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Abstract 

Global Trends in Occupational Injury Indices 

and their Relation to National Indicators 

 

Introduction 

 Occupational injuries cause considerable suffering in individuals, 

communities, and societies. However, policies are formulated based on distorted 

statistics caused by under-reporting of injuries. Although there is evidence about 

the correlation between national indicators and various health outcomes, there is 

still a great deal of uncertainty about the relationship between national indicators 

and the occupational injury indices. Therefore, the aim of this study was to identify 

trends in occupational injury indices and the under-reporting of such injuries and 

establish whether national socioeconomic, inequality, corruption, free press, and 

job-related indicators were related to occupational injury indices. 

 

Methods 

 The 44 countries which reported at least seven years of occupational injury 

rates to ILOSTAT for 2007–2016 were included in the analysis. A country’s lethality 

rate of occupational injuries was defined as the number of fatal occupational 

injuries per 10,000 occupational injuries in a given year. A linear regression was 

conducted on the data to evaluate the trends of occupational injury indices for each 

country. National socioeconomic, inequality, corruption, and free press indicators 

were drawn from World Bank, Transparency International, and Freedom House data. 

The associations between national indicators and occupational injury indices were 

analyzed using linear generalized estimating equations (“GEE”) after adjusting for 

the data source and the GDP per capita based on purchasing power parity (“PPP 

GDP”) and after adjusting for the data source and all national indicators. 
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Results 

 The median number of fatal and non-fatal occupational injuries per 100,000 

workers decreased from 4.05 and 1,219.28, respectively, in 2007 to 2.48 and 

1,086.33, respectively, in 2016. However, lethality rates of injuries per 10,000 

occupational injuries increased from 20.57 in 2007 to 25.27 in 2016. The countries 

with the lowest and highest fatal occupational injury rates, non-fatal occupational 

injury rates, and lethality rates were the United Kingdom (0.62) and Costa Rica 

(9.45), Belarus (54.10) and Costa Rica (11,793.44), and the Netherlands (4.97) and 

Romania (811.16), respectively. There was no linear relationship between the 

medians of the fatal and non-fatal occupational injury rates (β < 0.001; p-value = 

0.089). The largest difference in lethality rates among regions was between Eastern 

Europe and Western Europe. In the fully adjusted model using GEE, the fatal 

occupational rate was positively associated with the Gini index, the proportion of 

high-risk industries in an economy, and the percentage of employees working more 

than 48 hours per week. The non-fatal occupational injury rate was only positively 

associated with the PPP GDP. The lethality rate was positively correlated with the 

corruption and repressed press and negatively correlated with the PPP GDP. 

 

Discussion 

 Fatal and non-fatal occupational injury rates decreased over the 

examination period, but the lethality of injures increased. Fatal occupational injury 

rate was correlated with the Gini index and the proportion of workers who work 

overtime. Making resources available to treat and prevent work-related injuries and 

treating workers equally regardless of position could reduce the risk of fatal 

occupational injuries. Workers who work overtime are vulnerable to injuries 

because such workers are less able to concentrate and are under more stress than 

workers who do not work overtime. Fatal occupational rate was also positively 
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associated with the proportion of high-risk industries in an economy. High-risk 

industries, such as mining and quarrying, manufacturing, and construction would 

be expected to cause more occupational injuries than low-risk industries, but the 

fact that the non-fatal occupational injury rate was not associated with the 

proportion of high-risk industries in an economy indicates non-fatal occupational 

injuries are not being accurately reported. A large difference in lethality rates of 

occupational injuries between countries, which violated Heinrich’s law stating that 

the ratio between major and minor injuries resulting from accidents is similar, was 

not made only by job-related factors but also by reporting problems of injuries. The 

lethality of injuries reported in global statistics might not reflect the actual severity 

of injuries, but rather the degree of unreported non-fatal occupational injuries. 

Lethality was correlated with corruption and an unfree press. Corruption results in 

accidents being concealed and an unfree press is less able to identify unreported 

occupational injuries and reflect an environment in which people may not feel free 

to disclose their injuries to the authorities. 

 

Conclusion 

 National economic status, income inequality, free press, corruption, and 

job-related indicators are correlated with occupational injury indices. However, 

these correlations differ depending on whether the injuries are fatal. Minor 

workplace injuries are not properly captured by the statistic partly due to press 

censorship and corruption in the occupational injury reporting process. Further 

studies need to be carried out in order to determine the correlation between national 

indicators and occupational injury indices. 

 

Key words: occupational injury, national indicator, ecological study, 

generalized estimating equation, under-reporting 
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I. Introduction 

 

Occupational injuries reduce workers’ future earnings and cause them to incur 

medical and rehabilitation costs. They also decrease profitability by increasing 

employee turnover, insurance premium payouts, and legal costs and decreasing 

productivity [1, 2]. The estimates of 8.8% of global deaths around the world were 

caused by occupational factors [3]. In 2015, the United Nations General Assembly 

established the Sustainable Development Goals, a blueprint for building a better 

future for all. Goal 8 is Decent Work and Economic Growth [4]. Decent work is 

possible only after occupational safety and health (“OSH”) has been secured. The 

main object of OSH is to prevent occupational injuries. Such prevention also helps 

protect labor rights and helps create safe working environments for all workers, 

including migrant workers and those in jobs that are prone to suffering industrial 

accidents. Although safety interventions have steadily decreased the rate of 

occupational injuries worldwide, a considerable number of work-related injuries 

still occur [5, 6]. 

 

National socioeconomic indicators describe countries’ socioeconomic 

conditions. Economically developed countries with high purchasing power parity 

gross domestic product (“PPP GDP”) can invest more in health infrastructure and  

prevention programs that improve health outcomes, such as reducing mortality from 

cancer, stroke, and injury [7-9]. GDP and healthcare expenditure growth often leads 

to investment in OSH infrastructure, including the implementation of safety 

technologies, decreasing the number and severity of occupational injuries [10]. The 

Gini index represents the distribution of wealth in an economy. Inequality in 

benefits received from injury prevention programs, supply of personal protective 

equipment, and OSH education makes certain workers more vulnerable to injuries 



2 

 

in the workplace. Underprivileged groups also have low access to healthcare with 

which they could assess whether their injuries are work-related [11]. This trend 

leads to underestimation of the rate of occupational injuries.  

 

Harmful factors, such as physical and chemical exposures directly affect the 

occurrence of occupational injuries [12]. Job-related indicators which represent the 

status of harmful factors in country are expected to be correlated with occupational 

injury rate regardless of severity of injuries. Previous studies revealed that the share 

of total employment accounted for by jobs in high-risk industries, the female-to-

male labor force participation ratio, and the proportion of employees working more 

than 48 hours per week were associated with the occurrence of occupational injuries 

[12-16]. It is likely that global statistics that do not show correlations between job-

related factors and occupational injury rates do so only because of reporting 

problems. Country-level statistics are affected by reporting problems of injuries 

which are correlated with administrative factors, such as minimum absence period 

(waiting period) and insurance system, corruption, and a free press. Economic 

competitiveness and inequality level affect both harmful factors and reporting-

related factors. Many researchers have suspected that occupational injuries, 

especially non-fatal injuries, are under-reported [17-20]. Employers’ fear of 

penalties, employees’ fear of being fired, inappropriate reporting systems, 

inconsistent severity thresholds between countries, and pressure to conceal OSH 

realities contribute to the under-reporting of occupational injuries [12, 20, 21]. This 

study hypothesized that the estimates of non-fatal occupational injury rate were 

composites of harmful factors and reporting problems with injury. Considering fatal 

occupational injuries are more visible than non-fatal injuries and so are likely not 

under-reported, harmful factors (job-related factors) are expected to be correlated 

with fatal occupational injury rate. Therefore, the lethality rate which is defined as 
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the number of fatal occupational injuries per 10,000 total occupational injuries 

represents the harmful factor-adjusted non-fatal occupational injury rate which 

reflects the under-reporting of non-fatal occupational injuries (Fig. 1). If non-fatal 

occupational injuries reported less than actual cases, lethality rate would increase 

regardless of the actual severity of injuries. In this hypothesis, the lethality rate is 

expected to be correlated with press freedom and corruption. The corruption 

perceptions index (“CPI”) measures the relative degree of corruption in countries 

around the world. The reporting of work-related injuries could be distorted by 

corruption in governmental authorities or companies. Freedom of the press scores 

reflect freedom of print, broadcast, and digital publication. Independent and 

uncensored press has the ability to uncover wrongdoing in workplaces. Restrictions 

on press freedom lead to corruption in companies or entire countries [22-24]. 

Previous study showed that press freedom levels were associated with under-

reporting of occupational injury [25]. The press builds bridges between injured 

workers who are unable or unwilling to report accidents and government authorities 

and non-governmental organizations, thereby revealing occupational injuries that 

may otherwise have gone unreported. 

 

There is still a great deal of uncertainty about the relationship between national 

indicators and occupational injury indices. Data used in research on the relationship 

between national indicators and occupational injury indices have been mostly come 

from Organization for Economic Cooperation and Development (“OECD”) 

countries because OSH statistics in other countries are poorly defined, of low 

quality, or non-existent [26, 27]. Furthermore, little attention has been paid to the 

relationship between press freedom, corruption, and inequality and occupational 

injury indices. 
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Figure 1. A diagrammatic representation of the association between national indictors and occupational injury indices.
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II. Objectives 

 

The purpose of this study was to understand global trends in occupational injury 

indices and to establish their relationship with national socioeconomic, inequality, 

press freedom, corruption, and job-related indicators. This paper also discusses that 

non-fatal occupational injuries might be under-reported. This study’s findings help 

deepen the knowledge of OSH and the relationship between occupational injury 

indices and national indicators. 

