary, NC) was used to conduct all analyses. Patterns of 

injury were described by the key data elements of interest: 1) age and sex of person injured; 2) 

year and month of injury; 3) mechanisms of injury; 4) natures and anatomical sites of injury. 

Analyses were descriptive in nature: using simple counts, frequencies, and cross-tabulations. 

Rates, rate ratios, and 95% confidence intervals were estimated using Poisson regression, 
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controlling for age where cell sizes permitted. Age-specific rates were calculated for any 

mechanism that accounted for more than 10% of hospitalizations because there was insufficient 

cell counts when considering all mechanisms by age group. 

 Denominator data used for rate calculations was comprised of data from the 1996 through 

2006 Canada Census of Agriculture10 combined with data from the seasonal agriculture workers 

program from Citizenship & Immigration Canada.11,12 Data were extrapolated for the years in 

which the census did not occur. Chi-square tests were used to identify differences in injury rates 

by age group and sex.  

3.3 Results 

Saskatchewan had a higher age-adjusted rate of hospitalizations at 80.2 per 100,000 per 

year (95%CI: 73.9-87.1) compared to Ontario at 74.5 per 100,000 per year (95%CI: 69.9-79.4; 

p=0.06). The age-adjusted rates of fatalities were 7.8 (95%CI: 6.2-10.0) per 100,000 per year and 

6.9 (95%CI: 5.6-8.5) per 100,000 per year in Saskatchewan and Ontario, respectively (p=0.28). In 

both provinces, the leading anatomical sites and natures of hospitalized injuries were fractures of 

the upper and lower limbs, open wounds on limbs, and intracranial injuries excluding skull 

fractures (Table 1). 
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Table 1. Description of Primary Injuries 
 Saskatchewan  

n      (%) 
Ontario 
n        (%) 

Total Injuries 705 (100.0) 1066  (100.0) 
Fatalities 71 (10.1) 103 (9.7) 
Hospitalized Injuriesa     

Fracture: upper/lower limb 208 (29.5) 339 (31.8) 
Open wound: limb 66 (9.4) 131 (12.3) 
Fracture: skull, spine/trunk 48 (6.8) 111 (10.4) 
Intracranial injury, excluding those with skull fractures 63 (8.9) 104 (9.8) 
Internal injury of chest, pelvis, and abdomen 17 (2.4) 58 (5.4) 
Open wound: head, neck, and trunk 30 (4.3) 39 (3.7) 
Contusion with intact skin surface 33 (4.7) 19 (1.8) 
Burns 29 (4.1) 10 (0.9) 
Certain traumatic complications  26 (3.7) 22 (2.1) 
Cellulitis 22 (3.1) 14 (1.3) 
Crushing injury 14 (2.0) 29 (2.7) 
Superficial injury 17 (2.4) 8 (0.8) 
Exposure to toxic substance 17 (2.4) 4 (0.4) 
Sprains/strains of joints and adjacent muscles 14 (2.0) 7 (0.7) 
Dislocation 10 (1.4) 5 (0.5) 
Injury to nerves and spinal cord 2 (0.3) 3 (0.3) 
Foreign body (eye) 2 (0.3) 1 (0.1) 
Injury to blood vessels 0 (0) 2 (0.2) 

Other 16 (2.3) 45 (4.2) 
Missing 0 (0) 12 (1.1) 
a. Nature of injury categorization determined from ICD-9 and ICD-10 codes for nature of injury 

 

3.3.1 Age and Sex 

As shown in Table 2, younger age groups experienced a significant reduction in risk 

when compared to 15-19 year olds in Saskatchewan [RR=0.77 (95%CI: 0.60-0.97) for 0-4 year 

olds; RR=0.78 (95%CI: 0.63-0.97) for 5-9 year olds; and RR=0.75 (95%CI: 0.61-0.91) for 10-14 

year olds].  In contrast, in Ontario, only 10-14 year olds had a risk reduction compared to 15-19 

year olds [RR=0.78 (95%CI: 0.66-0.92)]. The rate observed for 10-14 year olds was also 

significant lower than the rates for children under 5 (�2=12.37; p=0.004) and aged 5 to 9 years 

(�2=12.37; p=0.002). In Saskatchewan, males had substantially higher age-adjusted rates of 

injury [RR=3.5 (95% CI: 2.9-4.2)] with the annual rates of 60.4 per 100,000 (95% CI: 55.0-66.2) 

for males and 17.7 per 100,000 (95% CI: 15.6-20.2) for females. Similarly, in Ontario, the annual 

age-adjusted rates were 54.3 per 100,000 (95% CI: 50.5-58.5) for males and 17.7 per 100,000 

(95% CI: 15.6-20.2) for females [RR=3.1 (95% CI: 2.6-3.4)]. 
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Table 2. Fatal and Hospitalized Pediatric Agricultural Injuries by Province, Age and Sex: 
Counts and Rates per 100,000 
 Saskatchewan   Ontario 
 Fatal a Hospitalized b Combined b  Fatal a Hospitalized c Combined c 

Age 0-4 Years       
Males 15 65 78  32 141 170 
Females 4 29 33  11 53 62 
Total Count 19 94 111  43 194 232 
Total Rate  
(95%CI) 

12.8 
(8.2-20.0) 

75.0 
(61.3-91.8) 

88.6 
(73.5-106.7) 

 17.7 
(13.1-23.8) 

84.5 
(73.4-97.3) 

101.0 
(88.8-114.9) 

Age 5-9 Years        
Males 9 97 103  14 172 186 
Females 2 39 41  2 71 73 
Total Count 11 136 142  16 243 259 
Total Rate  
(95%CI) 

5.3 
(3.0-9.6) 

76.8 
(64.9-90.9) 

81.3 
(69.1-95.8) 

 5.0 
(3.0-8.1) 

79.5 
(70.1-90.1) 

84.7 
(75.0-95.7) 

Age 10-14 Years       
Males 18 135 151  15 169 184 
Females 1 35 36  1 59 60 
Total Count 19 170 187  16 228 244 
Total Rate  
(95%CI) 

7.1 
(4.5-11.2) 

73.3 
(63.1-85.2) 

80.6 
(69.9-93.1) 

 3.9 
(2.4-6.4) 

59.9 
(52.6-68.2) 

64.1 
(56.6-72.7) 

Age 15-19 Years       
Males 21 196 214  24 244 267 
Females 1 38 38  4 54 58 
Total Count 22 234 252  28 298 325 
Total Rate  
(95%CI) 

7.8 
(5.1-11.8) 

98.0 
(86.2-111.4) 

105.5 
(93.3-119.4) 

 6.6 
(4.6-9.6) 

76.6 
(68.4-85.8) 

83.6 
(75.0-93.2) 

Overall: Age 0-19 Yearsd       
Males 63 493 546  85 726 807 
Females 8 141 148  18 237 253 
Total Count 71 634 694  103 963 1060 
Total Rated  
(95%CI) 

7.8 
(6.2-10.0) 

80.2 
(73.9-87.1) 

88.4 
(81.9-95.7) 

 6.9 
(5.6-8.5) 

74.5 
(69.9-79.4) 

82.3 
(77.4-87.4) 

a. 1990-2011 surveillance period; b. 1990-2006 surveillance period due to availability of hospitalization data from 
Saskatchewan; c. 1990-2009 surveillance period due to availability of hospitalization data from Ontario; d. Age-
adjusted rates 

Children in older age groups were 38-59% less likely to be involved in an agricultural 

fatality than children aged 0-4 years in Saskatchewan [Rate Ratio=0.41 (95%CI: 0.20-0.87) for 5-

9 year olds; RR=0.55 (95%CI: 0.30-1.0) for 10-14 year olds; RR=0.61 (95%CI: 0.33-1.1) for 15-

19 year olds]. Similarly, in Ontario, compared to children under 5 years, older age groups were 

62-78% less likely to be involved in an agricultural fatality [RR=0.28 (95%CI: 0.16-0.50) for 5-9 

year olds; RR=0.22 (95%CI: 0.13-0.40) for 10-14 year olds; RR=0.38 (95%CI: 0.23-0.61) for 15-

19 year olds]. Age-adjusted fatality rates were 7.9 times higher (95%CI: 3.7-16.4) for males than 
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females in Saskatchewan with annual rates of 7.4 per 100,000 (95%CI: 5.8-9.6) and 0.9 (95%CI: 

0.5-1.9) respectively. In Ontario, males had age-adjusted annual fatality rate of 5.9 (95%CI: 4.7-

7.4) which was 4.7 times (95%CI: 2.8-7.9) the annual age-adjusted rate of 1.3 (95% CI: 0.8-2.0) 

observed in females.   

In comparing hospitalizations across provinces, Saskatchewan had significantly higher 

rates for 10-14 year olds [RR=1.22 (95%CI: 1.01-1.50)] and 15 to 19 year olds [RR=1.28 

(95%CI: 1.05-1.56)]. For fatalities, there were no differences in age-specific rates [RRs ranging 

between 0.72-1.8].  

3.3.2 Temporal Factors 

Comparing the two provinces, in three out of the 9 years when Ontario and Saskatchewan 

used the same method of identifying hospitalized agricultural injuries (1990-1998), Saskatchewan 

had significantly higher rates (Figure 1). After 1999, when Ontario began using ICD 10 codes to 

identify hospitalizations, rates were consistently similar between provinces. There were no 

statistically significant differences between Ontario and Saskatchewan in fatality rates regardless 

of year (Figure 1).  
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Figure 1. Age-adjusted Injury Rates by Year 

 
Saskatchewan hospitalization rates were fairly stable over time, decreasing at a rate 0.01 

per 100,000 per year (��=2.35, p=0.12). As seen in Figure 1, Ontario hospitalizations did not 

follow a linear trend. From 1990-1998, when Ontario hospitalizations were identified using ICD 

9 codes, annual rates had a decreasing linear pattern at a rate of 0.05 per 100,000 each year 

(��=3.69, p=0.06). From 2000-2009, when CAIR used ICD-10 codes to identify hospitalizations, 

rates of hospitalization decreased by 0.07 per 100, 000 each year (��=19.5, p<0.001). In 1999, 

both ICD 9 and ICD 10 codes to identify hospitalizations, so data from that year was not included 

in stratified analyses. Saskatchewan fatalities remained consistent in occurrence over time, with 

no statistically significant increase or decrease in rates (��<0.005, p=0.95). In comparison, 
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Ontario fatalities demonstrated a decreasing linear pattern at a rate of 0.03 per 100,000 per year 

(��=4.33, p=0.04). 

 Monthly hospitalization and fatality rates for Ontario and Saskatchewan are presented in 

Figure 2. Hospitalization rates were lowest during the late fall and winter, and peaked in the 

summer months. Monthly patterns were stable by year with no statistically significant interactions 

between year and month of injury. Fatalities followed a similar trend, albeit less dramatically. 

There were no statistically significant differences between provinces in terms of monthly injury 

rates. 

Figure 2. Aggregated Monthly Age-adjusted Injury Rates* 

 
Note.* For fatalities, the 1990-2011 surveillance period was used. For hospitalizations, 1990-2006 surveillance period 
was used for Saskatchewan and 1990-2009 surveillance period for Ontario based on availability of data.  
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3.3.3 Mechanisms of Hospitalized Agricultural Injuries  

The top mechanisms of injury were: machine-related entanglements, falls from heights 

animal-related injuries, and struck by or against object (Table 3). Each of these mechanisms will 

be discussed in turn, followed by a discussion of the relationships between top mechanisms and 

age group. 