 

The detailed objectives of this study were as follows: 

 

(1)  to show the trends in fatal and non-fatal occupational injury rates and 

lethality of injuries in 44 countries for 2007–2016 and to compare 

differences in lethality rates between regions; 

 

(2)  to determine whether the lethality rates followed Heinrich’s law and 

whether there was significant under-reporting of injuries; and 

 

(3)  to determine the relationship between occupational injury indices and 

national socioeconomic, inequality, press freedom, corruption, and 

job-related indicators. 
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III. Methods and Materials 

 

1. Occupational Injury Indices 

 

Occupational injury rates for 75 countries for 2007–2016 were obtained from 

ILOSTAT. ILOSTAT is the world’s leading database of labor statistics, including 

information about labor force characteristics, employment, job-related indicators, 

and OSH [28]. Only data from 44 countries which reported at least seven years of 

occupational injuries to ILOSTAT for 2007–2016 were analyzed because national 

indicators in these countries were sufficiently defined [44 countries: Argentina, 

Australia, Austria, Belarus, Belgium, Bulgaria, Canada, Costa Rica, Croatia, 

Cyprus, the Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, 

Hungary, Ireland, Israel, Italy, Latvia, Lithuania, Luxembourg, Malta, Mexico, the 

Netherlands, Norway, Poland, Portugal, the Republic of Korea, the Republic of 

Moldova, Romania, Russian Federation, Slovakia, Slovenia, Spain, Sweden, 

Switzerland, Thailand, Turkey, Ukraine, the United Kingdom, and the United 

States]. Occupational injury rates reported in ILOSTAT conveyed the rate of 

occupational injuries per 100,000 workers. An occupational injury reported in 

ILOSTAT was defined as any personal injury, disease, or death attributable to an 

unexpected and unplanned occupational accident. These injuries differ from 

occupational diseases which result from exposure to harmful risk factors in the 

workplace. A fatal occupational injury was defined as an injury that resulted in 

death within one year of the day on which the accident that caused the injury 

occurred. Non-fatal occupational injuries included injuries which satisfied the 

minimum absence period and did not cause death within one year of the day on 

which the accident that caused the injury occurred. The lethality rate of 

occupational injuries was defined as the number of fatal occupational injuries per 
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10,000 occupational injuries. There were eight data sources from which reported 

occupational injury indices were generated: other administrative records and related 

sources, insurance records, labor inspectorate records, national work injury 

statistics programs, economic or establishment censuses, establishment surveys, 

labor force surveys, and interpolated values (Fig. 2–11). Data sources for lethality 

rates of injuries were the same as those for fatal occupational injury rates if there 

was a discrepancy between data source of fatal and non-fatal occupational injury 

rate. 

 

ILOSTAT did not contain non-fatal occupational injury data for the Republic 

of Korea, so these values were taken from the Annual Report of the Korea 

Occupational Safety and Health Agency [29]. The number of fatal occupational 

injury rate in 2016 in Malta (0.0) and the number of non-fatal occupational injury 

rates in 2007 in Turkey (23.0), Hungary (5.3), and the United States (787,195.6) 

and in 2016 in the Netherlands (5,200.0) were excluded because they were extreme 

outliers. Missing occupational injury rates were replaced by the exponential 

weighted moving average of two preceding and two following years. Missing injury 

rates from 2007 or 2016 were extrapolated by same method except with one-side 

adjacent two observations. Countries were subdivided into six regions: Asia 

(Cyprus, Israel, the Republic of Korea, Thailand, and Turkey), Eastern Europe 

(Bulgaria, Belarus, the Czech Republic, Hungary, the Republic of Moldova, Poland, 

Romania, the Russian Federation, Slovakia, and Ukraine), Northern Europe 

(Denmark, Estonia, Finland, the United Kingdom, Ireland, Lithuania, Latvia, 

Norway, and Sweden), Oceania and Americas (Argentina, Australia, Canada, Costa 

Rica, Mexico, and the United States), Southern Europe (Spain, Greece, Croatia, 

Italy, Malta, Portugal and Slovenia), and Western Europe (Austria, Belgium, 

Switzerland, Germany, France, Luxembourg, and the Netherlands). 
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Table 1. Definitions of and sources of data for analyzed variables. 

Variables Data Source Definition 

Fatal occupational injury 

rate 
ILOSTAT 

The number of injuries resulting in death 

occurred within one year of the day of the 

accident per 100,000 workers 

Non-fatal occupational 

injury rate 
ILOSTAT 

The number of injuries satisfying minimum 

absence period per 100,000 workers 

Lethality rate of 

occupational injuries 

calculated from 

ILOSTAT 

The number of fatal occupational injuries per 

10,000 occupational injuries 

PPP GDP 
World bank 

open data 

GDP per capita based on purchasing power 

parity (constant 2011 international dollars) 

Current health 

expenditure (% of GDP) 

World bank 

open data 

Level of current health expenditure expressed as 

a percentage of GDP 

Gini index 
World bank 

open data 

The degree to which wealth distribution 

deviates from perfect equality 

Freedom of press score Freedom House 
The level of freedom of print, broadcast, and 

digital media 

Corruption perceptions 

index 

Transparency 

International 
The degree of perceived corruption 

Ratio of female to male 

labor force participation 

rate (%) 

ILOSTAT 
The size of the female labor force relative to the 

size of the male labor force 

Skill 1 employment 

distribution by 

occupation (%) 

ILOSTAT 
The proportion of all jobs accounted for by skill 

level 1 (elementary occupations) jobs 

Share of industry in total 

employment (%) 
ILOSTAT 

The proportion of all jobs found in the mining 

and quarrying, manufacturing, construction, and 

public utilities (electricity, gas, and water) 

industries 

Share of employees 

working more than 48 

hours per week (%) 

ILOSTAT 
The proportion of all paid workers working 

more than 48 hours per week 
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2. National Socioeconomic and Job-related Indicators 

 

The national socioeconomic and inequality data were collected from the World 

Bank Open Data dataset (Table 1). PPP GDP in constant 2011 international dollars 

is the representative national indicator of economic development. GDP is the value 

of all goods and services produced within a country [30]. PPP is an exchange rate 

that equalizes the purchasing power of different currencies. PPP GDP is GDP 

converted to international dollars using PPP rates. Current health expenditures (% 

of GDP) is the percentage of GDP spent on healthcare. Healthcare spending 

included spending on both goods and services [31]. The ratio of female-to-male 

labor force participation was calculated by dividing the female labor force 

participation rate by the male labor force participation rate. Labor force 

participation was calculated by dividing the number of employed, economically 

active people over the age of 15 by the total number of economically active people 

over the age of 15 [32]. Skill 1 employment distribution by occupation (%) was 

defined as the proportion of jobs accounted for by skill level 1 jobs. The ILO defines 

job skills in levels. Level 1 jobs are low-skilled elementary occupations. Level 2 

jobs are medium-skilled clerical, service, and sales jobs; skilled agricultural and 

trade jobs; plant and machine operation jobs; and assembly jobs. Level 3 and 4 jobs 

are high-skilled jobs like managers, professionals, and technicians [33]. Share of 

industry in total employment (%) is the proportion of all jobs found in the mining 

and quarrying, manufacturing, construction, and public utilities (electricity, gas, and 

water) industries which belong divisions 2–5 in the International Standard 

Industrial Classification of All Economic Activities (“ISIC”) 2, categories C–F in 

ISIC 3, or categories B–F in ISIC 4 [33]. Share of employees working more than 

48 hours per week is the percentage of paid workers working more than 48 hours 

per week [34]. 
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3. National Inequality, Free Press, Corruption Indicators 

 

The Gini index represents the equality of the distribution of wealth in an 

economy. It measures the extent to which the distribution of wealth deviates from 

perfect equality and is the most commonly used indicator of inequality. A Gini index 

of 0 indicates that wealth is perfectly equally distributed while an index of 100 

indicates that wealth is perfectly unequally distributed [35]. 

 

The freedom of the press score reflects the degree to which print, broadcast, 

and digital media are allowed to freely express themselves [36]. The range of the 

freedom of the press score ranges from 0, indicating a totally free press, to 100, 

indicating a totally unfree press. It is produced based on 23 measurements of the 

press’s legal, political, and economic environments. Data is collected using on-the-

ground research and from official government and international non-governmental 

organization sources. The legal environment score accounts for 40% of the total 

score while the political and economic environment scores each account for 30% 

of the total score. This score was validated by determining its correlation with the 

Reporters Sans Frontières’ press freedom scores [37].  

 

The CPI represents a country’s perceived level of public sector corruption on a 

scale from 0, highly corrupt, to 100, not at all corrupt. It is generated by 

Transparency International. The CPI is evaluated by surveys and assessments of 

corruption comprising illegal activities which are deliberately hidden [38]. This 

score is widely used as representative index measuring the degree of corruption in 

countries around the world. The CPI is calculated based on data from several 

institutions and data sources, including Freedom House Nations in Transit, World 

Bank Country Policy and Institutional Assessment, and Varieties of Democracy. 
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4. Statistical Analysis 

 

Descriptive statistics are expressed as medians and interquartile ranges. In order 

to evaluate the trends in occupational injury indices, a linear regression was run on 

ILOSTAT data but did not include interpolated occupational injury index values. 

The locally estimated scatterplot smoothing (LOESS) smoothing algorithm was 

used to show the relationship between the medians of fatal and non-fatal 

occupational injury rates (Fig. 17). The Kruskal-Wallis rank sum test and the Dunn 

test with Bonferroni adjustment were performed to compare of the median of 

lethality rates of occupational injuries among regions for 2007–2016. 

 

Occupational injury indices and PPP GDP were logarithmically transformed 

because their distribution was not normal. Logarithmic transformations transform 

a highly skewed variable into a normally distributed variable. The relationships 

between national indicators and occupational injury indices were analyzed using 

linear GEEs. GEEs are an extension of the generalized linear model that handle 

correlated data [39]. The GEE method is efficient and produces unbiased regression 

estimates using longitudinal data or repeated measures with response variables. 

Ignoring these correlations may lead to overestimating standard errors of time-

dependent variables. The GEE method estimates population-averaged effects. 

Linear GEEs evaluate associations between time-varying indicators with time-

varying occupational injury indices. The autoregressive working correlation 

structure, which allows correlations to decrease over time, was applied to the GEE 

method based on the lowest quasi-information criteria (QIC) [40]. The models 

using GEEs were adjusted for data source (insurance records versus other types of 

records) and log-transformed PPP GDP, which is representative indicator of 

national competitiveness. Fully adjusted models were adjusted for data source and 
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all indicators. Linear regressions were used to show the relationship between 

national indicators and occupational injury rate indices each year (Figs. 21–47). 

 

All analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC, 

USA) and all graphics were created using R version 3.6.1 (R Foundation for 

Statistical Computing, Vienna, Austria). P-values < 0.05 were considered 

statistically significant. 
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IV. Results 

 

1. Summary Occupational Injury Index Statistics 

 

1.1. Fatal Occupational Injury Rate 

 

The median fatal occupational injury rate per 100,000 workers declined by 38.8 

percent [median (IQR): 4.05 (4.84) in 2007; 3.75 (3.49) in 2008; 2.66 (2.97) in 2009; 

3.01 (2.96) in 2010; 2.80 (2.63) in 2011; 2.68 (3.20) in 2012; 2.41 (2.21) in 2013; 

2.43 (2.83) in 2014; 2.55 (2.11) in 2015; 2.48 (2.48) in 2016]. There was a 

statistically decreasing trend of fatal occupational injury rate (β = -0.155, p-value = 

0.003). 

 

The nations in descending order of median fatal occupational injury rate for 

2007–2016 were Costa Rica (median 9.45; IQR 1.35), Mexico (9.39; 1.88), Turkey 

(9.21; 4.47), Russian Federation (8.50; 1.75), the Republic of Korea (7.57; 1.98), 

Thailand (7.32; 0.63), Argentina (7.22; 5.73), the Republic of Moldova (5.99; 0.82), 

Romania (5.58; 0.89), Ukraine (5.54; 1.15), Lithuania (4.50; 0.83), Portugal (4.25; 

1.40), Belarus (4.15; 1.85), Latvia (4.03; 0.79), Bulgaria (3.62; 0.85), the United 

States (3.50; 0.50), Austria (3.45; 0.93), Estonia (3.20; 0.35), Luxembourg (2.95; 

1.33), Slovenia (2.84; 0.40), Cyprus (2.82; 1.71), Croatia (2.67; 1.30), Italy (2.67; 

0.62), Malta (2.61; 2.56), France (2.54; 0.24), the Czech Republic (2.49; 0.65), 

Ireland (2.46; 0.31), Poland (2.40; 2.20), Hungary (2.37; 0.81), Spain (2.31; 0.53), 

Belgium (2.13; 0.54), Canada (2.09; 0.20), Slovakia (2.08; 0.70), Israel (2.04; 0.54), 

Australia (1.98; 0.34), Norway (1.68; 0.23), Switzerland (1.60; 0.30), Denmark 

(1.45; 0.11), Finland (1.44; 0.16), Germany (1.14; 0.18), Sweden (0.97; 0.29), 

Greece (0.75; 0.12), the Netherlands (0.70; 0.43), and the United Kingdom (0.62; 
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0.32). 

 

The trends in fatal occupational injury rates for 25 countries were statistically 

significant (p-value < 0.05). Greece’s (β = 0.065; p-value = 0.048) and the United 

Kingdom’s (β = 0.066; p-value = 0.022) rates increased while those of 23 countries, 

including Argentina (β = -1.108; p-value = <.001), Australia (β = -0.078; p-value = 

0.041), Austria (β = -0.209; p-value = 0.008), Belarus (β = -0.387; p-value = <.001), 

Bulgaria (β = -0.31; p-value = 0.033), Canada (β = -0.078; p-value = 0.003), Croatia 

(β = -0.248; p-value = 0.037), Cyprus (β = -0.313; p-value = 0.011), Germany (β = 

-0.129; p-value = 0.012), Hungary (β = -0.137; p-value = 0.011), Israel (β = -0.129; 

p-value = 0.038), Italy (β = -0.218; p-value = <.001), Lithuania (β = -0.345; p-value 

= 0.032), Mexico (β = -0.247; p-value = 0.022), the Netherlands (β = -0.079; p-

value = 0.034), Poland (β = -0.409; p-value = <.001), Portugal (β = -0.286; p-value 

= 0.017), the Republic of Korea (β = -0.441; p-value = <.001), Romania (β = -0.365; 

p-value = 0.029), Russian Federation (β = -0.624; p-value = <.001), Spain (β = -

0.169; p-value = 0.001), Sweden (β = -0.077; p-value = 0.013), and Ukraine (β = -

0.479; p-value = 0.001), decreased (Fig. 2–6).  
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Figure 2. The number of fatal occupational injuries per 100,000 workers for 2007–2016 in 

the 44 countries (1).  
Note: The dotted and dashed line is the linear regression equation and the field indicates the 95% 

CI. ADM: Other administrative records and related sources; ADM-IR: Insurance records; ADM-

REO: National Work Injuries Statistics Program; EC: Economic or establishment census; ES: 

Establishment survey; Interpolated: interpolated value 
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Figure 3. The number of fatal occupational injuries per 100,000 workers for 2007–2016 in 

the 44 countries (2).  
Note: The dotted and dashed line is the linear regression equation and the field indicates the 95% 

CI. ADM: Other administrative records and related sources; ADM-IR: Insurance records; ADM-LIR: 

Labor inspectorate records; Interpolated: interpolated value 
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Figure 4. The number of fatal occupational injuries per 100,000 workers for 2007–2016 in 

the 44 countries (3).  
Note: The dotted and dashed line is the linear regression equation and the field indicates the 95% 

CI. ADM: Other administrative records and related sources; ADM-IR: Insurance records; ADM-LIR: 

Labor inspectorate records; ES: Establishment survey; Interpolated: interpolated value; LFS: Labor 

force survey  
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Figure 5. The number of fatal occupational injuries per 100,000 workers for 2007–2016 in 

the 44 countries (4).  
Note: The dotted and dashed line is the linear regression equation and the field indicates the 95% 

CI. ADM: Other administrative records and related sources; ADM-IR: Insurance records; ADM-LIR: 

Labor inspectorate records; EC: Economic or establishment census; ES: Establishment survey; 

Interpolated: interpolated value  
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Figure 6. The number of fatal occupational injuries per 100,000 workers for 2007–2016 in 

the 44 countries (5).  
Note: The dotted and dashed line is the linear regression equation and the field indicates the 95% 

CI. ADM: Other administrative records and related sources; ADM-IR: Insurance records; ADM-LIR: 

Labor inspectorate records; EC: Economic or establishment census; ES: Establishment survey; 

Interpolated: interpolated value 
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1.2. Non-fatal Occupational Injury Rate 

 

The median non-fatal occupational rate per 100,000 workers declined by 10.9 

percent [median (IQR): 1,219.28 (2,076.32) in 2007; 1,284.41 (1,856.04) in 2008; 

1,278.94 (1,544.57) in 2009; 1,239.64 (1,460.21) in 2010; 943.99 (1,646.25) in 

2011; 976.39 (1,492.96) in 2012; 1,002.49 (1,520.73) in 2013; 975.85 (1,515.96) in 

2014; 1,043.41 (1,306.50) in 2015; 1,086.33 (1,364.74) in 2016]. There was a 

statistically decreasing trend of non-fatal occupational injury rate (β = -30.780, p-

value = .029). 

 

The countries with the highest median non-fatal occupational injury rates in 

decreasing order were Costa Rica (median 11,793.44; IQR 2,571.49), Argentina 

(5,351.00; 2,504.38), Mexico (3,437.47; 415.78), Spain (3,279.53; 1,283.25), 

France (3,188.07; 784.70), Portugal (2,943.96; 398.18), Israel (2,293.01; 132.45), 

Denmark (2,146.29; 189.59), the Netherlands (2,109.16; 713.54), Belgium 

(2,039.75; 133.51), Germany (1,927.16; 181.81), Switzerland (1,912.39; 201.67), 

Finland (1,910.15; 257.24), Luxembourg (1,876.16; 755.07), Austria (1,862.14; 

1,071.82), Slovenia (1,721.44; 363.99), Italy (1,669.03; 484.01), Malta (1,562.46; 

243.52), Canada (1,235.26; 121.31), Ireland (1,152.61; 742.93), the United States 

(1,091.28; 73.83), Croatia (1,038.18; 339.55), Australia (998.81; 101.24), Estonia 

(954.75; 186.65), the Czech Republic (898.52; 466.67), the United Kingdom 

(848.12; 116.07), Sweden (772.14; 47.15), Turkey (744.62; 647.16), Norway 

(731.83; 828.17), the Republic of Korea (562.77; 130.47), Cyprus (561.87; 66.59), 

Poland (557.06; 295.94), Hungary (532.06; 27.69), Thailand (428.00; 161.11), 

Slovakia (388.83; 82.21), Greece (312.12; 208.00), Lithuania (255.13; 62.02), 

Russian Federation (190.00; 71.76), Latvia (178.13; 44.21), Ukraine (96.15; 52.31), 

Bulgaria (88.12; 5.97), the Republic of Moldova (87.25; 21.69), Romania (70.51; 
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8.42), and Belarus (54.10; 19.10). 