Table 3. Mechanism of Hospitalized Pediatric Agricultural Injuries in Saskatchewan and 
Ontario 
 Saskatchewan  Ontario 

 n Rate (95%CI)  n Rate (95%CI) 

Total all-cause hospitalizations 634 82.0 (75.9-88.6)  963 73.8 (69.3-78.6) 

Total non-machine related  381 49.3 (44.6-54.5)  457 35.0 (32.0-38.4) 

Fall from height 79 10.2 (8.2-12.7)   170 13.0 (11.2-15.1) 

Animal-related injury 151 19.5 (16.7-22.9)  134 10.2 (8.7-12.2) 

Struck by or against object 55 7.1 (5.5-9.3)  76 5.8 (4.7-7.3) 

Exposure to fire/explosions 24 3.1 (2.1-4.6)  5 0.4 (0.2-0.9) 

Fall on the same level 13 1.7 (1.0-2.9)  22 1.7 (1.1-2.6) 

Contact with toxic substances or environments 21 2.7 (1.8-4.2)  14 1.1 (0.6-1.8) 

Caught in-under or between objects 6 0.8 (0.3-1.7)  14 1.1 (0.6-1.8) 

Jumped to lower level 10 1.3 (0.7-2.4)  5 0.4 (0.2-0.9) 

Firearms 8 1.0 (0.5-2.1)  1 0.1 (0.01-0.5) 

Contact with temperature extremes 5 0.6 (0.3-1.5)  2 0.2 (0.04-0.6) 

Drowning 0 0 (0-0)  5 0.4 (0.2-0.9) 

Contact with electric current 4 0.5 (0.2-1.3)  4 0.3 (0.1-0.8) 

Other/unknown  5 0.6 (0.3-1.6)  5 0.4 (0.2-0.9) 

Total machine related 250 32.3 (28.6-36.6)  502 38.5 (35.3-42.0) 

Entanglement 86 11.1 (9.0-13.7)  175 13.4 (11.6-15.6) 

Runover, pinned, struck by moving machine 18 2.3 (1.5-3.7)  71 5.4 (4.3-6.9) 

Fell from machine then runover/pinned/struck 15 1.9 (1.2-3.2)  67 5.1 (4.0-6.5) 

Fall from machine but not runover/pinned/struck 26 3.4 (2.3-4.9)  45 3.4 (2.6-4.6) 

Pinned or struck by machine component 38 4.9 (3.6-6.8)  43 3.3 (2.4-4.4) 

Struck by object propelled/slid/fell from machine 10 1.3 (0.7-2.4)  19 1.5 (0.9-2.3) 

Fall from machine unspecified 18 2.3 (1.5-3.7)  19 1.5 (0.9-2.3) 

Rollovers 12 1.6 (0.9-2.7)  13 1.0 (0.6-1.7) 

Struck against machine or machine component 13 1.7 (1.0-2.9)  11 0.8 (0.5-1.5) 

Fall from stationary machine 5 0.6 (0.3-1.6)  11 0.8 (0.5-1.5) 

Other/unknown  9 1.2 (0.6-2.2)  28 2.1 (1.5-3.1) 

Missing mechanism of injury 3    34   

Notes. Rates presented in this table are not age-adjusted.. a. 1990-2006 surveillance period due to availability of 
hospitalization data from Saskatchewan; b. 1990-2009 surveillance period due to availability of hospitalization data 
from Ontario 
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Machine-related mechanisms accounted for 39.4% of hospitalized agricultural injuries in 

Saskatchewan and 52.1% in Ontario. Entanglements were the most frequently cited mechanism of 

machine-related injuries. Correspondingly, 28.4% and 27.7% of machine-related injuries in 

Saskatchewan and Ontario involved tractors. In Ontario, after tractors, farm wagons account for 

the most machine-related injuries at 13.9% compared to 4.8% in Saskatchewan. In Saskatchewan, 

the second most frequent machinery is augers at 13.2% compared to 9.0% in Ontario. 

Falls from heights. Falls from heights was one of the most common non-machine related 

mechanisms of hospitalized agricultural injury in both provinces. In Ontario, 57.1% of falls from 

a height involved barn interiors such as from the hayloft, upper floor, or rafters. In Saskatchewan, 

25.3% reported falls from height occurred in barn interiors, while 30.4% involved hay bales or 

stacks. Comparatively, hay bales or stacks accounted for only 8.2% of falls from heights in 

Ontario.  

Animal-related. The majority of animal-related hospitalizations involved being crushed 

or struck by an animal: 57.0% in Saskatchewan and 61.9% in Ontario. Next, falls from animals 

account for 23.8% and 19.4% of animal-related hospitalizations in Saskatchewan and Ontario, 

respectively. Horses and cattle were the most common types of animals involved in 

hospitalizations, accounting for 61.6% and 31.1% of animal-related hospitalizations in 

Saskatchewan and 69.4% and 20.1% in Ontario, respectively. 

Struck by or against object. This mechanism was a leading cause of non-machine 

hospitalizations. In both provinces, the objects involved in non-machine injuries were primarily 

heavy objects such as bales, trees, gates, and doors (43.6% in Saskatchewan; 51.3% in Ontario). 

In Saskatchewan, 23.6% involved tools or parts of tools (compared to 1.3% in Ontario), while in 

Ontario 18.4% involved contact with high-pressured liquids (compared to 0% in Saskatchewan). 

Mechanisms of hospitalized injuries and age. There were significant interactive effects 

between age and mechanism of injury when restricting analyses to the top mechanisms of injury 
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(F=5.84; p<0.0001, Saskatchewan; F= 6.90 P<0.0001, Ontario). Consequently, stratified rates for 

the leading mechanisms of hospitalized agricultural injuries varied by age group (Table 4). 

Table 4. Rates of Top Mechanisms of Hospitalized Injury by Age Group 
  Fall from height   Animal-related injury     Entanglement 
  n Rate (95%CI)   n Rate (95%CI)     n Rate (95%CI) 
Saskatchewan            

0-4 years 10 14.8 (8.0-27.5)  32 33.0 (23.4-46.7)   12 18.4 (10.5-32.4) 
5-9 year 36 22.3 (16.1-30.9)  30 19.7 (13.7-28.1)   10 9.2 (5.0-17.1) 
10-14 years 20 14.5 (9.4-22.6)  64 16.9 (12.1-23.6)   20 12.1 (7.8-18.8) 
15-19 years 13 9.7 (5.6-16.7)  55 25.0 (19.2-32.5)   44 19.3 (14.3-25.9) 
Total 79 14.7 (11.5-18.8)  151 22.9 (19.4-26.9)   86 14.1 (11.0-18.1) 

Ontario           

0-4 years 40 21.5 (15.8-29.4)  29 34.7 (24.1-49.9)   35 18.9 (13.6-26.3) 
5-9 year 75 30.4 (24.2-38.1)  28 20.1 (13.9-29.2)   32 11.9 (8.4-16.9) 
10-14 years 32 11.9 (8.4-16.8)  36 13.4 (9.6-18.5)   46 15.8 (11.8-21.1) 
15-19 years 23 10.2 (6.8-15.4)  41 14.4 (10.6-19.6)   62 17.6 (13.7-22.5) 
Total 170 16.8 (14.2-19.8)   134 19.1 (16.1-22.7)     175 15.8 (13.6-18.4) 

 
3.3.4 Mechanisms Leading to Agricultural Fatalities 

The majority of fatalities were machine related, accounting for 71.8% in Saskatchewan 

and 67.0% in Ontario (Table 5). Tractors accounted for 28.1% and 33.9% of all fatalities in 

Saskatchewan and Ontario respectively. In Saskatchewan, after tractors, the top farm machinery 

involved in fatalities were motor vehicles (18.3%) and off-road vehicles (15.5%). Farm wagons 

(6.8%) and motor vehicles (5.8%) were the second and third leading type of machinery in 

Ontario. 

  



 

 

 

 

53

Table 5. Mechanism of Fatal Pediatric Agricultural Injuries in Saskatchewan and Ontario 
from 1990-2011 
 Saskatchewan  Ontario 
 n Rate (95%CI)  n Rate (95%CI) 

Total all-cause fatalities 71 8.4 (6.6, 10.6)  103 7.7 (6.3, 9.3) 
Total non-machine related  20 4.5 (2.9, 6.9)  33 3.1 (2.2, 4.4) 

Drowning 7 1.6 (0.7, 3.3)  14 1.0 (0.6, 1.8) 
Animal-related injury 5 1.1 (0.5, 2.7)  3 0.2 (0.1, 0.7) 
Struck by or against object 1 0.2 (0.03, 1.6)  5 0.4 (0.2, 0.9) 
Caught in, under or between objects 3 0.6 (0.2, 1.9)  3 0.2 (0.1, 0.7) 
Asphyxiation 0 0 (0, 0)  3 0.2 (0.1, 0.7) 
Contact with toxic substances or environments 2 0.4 (0.1, 1.8)  2 0.1 (0.04, 0.6) 
Fall from height 0 0 (0, 0)  2 0.1 (0.04, 0.6) 
Exposure to fire/explosions 1 0.2 (0.03, 1.6)  1 0.1 (0.01, 0.5) 
Firearms 1 0.2 (0.03, 1.6)  0 0 (0, 0) 

Total machine related 51 6.5 (4.9, 8.5)  69 5.6 (4.4, 7.1) 
Rollovers 21 2.7 (1.7, 4.1)  15 1.1 (0.7, 1.9) 
Runover, pinned, struck by moving machine 8 1.0 (0.5, 2.0)  21 1.6 (1.0, 2.4) 
Fell from machine then runover/pinned/struck 9 1.1 (0.6, 2.2)  17 1.3 (0.8, 2.0) 
Entanglement 1 0.1 (0.02, 0.9)  7 0.5 (0.2, 1.1) 
Machine or motor collision 5 0.6 (0.3, 1.5)  3 0.2 (0.1, 0.7) 
Pinned or struck by machine component 2 0.3 (0.1, 1.0)  5 0.4 (0.2, 0.9) 
Fall from machine but not runover/pinned/struck 2 0.3 (0.1, 1.0)  1 0.1 (0.01, 0.5) 
Struck by object propelled/slid/fell from machine 2 0.3 (0.1, 1.0)  0 0 (0, 0) 
Other/unknown machine-related injury 1 0.1 (0.02, 0.9)  0 0 (0, 0) 

Missing mechanism of injury 0    1  

 
3.4 Discussion 

This study demonstrates that there continues to be a substantial burden of agricultural 

injury in children and youth in Ontario and Saskatchewan. Results described and identified key 

patterns, trends, and differences in the experiences of pediatric agricultural injury. Leading 

mechanisms of hospitalizations in both provinces were falls from heights, animal-related 

mechanisms and machine entanglements. The majority of fatalities were machine-related and the 

leading mechanisms of injury were machine rollovers, machine runovers, and drowning. Strong 

peaks in injury occurrence were observed during warm weather months. These findings, along 

with the CAIR national reports and other descriptive provincial studies suggest that working and 

playing at heights (i.e. hay lofts, beams and upper floors in barns, hay bale and stacks), exposure 

to horses, cattle, farm machinery, and water hazards likely increase the risk of injury.5,6,13,14  
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Supporting the descriptive research, in a sample of farm children in the United States, 

bystanding in the vicinity of the following hazards were identified as risk factors for injury: fields 

and barnyards, [Adjusted OR=1.4 (95% CI: 1.0-1.9)], farm machinery in use [Adjusted OR: 1.5 

(95% CI: 1.1 to 1.9)] and being stored [Adjusted OR: 1.4 (95% CI: 1.1 to 1.8)], water hazards 

[Adjusted OR: 1.2 (95%CI: 0.9-1.70], and animals [Adjusted OR: 1.3 (95%CI: 0.9-1.70].15 

Research in American farm populations has also found that operating heavy machinery [Adjusted 

OR: 3.19 (95%CI 1.21 to 8.40)]16, operating tractors [Adjusted Risk Ratio: 1.42 (95%CI: 1.04-

1.94)]17, and working with dairy cattle [Adjusted RR: 1.60 (95%CI: 1.19-2.14)]17 increase the risk 

of agricultural injury among children and youth. 

This study also demonstrated that different age groups have different injury risks. Our 

study found that children under the age of 5 years are at the greatest risk of fatalities in 

Saskatchewan and Ontario. This finding is consistent with past observations from the CAIR 

system and reports of national surveillance data from the United States and Australia.5,6,18,19 For 

preschoolers and other young children, simply being exposed to the farm worksite, most often 

during warm weather months and times of busy field work, has been demonstrated to be a 

significant risk for injury.13 As such, this age group should be a top priority for the targeting of 

interventions. 

A previous CAIR national report demonstrated increasing risks for agricultural 

hospitalizations by increased age.5 Similarly, analyses of non-fatal pediatric agricultural injuries 

from Australia and several European countries found that as age increased, the proportion of 

injuries accounted for by that age group increased.20–22 In contrast, the patterns found in the 

current study were less straight-forward. The patterns of agricultural injury by age group were not 

consistent between Ontario and Saskatchewan. In Saskatchewan, 15 to 19 year olds were found to 

be at a significantly increased risk of hospitalized injury. Conversely, in Ontario, children aged 

10-14 were found to be at substantially less risk than other age groups. A lack of consistent 
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relationship between age and non-fatal agricultural injury in children and youth was also 

demonstrated in research from Greece, Portugal, and the United States.21,23 Moreover, this study 

found interaction effects between age group and mechanisms of injury. Consequently, certain age 

groups are at higher risk of injuries by certain mechanisms. These findings underscore the 

importance of considering age when investigating pediatric agricultural injuries.  