 

The trends in non-fatal occupational injury rates for 25 countries were 

statistically significant (p-value < 0.05). Sweden’s (β = 30.076; p-value = 0.012) 

and Turkey’s (β = 117.618; p-value = 0.004) rates increased while those of 23 

countries including Argentina (β = -467.132; p-value = <.001), Austria (β = -

246.637; p-value = 0.012), Belarus (β = -4.821; p-value = <.001), Bulgaria (β = -

6.423; p-value = 0.011), Canada (β = -57.386; p-value = 0.006), Costa Rica (β = -

551.111; p-value = <.001), Croatia (β = -72.814; p-value = 0.031), Cyprus (β = -

28.221; p-value = 0.017), the Czech Republic (β = -113.021; p-value = <.001), 

Denmark (β = -65.654; p-value = 0.013), Finland (β = -101.631; p-value = 0.025), 

Germany (β = -113.711; p-value = 0.015), Greece (β = -50.35; p-value = 0.002), 

Italy (β = -160.857; p-value = <.001), Malta (β = -163.239; p-value = 0.003), Poland 

(β = -57.98; p-value = 0.019), the Republic of Korea (β = -23.625; p-value = <.001), 

Russian Federation (β = -15.601; p-value = <.001), Slovenia (β = -262.176; p-value 

= 0.03), Spain (β = -295.178; p-value = 0.004), Thailand (β = -44.003; p-value = 

<.001), Ukraine (β = -11.59; p-value = <.001), and the United Kingdom (β = -

23.241; p-value = 0.016), decreased (Fig. 7–11).  
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Figure 7. The number of non-fatal occupational injuries per 100,000 workers for 2007–

2016 in the 44 countries (1).  
Note: The dotted and dashed line is the linear regression equation and the field indicates the 95% 

CI. ADM: Other administrative records and related sources; ADM-IR: Insurance records; ADM-LIR: 

Labor inspectorate records; ADM-REO: National Work Injuries Statistics Program; EC: Economic 

or establishment census; ES: Establishment survey; Interpolated: interpolated value 
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Figure 8. The number of non-fatal occupational injuries per 100,000 workers for 2007–

2016 in the 44 countries (2).  
Note: The dotted and dashed line is the linear regression equation and the field indicates the 95% 

CI. ADM: Other administrative records and related sources; ADM-IR: Insurance records; ADM-LIR: 

Labor inspectorate records; ES: Establishment survey; Interpolated: interpolated value; LFS: Labor 

force survey 
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Figure 9. The number of non-fatal occupational injuries per 100,000 workers for 2007–

2016 in the 44 countries (3).  
Note: The dotted and dashed line is the linear regression equation and the field indicates the 95% 

CI. ADM: Other administrative records and related sources; ADM-IR: Insurance records; ADM-LIR: 

Labor inspectorate records; ES: Establishment survey; Interpolated: interpolated value 
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Figure 10. The number of non-fatal occupational injuries per 100,000 workers for 2007–

2016 in the 44 countries (4).  
Note: The dotted and dashed line is the linear regression equation and the field indicates the 95% 

CI. ADM: Other administrative records and related sources; ADM-IR: Insurance records; ADM-LIR: 

Labor inspectorate records; EC: Economic or establishment census; ES: Establishment survey; 

Interpolated: interpolated value 
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Figure 11. The number of non-fatal occupational injuries per 100,000 workers for 2007–

2016 in the 44 countries (5).  
Note: The dotted and dashed line is the linear regression equation and the field indicates the 95% 

CI. ADM: Other administrative records and related sources; ADM-IR: Insurance records; ADM-LIR: 

Labor inspectorate records; Interpolated: interpolated value   
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1.3. Lethality Rate of Occupational Injuries 

 

The median lethality rate per 10,000 injuries increased by 22.8 percent [median 

(IQR): 20.57 (76.96) in 2007; 21.95 (67.08) in 2008; 16.59 (62.59) in 2009; 21.37 

(85.31) in 2010; 24.30 (56.90) in 2011; 24.95 (61.53) in 2012; 21.94 (59.50) in 2013; 

24.10 (65.11) in 2014; 24.86 (51.97) in 2015; 25.27 (50.48) in 2016]. There was a 

statistically increasing trend of lethality rate (β = 0.025, p-value = 0.025). 

 

The countries with the highest median lethality rate of occupational injuries in 

decreasing order were Romania (median 811.16; IQR 265.48), the Republic of 

Moldova (647.92; 116.11), Belarus (633.23; 107.02), Ukraine (562.74; 140.97), 

Russian Federation (439.86; 31.30), Bulgaria (398.82; 72.46), Latvia (238.94; 

66.77), Lithuania (197.83; 55.36), Thailand (173.56; 54.43), the Republic of Korea 

(128.93; 13.12), Turkey (107.79; 104.41), Slovakia (54.09; 15.58), Cyprus (47.76; 

30.67), Hungary (44.52; 16.89), Poland (43.01; 13.52), Estonia (35.03; 18.64), the 

United States (30.86; 6.44), Mexico (27.73; 1.94), the Czech Republic (27.46; 4.09), 

Norway (25.57; 22.63), Croatia (24.37; 6.97), Greece (24.01; 43.47), Ireland (21.18; 

13.30), Australia (19.56; 3.68), Austria (18.05; 9.43), Malta (17.76; 12.00), Canada 

(16.77; 1.97), Italy (16.18; 1.07), Slovenia (15.96; 3.72), Portugal (15.15; 3.30), 

Luxembourg (14.00; 7.81), Argentina (13.47; 4.12), Sweden (12.21; 5.46), Belgium 

(10.54; 1.18), France (8.88; 1.33), Israel (8.84; 1.39), Costa Rica (7.91; 1.41), 

Switzerland (7.52; 1.99), the United Kingdom (7.48; 4.79), Spain (6.89; 1.42), 

Finland (6.77; 1.77), Denmark (6.56; 0.59), Germany (5.81; 0.51), and the 

Netherlands (4.97; 1.73). 

 

The trends in lethality rate for 21 countries were statistically significant (p-

value < 0.05). Rates of 8 countries, including Greece (β = 8.277; p-value = 0.002), 



28 

 

Ireland (β = 1.68; p-value = 0.023), Italy (β = 0.263; p-value = 0.012), Luxembourg 

(β = 1.098; p-value = 0.019), Slovenia (β = 0.805; p-value = <.001), Thailand (β = 

9.738; p-value = <.001), Ukraine (β = 30.827; p-value = 0.007), and the United 

Kingdom (β = 0.731; p-value = <.001), increased while those of 13 countries, 

including Argentina (β = -0.791; p-value = <.001), Australia (β = -0.686; p-value = 

0.044), Germany (β = -0.205; p-value = 0.009), Hungary (β = -2.6; p-value = 0.005), 

Latvia (β = -14.31; p-value = <.001), Lithuania (β = -13.764; p-value = <.001), 

Mexico (β = -0.379; p-value = 0.027), Poland (β = -2.226; p-value = <.001), 

Portugal (β = -0.537; p-value = <.001), the Republic of Korea (β = -2.463; p-value 

= 0.004), Romania (β = -58.896; p-value = <.001), Sweden (β = -1.575; p-value = 

0.003), and Turkey (β = -16.03; p-value = 0.029), decreased (Fig. 12–16). 
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Figure 12. Lethality rate per 10,000 injuries for 2007–2016 in the 44 countries (1).  
Note: The dotted and dashed line is the linear regression equation and the field indicates 

the 95% CI. 
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Figure 13. Lethality rate per 10,000 injuries for 2007–2016 in the 44 countries (2).  
Note: The dotted and dashed line is the linear regression equation and the field indicates 

the 95% CI. 
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Figure 14. Lethality rate per 10,000 injuries for 2007–2016 in the 44 countries (3).  
Note: The dotted and dashed line is the linear regression equation and the field indicates 

the 95% CI. 
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Figure 15. Lethality rate per 10,000 injuries for 2007–2016 in the 44 countries (4).  
Note: The dotted and dashed line is the linear regression equation and the field indicates 

the 95% CI. 
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Figure 16. Lethality rate per 10,000 injuries for 2007–2016 in the 44 countries (5).  
Note: The dotted and dashed line is the linear regression equation and the field indicates 

the 95% CI. 
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1.4. Association between Occupational Injury Indices 

 

The range of the median number of fatal occupational injuries per 100,000 

workers for 2017–2016 was between 0.62 (the United Kingdom) and 9.45 (Costa 

Rica). The range of the median number of non-fatal occupational injuries per 

100,000 workers was between 54.10 (Belarus) and 11,793.44 (Costa Rica). There 

was no linear relationship between medians of fatal and non-fatal occupational 

injury rates (β = 0.0003; p-value = 0.089 (Fig. 17). 
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Figure 17. The relationship between median fatal and non-fatal occupational injury rate for 2007–2016.  
Note: The solid line is the nonparametric curve produced by a LOESS smoother with a span of 1.00. The solid area is the 95% 

CI of smoothed curve. The data points for Costa Rica (fatal: 8.87; non-fatal: 11,226.49) and Argentina (fatal: 8.18; non-fatal: 

5,937.60) were excluded to make the figure more clear.
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2. Lethality Rate of Injuries Each Region 

 

The median lethality rates per 10,000 occupational injuries for each country are 

shown in Fig. 18. The five countries with the highest median lethality rates for 

2007–2016 were Romania (811.2), the Republic of Moldova (647.9), Belarus 

(633.2), Ukraine (562.7), and the Russian Federation (439.9). The five countries 

with the lowest median lethality rates were the Netherlands (5.0), Germany (5.8), 

Denmark (6.6), Finland (6.8), and Spain (6.9). 

  

 The differences between the average ranks of the regions produced by the 

Kruskal-Wallis test were examined. There was a statistically significant difference 

between regions’ median lethality rate of injuries for 2007–2016 (p-value < 0.001). 

The statistically significant difference in the medians between regions as shown by 

the Dunn test with a Bonferroni adjustment were as follows: Eastern Europe versus 

Northern Europe (p-value = 0.049), Eastern Europe versus Southern Europe (p-

value = 0.025) and Eastern Europe versus Western Europe (p-value < 0.001) (Fig. 