In addition, there were demonstrated differences in farm injury rates by age group and 

mechanisms observed between Ontario and Saskatchewan, likely attributable to variations in 

commodities produced and the heterogeneous natures of the methods of agricultural practiced 

between geographic regions.10 This finding is supported by regional differences also observed in 

farm injury experiences in past farm injury surveillance work conducted in Ontario and the 

United States.23,24 Differences observed between the provinces are also revealing. For example, in 

Saskatchewan 30.4% of falls from heights involved hay bales or stacks compared to only 8.2% of 

falls from heights in Ontario. Due to the larger scope of crop operations in Saskatchewan, hay 

bales are generally much larger than those used in Ontario. However, it is possible that the 

differences in experiences of pediatric agricultural injury across the provinces may be partly 

related to the methodological differences. Prior to 1999, both provinces used ICD 9 codes to 

identify hospitalized agricultural injuries.5 In 1999, CAIR began to use ICD 10 codes when it was 

demonstrated that ICD 10 codes were better at identifying hospitalized agricultural injuries than 

ICD 9 codes, particularly for non-machine related injuries.9 Since Saskatchewan continued to use 

ICD 9 codes to identify hospitalizations, results from 1999 and beyond may not be comparable 

across provinces. 

Although this study provides a valuable update on the epidemiology of pediatric 

agricultural injury, it is not without limitations. The major limitations are as follows: 1) the data 

source relies on the amount and completeness of data available within the medical records and the 

vigilance and expertise of technicians who are abstracting the data; 2) comparisons of 
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hospitalized agricultural injuries between the two provinces is limited by the change in method of 

identifying hospitalizations in Ontario; and 3) limitations of denominator data such as changes in 

the farm population during the course of the year due to the seasonal nature of migrant workers. 

While the data cleaning process attempts to improve the accuracy of the data, it is constrained by 

the amount of information recorded in the open-ended descriptions of injury circumstances. 

Additionally, the denominator data used is the best source available. 

The strengths of this study are that findings: 1) provide updated epidemiological 

information about pediatric agricultural injuries; 2) provide comparisons agricultural injuries in 

Saskatchewan and Ontario, two provinces with varying farm characteristics; and 3) cross-

tabulates rates of leading mechanisms of injury by age group. 

Based on the findings presented above, and the supporting literature, we recommend that 

interventions to prevent pediatric agricultural injuries should be targeted to a combination of 

specific age groups and high-risk farm hazards within a particular agricultural or geographic 

region. 

In practice, the majority of interventions aimed specifically at children and youth have 

been educational in nature: school-based programs, safety day camps, tractor training programs, 

and educational campaigns.25 Since efficacy of educational interventions in the prevention of 

agricultural injuries is questionable, these interventions need to be used in combination with other 

preventative efforts that focus on controlling the farm work environment.25,26  Another strategy in 

use is The North American Guidelines for Children’s Agricultural Tasks (NAGCAT).27 

NAGCAT incorporates research findings to give recommendations for developmentally 

appropriate and safe farm work tasks for children aged 7-16 years.27,28 NAGCAT is intended to be 

a resource to assist parents in assigning tasks to their children; however, uptake has been 

sporadic, despite widespread distribution and efforts.27 
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Other recommended injury prevention strategies involve improving working conditions 

on farms, through ergonomic, engineering, and regulatory controls. Ergonomic and physical 

engineering controls involve altering the physical nature of the farm work and the farm 

environment in order to prevent injuries. Examples of engineering controls that are currently used 

are: physical barriers and rails to prevent falls and contact with animals, rollover protection on 

tractors, and improved shields and guards on farm machinery to prevent entanglements. However, 

there are still new innovations that can improve safety such as incorporating the use of cameras 

and viewing screens for blind spots that cannot be seen from the cockpit of the farm machinery to 

improve situational awareness, similar to those used in cars for reversal. More social-oriented 

injury prevention strategies aim to keep children out of the farm work space and include 

designated outdoor play areas away from farm work and improved access to daycare options 

during fieldwork seasons in rural areas.13  

Recommended regulatory controls are enforced rules and regulations targeted at specific 

farm injury patterns. For example, although considerable efforts have been made over the years to 

improve the safety of tractors from an engineering standpoint, there are limited regulations that 

dictate the age of farm machinery used. As such, it is not uncommon for farms to be using 

tractors without modern safety features; therefore, regulations which involve restricting the age of 

farm machinery used could prevent injuries. 

 In summary, this study provided an epidemiological update of agricultural injuries in 

Ontario and Saskatchewan and described hospitalizations and fatalities annually, monthly, by age 

and sex, by mechanism of injury, and by nature of injury. Age-group and province had an impact 

on rates and experiences of agricultural injury. The leading mechanisms of fatal and hospitalized 

pediatric agricultural injuries were: falls from heights, animal-related mechanism, machine 

entanglements, rollovers, and runovers. Based on the identified recurrent pattern of injury, we 
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recommend that interventions for pediatric agricultural injury should target to a combination of 

specific age groups, farm hazards, times of year, and farming regions. 
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Chapter 4 

Associations between Exposure to High-Risk Farm Activities and 

Agricultural Injuries in Youth and Young Adult Workers 
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Abstract 

Objectives: To investigate relations between high-risk farm activities and the occurrence of 

agricultural injuries in youth and young adults on farms. 

Methods: A cross-sectional analysis of written questionnaire data from 1135 youth and young 

adults from the Saskatchewan Farm Injury Cohort, an on-going study of active farm populations.  

Results: The prevalence of farm injury was estimated at 4.9% (95%CI 3.7, 6.2). After adjustment 

for important covariates relative to baseline (<10 hours/week), duration of farm work was 

strongly associated with the occurrence of injury [RR 8.0 (95%CI 1.7, 36.7) for 10-34 

hours/week; RR 10.3 (95%CI 2.2, 47.5) for those working 35+ hours/week]. Tractor 

maintenance, tractor operation, chores with large animals, herd maintenance activities, and 

veterinary activities were identified as risk factors for agricultural injury. 

Conclusions: There is a considerable burden of agricultural injury among youth and young adults 

on farms that directly relates to the amounts and types farm work exposures that young people 

engage in.  

 

KEYWORDS: Agriculture, epidemiology, farming, occupational injury, trauma (wounds and 

injuries)  
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4.1 Introduction 

The agricultural industry has unique characteristics that contribute to an increased burden 

of occupational injury in youth and young adults. Farms and ranches are not only work 

environments, but are often residential areas that increase exposure to potential injury hazards. In 

addition, occupational regulations governing this sector are inconsistent and can be difficult to 

enforce. In the United States, farms that employ less than 10 employees are exempt from 

occupational safety and health regulations including mandatory safety training.1 Similar 

exemptions exist in most provinces and territories in Canada. In both Canada and the United 

States, children of farm owner-operators are exempt from child labor regulations.2 As a result, 

children as young as 12 years old are engaging in paid and unpaid farm labor.3 Youth and young 

adults working in agriculture and living on farms consequently suffer from a heavy burden of 

agriculture injury.4,5  

In Canada, from 1990-2008, 300 youth and young adults aged 10-29 years old died of 

agricultural injuries, resulting in an annual incidence rate of approximately 7 per 100,000 persons 

in the same age range.6 From 1990-2000, there were 3274 hospitalized agricultural injuries in this 

age group, which accounted for 21.3% of all hospitalized agricultural injuries.5 In Saskatchewan, 

from 1990-2011, there were 71 agriculture-related fatalities in children in youth under the age of 

20 and resulting rate was 7.8 per 100,000 per year (Chapter 3: Manuscript 1). In the same age 

group, there 634 agriculture-related hospitalizations from 1990-2006 resulting in an annual rate of 

80.2 per 100,000 (Chapter 3: Manuscript 1).  

 Specific mechanisms and activities on farms contribute to the occurrence of agricultural 

injuries in young people. Most notable are tractors and machinery operation, water hazards, falls 

from heights, working with animals, and all-terrain vehicle use.6–9 Exposure to these acute risk 

factors is modifiable and as such they are important targets for safety interventions. Analytic 

studies have identified more underlying risk factors for farm injury in youths, including: total 
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hours annually worked on the farm or ranch (OR 5.09 for 1,501+ compared to 0–300 hr/year), 

operating heavy machinery (OR 3.19), application of chemicals (OR 2.50), operating tractors 

(Adjusted Risk Ratio 1.42), working with dairy cattle (Adjusted RR 1.60), and bystanding in the 

vicinity of equipment in use (OR 1.5) and equipment being stored (OR 1.4).3,10,11 However, these 

analytic studies have a number of limitations. 

 The existing body of analytic research specific to agricultural injuries in youth and young 

adults is limited in scope and is based almost exclusively upon experiences in American farm 

populations. Furthermore, analytic research in this field has mainly employed very simple (e.g., 

dichotomous) categorizations of farm work exposures.3,10,11 As a result, little is known about how 

the amount of exposure to hazards relates to injury. The dose-dependency of this relationship has 

not been established; therefore the direction and type (i.e. linear, exponential) of a potential dose-

response effect are unknown. To address gaps in the research, we had the opportunity to examine 

a sample of Canadian farm dwellers to: (1) describe the characteristics of injuries that occurred in 

youth and young adult farm workers aged 12 to 29 years; (2) describe exposures to specific farm 

work tasks in this sample using multiple categories; and (3) investigate the association between 

exposures to high-risk farm environments and activities, and the occurrence of agriculture 

injuries. It was hypothesized that increased engagement in specific high-risk work tasks would 

result in a concomitant increase in injuries in youth. 

4.2 Materials and Methods 

4.2.1 Study Population and Procedures 

We used data from Phases 1 and 2 of the Saskatchewan Farm Injury Cohort (SFIC). The 

SFIC is a Canadian study, with both cross-sectional and longitudinal components, developed to 

evaluate potential causes of injury among farmers and their family members using mailed 

questionnaires.12 Phase I of the study followed a baseline sample of 5,492 farm people in 
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Saskatchewan from 2007 to 2009.12–14 Phase 2 is an ongoing extension of the original project. 

The baseline data were collected from 2,849 individuals from January to July of 2013. 

Study procedures were approved by the Biomedical Research Ethics Board at the 

University of Saskatchewan. The sampling frame for the SFIC study included active farms in the 

province of Saskatchewan as of January 1, 2007 for Phase 1 data, and January 1, 2013 for Phase 

2. The study used a stratified cluster sampling method with farms nested inside randomly selected 

rural municipalities.12 Stratification was based on three strata of soil types and membership (yes 

or no) in an agricultural health and safety network.12,13 For Phase 1, 50 municipalities were 

recruited for participation through in-person meetings with each rural municipal council. An 

additional 24 municipalities were recruited for Phase 2 of the study. For recruitment in Phase 2, a 

small number of municipalities were excluded due to their participation in other ongoing studies. 

In the event that a council declined to participate, a nearby municipality in the same strata was 

recruited in its place. Each participating municipal counsel provided a complete list of active 

farms and addresses in the municipality. 

Farms were recruited by mail using a modified version of the Dillman Total Design 

Method for Mail and Telephone Surveys in order to maximize response rates.15 To maximize 

study response participants were sent: a short letter one week prior to the arrival of the 

questionnaire, a personalized, participant-friendly questionnaire package with a detailed cover 

letter, a reminder postcard, two replacement questionnaires sent out one month apart, and a final 

thank you letter. A key adult informant from each farm responded to questions about the farm 

operation, work and health experiences of farm dwellers and workers, and farm health and safety 

practices. 

The response rate was 33% (2,390/7,246) of all eligible farms contacted.12 Phase 2 was 

comprised of a sample of 588 farms from Phase 1 that wished to continue their participation and 

628 farms from 24 newly enrolled municipalities leading to the inclusion of new participants that 
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resulted in a total of 1218 farms and 2,849 individuals. The response rate in Phase 2 was similar 

to Phase 1 with 31% (1211/3930) of eligible contacted farms participating. The aim of the SFIC 

was to create a large sample of farms with a heterogeneous degree of exposure rather than a 

representative sample in order to examine associations between various risk factors and injury 

outcomes.  

Three specific inclusion criteria were employed for the present analysis: (1) participation 

in the Phase 1 or Phase 2 SFIC study baseline survey; (2) reported age of 12 to 29 years at the 

time of survey completion; and (3) valid responses to core study items about age and injury status 

required for the analysis (Figure 1) There were 800 participants from Phase 1 and 358 

participants from Phase 2 that met the initial inclusion criterion, with a final sample of 1,135 

following exclusions. 

Figure 1. Participant Selection Flow Chart. 

 

4.2.2 Measures 

 In both phases, standard sets of questions were asked for each person living on the farm 

as well as a set of questions that asked about farm-level characteristics. Since we combined the 

baseline data from both phases of the study, we were limited to questionnaire items that appeared 

Phase 1 Participants (N=5492) Phase 2 Participants (N=2849) 
 

Combined Phase 1 and Phase 2 (N=8341) 

Final Sample of Phase 1 and 2 Youth and 
Young Adults Aged 12-29 (N=1135) 

Excluded (N=7206) 
- Did not meet age criteria (N=7183) 
- Missing injury status (N=23) 
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in both the Phase 1 and Phase 2 questionnaires. Core items were developed specifically for the 

Phase 1 questionnaire by the research team with feedback from knowledgeable members of the 

farm community. Items from existing research were selected or modified for use wherever 

possible.16–18 The questionnaire and recruitment method underwent extensive pilot testing for face 

validity and were revised and refined based on feedback received from various sources including 

participants.12,13,19 

The outcome was defined as any reported farm injury in the year prior to the completion 

of the questionnaire. Farm injuries were defined in the questionnaire as: “all injuries that occurred 

in a farm environment whether you were working or not. This includes injuries that occurred off 

farm but involved farm work (e.g., driving tractor on public road). This also includes being 

poisoned or burned.” This definition is consistent with definitions used in other contexts.20 Farm 

work exposures were assessed via a number of questions. Specifically, participants were asked to 

report for each member of the farm the average weekly hours of farm work for each season. 

Summer hours were used in this analysis in order to better represent farm work hours, given that 

the sample population consisted of youth and young adult workers many of whom attend school. 

These hours were categorized into three groups: 0-9 hours, 10-29 hours per week, and 30+ hours 

a week (due to a very low number of respondents indicating zero hours and concerns for small 

cell sizes and power, the zero hours category was collapsed in to the lowest exposure group). 

Thirty hours was used as a standard cut-off value to distinguish between part-time and full-time 

work commitments.21 

Additional questions asked participants about engagement in specific farm work tasks 

during 2012: operation of tractors, maintenance of tractors, operation of all-terrain vehicles, 

routine chores with large animals, herd maintenance activities (e.g., branding, vaccinating, and 

transporting), and veterinary activities (e.g., medications, breeding, and birthing). Tractor 

operation and maintenance were reported in hours per year and the remaining items were reported 
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in days per year. These specific farm work exposures were chosen prior to the analysis due to 

their hypothesized relationship with farm injury outcomes. In the analyses, these exposures were 

categorized in to three categories: no exposure, low exposure, and high exposure. The low and 

high exposure groups were created using the median of non-zero responses as a cut point.  

We were also interested in a variety of demographic and farm characteristics that may 

confound hypothesized relationships between agricultural injuries and farm work exposures. 

These included: sex,3,10,22 age in years,7,22 relationship to the farm owner-operator (“primary 

owner-operator”, “child”, “other relative”),20 and comorbidity status (no comorbid conditions, at 

least one comorbid condition of sleep apnea, arthritis, high blood pressure, heart disease, stomach 

or intestinal problems, and asthma or other lung conditions),23 typical hours of sleep (<6 , >7 

hours),10,24 alcohol consumption (yes, no).3,25 At the farm-level, the farm size in acres (0-1500, 

1501-2500, and more than 2500) and the farm commodities produced (grain crops, beef cattle, 

and other livestock) were hypothesized to be possible confounders based on their strong and 

known associations relations with injury.26–28 

4.2.3 Analysis  

 SAS 9.3 (SAS Institute Inc., Cary, NC) was used to conduct all analyses. We described 

the prevalence rates of injury and the nature, anatomical site and mechanism of the injuries. We 

also characterized patterns of injury according to both individual and farm-level characteristics of 

the sample. Rao-Scott Chi-Square tests which account for clustering at the farm level were used 

in group comparisons.29 Tests for linear trend in prevalence estimates were conducted using the 

Cochran-Armitage test.30 Farm work exposures were cross-tabulated by age and sex. Due to the 

non-parametric distributions of the exposure variables, Wilcoxon Rank Sum tests were used to 

test for statistically significant differences in farm work exposure between males and females and 

Spearman’s correlations were used to test for association between age and farm work exposures.31 
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Relations between farm work exposures and injury were explored using multiple logistic 

regression analyses. The intra-class correlation for farms was 0.13, indicating a substantial 

amount of clustering at the farm level due to the nested nature of the data (individuals nested 

within farms). As such, a model was built for each farm work exposure separately using PROC 

GENMOD with random effects statements that accounted for clustering at the farm level and the 

fact that the data were collected at two different time points. Model building used the change in 

estimate approach and considered all potential covariates with a cut-point of a 10% change in 

estimate for retention.32 Final models and calculations of relative risk accounted for age, sex, farm 

size, comorbidity status, and typical hours of sleep. A sensitivity analysis of the final models was 

conducted using a data set with all participants who were in both Phase 1 and Phase 2 removed in 

order to test for any possible influence of these 49 individuals. 

4.3 Results 

In the final sample of 1,135 participants, 56 participants had at least one farm-related 

injury in the past year, resulting in crude injury prevalence of 4.9% (95%CI 3.7, 6.2). Leading 

natures of injury were open wounds and fractures, each accounting for 14.3% of injuries (Table 

1). Falls or jumps were the leading mechanism of injury at 17.9% of injuries, followed by animal-

related mechanisms (e.g., falls from animals, crushed or struck by animals) at 16.1%. Overall, the 

top locations of injuries were hands (16.1%) and lower back (14.3%). Anatomical sites of injury 

were cross-tabulated with natures of injury. The top location for open wounds was the hands and 

these accounted for 50% of open wounds. There were no other strong trends regarding the 

location of remaining injuries by nature of injury. Overall, 41.1% of injuries were machine-

related. Among these machine-related injuries, 30.4% involved off-road vehicles (n=7), 26.0% 

involved tractors (n=6), and 17.4% involved combines (n=4). 
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Table 1. Characteristics of Agricultural Injuries Reported by 56 Youth and Young Adult 
Saskatchewan Farm Residents 
 n % of Injuries 
Nature of Injury   
Open wound 8 14.3 
Fracture 8 14.3 
Sprain or strain 6 10.7 
Injury to muscle or tendon 5 8.9 
Dislocation (including ruptured disc, cartilage, ligament) 3 5.3 
Superficial (including bruises) 3 5.3 
Burn or corrosion 3 5.3 
Intracranial injury (including concussion) 3 5.3 
Crushing injury 1 1.8 
Traumatic amputation 1 1.8 
Injury to internal organ 1 1.8 
Foreign body in eye 1 1.8 
Other specified nature of injury 1 1.8 
Injury of unspecified nature 12 21.4 

Mechanisms of Injury   
Fall or jump 10 17.9 
Animal-relateda 9 16.1 
Pinned or struck by or against machine or machine component 7 12.5 
Overexertion 5 8.9 
Struck by or against non-machine object 3 5.3 
Machine rollover 3 5.3 
Caught inside, under, or between non-machine objects 3 5.3 
Fires, explosions and burns 3 5.3 
Contact with toxic substances 1 1.8 
Off-road machine collision  1 1.8 
Bystander runover 1 1.8 
Other specified mechanism 3 5.3 
Unknown or missing 7 12.5 

a. Animal related mechanisms include: fall from animal, crushed or struck by animal 

 Males experienced a significantly higher injury rate of 6.0% per year (95%CI 4.3, 7.7) 

compared to females with a rate of 3.1% (95%CI 1.4, 4.7; Table 2). Approximately 41.2% of the 

population was between the ages of 12 to 17 years, 28.8% between 18 and 23 years, and 30.0% 

between the ages of 24 to 29 years. A Cochran-Armitage test for linear trend demonstrated that as 

the age groups increased, the rates of injury also rose significantly (Z=5.6, p <0.0001). All 

remaining individual characteristics considered (typical sleep, alcohol consumption, relationship 

to owner-operator, and comorbidities) were related to increased observed rates of injury in a 

statistically significant manner (Table 2, p<0.05). At the farm level, farms with beef cattle, and 
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farms with other animals both experienced higher rates of injuries than farm that did not have 

these livestock (Table 2). 

Table 2. Select Individual and Farm Characteristics among 1135 Youth and Young Adult 
Saskatchewan Farm Residents 

 N  n Injured % Injured (95% CI) P-value 
Individual Characteristics 1135 56 4.9  (3.7-6.2)  
Gender       

Male  714  43  6.0  (4.3-7.7) 0.03 
Female 421 13 3.1  (1.4-4.7)  

Age group       
12-17 years 468  6  1.3  (0.3-2.3) <0.0001 
18-23 years 327 14 4.3     (2.1-6.5)  
24-29 years 340 36 10.6  (7.3-13.9)  

Sleep       
7 hours or more 798  24 3.0  (1.8-4.2) 0.0002 
6 hours or less 328  31 9.5  (6.3-12.6)  
Missing 9 1    

Alcohol Consumption      
No 447  8 1.8  (0.6-3.0) <0.0001 
Yes 669  47 7.0 (5.1-9.0)  
Missing 19 1    

Relationship to Owner-Operator      
Owner-operator 103 17 16.5  (9.3-23.7) 0.0005 
Child 907 29 3.2   (2.1-4.3)  
Other 119  8 6.7  (2.2-11.2)  
Missing 6 2    

Comorbidity Index      
None 865  39 4.5  (3.1-5.9) 0.09 
1 or more 137 12 8.8 (4.0-13.5)  
Missing 133 5    

Farm Characteristics a 697 53 7.6  (5.6-9.6)  
Farm Acreage      

0-1500 261  19 7.3 (4.1-10.4) 0.91 
1501-2500 162 13 8.0 (3.8-12.2)  
More than 2500 234 16 6.8 (3.6-10.1)  
Missing 40 5    

Grain Crops       
No 88 9 10.2 (3.9-16.6) 0.38 
Yes 607 44 7.3 (5.2-9.3)  

Beef Cattle      
No 304 15 4.9 (2.5-7.4) 0.01 
Yes 391 38 9.7 (6.8-12.7)  

Other Animals      
No 586 39 6.7 (4.6-8.7) 0.07 
Yes 109 14 12.8 (6.6-19.1)  

a Farm characteristics are reported per farm, rather than per individual 
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There were reported differences in exposure to farm work and specific farm tasks by age 

group and sex (Table 3). An increase in age was associated with a concomitant increase in: hours 

worked on the farm (Spearman’s r=0.30, p<0.0001); hours spent operating tractors (Spearman’s 

r=0.43, p<0.0001), maintaining tractors (Spearman’s r=0.41, p<0.0001); and days spent working 

with large animals (Spearman’s r=0.17, p<0.0001), performing herd maintenance (Spearman’s 

r=0.18, p<0.0001), and veterinary activities (Spearman’s r=0.22, p<0.0001). However, age was 

not related to days per year of ATV operation (Spearman’s r=-0.03, p=0.28). Results of the 

Wilcoxon rank-sum tests indicated that there were some statistically significant differences in 

farm work exposure between males and females. Males worked more hours on the farm than 

females (Z=-12.5, p<0.0001). Females had less exposure to mechanized tasks: operation of 

tractors (Z=-19.0, p<0.0001), tractor maintenance (Z=-18.2, p<0.0001), and all-terrain vehicle use 

(Z=-4.92, p<0.0001). Similarly, females overall had significantly less days of exposure to herd 

maintenance activities (Z=-2.53, p=0.01). However, with working with large animals and 

veterinary activities, the amounts of exposure were not significantly different between males and 

females (Z=-1.87, p=0.06; and Z=-1.16, p=0.25 respectively). 
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Table 3. Selected Farm Work Exposures among 1135 Youth and Young Adult 
Saskatchewan Farm Residents by Age and Gender 
 Males  Females 
 12-17 18-23 24-29 Total  12-17 18-23 24-29 Total 

 n=248 n=232 n=251 n=731  n=226 n=105 n=96 n=427 
Hours of Farm Work          

0-9 hours/week 31.6 21.2 18.1 23.8  61.0 56.4 40.5 55.3 
10-29 hours/week 41.9 30.9 17.7 30.3  32.9 28.7 36.0 32.5 
30+ hours/week 26.5 47.9 64.2 46.0  6.1 14.9 23.6 12.2 

Operation of Tractors          
0 hours/year 18.5 7.7 4.3 10.3  64.6 45.5 44.1 55.3 
1-69 hours/year 6.3 34.2 16.0 35.7  34.9 37.6 40.9 36.9 
70+ hours/year 25.2 58.1 79.7 54.0  0.5 16.8 15.1 7.8 

Tractor Maintenance          
0 hours/year 52.6 25.8 11.6 30.1  89.7 82.5 86.5 87.3 
1-10 hours/year 38.5 32.3 27.5 32.8  10.3 14.4 10.1 11.3 
11+ hours/year 9.0 41.9 60.9 37.1  0 3.1 3.4 1.5 