19). Lethality rates per 10,000 occupational injuries in each European country are 

presented in Fig. 20. 
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Figure 18. Median of lethality rates per 10,000 occupational injuries for each 

country.  
Note: The lethality rates of occupational injuries were median of lethality rate each country 

for 2007–2016. 
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Figure 19. Median of lethality rates per 10,000 occupational injuries for each region 

for 2007–2016.  
Note: Asia: Cyprus, Israel, the Republic of Korea, Thailand and Turkey; Eastern Europe: 

Bulgaria, Belarus, the Czech Republic, Hungary, the Republic of Moldova, Poland, 

Romania, the Russian Federation, Slovakia and Ukraine; Northern Europe: Denmark, 

Estonia, Finland, the United Kingdom, Ireland, Lithuania, Latvia, Norway and Sweden; 

Oceania and Americas: Argentina, Australia, Canada, Costa Rica, Mexico and the United 

States; Southern Europe: Spain, Greece, Croatia, Italy, Malta, Portugal and Slovenia; 

Western Europe: Austria, Belgium, Switzerland, Germany, France, Luxembourg and the 

Netherlands 
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Figure 20. Choropleth maps of Europe with log-transformed lethality rate per 

10,000 occupational injuries for 2007–2016.  
Note: The color in polygon indicates log-transformed median lethality rate each country 

for 2007–2016. The Russian Federation (log-transformed lethality rate: 6.09) was 

excluded due to the clarity of figure. UK: the United Kingdom. 
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3. National Indicators and Fatal Occupational Injury Rate 

 

 The log-transformed PPP GDP was negatively correlated with the log-

transformed fatal occupational injury rate per 100,000 workers after adjusting for 

data source (GEE: β = -0.600; 95% confidence interval (“CI”) -0.840 – -0.360). The 

unadjusted model is shown in Appendix Table 1.1. The correlations between 

national indicators and the logarithm of fatal occupational injury rate per 100,000 

workers after adjusting for data source and log-transformed PPP GDP are shown in 

Tables 2–3. The Gini index and freedom of press scores were positively and current 

health expenditure (% of GDP) and CPI were negatively correlated with the log-

transformed fatal occupational injury rate [current health expenditure (% of GDP): 

β = -0.099, 95% CI -0.165 – -0.033; Gini index: β = 0.048, 95% CI 0.031 – 0.064; 

freedom of press scores: β = 0.009, 95% CI 0.000 – 0.018; CPI: β = -0.013, 95% 

CI -0.021 – -0.005; shown in Table 2]. With respect to the job-related indicators, 

share of industry in total employment (%) and share of employees working more 

than 48 hours per week (%) were positively and ratio of female to male labor force 

participation rate (%) was negatively associated with the log-transformed fatal 

occupational injury rate [ratio of female to male labor force participation rate (%): 

β = -0.029, 95% CI -0.041 – -0.016; share of industry in total employment (%): β = 

0.034, 95% CI 0.016 – 0.052; share of employees working more than 48 hours per 

week (%): β = 0.027, 95% CI 0.014 – 0.040; shown in Table 3]. Graphical 

depictions of the relationships between national indicators and fatal occupational 

injury rates are shown in Figs. 21–29. 

 

 In the fully adjusted model, the Gini index, share of industry in total 

employment (%) and share of employees working more than 48 hours per week (%) 

were positively correlated with the log-transformed fatal occupational injury rate 
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[Gini index: β = 0.037, 95% CI 0.019 – 0.055; share of industry in total employment 

(%): β = 0.032, 95% CI 0.008 – 0.055; share of employees working more than 48 

hours per week (%): β = 0.016, 95% CI 0.000 – 0.032; shown in table 4]. Graphical 

descriptions of the relationships between median national indicators and median 

fatal occupational injury rates for each country are shown in Appendix Figs. 2.1–

2.9.
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Table 2. Adjusted regression coefficient (β) and the 95% CI for the relationship between log-transformed fatal 

occupational injury rate and national socioeconomic, inequality, press freedom, and corruption indicators. 

 

 Model 1 (n = 440) 
 

Model 2 (n = 366) 
 

Model 3 (n = 440) 
 

Model 4 (n = 440) 
 

 β 95% CI 
 

β 95% CI 
 

β 95% CI 
 

β 95% CI 
 

Data source* -0.045 -0.367 – 0.278  0.114 -0.222 – 0.449  -0.021 -0.359 – 0.317  -0.021 -0.346 – 0.303 
 

log of PPP GDP -0.520 -0.719 – -0.320  -0.583 -0.780 – -0.385  -0.482 -0.826 – -0.137  -0.259 -0.545 – 0.028 
 

Health expenditure -0.099 -0.165 – -0.033          
 

Gini index    0.048 0.031 – 0.064       
 

Freedom of Press       0.009 0.000 – 0.018    
 

CPI          -0.013 -0.021 – -0.005 
 

All models are adjusted for data source and log-transformed PPP GDP. 

* Data source: other records versus insurance records of occupational injury index 

PPP GDP: GDP per capita based on purchasing power parity; Health expenditure: current health expenditure (% of GDP); CPI: Corruption 

perceptions index 
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Table 3. Adjusted regression coefficient (β) and the 95% CI for the relationship between log-transformed fatal 

occupational injury rate and job-related indicators. 

 

All models are adjusted for data source and log-transformed PPP GDP. 

* Data source: other records versus insurance records  

PPP GDP: GDP per capita based on purchasing power parity; Female-to-male ratio (%): ratio of female to male labor force participation rate 

(%); Skill 1 employment (%): skill 1 employment distribution by occupation (%); Industry (%): share of industry in total employment (%); 

Working hours (%): share of employees working more than 48 hours per week (%)

 Model 5 (n = 440) 
 

Model 6 (n = 440) 
 

Model 7 (n = 422) 
 

Model 8 (n = 408) 
 

 β 95% CI 
 

β 95% CI 
 

β 95% CI 
 

β 95% CI 
 

Data source 0.138 -0.208 – 0.484  -0.035 -0.430 – 0.361  -0.120 -0.463 – 0.222  0.092 -0.246 – 0.431 
 

log of PPP GDP -0.508 -0.705 – -0.310  -0.601 -0.838 – -0.364  -0.536 -0.785 – -0.287  -0.553 -0.777 – -0.329 
 

Female-to-male ratio -0.029 -0.041 – -0.016          
 

Skill 1 employment    -0.008 -0.064 – 0.049       
 

Industry       0.034 0.016 – 0.052    
 

Working hours (%)          0.027 0.014 – 0.040 
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Table 4. Fully adjusted regression coefficient (β) and 95% CI for the relationships 

between log-transformed fatal occupational injury rate and national socioeconomic, 

inequality, press freedom, corruption, and job-related indicators.  

 

 
 

Model (n = 335) 
 

 
 

β 95% CI 
 

Intercept 
 

1.367 -2.329 – 5.063  

Data source* 
 

0.177 -0.143 – 0.497  

log of PPP GDP 
 

-0.171 -0.517 – 0.175  

Health expenditure 
 

-0.032 -0.106 – 0.042  

Gini index 
 

0.037 0.019 – 0.055  

Freedom of Press 
 

0.004 -0.003 – 0.011  

CPI 
 

-0.006 -0.013 – 0.002  

Female-to-male ratio (%) 
 

-0.004 -0.016 – 0.009  

Skill 1 employment (%) 
 

-0.007 -0.064 – 0.051  

Industry (%) 
 

0.032 0.008 – 0.055  

Working hours (%) 
 

0.016 0.000 – 0.032  

* Data source: other records versus insurance records 

PPP GDP: GDP per capita based on purchasing power parity; Health expenditure: current 

health expenditure (% of GDP); CPI: Corruption perceptions index; Female-to-male ratio 

(%): ratio of female to male labor force participation rate (%); Skill 1 employment (%): 

skill 1 employment distribution by occupation (%); Industry (%): share of industry in total 

employment (%); Working hours (%): share of employees working more than 48 hours per 

week (%)
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Figure 21. The association of log-transformed GDP per capita with log-transformed fatal occupational rate per 100,000 

workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 22. The association of current health expenditure (% of GDP) with log-transformed fatal occupational injury 

rate per 100,000 workers each year for 2007–2016. 
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 23. The association of Gini index with log-transformed fatal occupational injury rate per 100,000 workers each 

year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 24. The association of freedom of press scores with log-transformed fatal occupational injury rate per 100,000 

workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 25. The association of corruption perceptions index with log-transformed fatal occupational injury rate per 

100,000 workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 



50 

 

 
Figure 26. The association of ratio of female to male labor force participation rate (%) with log-transformed fatal 

occupational injury rate per 100,000 workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 



51 

 

 

Figure 27. The association of skill 1 employment distribution by occupation (%) with log-transformed fatal 

occupational injury rate per 100,000 workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 28. The association of share of industry in total employment (%) with log-transformed fatal occupational injury 

rate per 100,000 workers each year for 2007–2016. 
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 



53 

 

 
Figure 29. The association of share of employees working more than 48 hours per week (%) with log-transformed fatal 

occupational injury rate per 100,000 workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively.
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4. National Indicators and Non-fatal Occupational Injury Rate 

 

 The log-transformed GDP per capita was positively associated with log-

transformed non-fatal occupational injury rate per 100,000 workers after adjusting 

for data source (GEE: β = 0.821; 95% CI 0.392 – 1.251; unadjusted model shown 

in appendix table 1.2). The unadjusted model is shown in Appendix Table 1.2. The 

correlations between national indicators and the logarithm of non-fatal occupational 

injury rate per 100,000 workers after adjusting for data source and log-transformed 

PPP GDP are shown in Tables 5–6. CPI was positively and freedom of press scores 

were negatively correlated with the log-transformed non-fatal occupational injury 

rate [freedom of press scores: β = -0.012, 95% CI -0.023 – -0.001; CPI: β = 0.007, 

95% CI 0.001 – 0.013; shown in Table 5]. With respect to the job-related indicators, 

ratio of female to male labor force participation rate (%) was negatively correlated 

with the log-transformed non-fatal occupational injury rate [ratio of female to male 

labor force participation rate (%): β = -0.020, 95% CI -0.035 – -0.004; shown in 

Table 6]. Graphical depictions of the relationships between national indicators and 

non-fatal occupational injury rates are shown in Figs. 30–38. 