ATV Use          
0 days/year 27.8 33.2 33.0 31.3  32.6 45.4 42.9 38.0 
1-29 days/year 26.1 33.2 29.5 29.5  45.6 36.1 27.5 39.2 
30+ days/year 46.2 33.7 37.4 39.3  21.9 18.6 29.7 22.8 

Working with Large Animals          
0 days/year 47.5 44.3 43.6 45.2  54.0 41.8 32.2 46.1 
1-49 days/year 26.0 26.1 15.6 22.5  26.1 32.7 25.6 27.6 
50+ days/year 26.5 29.6 40.8 32.3  19.9 25.5 42.2 26.3 

Herd Maintenance          
0 days/year 48.9 48.0 44.2 47.1  57.8 46.9 35.2 50.0 
1-14 days/year 25.3 19.8 20.8 22.1  27.7 35.4 33.0 30.8 
15+ days/year 25.8 32.2 34.8 30.9  14.6 17.7 31.9 19.3 

Veterinary Activities          
0 days/year 57.7 56.9 45.4 53.2  60.3 51.0 36.7 52.8 
1-9 days/year 16.4 10.2 13.8 13.5  18.7 27.1 15.6 20.0 
10+ days/year 25.9 33.0 40.8 33.2  21.0 21.9 47.8 27.3 

Relationships between farm injury status and amount of exposure to farm work and 

specific farm tasks are shown in Table 4. Of the exposures assessed, the amount of hours worked 

on the farm was associated with the greatest increase in risk of injury. Participants that worked 

full-time, 30 or more hours a week were 10.3 (95%CI 2.2, 47.5) times more likely to have 

experienced an injury in the past year than those that worked <10 hours a week after controlling 

for a variety of demographic characteristics. Tractor maintenance was the only other exposure 

that was significantly related to injury at both the low and high exposure levels: participants 

working 1-10 hours a year and more than 11 hours per year were 3.7 (95%CI 1.2, 11.2) and 6.7 
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(95%CI 2.0, 22.4) times more likely to have experienced an injury than those that did not 

maintain tractors.  

Table 4. Unadjusted (Univariate) and Adjusted (Multivariate) Logistic Regression Relative 
Risk Estimates of Agricultural Injury for Select Farm Work Exposures 

  % 
Injured 

Unadjusted Adjusted* 

RR (95%CI) P value RR (95%CI) P-value 
Hours of Farm Work       

0-9 hours/week 0.8  ref  ref  
10-29 hours/week 4.5 5.9 (1.7-20.6) 0.006 8.0 (1.7-36.7) 0.008 
30+ hours/week 9.0 12.2 (3.7-40.7) <0.0001 10.3 (2.2-47.5) 0.003 

Operation of Tractors       
0 hours/year 1.4  ref  ref  
1-69 hours/year 3.6 2.7 (0.8-8.3) 0.09 2.7 (0.7-10.4) 0.13 
70+ hours/year 8.8 6.9 (2.4-19.9) 0.0004 4.3 (1.0-17.9) 0.04 

Tractor Maintenance       
0 hours/year 1.8  ref  ref  
1-10 hours/year 5.6 3.2 (1.4-7.4) 0.005 3.7 (1.2-11.2) 0.02 
11+ hours/year 10.2 6.1 (2.9-12.9) <0.0001 6.7 (2.0-22.4) 0.002 

ATV Use       
0 days/year 4.5  ref  ref  
1-29 days/year 3.7 0.8 (0.4-1.8) 0.28 1.1 (0.4-2.7) 0.30 
30+ days/year 6.3 1.5  (0.7-2.9) 0.63 1.5 (0.7-3.4) 0.87 

Working with Large Animals      
0 days/year 1.7  ref  ref  
1-49 days/year 2.0 1.2 (0.4-3.6) 0.80 1.0 (0.3-3.5) 0.99 
50+ days/year 11.6 7.6 (3.4-16.9) <0.0001 5.2 (2.1-12.6) 0.0004 

Herd Maintenance       
0 days/year 2.0  ref  ref  
1-14 days/year 3.8 1.9 (0.8-4.7) 0.17 1.2 (0.5-3.4) 0.66 
15+ days/year 11.1 6.0 (2.8-12.8) <0.0001 3.2 (1.4-7.3) 0.005 

Veterinary Activities       
0 days/year 2.2  ref  ref  
1-9 days/year 1.8 0.8 (0.2-3.1) 0.77 0.7 (0.1-3.2) 0.60 
10+ days/year 11.1 5.5 (2.8-11.0) <0.0001 3.7 (1.7-8.2) 0.002 

* Adjusted models controlled for age, sex, typical sleep, farm size, and comorbidity status 

With the exception of all-terrain vehicle use, all other farm exposures were significantly 

associated with injury at their high level of exposure only. Although the lower exposure category 

was not statistically significant, there was a demonstrated trend of increased risk of injury with 

increased exposure. Removing the individuals who participated in both Phase 1 and Phase 2 of 

the SFIC and repeating the analysis did not affect the significance of findings and resulted in 

minor changes to relative risk estimates. 
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4.4 Discussion 

This study presents analyses of data from youth and young adults who participated in 

baseline data collection for the Saskatchewan Farm Injury Project, an ongoing prospective cohort 

study of farmers in rural Saskatchewan. Results demonstrated a dose-effect trend of increased risk 

of injury with increased exposure to farm work tasks. Specifically, tractor maintenance was 

significantly related to agricultural injury at both the low and high exposure levels (OR 3.7, 95% 

CI 1.2, 11.2 and OR 6.7, 95% CI 2.0, 22.4). Similarly, tractor operation, routine chores with large 

animals, herd maintenance activities, and veterinary activities were significantly associated with 

increased rates of agricultural injury at high levels of exposure. Although existing analytic 

research has found relationships between injury and similar dichotomous exposures of operating 

heavy machinery, operating tractors, and working with dairy cattle,3,10 the novelty of our study 

lies in our extension of this work to examine gradients in risk for injury by amounts of exposure 

to farm work tasks. Furthermore, this study expands on the existing analytic research that has 

focused on American populations by using a sample of Canadian farmers. 

Additionally, the results from both the crude and adjusted analyses indicated a positive 

relationship between the number of hours worked on the farm per week and risk of injury. This 

finding is consistent with results from a recent prospective cohort study of 489 rural California 

high school students. The latter found that total hours annually worked on the farm or ranch was 

directly associated with the occurrence of injury (OR 5.09, 95% CI 1.61, 16.1 for 1,501+ 

compared to 0–300 hr/year).3  

Adjusted models controlled for a standard set of covariates: age, sex, farm size, 

comorbidity status, and typical hours of sleep. It was expected that sex would be a confounder in 

the relationship between farm work exposure and farm injury in all models since there is a well-

established difference in agricultural injury experiences between males and females.3,6,11 Gender 

changed the effect estimate for the risk of farm injury associated with tractor maintenance by 
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more than 10% but had to be forced into the remaining farm exposure models as it did not affect 

the estimates noticeably. In the farm maintenance model, females were found to be at a greater 

risk of injury than males [RR=1.7 (95%CI: 0.6, 4.3)]. To contrast, in unadjusted analysis, females 

were at a significantly decreased risk of injury [RR: 0.5 (95%CI: 0.3, 0.9)]. These findings may 

indicate that the relationship between sex and farm injury is explained by other factors, such as 

types and amounts of farm work in which males and females engage. 

The overall rate of agricultural injury observed was 4.9% per year. This is lower than 

published estimates from California which found (8.2% to 10.3%).3 The difference in rates is 

likely due to differences in methodologies: 1) the California study was restricted to youth farm 

workers, while the SFIC sample consisted of youth and young adult farm dwellers;  and 2) the 

California study used self-report whereas in the SFIC questionnaire was often filled out by a 

third-party. Third party knowledge and recall of farm injuries and exposures may be less accurate 

than self-report.  

Characteristics of the farm injuries in this study are fairly consistent with past reports. For 

example, the leading mechanisms of injury in this study were falls or jumps followed by animal-

related mechanisms. This is similar to surveillance data of hospitalized agricultural injuries in 

Canada where animal related mechanisms and falls from height were leading causes of injury 

respectively in children and youth under 20 years.7 In contrast with this surveillance data, open 

wounds were the leading nature of injury in the 56 farm injuries in our study. Although the 

sample size limits interpretation, this discrepancy in top mechanisms could be because open 

wounds are often less serious and do not require hospitalization. 

Few studies have described the amount of time youth and young adults spend engaged in 

farm work and specific farm tasks. Our analysis suggested that age was related to hours worked 

on the farm, and amount of time spent operating tractors, maintaining tractors, working with large 

animals, performing herd maintenance, and performing veterinary activities. Gender was related 
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to farm work with males reporting more hours worked on the farm, more days of exposure to herd 

maintenance activities, and more exposure to mechanized tasks: operating and maintaining 

tractors, and all-terrain vehicle use.  

 Limitations of this study warrant comment. One weakness was our reliance on third-party 

reports of injuries and exposures. While our analysis controlled for a variety of confounders 

which have been found to be important confounders in previous research,3 there may be some 

uncontrolled confounding present as there are additional theoretical covariates such as parental 

supervision that are not available in the SFIC Phase 1 and Phase 2 data set. In addition, the 

response rates were rather low (33% and 31% for Phase 1 and Phase 2 respectively); therefore 

rates of injury and exposure to farm work tasks may not be representative of the overall youth and 

young adult worker population in Saskatchewan. However, the aim was to create a large sample 

of farms with a heterogeneous degree of exposure, as opposed to be “representative”, hence these 

modest response rates are of less concern. Furthermore, the lack of representativeness should not 

have biased the relationships observed between increased exposure to specific farm tasks and the 

occurrence of injury. Additional weaknesses of the study include: inability to establish 

temporality of the exposure preceding the outcome due to the cross-sectional nature of the data; 

our modest level of statistical power and precision of risk estimates due to the modest number of 

injury events.  

One of the main strengths of this study is that it is one of few investigations of 

agricultural injury in youth and young adults that is etiological in nature. Furthermore, it 

investigates the dose-effect gradient associated with specific farm work exposure by using three 

categories of exposure which is a novel contribution to the body of research about pediatric 

agricultural injury as the majority of analytic research utilizes a dichotomous exposures. Lastly, 

data were compiled using modern survey methods which aimed to maximize response rates and 

improve quality of data.  
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Consequently, future research should aim to replicate and further explore these findings 

using additional youth farm worker populations. This future research should use data that would 

yield improved statistical power and should also consider potential mediating effects of safety 

practices and attitudes. In an effort to further understand the burden of agricultural injury in this 

population, future research should investigate if youth and young adults perceive hazards, assess 

risks, and engage in risk-taking differently than other adults and if these differences are related to 

risk of agricultural injury.  

Preventing agricultural injuries in youth and young adults is particularly important. With 

injuries and fatalities that occur early in life, the associated burden is greater: more disability-

adjusted life years, more costs in terms of medical expenses and economically in lost labor. 

Interventions for the prevention of agricultural injuries in youth workers primarily consist of 

school-based programs, safety day camps, tractor training programs, and community- and farm-

based interventions and educational campaigns.33 Although considered standard practice, 

educational interventions such as those listed above may not be effective on their own. An 

assessment of a farm safety program in Saskatchewan that administered 112 mainly educational 

interventions aimed at the prevention of farm injury had no demonstrated effect on farm safety 

practices, exposure to farm hazards, and agricultural injuries.34 As such, different approaches to 

agricultural injury prevention such as engineering controls and regulation should be considered. 

This study provides evidence that can be used as justification for targeting of future 

interventions towards high-risk activities such as tractor operation and maintenance. In addition 

to the targeting of educational campaigns towards these high-risk exposures, future research 

could also investigate engineering solutions to make these tasks safer. Although considerable 

efforts have been made over the years to improve the safety of tractors from an engineering 

standpoint, there may still be room for improvement. Furthermore, there are limited regulations 

that dictate the age of farm machinery used and it is not uncommon for farms to be using tractors 
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without modern safety features. Future research investigating the risk of injury attributable to 

aging farm machinery could be used in combination with evidence from this study to support 

regulations in this area. 

In general, the results can help improve the impact of inventions by providing easily 

understood estimates of risk associated with farm work exposures.  In addition, findings of this 

research provide evidence to policy-makers and planners which can be used to support and 

identify priorities for occupational health and safety regulation reform for this vulnerable 

population.  
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Chapter 5 

Discussion 

5.1 Key Findings 

The goal of this thesis was to provide novel information about the occurrence and 

etiology of pediatric agricultural injury in Canada. My thesis focused on farm work and high-risk 

farm work activities high risk farm environments and activities as potential determinants of 

injury. Towards this goal, the first manuscript was a descriptive study and provided an 

epidemiological update for agricultural injuries in children under 20 years in the provinces of 

Ontario and Saskatchewan based upon surveillance data. Manuscript 2 built upon the descriptive 

analyses by investigating specific risks for agricultural injury associated with high risk farm work 

exposures in young people from Saskatchewan.  

Manuscript 1 used over two decades of surveillance data from Canadian Agricultural 

Injury Reporting (CAIR) to describe hospitalizations and fatalities in Ontario and Saskatchewan 

annually, monthly, by age and sex, by time, by mechanism of injury, and by nature of injury. 

Common patterns of agricultural injuries were identified. There were differences in the farm 

injury experiences in Ontario and Saskatchewan, particularly in terms of farm hazards involved in 

injuries and age-specific rates. Overall, children under 5 years of age were at increased risk of 

fatalities and 10-14 year-olds experienced lower rates of hospitalization. Leading mechanisms of 

injury identified in our study were: falls from heights, animal-related mechanisms, machine 

entanglements, rollovers, and runovers. Notable seasonal peaks in injury occurrence were also 

observed. 

To address existing gaps in analytic research, the second manuscript used a sample of 12-

29 year olds from the Saskatchewan Farm Injury Cohort (SFIC) study. The prevalence of injury 

in the sample was 4.9% and the most common type of injury was fractures and open wounds. 
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There were age and sex differences in farm work exposures. In general, results were consistent 

with our hypothesis that increased engagement in specific high-risk work tasks is related to an 

increased risk of injury. Specifically, after adjustment for important covariates, both the duration 

of farm work and tractor maintenance demonstrated a significant dose-response trend with 

increased risk at both low and high exposure levels compared to no exposure.  Tractor operation, 

chores with large animals, herd maintenance activities, and veterinary activities demonstrated a 

trend of increasing risk, but were only significantly related to injury when comparing high 

exposure to no exposure. Operation of all-terrain vehicle demonstrated a minor trend of increased 

risk of injury with increased exposure but these effects were not statistically significant.  

Together, these manuscripts demonstrate that there is a considerable burden of 

agricultural injury among children, youth, and young adults on farms. Furthermore, findings 

support that experiences of injury are related to the amounts and type of exposure to farm work 

and other farm hazards. The remainder of this discussion will focus on the internal and external 

validity of the research, other strengths and limitations of the studies, future research directions, 

and implications for public health. 

5.2 Internal Validity 

Internal validity is the degree to which results are accurate in the target population.1 

Internal validity is threatened by sources of nonrandom error, also known as systematic error, that 

can artificially inflate or reduce measures of effects.1 Common sources of systematic error 

include: selection bias, information bias, confounding, and chance. These four threats to internal 

validity will be discussed in the context of the two studies in this thesis. 

5.2.1 Manuscript 1 (Chapter 3) 

Selection bias is a result of systematic differences between people who are excluded or 

included in a study that can influence observed measures of effect.1 For descriptive analyses, 

selection bias is often considered in light of the representativeness of study findings, and when 
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defined in this manner influences the degree to which results are accurate for the target 

populations. Manuscript 1 is based on CAIR surveillance databases which only capture 

agricultural injuries that: a) were admitted to hospital; or b) result in a fatality.2 Therefore, the 

CAIR databases do not capture agricultural injuries where the injured person did not seek medical 

attention. Furthermore, some injuries of similar severity may be treated in emergency rooms 

while others are hospitalized. The decision to hospitalize may differ based on physician 

judgment, hospital policies, and availability.3 Consequently, there could be systematic differences 

between the characteristics of agricultural injuries that lead to hospitalization and those that do 

not. Therefore, using admission to hospital as a proxy for severity of injury is problematic as 

these systematic differences would result in underestimating injuries of this severity.  

Information bias. CAIR uses International Classification of Disease (ICD) codes to 

identify agricultural related hospitalizations, which in turn depends on complete hospital records 

and correct use of ICD codes (see Appendix A for more information).2 A CAIR report for Ontario 

justified switching from the traditional use of ICD-9 codes to using ICD-10 codes because the 

ICD-10 codes identified more agricultural hospitalizations and were more accurate.4 Although the 

ICD 9 coding system is very effective in identifying injuries involving farm machinery such as 

tractors and harvesters, it is less effectual at identifying in motor vehicles, off-road vehicle, and 

non-machine agricultural injuries.4 Conversely, the use of ICD 10 codes provides a coding 

structure that identifies non-machine agricultural injuries more effectively.4 The employment of 

the ICD 10 coding system in Ontario resulted in a substantial increase in the identification of non-

machine agricultural hospitalizations, specifically animal-related, fall-related, struck by object, 

caught under object, and overexertion injuries. Due to the limitations of the use of ICD 9 codes, 

the CAIR data from Saskatchewan and from Ontario prior to 1999 likely underestimates non-

machine related hospitalizations and consequently overestimates the frequency of machine-
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related hospitalizations. Overall, rates of hospitalizations are likely underestimated due to the lack 

of complete capture of all agricultural-related injuries from the hospital discharge records. 

Confounding. The differences between Ontario and Saskatchewan in the ICD codes used 

to identify hospitalizations after 1999 confounds provincial comparisons of rates and 

characteristics of hospitalized pediatric agricultural injuries. Since ICD codes are more effective 

at identifying non-machine related injuries, observed differences in frequency of mechanisms of 

hospitalization between the two provinces could be accounted for by this methodological 

difference. To facilitate comparisons between provinces, we controlled for the underlying age-

distribution of each province by calculating age-adjusted rates. However, because this data set is 

based on surveillance data, the information we have about demographics and farm characteristics 

are limited so we were not able to investigate any other possible covariates other than sex. As a 

result, it is possible that there are uncontrolled confounders that could partially or fully account 

for geographic differences in farm injury experiences observed in our study. 

Statistical Power and Chance. We calculated confidence intervals for the rates and rate 

ratios observed in our study. These confidence intervals give some indication of the accuracy of 

rates observed and the odds that observed rate ratios were a result of chance. For hospitalizations, 

the larger sample sizes resulted in improved statistical power, and as a result, confidence intervals 

were generally fairly narrow. Fatalities were much lower in number, and consequently, 

confidence intervals were comparatively wider. 

5.2.2 Manuscript 2 (Chapter 4) 

Selection bias. More classically, selection bias can be defined as the distortion of an effect 

estimate in an analytical study due to selection in to or out of a study. With respect to this definition, 

it is not likely that selection bias affected the results from the cross-sectional analyses of data from 

the SFIC study presented in Manuscript 2. The SFIC used a strong sampling technique with 

stratification and random selection at the municipality level. Modern survey methods that aim to 
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maximize participation were also used (see Appendix D and Chapter 4 for more information). Yet, 

the response rates were rather low (33% and 31% for Phase 1 and Phase 2 respectively). Low 

response rates can be indicative of possible selection bias in the event that there are systematic 

differences in demographic or farm characteristics between those who decide to participate and 

those that decline to participate. However, there is no evidence or intuitive reason that participation 

was nonrandom by exposure status. Therefore we do not believe the relationships observed between 

increased exposure to specific farm tasks and the occurrence of injury were biased based on 

selection.   

Information bias. The measures used in the SFIC study to access information about farm 

work exposures and the outcome of agricultural injury have precedent in existing literature and 

have demonstrated face and content validity through pilot testing.5–7 However, little is known 

about the true “test validity” of these measures (how accurately they capture the truth). For 

example, tractor operation and tractor maintenance are measured in hours per year, which may be 

difficult for a participant to accurately estimate, particularly for other members of their 

household. As such, these estimates of exposure may not be highly accurate or reliable. 

Measurement error arising from this lack of accuracy could result in misclassification in terms of 

exposure groups (no exposure, low exposure, and high) and the outcome (injury in past year, no 

injury). However, this misclassification should most likely be non-differential as a lack of test 

validity would affect all participants equally. As such, any resulting bias would be towards the 

null. 

Furthermore, the SFIC uses self-report and third-party report since one person fills out 

the questionnaire for all farm dwellers. The farm exposures are estimated for the past year, which 

may be difficult for participants to accurately recall for self-report.8,9 Although the outcome of 

agricultural injury in the past year might be more memorable and therefore easier to recall, minor 

injuries may not be remembered.10 Compounding the issues with self-report there are also third 
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party or proxy reports in the data which are susceptible to both issues in recall and are dependent 

on accurate knowledge. For example, the respondent may not be aware of injuries resulting from 

children and youth not reporting injuries to their parents.10  

A potential difference between self-report and third party report is supported by the data. 

There were higher rates of injuries among the 24-29 year old group and owner-operators had 

much higher rates of injury than other family members. Although this trend could be explained by 

differences in exposure to farm work tasks, owner-operators and young adult participants were 

also more likely to have filled out the questionnaire themselves. Although this recall error may be 

random, it is possible that injured participants overestimate their farm work exposures because 

they believe there is a causal association between their agricultural injury and farm work 

exposure, in which case, effects would be biased away from null. However, the questions about 

farm work exposures precede and are on a separate page from the injury questions in order to 

minimize the possibility of recall bias. 

Confounding. Potential covariates were identified based on descriptive literature and 

covariates included in other research investigating the risk factors for agricultural injuries. 

Although we were able to incorporate age, sex, and eight other potential covariates into the model 

building process, there are other potential confounders that were not available from the SFIC data 

and hence there may be uncontrolled confounding. The intra-class correlation for clustering 

within farms was 0.13, indicating a substantial amount of the variance observed is accounted for 

by differences between farms. The majority of potential farm-level covariates were not available 

in the data used such as: age of farm equipment, availability of safety features of on equipment 

and structures, and the training and safety procedures used in the farm. As such, findings may be 

susceptible to uncontrolled confounding which may bias effect estimates towards or away from 

the null.  
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Type II error and Statistical Power. Some null findings may have resulted from Type II 

error, which is the failure to detect true relationships due to an inadequate sample size. Low 

statistical power is the primary reason for Type II error. Although a-priori power calculations 

demonstrated sufficient power for the analyses (80% power to detect RR of 2.2), the injury rate 

and hence number of persons in specific cells for analyses was much lower than originally 

predicted. Furthermore, the exposure data were very highly skewed and thus not appropriate for a 

continuous representation meaning that in order to investigate the dose-response relationship 

between farm work exposures and injury, the exposure variables needed to be categorized. 

Categorizing exposures into three categories representing no, low, and high exposures potentially 

further reduce the power for the analyses. 

Consequently, post-hoc power calculations were necessary (Appendix G). Post-hoc 

power was estimated using PROC POWER procedure for logistic regression. The procedure 

supports the inclusion of multiple covariates in power calculations and is based on the best known 

methods for estimating power for logistic regression11,12 However, PROC POWER does not have 

any options for multi-level models. In order to compensate for the clustered nature of data, the 

effective sample size was reduced for the design effect associated with farms. This is a commonly 

used method for power calculations involving multilevel models.13 The design effect estimates 

how the standard error of parameter estimates is affected by the clustered data.13 For manuscript 

2, the design effect for clustering at the farm level was calculated as 1.08, resulting in an effective 

sample size was 1051.  

In post-hoc analysis, power to detect the relative risks observed in for each of the seven 

adjusted farm exposure models was calculated, as well as the minimum RR that could be detected 

at 80% power (Appendix G). The minimum detectible relative risk was between 1.5 and 1.6 for 

each farm exposure. For veterinary activities, which had a protective relative risk for one 

exposure level (RR<1), the minimum protective RR was 0.6. As such, the analyses lack sufficient 
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power to detect the significance of the relative risks observed for ATV operation and for 

comparing the low exposure groups to no exposure groups of the other specific farm work 

exposures as these relative risks were below 1.5. However, the majority of effect estimates in 

Manuscript 2 were high enough that there was over 99% power. 

5.3 External Validity 

External validity, also known as generalizability, is the degree to which the findings of 

the study are representative of the target population and can be generalized beyond the scope of 

the study into other populations.1 A discussion of the external validity of the two studies in this 

thesis will be presented below. 