 

 In the fully adjusted model, the log-transformed GDP per capita was 

positively correlated with the log-transformed non-fatal occupational injury rate 

[log-transformed GDP per capita: β = 0.736, 95% CI 0.225 – 1.246; shown in Table 

7]. Graphical descriptions of the relationships between median national indicators 

and median non-fatal occupational injury rates for each country are shown in 

Appendix Figs. 2.10–2.18. 
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All models are adjusted for data source and log-transformed PPP GDP. 

* Data source: other records versus insurance records  

PPP GDP: GDP per capita based on purchasing power parity; Health expenditure: current health expenditure (% of GDP); CPI: Corruption 

perceptions index 

 Model 1 (n = 440) 
 

Model 2 (n = 366) 
 

Model 3 (n = 440) 
 

Model 4 (n = 440) 
 

 β 95% CI 
 

β 95% CI 
 

β 95% CI 
 

β 95% CI 
 

Data source -0.803 -1.402 – -0.203  -0.796 -1.402 – -0.190  -0.796 -1.377 – -0.215  -0.807 -1.402 – -0.211 
 

log of PPP GDP 0.866 0.452 – 1.281  0.622 -0.049 – 1.293  0.705 0.165 – 1.246  0.699 0.232 – 1.167 
 

Health expenditure 0.024 -0.026 – 0.074          
 

Gini index*    0.003 -0.014 – 0.020       
 

Freedom of Press       -0.012 -0.023 – -0.001    
 

CPI          0.007 0.001 – 0.013 
 

Table 5. Adjusted regression coefficient (β) and the 95% CI for the relationship between log-transformed non-fatal 

occupational injury rate and national socioeconomic, inequality, press freedom and corruption indicators  
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 Model 5 (n = 440) 
 

Model 6 (n = 440) 
 

Model 7 (n = 422) 
 

Model 8 (n = 408) 
 

 β 95% CI 
 

β 95% CI 
 

β 95% CI 
 

β 95% CI 
 

Data source -0.702 -1.290 – -0.113  -0.813 -1.412 – -0.214  -0.817 -1.421 – -0.213  -0.581 -1.127 – -0.036 
 

log of PPP GDP 0.832 0.410 – 1.255  0.820 0.388 – 1.253  0.933 0.470 – 1.395  0.968 0.537 – 1.399 
 

Female-to-male ratio -0.020 -0.035 – -0.004          
 

Skill 1 employment    0.005 -0.043 – 0.054       
 

Industry       0.006 -0.015 – 0.027    
 

Working hours          0.022 -0.001 – 0.045 
 

All models are adjusted for data source and log-transformed PPP GDP. 

* Data source: other records versus insurance records 

PPP GDP: GDP per capita based on purchasing power parity; Female-to-male ratio (%): ratio of female to male labor force participation rate 

(%); Skill 1 employment (%): skill 1 employment distribution by occupation (%); Industry (%): share of industry in total employment (%); 

Working hours (%): share of employees working more than 48 hours per week (%) 

Table 6. Adjusted regression coefficient (β) and the 95% CI for the relationship between log-transformed non-fatal 

occupational injury rate and job-related indicators. 
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Table 7. Fully adjusted regression coefficient (β) and 95% CI for the relationships 

between log-transformed non-fatal occupational injury rate and national 

socioeconomic, inequality, press freedom, corruption, and job-related indicators. 

 

 
 

Model (n = 335) 
 

 
 

β 95% CI 
 

Intercept 
 

0.002 -6.199 – 6.203  

Data source* 
 

-0.532 -1.071 – 0.007  

log of PPP GDP 
 

0.736 0.225 – 1.246  

Health expenditure 
 

0.024 -0.028 – 0.077  

Gini index 
 

0.011 -0.009 – 0.032  

Freedom of Press 
 

-0.010 -0.025 – 0.005  

CPI 
 

0.006 -0.002 – 0.013  

Female-to-male ratio (%) 
 

-0.018 -0.038 – 0.002  

Skill 1 employment (%) 
 

-0.005 -0.075 – 0.064  

Industry (%) 
 

0.007 -0.015 – 0.029  

Working hours (%) 
 

0.015 -0.008 – 0.037  

* Data source: other records versus insurance records of occupational injury index 

PPP GDP: GDP per capita based on purchasing power parity; Health expenditure: current 

health expenditure (% of GDP); CPI: Corruption perceptions index; Female-to-male ratio 

(%): ratio of female to male labor force participation rate (%); Skill 1 employment (%): 

skill 1 employment distribution by occupation (%); Industry (%): share of industry in total 

employment (%); Working hours (%): share of employees working more than 48 hours per 

week (%) 
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Figure 30. The association of log-transformed GDP per capita with log-transformed non-fatal occupational injury rate 

per 100,000 workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 31. The association of current health expenditure (% of GDP) with log-transformed non-fatal occupational 

injury rate per 100,000 workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 32. The association of Gini index with log-transformed non-fatal occupational injury rate per 100,000 workers 

each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
 



61 

 

 
Figure 33. The association of freedom of press scores with log-transformed non-fatal occupational injury rate per 

100,000 workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 34. The association of corruption perceptions index with log-transformed non-fatal occupational injury rate per 

100,000 workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 35. The association of ratio of female to male labor force participation rate (%) with log-transformed non-fatal 

occupational injury rate per 100,000 workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 36. The association of skill 1 employment distribution by occupation (%) with log-transformed non-fatal 

occupational injury rate per 100,000 workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 37. The association of share of industry in total employment (%) with log-transformed non-fatal occupational 

injury rate per 100,000 workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 38. The association of share of employees working more than 48 hours per week (%) with log-transformed non-

fatal occupational injury rate per 100,000 workers each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively.
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5. National Indicators and Lethality Rate of Occupational Injuries 

   

 The log-transformed PPP GDP was negatively associated with the log-

transformed lethality rate per 10,000 occupational injuries after adjusting for data 

source (GEE: β = -1.013; 95% CI -1.431 – -0.595; unadjusted model shown in 

appendix table 1.3). The unadjusted model is shown in Appendix Table 1.3. The 

correlations between national indicators and the logarithm of lethality rate of 

injuries after adjusting for data source and the log-transformed PPP GDP are shown 

in Tables 8–9. Freedom of press scores were positively and current health 

expenditure (% of GDP) and CPI were negatively correlated with the log-

transformed lethality rate injuries [current health expenditure (% of GDP): β = -

0.128, 95% CI -0.184 – -0.071; freedom of press scores: β = 0.022, 95% CI 0.012 

– 0.032; CPI: β = -0.016, 95% CI -0.024 – -0.007; show in Table 8]. With respect 

to the job-related indicators, share of industry in total employment (%) was 

positively correlated with the log-transformed lethality rate per 10,000 occupational 

injuries [share of industry in total employment (%): β = 0.035, 95% CI 0.010 – 

0.060; show in Table 9]. Graphical descriptions of association between national 

indicators and lethality rate of injuries per each year were shown in Figs. 39–47. 

 

 In fully adjusted model, freedom of press scores were positively and CPI 

was negatively correlated with the log-transformed lethality rate of injuries [log-

transformed GDP per capita: β = -0.762, 95% CI -1.358 – -0.167; freedom of press 

scores: β = 0.020, 95% CI 0.008 – 0.032; CPI: β = -0.015, 95% CI -0.026 – -0.004; 

shown in table 10]. Graphical descriptions of the relationships between median 

national indicators and median lethality rates for each country are shown in 

Appendix Figs. 2.19–27. 
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 Model 1 (n = 440) 
 

Model 2 (n = 366) 
 

Model 3 (n = 440) 
 

Model 4 (n = 440) 
 

 β 95% CI 
 

β 95% CI 
 

β 95% CI 
 

β 95% CI 
 

Data source 0.725 0.137 – 1.313  0.793 0.126 – 1.460  0.739 0.163 – 1.315  0.761 0.163 – 1.360 
 

log of PPP GDP -1.248 -1.666 – -0.831  -1.182 -1.623 – -0.741  -0.812 -1.354 – -0.271  -0.769 -1.195 – -0.343 
 

Health expenditure -0.128 -0.184 – -0.071          
 

Gini index    0.022 -0.008 – 0.052       
 

Freedom of Press       0.022 0.012 – 0.032    
 

CPI          -0.016 -0.024 – -0.007 
 

All models are adjusted for data source and log-transformed PPP GDP. 

* Data source: other records versus insurance records 

PPP GDP: GDP per capita based on purchasing power parity; Health expenditure: current health expenditure (% of GDP); CPI: Corruption 

perceptions index 

 

 

Table 8. Adjusted regression coefficient (β) and the 95% CI for the relationship between log-transformed lethality rate 

of occupational injuries and national socioeconomic, inequality, press freedom and corruption indicators 
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All models are adjusted for data source and log-transformed PPP GDP. 

* Data source: other records versus insurance records  

PPP GDP: GDP per capita based on purchasing power parity; Female-to-male ratio (%): ratio of female to male labor force participation rate 

(%); Skill 1 employment (%): skill 1 employment distribution by occupation (%); Industry (%): share of industry in total employment (%); 

Working hours (%): share of employees working more than 48 hours per week (%)

Table 9. Adjusted regression coefficient (β) and the 95% CI for the relationship between log-transformed lethality rate 

of occupational injuries and job-related indicators. 