5.3.1 Manuscript 1 (Chapter 3) 

Manuscript 1 used CAIR surveillance databases, which identify agricultural injuries from 

provincial hospitalization and death records (for more information on CAIR methods, see 

Appendix A and Chapter 3). Given that the CAIR database aims to identify all hospitalized and 

fatal injuries, rates and other findings should be representative of the target farm populations in 

Ontario and Saskatchewan for these outcomes. However, one threat to the representation of 

Manuscript 1 findings is the migrant farm worker population, which may not accurately be 

accounted for in the denominator data. Although denominator data includes numbers from with 

data from the seasonal agriculture workers program from Citizenship & Immigration Canada,14,15 

the seasonal nature of migrant workers mean that they are not necessarily at risk for the entire 

year. In addition, there are many migrant farm workers that are not accounted for in the seasonal 

agricultural workers program. The seasonal variance in the farm population at risk due to the ebb 

and flow of migrant and other occasional workers particularly limits the interpretations of 

monthly rates and trends observed: increased monthly rates may in part be a function of increased 

population at risk. 
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The rates and characteristics of agricultural injury observed in Manuscript 1 may not be 

generalizable to other farm populations outside of Ontario and Saskatchewan. The observed 

differences between Ontario and Saskatchewan demonstrate that geographic or potentially 

farming region plays a role in the experiences of agricultural injuries. Yet, the leading 

mechanisms of injury was consistent between provinces, and with other studies including national 

reports on farm injuries in Canada and the United States.16,17 Therefore, results of this study 

should be generalized with caution. 

5.3.2 Manuscript 2 (Chapter 4) 

As previously mentioned, the response rates for the SFIC study are low, which is 

common with mailed survey methods.18 As a result, the injury rates, demographics, and farm 

exposures may not be representative of the Saskatchewan farming population. However, the SFIC 

was not designed to be representative in terms of rates of injury and some associated patterns. It 

was designed to capture a wide and heterogeneous range of exposures and experiences. For 

example, sampling was stratified by soil type and thus farm regions resulting in potential over-

representation of some farming regions in the cohort. Due to the lack of representation, 

descriptive results about should not be generalized to the Saskatchewan farm population or 

should be done with caution. 

However, we believe that the relationships found between farm work exposures and 

agricultural injury are generalizable to the Saskatchewan farm population, and other farming 

regions. The relationships do appear to follow a dose-response pattern as there was a concomitant 

increase in risk for agricultural injury with increasing time involved in various types of farm 

work. In other words, the relationship between farm work and agricultural injuries should be the 

same, at least qualitatively, regardless of the representativeness of exposure prevalence and injury 

rates are of the target population. However, generalizing findings from this study beyond the age 

group of 12 to 29 year olds used in this study, particularly to younger children, would not be 
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recommended as the risk associated with farm work exposures may not be the same for children 

at earlier developmental stages. 

5.4 Other Limitations and Strengths 

A strength common to both studies is that results provide novel foundational information 

to the existing body of literature on pediatric agricultural injuries that can be used to inform the 

design, priorities, and targeting of health and safety efforts to prevent agricultural injuries. 

Manuscript 1 provides updated epidemiological information about agricultural injury and 

characteristics in a Canadian context, as the majority of existing reports are based on data that is 

more than a decade old. Furthermore, the analyses presented a comparison of two farming regions 

to compare regional effects, which is rare in the descriptive literature. Lastly, manuscript 1 

presented cross-tabulated results comparing age group and mechanism of injury which 

demonstrated that age affects the rate of injury associated with specific mechanisms. 

Manuscript 2 adds to the limited body of analytic literature about pediatric agricultural 

injuries by investigating specific farm work exposure and their relationship with injury in a 

Canadian context. To date, the analytic research in this area has been restricted to American 

farming populations. The analyses also investigated a dose-response relationship between 

different farm work exposures and agricultural injury, which is novel as the majority of prior 

investigations have used dichotomous farm work exposure variables. 

Both studies presented in Manuscript 1 and 2 have limitations that can be drawn about 

causality. Manuscript 1 is a descriptive analysis of case-only agricultural injury surveillance data. 

Even though leading mechanisms of injury were identified, assessment of causation is not 

possible as there is no comparison group free of injury and limited information about the 

exposures and circumstances leading to injury. In manuscript 2, due to the cross-sectional design 

we lacked an ability to establish temporality, which definitively limits interpretations about 

causation. We cannot determine that farm work exposures preceded agricultural injury because 
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the exposures and outcomes were measured for the same time period. There is also some concern 

about reverse causality as a prior farm injury could reduce the amount of time engaged in farm 

work and specific farm tasks. However, if this was the case, it would reduce the dose-response 

relationship found and bias results toward the null. 

5.5 Future Research Directions 

Future research should aim to replicate and further explore these findings about pediatric 

agricultural injuries. For descriptive analyses, it would be beneficial to further investigate the 

geographic differences in agricultural injury. To further understand why there are differences in 

agricultural injury experiences across regions, regional farming characteristics should be 

compared in future studies with sufficient numbers to permit such comparisons with accuracy. 

Furthermore, stratification and cross-tabulations by age group should be incorporated into future 

descriptive analyses as Manuscript 1 demonstrated that age can have a substantial effect on the 

characteristics of agricultural injury. 

Analytic studies need to confirm and further explore the dose-response relationship 

between farm work exposures. Future studies should use data with sufficient injury events to 

yield improved statistical power and therefore could allow for the comparison of more exposure 

categories. Studies should also use validated measures to measure farm work exposures or 

conduct validation studies to investigate the test validity of measures. Moreover, future 

investigation should use exposure information to predict prospective agricultural injury such as 

from a cohort study in order to improve interpretations of the temporal aspects of causality. 

Additionally, as previously discussed, the results from Manuscript 2 demonstrate a substantial 

effect of farm-level factors and there may be uncontrolled confounding. Therefore, future 

research should investigate additional potential covariates such as: age of farm equipment, farm 

safety and training practices and policies, parent level factors such as permissiveness, 

supervision, and attitudes and beliefs about farm safety. Lastly, future analytic research needs to 
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continue to investigate the effects of sex in order to better understand what risk, if any, is 

associated with sex and to investigate potential mediation in the relationship between sex and 

agricultural injury by farm work exposures. 

5.6 Recommendations for Public Health, Prevention, and Policy 

Implications and recommendations have been discussed in depth in Manuscript 1 and 2 

(see Chapters 3 and 4). In summary, we recommend that future preventive efforts are specifically 

targeted to: 1) farming regions; 2) specific age groups; and 3) specific farm exposures, including 

the timing of those exposures. These recommendations are based on the existing body of 

literature and findings from this research. Specifically, Manuscript 1 demonstrated that there are 

differences between the geographic regions of Ontario and Saskatchewan which have differences 

in farm size, type of operations, and economic contributions. Both manuscripts found that age 

distributions have a substantial impact on farm injury and provided evidence supporting targeting 

interventions to specific farm work exposures. For example, Manuscript 2 identified tractor 

maintenance as a high risk farm activity that should be a priority for intervention.  

Based on the limited effectiveness of educational interventions demonstrated in the 

literature,19–24 we also recommend future intervention expand beyond educational interventions to 

incorporate ergonomic, engineering, and regulatory controls. Research has demonstrated that 

legislative changes, such as removing the family farm exemption for agriculture in the US Child 

Labor Law’s Hazardous Occupations Orders and raising the age restriction for performing 

hazardous agricultural from 16 to 18 years would hypothetically be able to help prevent 

agricultural injury.25 However, the farming community is traditionally opposed to outside 

interference and control, as demonstrated when the recent attempts to reform the US Child Labor 

Laws as the apply to the agricultural sector which were rejected, in part, due to strong opposition 

from the agricultural sector.26,27 For that reason, future regulatory efforts should encourage uptake 

of voluntary policies such as The North American Guidelines for Children’s Agricultural Tasks 
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and the best practice model policy for youth employment in agriculture proposed by Miller and 

colleagues.28  

5.7 Summary 

This thesis demonstrates that there is a substantial burden of agricultural injuries in 

children and youth in Ontario and Saskatchewan. Furthermore, findings suggest that this burden 

can be explained in part by farm work exposures in youth and young adults. The relationships 

between farm work exposures and agricultural injury followed a dose-response trend. Future 

research should: 1) investigate the farming characteristics of geographic regions and rates of 

pediatric injury to better understand regional effects; 2) use cohort data to determine how farm 

work exposures contribute to prospective injuries; 3) use additional categories of exposure to 

further investigate the dose-response relationships of farm work exposures with injury; and 4) 

should consider more farm and parent-level factors in future investigations. Pediatric agricultural 

injury should be a priority for public health of rural and agricultural populations. Future 

preventive efforts should focus on specific farming regions, age groups, and high risk farm 

exposures and should incorporate a variety of strategies such as engineering controls and uptake 

of voluntary farm policy about farm safety, training, and the assignment of developmentally 

appropriate farm work. 
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Appendix A 

Canadian Agricultural Injury Reporting (CAIR) Methods 

This appendix will summarize the methods used by CAIR that are explained in data in 

Agricultural Injuries in Canada for 1990-2000; Agricultural Fatalities in Canada for 1990-2008; 

and Agricultural Fatalities and Hospitalizations in Ontario 1990-2004.1–3  

Methods for identifying fatalities 

Although the process used in the identification of agricultural fatalities varies by province, the 

general procedure is as follows:  

1. Potential sources of agricultural fatality data are identified using a variety of agencies 

depending on the province. Both Ontario and Saskatchewan use records from the offices 

of the Chief Coroner for Ontario along with data from occupational health and safety 

organizations. The CAIR program in Ontario supplements these sources with records 

from the Registrar General. 

2. Within each province, a comprehensive list of all potential agriculture-related fatalities is 

assembled using each available source of fatality data. Detailed case reports are sought 

for identified cases from coroners’ investigation reports; occupational safety and health 

agency investigation reports; and RCMP/provincial police reports.  

3. Data abstraction and entry are completed on each eligible fatality. This is done in a 

consistent manner using a standard data abstraction form (Appendix B). Data abstraction 

is completed onsite at provincial chief coroners’ or medical examiners’ offices.  

4. The resulting data are sent to the national site for verification, cleaning, coding and 

analysis by a subcommittee of CAIR researchers called the Data Cleaning Committee. 

The data cleaning process follows procedures outlined in the Fatality Coding manual that 

was written and continues to be updated by the Data Cleaning committee. Key database 
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elements are reviewed for each case in the fatality database. At least two members of the 

committee review each case for eligibility and if deemed eligible, code or recode the 

cause and other characteristics of the fatality. Cases with poor agreement are reviewed for 

consensus by the Data Cleaning committee. 

5. The cleaned and coded data are maintained in an electronic database. This database is 

managed centrally by the national coordinator under the supervision of the program 

director. The provincial collaborators retain the complete data set for their own provinces.  

 

 However, this data collection process is not without limitations. It is difficult to 

standardizing the process across province due to the different types of agencies available across 

provinces. Furthermore, there are discrepancies in terms of the organization and computerization 

of case files within provincial mortality databases. As a result, there are likely differences in 

efficiency of case definition across provinces. Every effort is made to identify every possible 

agricultural fatality case and to standardize data collection efforts; however, some variation does 

exist between provinces. 

Methods for identifying hospitalizations 

 Hospital separation or discharge data are obtained by CAIR collaborators using Hospital 

separation data are obtained by CAISP collaborators through agreements with the Ministry of 

Health in each province. The identification of hospitalized agricultural injuries follows a different 

method based on whether the injuries are machine-related or not. Hospitalized agricultural 

injuries are identified using a systematic computer search of the hospital separation database. 

Cases are considered for inclusion if they meet the criteria listed in Table 1. Ontario began using 

ICD 10 codes in March of 1999; therefore, the inclusion criteria are listed for both ICD 9 and 

ICD 10 codes. 
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Table 1. Inclusion criteria for CAIR hospitalization data3 
  Inclusion criteria 

Machine-

related 

ICD 9 - External cause of injury code on the hospital discharge record 
was E919.0, ‘Injuries caused by agricultural machinery’.  

- Cases with the location of injury ‘farm’ (ICD 9 CM place of 
occurrence code = E849.1 or ICD 9 CA 5th digit sub-
classification "place of occurrence" code =1) were also included 
if the incident involved a machine or a motorized vehicle.   

ICD 10 - ICD 10 CA external cause of injury on the hospital discharge 
record was W30 ‘Contact with agricultural machinery’ or V84X 
‘Transport accident – special vehicle  

- Cases coded with the location of injury ‘farm’ using ICD 10 CA 
place of occurrence code U98.7 are also included if the incident 
involved a machine or a motorized vehicle 

Non-machine 

related 

ICD 9 - Injury occurred on a farm: ICD 9 CM place of occurrence code 
= E849.1 or ICD 9 CA 5th digit sub-classification "place of 
occurrence" code =1, excluding injuries that involved a machine 
or vehicle. 

ICD 10 - Cases coded with the location of injury ‘farm’ using ICD 10 CA 
place of occurrence code U98.7, excluding incidents involving a 
machine or a motorized vehicle 

 

 Whenever possible, hospitalization data is enhanced by chart data. The patient identifier 

and institution code in the basic hospital separation or discharge data set are used to identify the 

institutions to which individual cases were admitted. To request chart data from the medical 

records department, the Chief Executive Officer (or equivalent) approached for permission. 

Information is requested using a mail survey format once permission is granted to access chart 

data. Medical records personnel use the standardized data abstraction form (Appendix B) 

received in the mail to abstract specific information from the individual patient charts. Regular 

mail and telephone follow-ups are conducted following the initial mailing in order to ensure a 

high response rate. The resulting enhanced data set includes variables in addition to those in the 

basic data set that can be used to better describe injury patterns. Data is cleaned, verified, and 

coded by the Data Cleaning committee using the hospitalization coding manual using the same 

process as the fatality data.  
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 The CAIR hospitalization data is limited by the amount and completeness of data 

available in the medical record, and the diligence and accuracy of the abstraction by medical 

records technician which to some degree is dependent on the technicians’ knowledge of 

agricultural operations. Based on these limitations, there likely variations in the quantity and the 

accuracy of the information that is returned on the data abstraction forms. The data cleaning 

process aims to improve the quality and accuracy of resultant data. 
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Appendix B 

CAIR Data Abstraction Forms 
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Appendix C 

Denominator Data Table for Manuscript 1 

  Saskatchewan Ontario 

  0-4 5-9 10-14 15-19 0-19 0-4 5-9 10-14 15-19 0-19 

1990 10230 14802 18562 18654 62248 16593 21601 25680 23323 87197 

1991 9850 14225 17945 18060 60080 16010 20920 24930 22845 84705 

1992 9470 13648 17328 17466 57912 15427 20239 24180 22367 82213 

1993 9090 13071 16711 16872 55744 14844 19558 23430 21889 79721 

1994 8710 12494 16094 16278 53576 14261 18877 22680 21411 77229 

1995 8330 11917 15477 15684 51408 13678 18196 21930 20933 74737 

1996 7950 11340 14860 15090 49240 13095 17515 21180 20455 72245 

1997 7570 10763 14243 14496 47072 12512 16834 20430 19977 69753 

1998 7190 10186 13626 13902 44904 11929 16153 19680 19499 67261 

1999 6810 9609 13009 13308 42736 11346 15472 18930 19021 64769 

2000 6430 9032 12392 12714 40568 10763 14791 18180 18543 62277 

2001 6050 8455 11775 12120 38400 10180 14110 17430 18065 59785 

2002 5876 8135 11176 11693 36880 9834 13516 16941 17955 58246 

2003 5702 7815 10577 11266 35360 9488 12922 16452 17845 56707 

2004 5528 7495 9978 10839 33840 9142 12328 15963 17735 55168 

2005 5354 7175 9379 10412 32320 8796 11734 15474 17625 53629 

2006 5180 6855 8780 9985 30800 8450 11140 14985 17515 52090 

2007 5006 6535 8181 9558 29280 8104 10546 14496 17405 50551 

2008 4832 6215 7582 9131 27760 7758 9952 14007 17295 49012 

2009 4658 5895 6983 8704 26240 7412 9358 13518 17185 47473 

2010 4484 5575 6384 8277 24720 7066 8764 13029 17075 45934 

2011 4310 5255 5785 7850 23200 6720 8170 12540 16965 44395 

   Used as numerator for Hospitalizations    
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Appendix D 

Saskatchewan Farm Injury Cohort Methods 

Development of study materials 

 The Phase 1 baseline questionnaire was developed by a panel consisting of the primary 

research team with advisement from three active members of the farming community. Items that 

had been used in existing research were selected or modified for use wherever possible.1–3 The 

questionnaire and other study materials were tested using a sample of 50 farm people who were 

not enrolled in the main cohort. Materials were revised based on feedback about question clarity, 

comprehension, time of completion, acceptability, and overall impressions.  

 The Phase 2 baseline questionnaire was based of the Phase 1 questionnaire. The research 

panel modified or removed items based on experiences with the Phase 1 research and feedback 

from participants. New items were added based on contemporary research interests and findings 

from related body of literature. The Phase 2 baseline questionnaire underwent similar pilot test to 

Phase 1 and was revised further based on the feedback received. This pilot testing has 

demonstrated that the SFIC questionnaires have good content and face validity. 4–6 However, little 

else is known about the reliability and validity of farm work exposures and farm injury items used 

in the study presented in Manuscript 2. 

Sampling methods and data collection 

 The SFIC used a stratified cluster sampling approach. Municipalities were stratified 

based on: 1) soil type and hence type of agriculture (3 strata); and, (2) membership or not in the 

Agricultural Health and Safety Network (2 strata).  For Phase 1, based on this stratification, 50 

municipalities were randomly selected participate. Consent for participation at the municipal level 

was requested through in-person meetings with each rural municipal council. For Phase 2 of the 

study, an additional 24 municipalities were recruited using this same method. However, a small 
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number of municipalities were excluded from participation in Phase 2due to their participation in 

other ongoing studies. A total of three municipal councils declined to participate resulting in a 

nearby municipality in the same strata was recruited in its place. Updated lists of active farms 

were requested from participating municipal councils. All farms listed as active were invited to 

participate in the study. 

 Farms were recruited by mail using a modified version of the Dillman Total Design 

Method for Mail and Telephone Surveys in order to maximize response rates 7. The general 

premise of the Dillman method involves maximizing study response rates by: 1) maintaining 

ongoing communication with participants; 2) use of consistent and non-intrusive methods of 

follow-up; 3) using personalized study materials to encourage interest; 4) using participant-

friendly materials; and, 5) expressing appreciation for the contributions of participants. Figure 1 

demonstrates how recommendations from the Dillman method were applied to Phase 2 data 

collection, including the timing of follow-up efforts. Phase 1 used a nearly identical process. 

Figure 1. Schedule of mailings 

 

Survey packages including cover letters, instructions, written paper questionnaires, and 

return envelopes with postage were sent to all active farms in the municipalities selected for 

participation. Questionnaires were filled out by a key adult informant on each farm.  The 

questionnaire includes questions about the farm operation, work and health experiences of farm 
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dwellers and workers, and farm health and safety practices. The cohort was designed to be large 

and heterogeneous in terms of work-related exposures but not necessarily representative.  
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Appendix E 

Saskatchewan Farm Injury Cohort Questionnaire 

Below are the sections of the SFIC Phase 2 Questionnaire relevant to manuscript 2. Part B of the 

questionnaire is repeated and filled in for each person on the farm.  
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Appendix F 

Additional Tables for Manuscript 2 

Covariate Regression Table 

Table 2. Unadjusted (Univariate) and Adjusted (Multivariate) Logistic Regression Relative 
Risk Estimates of Agricultural Injury for Covariates 

 Unadjusted Adjusted* 

RR (95%CI) P value RR (95%CI) P-value 

Age 1.2 (1.1-1.2) <0.0001 1.1 (1.0-1.2) 0.003 

Gender      

Female  ref  ref  

Male  2.0 (1.1-3.8) 0.03 1.6 (0.7-3.5) 0.17 

Typical sleep      

≥7 hours  ref  ref  

≤ 6 hours  3.4 (1.9-5.8) <0.0001 2.6 (1.3-5.1) 0.007 

Comorbidities      

0  ref  ref  

1 or more  2.0 (1.0-4.1) 0.04 2.0 (0.9-4.2) 0.07 

Farm Acres      

0-1500  1.1 (0.6-2.2) 0.70 1.1 (0.5-2.2) 0.83 

1501-2500  1.1 (0.5-2.2) 0.88 1.0 (0.5-2.4) 0.91 

>2500  ref  ref  

*Holding other listed covariates constant 

Sensitivity Analysis 

 There were 48 individuals that participated in both Phase 1 and Phase 2 of the study. We 

decided to include these 48 individuals to maximize sample size because baseline data for the two 

phases of the study were collected 6 years apart (2007 and 2013), and participants were likely to 

have been different development stages, have different exposures, and different outcomes at the 

two time points. Furthermore, the random effect model controlled for clustering due to farm at 

year of study participation, which would minimize any potential effects of these repeat 

participants. A sensitivity analysis with Phase 2 data from the 48 repeat participants removed 

from the data set. Results are presented in Table 2 below.. 
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Table 3. Unadjusted (Univariate) and Adjusted (Multivariate) Logistic Regression Relative 
Risk Estimates of Agricultural Injury for Select Farm Work Exposures from Sensitivity 
Analysis 

 Unadjusted Adjusted* 

RR (95%CI) P value RR (95%CI) P-value 

Hours of Farm Work      

0-9 hours/week  ref  ref  

10-29 hours/week 5.5 (1.5-19.5) 0.009 7.1 (1.5-32.9) 0.005 

30+ hours/week 11.2 (3.6-37.6) <0.0001 9.5 (2.0-44.0) 0.01 

Operation of Tractors      

0 hours/year  ref  ref  

1-69 hours/year 2.5 (0.8-7.8) 0.12 2.5 (0.6-9.0) 0.17 

70+ hours/year 6.5 (2.3-18.9) 0.0006 4.2 (1.0-16.8) 0.05 

Tractor Maintenance      

0 hours/year  ref  ref  

1-10 hours/year 3.7 (1.6-8.7) 0.003 4.2 (1.4-13.2) 0.01 

11+ hours/year 6.2 (2.8-13.6) <0.0001 7.2 (2.1-25.1) 0.002 

ATV Use      

0 days/year  ref  ref  

1-29 days/year 0.9 (0.4-2.1) 0.23 1.2 (0.5-3.0) 0.30 

30+ days/year 1.5  (0.8-3.2) 0.89 1.6 (0.7-3.6) 0.87 

Working with Large 
Animals      

0 days/year  ref  ref  

1-49 days/year 1.2 (0.4-3.7) 0.80 1.0 (0.3-3.5) 0.96 

50+ days/year 6.7 (3.0-15.0) <0.0001   4.9 (2.0-12.0) 0.0007 

Herd Maintenance      

0 days/year  ref  ref  

1-14 days/year 1.7 (0.7-4.3) 0.21 1.1 (0.5-3.4) 0.83 

15+ days/year 5.3 (2.5-11.4) <0.0001 3.1 (1.4-7.3) 0.008 

Veterinary Activities      

0 days/year  ref  ref  

1-9 days/year 0.8 (0.2-3.1) 0.77 0.7 (0.1-3.4) 0.64 

10+ days/year 4.8 (2.4-9.7) <0.0001 3.5 (1.6-7.6) 0.003 

* Adjusted models controlled for age, gender, typical sleep, farm size, and comorbidity status 
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Appendix G 

Post-Hoc Power Calculations 

 Exposure 
Frequency 

Adjusted* Power Min detectable RR 
at 80% power 

RR (95%CI) P-value 

Hours of Farm Work      

0-9 hours/week 0.35 ref    

10-29 hours/week 0.31 8.0 (1.7-36.7) 0.008 >99% 1.6 

30+ hours/week 0.34 10.3 (2.2-47.5) 0.003 >99% 1.6 

Operation of Tractors      

0 hours/year 0.27 ref    

1-69 hours/year 0.36 2.7 (0.7-10.38) 0.13 >99% 1.6 

70+ hours/year 0.37 4.3 (1.0-17.9) 0.04 >99% 1.6 

Tractor Maintenance      

0 hours/year 0.51 ref    

1-10 hours/year 0.25 3.7 (1.2-11.2) 0.02 >99% 1.6 

11+ hours/year 0.24 6.7 (2.0-22.4) 0.002 >99% 1.6 

ATV Use      

0 days/year 0.34 ref    

1-29 days/year 0.33 1.1 (0.4-2.7) 0.30 9% 1.6 

30+ days/year 0.33 1.5 (0.7-3.4) 0.87 72% 1.6 

Working with Large 
Animals 

     

0 days/year 0.45 ref    

1-49 days/year 0.25 1.0 (0.3-3.5) 0.99 5% 1.6 

50+ days/year 0.30 5.2 (2.1-12.6) 0.0004 >99% 1.6 

Herd Maintenance      

0 days/year 0.48 ref    

1-14 days/year 0.26 1.2 (0.5-3.4) 0.66 21% 1.6 

15+ days/year 0.26 3.2 (1.4-7.3) 0.005 >99% 1.6 

Veterinary Activities      

0 days/year 0.53 ref    

1-9 days/year 0.16 0.7 (0.1-3.2) 0.60 64% 0.6 

10+ days/year 0.31 3.7 (1.7-8.2) 0.002 >99% 1.5 

*Adjusted for age, gender, farm size, typical sleep, and comorbidity status  
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Appendix H 

Research Ethics Board Approvals 

Since the research was completed at both Queen’s University and the University of 

Saskatchewan, ethics approval was sought from both institutions. The University of 

Saskatchewan required two applications, one for each study. Ethics approval certificates are 

attached in the following pages. 
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