 Model 5 (n = 440) 
 

Model 6 (n = 440) 
 

Model 7 (n = 422) 
 

Model 8 (n = 408) 
 

 β 95% CI 
 

β 95% CI 
 

β 95% CI 
 

β 95% CI 
 

Data source 0.801 0.099 – 1.502  0.717 0.011 – 1.424  0.647 0.030 – 1.264  0.598 -0.025 – 1.220 
 

log of PPP GDP* -1.000 -1.424 – -0.575  -1.004 -1.420 – -0.588  -1.344 -1.797 – -0.891  -1.277 -1.750 – -0.804 
 

Female-to-male ratio -0.009 -0.035 – 0.016          
 

Skill 1 employment    0.011 -0.070 – 0.093       
 

Industry       0.035 0.010 – 0.060    
 

Working hours          -0.005 -0.028 – 0.018 
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Table 10. Fully adjusted regression coefficient (β) and 95% CI for the relationships 

between log-transformed lethality rate of occupational injuries and national 

socioeconomic, inequality, press freedom, corruption, and job-related indicators. 

 

 

 
Model (n = 335) 

 

 
 

β 95% CI 
 

Intercept 
 

10.201 2.923 – 17.480  

Data source* 
 

0.541 -0.074 – 1.155  

log of PPP GDP 
 

-0.762 -1.358 – -0.167  

Health expenditure 
 

-0.101 -0.222 – 0.020  

Gini index 
 

0.005 -0.042 – 0.052  

Freedom of Press 
 

0.020 0.008 – 0.032  

CPI 
 

-0.015 -0.026 – -0.004  

Female-to-male ratio (%) 
 

0.018 -0.007 – 0.043  

Skill 1 employment (%) 
 

0.019 -0.075 – 0.114  

Industry (%) 
 

0.016 -0.017 – 0.048  

Working hours (%) 
 

-0.012 -0.050 – 0.027  

* Data source: other records versus insurance records  

PPP GDP: GDP per capita based on purchasing power parity; Health expenditure: current 

health expenditure (% of GDP); CPI: Corruption perceptions index; Female-to-male ratio 

(%): ratio of female to male labor force participation rate (%); Skill 1 employment (%): 

skill 1 employment distribution by occupation (%); Industry (%): share of industry in total 

employment (%); Working hours (%): share of employees working more than 48 hours per 

week (%)
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Figure 39. The association of GDP per capita with log-transformed lethality rate per 10,000 occupational injuries each 

year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 40. The association of current health expenditure (% of GDP) with log-transformed lethality rate per 10,000 

occupational injuries each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 41. The association of Gini index with log-transformed lethality rate per 10,000 occupational injuries each year 

for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 42. The association of freedom of press scores with log-transformed lethality rate per 10,000 occupational 

injuries each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 43. The association of corruption perceptions index with log-transformed lethality rate per 10,000 occupational 

injuries each year for 2007–2016.  

Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 44. The association of ratio of female to male labor force participation rate (%) with log-transformed lethality 

rate per 10,000 occupational injuries each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 45. The association of skill 1 employment distribution by occupation (%) with log-transformed lethality rate 

per 10,000 occupational injuries each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 46. The association of share of industry in total employment (%) with log-transformed lethality rate per 10,000 

occupational injuries each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Figure 47. The association of share of employees working more than 48 hours per week (%) with log-transformed 

lethality rate per 10,000 occupational injuries each year for 2007–2016.  
Note: The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively.



80 

 

V. Discussion 

 

1. Results Summary 

 

The median number of fatal and non-fatal occupational injuries per 100,000 

workers decreased from 4.05 and 1,219.28, respectively, in 2007 to 2.48 and 

1,086.33, respectively, in 2016. However, lethality rate per 10,000 occupational 

injuries increased from 20.57 in 2007 to 25.27 in 2016. The median fatal 

occupational injury rate, non-fatal occupational injury rate, and lethality rate for 

2007–2016 had ranges of 0.62 (the United Kingdom) and 9.45 (Costa Rica), 54.10 

(Belarus) and 11,793.44 (Costa Rica), and 4.97 (the Netherlands) and 811.16 

(Romania), respectively. There was no linear association between the median of 

fatal and non-fatal occupational injury rates between countries. The lethality rates 

reported in ILOSTAT data had a wide range. The regions with the largest difference 

in lethality rate were Eastern and Western Europe. 

 

PPP GDP was positively correlated with the non-fatal occupational injury rate 

and negatively correlated with the fatal occupational injury rate and the lethality 

rate of injuries after adjusting for data source. After adjusting for data source and 

PPP GDP, the fatal occupational injury rate was positively correlated with Gini 

index, freedom of press scores, percentage of jobs in dangerous industries, and 

percentage of employees working more than 48 hours per week and negatively 

correlated with healthcare expenditures, CPI, and the ratio of female-to-male labor 

force participation rate. The non-fatal occupational injury rate was positively 

correlated with CPI and negatively correlated with freedom of press scores and the 

ratio of female-to-male labor force participation rate. The lethality rate of injuries 

was positively correlated with freedom of press scores and percentage of jobs in 
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dangerous industries and negatively correlated with healthcare expenditures and 

CPI. In the fully adjusted model, the Gini index, percentage of jobs in dangerous 

industries, and percentage of employees working more than 48 hours per week were 

positively correlated with the fatal occupational injury rate. The non-fatal 

occupational injury rate was only positively correlated with PPP GDP. Lethality rate 

of injuries was positively correlated with freedom of press scores and negatively 

correlated with PPP GDP and CPI. 
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2. Interpretation of the Results and Comparison with the Results of Other 

Studies 

 

2.1. Occupational Injury Index Trends and Under-reporting 

 

This study showed that occupational injury rates decreased in most countries 

between 2007 and 2016, though fatal and non-fatal occupational injury rates 

decreased at different rates. The median fatal occupational injury rate declined by 

38.8% but the median non-fatal occupational injury rate only declined by 10.9%. 

This difference produced the increasing lethality of injuries. The injury pyramid 

was developed by Heinrich to understand industrial accidents [41]. The pyramid 

holds that the ratio of accidents that result in fatal, non-fatal, and no injuries is 

relatively constant. Despite disagreement over the exact ratio [42, 43], most agree 

that the ratio between the number of accidents that produce fatal and non-fatal 

injuries should be relatively constant. However, this study showed that countries’ 

median lethality rate had a wide range. The industrial structure of a country affected 

the lethality of injuries, so countries with a similar industrial structure were 

expected to have relatively similar lethality. However, the difference in lethality rate 

was also large in countries with a similar industrial structure. For example, the 

medians of proportion of high-risk industries in an economy for 2007–2016 were 

similar among Germany (28.2%), Italy (27.9%), Croatia (27.7%), the Russian 

Federation (27.6%), and Romania (28.7%), but median values of lethality rate per 

10,000 injuries ranged widely (Germany: 5.8; Italy: 16.2; Croatia: 24.4; the Russian 

Federation: 439.9; Romania: 811.2). If non-fatal occupational injuries reported less 

than actual cases, lethality rate would increase regardless of the actual severity of 

injuries. Fatal injuries are more difficult to conceal than non-fatal injuries and so 

are more likely to be reported, which calls the accuracy of non-fatal occupational 
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injury rate. Furthermore, those who have suffered minor injuries are more likely to 

be treated as outpatients [44]. Because most countries compensate the injurers who 

satisfy the minimum absence period from the workplace following injury, injurers 

treated as outpatient are not likely to report. Many studies have been conducted on 

the under-reporting of occupational injuries [20, 45-47]. Occupational accident 

reporting procedures make it so that OSH realities are not reflected in official 

statistics [12]. Occupational injury statistics vary by data source. One US study 

showed that the number of occupational injuries measured by the Washington State 

Trauma Registry, which tracks occupational injuries, and the number measured by 

state hospital discharge data were different [48]. Employers may do so to avoid 

penalties or for having to pay increased industrial accident insurance premiums [18, 

20]. Under-reporting of occupational injuries also occurs because employees are 

afraid of losing their jobs or not getting certain assignments. Under-reporting is 

partly caused by inadequate occupational injury measurement methods. 

Occupational injury rates decreased in the absence of severity restriction of injuries 

[21]. Under-reporting also occurs when injury compensation rules become stricter 

and when pressure to not report work-related injuries increases [17, 18]. The degree 

of under-reporting of occupational injuries also varies according to the 

characteristics of the workers suffering them. Extensive research has shown that 

under-reporting of occupational injuries is pervasive due to the increasing 

employment of vulnerable workers, such as immigrant workers [17-20, 49]. A study 

using five large nationally representative data sources that covered 15 years 

reported that 25% of severe injuries suffered by Hispanic workers were reported 

compared to 60% of severe injuries suffered by white workers [49]. Vulnerable 

workers, including temporary employees and immigrant workers, may not report 

their injuries for fear of not receiving work in the future [50, 51]. Many injuries in 

the workplace are not recorded and reported to governmental authorities [52], 
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resulting in ILOSTAT data not accurately reflecting the number of occupational 

injuries. Improving OSH acceptance in the workplace could reduce under-reporting 

of work-related injuries [46]. 

 

The lethality rate of occupational injuries found in this study might not accurately 

reflect the actual severity of occupational injuries in line with previous other studies 

[12, 25]. Administrative workers’ compensation procedures and schemes might 

distort the lethality rates reflected in ILOSTAT data. The minimum absence period 

from the workplace following injury also affects the lethality rate. The minimum 

period of absence from work necessary to make a report was more than 1 day in 

Argentina, Belarus, the Russian Federation, and Ukraine; more than 3 days in 

Finland, Switzerland, and Thailand; and more than 1 working week in Australia. 

Minimum absence period length was positively correlated with lethality rate [12]. 

Standardized minimum absence periods are necessary to properly compare the 

injury severity between countries.  

 

This study showed that the lethality rate of occupational injuries was higher in 

Eastern European countries than in other regions, especially Western Europe. 

Despite continuous development in OSH in Eastern European countries, it still lags 

behind that in Western European countries which have a long history of improving 

OSH. Limited access to healthcare affects occupational injury assessments in 

Eastern Europe countries [53]. Under-reporting of occupational skin diseases still 

occurs in Eastern European countries despite the presence of OSH policies similar 

to those in Western European countries [54]. The under-reporting of work-related 

injuries and diseases in Eastern Europe is partly due to ineffective compensation 

systems, additional costs for employers when employees report contracting work-

related diseases, and a lack of protocols for reporting. Furthermore, Western 
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European countries usually have lower injury severity thresholds for reporting and 

less strict assessment standards. Eastern Europe still limits press freedom [55, 56]. 

Restricted freedom of the press in most of Eastern Europe is ultimately rooted in 

the characteristics of their communist histories [56]. The ex-communist countries 

have experienced a considerable decline in press freedom mainly because of the 

politicization of public broadcasting [55]. Repressed freedom of the press and 

speech in Eastern Europe might inhibit the uncovering of unreported occupational 

injuries or create an environment in which injured workers cannot freely report 

accidents.  
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2.2. Socioeconomic Indicators, Inequality, and Occupational Injury Indices 

 

This study showed that the discrepancy of direction of association between PPP 

GDP and occupational injury indices existed. PPP GDP was positively correlated 

with non-fatal occupational injury rate after adjusting for data source while fatal 

occupational injury rate and lethality rate of occupational injuries were negatively 

correlated. Many studies have been conducted on the effect of economic 

development on health outcomes. A systematic review of 30 population-based 

studies showed that per capita GDP and healthcare expenditures were negatively 

correlated with the risk of stroke (GDP per capita: Spearman ρ = -0.661, p-value = 

0.027; total health expenditures per capita: ρ = -0.623, p-value = 0.040) [9]. An 

ecological study of China for 1970–2009 revealed that road traffic injury mortality 

rates were positively correlated with GDP per capita in the early stages of economic 

development but negatively past a certain level of economic development [8]. A 

population-based study of data from the 2006 China National Sample Survey on 

Disability demonstrated that income below the poverty line made people more 

likely to become disabled from suffering an occupational injury [57]. A study using 

estimates from the Global Burden of Disease for 1990–2016 showed that workers 

in poorer countries were more likely to suffer lethal occupational injury than those 

in rich countries [58]. Barth et al. found that greater investment in OSH 

infrastructure caused by GDP growth and increased healthcare expenditures 

reduced the risk of occupational injuries [10]. GDP growth can reduce 

unemployment which may in turn increase occupational injuries because more 

people will be working in dangerous jobs and labor unions will experienced reduced 

bargaining power [59, 60]. In contrast to other studies, this study found that non-

fatal occupational injury rates were positively correlated with PPP GDP. A possible 

explanation for this result is that economically developed countries have more 
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money to compensate workers for work-related injuries than other countries. It is 

possible to lower injury severity standards if there are sufficient compensation 

funds. A study that analyzed data about workers at public higher education 

institutions in New Jersey revealed that there was positive correlation between 

benefits paid to injured workers and the frequency of lost-time injuries, which 

supports the conclusion that the availability of funds for injury compensation is 

positively correlated with the reporting of occupational injuries [61]. 

 

This study showed that health expenditures as a percentage of GDP was 

negatively correlated with fatal occupational injury rate. Studies using data from 

the European Union found that healthcare expenditures as a percentage of GDP 

were positively correlated with health indices, defined as composites of health 

status, medical service supply, and health indicators related to labor markers [62]. 

Healthcare expenditures as a percentage of GDP could reflect the overall OSH 

situation. OSH investments can reduce work-related injuries by increasing the 

supply of personal protective equipment, mechanical aids, and OSH specialists. 

Prevention programs, including supplying ergonomic work stations, substituting 

hazardous chemicals or activities for less dangerous chemicals and activities, 

conducting injury surveillance, can reduce work-related injuries. OSH investments 

are cost-effective and significantly reduce the number of injuries at work [63]. 

 

This study found that inequality level was positively correlated with fatal 

occupational injury rates. A considerable amount of studies have been conducted 

on the effect of socioeconomic inequality on health outcomes [64-70]. A study on 

OECD healthcare systems showed that Gini index values were negatively 

correlated with healthcare system efficiency [11]. Socioeconomic inequality is 

correlated with the occurrence of traumatic dental injuries. A of 5,027 children who 
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responded to a 2010 Brazilian oral health survey showed that Gini index values 

were positively correlated with the likelihood of suffering traumatic dental injury 

[70]. Economic inequality likely exposes underprivileged workers to injuries 

because of a lack of OSH knowledge, appropriate protection, and government and 

company support. Increasing the number of low-income migrant workers employed 

in risky jobs may mediate the correlation between Gini index values and 

occupational injury rates. Many studies have been conducted on the effect of 

income inequality on healthcare access [71-74]. Unequal ability to report 

occupational injuries mediates disparities in compensation for occupational injury. 
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2.3. Job-related Indicators and Occupational Injury Indices 

 

The ratio of female-to-male labor force participation rate was negatively 

correlated with fatal occupational injury rate in fully adjusted model. Studies using 

OECD occupational injury data revealed that fatal occupational injury and disease 

rate was negatively correlated with the female-to-male labor force participation 

ratio [27]. A population-based study using data from the 2006 China National 

Sample Survey on Disability demonstrated that male workers were significantly 

more likely to become disabled as a result of occupational injuries than female 

workers [57]. A cross-sectional study of 200,000 coal mine employees in the Shanxi 

Province of China revealed that gender (female vs. male: odds ratio: 0.28; 95% CI: 

0.09–0.80) and type of physical labor (light vs. heavy: odds ratio: 0.50; 95% CI: 

0.33–0.77) were correlated with the rate of occupational injuries [13]. A study using 

health insurance data for workers aged 25–59 in the Republic of Korea for 2012–

2015 found that male workers in risky jobs were more likely to be injured than 

female workers in risky jobs when comparing each sex’s workers in financial 

intermediation (construction; male: hospitalization rate ratio (“HRR”) = 1.74; 

95% CI: 1.68 – 1.81; female: HRR = 1.46; 95% CI: 1.40 to 1.54; mining and 

quarrying; male: HRR = 2.05; 95% CI: 1.92 to 2.19; female: HRR = 1.54; 95% CI: 

1.27 to 1.87) [75]. Women are less likely to work in dangerous jobs than men even 

if they work in the same industry. 

 

There is evidence which suggests that work environments affect the incidence 

occupational injuries. Yoon et al. showed that workers in mildly (adjusted odds ratio: 

1.39; 95% CI: 1.07–1.80) and severely (adjusted odds ratio: 1.67; 95% CI: 1.13–

2.46) noisy environments were at a higher risk of suffering occupational injuries 

than those in non-noisy environments [76]. A population-based retrospective study 
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using health insurance data for workers aged 25–59 showed that workers in mining, 

quarrying, and construction industries were more likely to be injured than those in 

the financial services industry [75]. Historically, mines have been the most 

hazardous work environments in the world. A nickel industry cohort study of 56,576 

male workers in southern Ontario, Canada showed that mine workers were more 

likely to die than the general population (standardized mortality ratio = 162; 95% CI: 

153 – 171) [77]. A study using OECD occupational injury data found that fatal 

occupational injury and disease rate was positively correlated with percentage of 

jobs in the manufacturing and construction industries [27]. Like these studies, this 

study also found that percentage of jobs in the mining and quarrying, manufacturing, 

construction, and public utilities industries was positively correlated with fatal 

occupational injury rate. However, the percentage of elementary occupations was 

not correlated with all occupational injury indices. This result suggests that risk is 

better predicted by industry than job skill level.  

 

The percentage of employees working more than 48 hours per week was 

positively correlated with fatal occupational injury rate. A study using Spanish 

Ministry of Labor occupation registry data showed that shift length was positively 

correlated with occupational injury risk for male workers (p-value for trends < 0.01) 

[14]. A study using US Mine Safety and Health Administration data for 1983–2015 

found that injuries that occurred nine or more hours into a shift were more likely to 

be fatal than those that occurred before nine hours into a shift (adjusted odds ratio: 

1.32; 95% CI: 1.18 – 1.48) [15]. A meta-analysis of evidence from 1998 to 2018 

showed that workers who worked overtime had higher risk of occupational injury 

than those who did not (odds ratio: 1.276; 95% CI: 1.091–1.492). Workers working 

overtime experience fatigue and stress, making them less able to focus on their tasks, 

increasing their risk of injury [78]. 
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2.4. Corruption, Press Freedom, and Occupational Injury Indices 

 

None of the job-related factors were associated with non-fatal occupational 

injury rate in the fully adjusted model. This result suggests that non-fatal 

occupational injury rates are under-reported at the country level. As already 

mentioned in the introduction, the estimates for non-fatal occupational injury rates 

are composites of harmful factors, such as the percentage of jobs in high-risk 

industries, the percentage of workers working overtime, and problems with 

reporting injuries in the workplace. Therefore, the lethality rate of occupational 

injuries reported in ILOSTAT is similar to the harmful factor-adjusted non-fatal 

occupational injury rate. This indicator reflects the under-reporting of non-fatal 

occupational injuries which is affected by the level of corruption in companies or 

countries and the freedom of the press. 

 

Corruption was positively correlated with lethality rate of occupational injuries 

in the fully adjusted model. There is a paucity of empirical work on the potential 

impacts of corruption on health outcomes. An ecological study of life expectancy 

data from 49 countries showed that the CPI was correlated with life expectancy at 

birth (γ = 0.31, p-value < 0.01) [79]. A multilevel investigation of 70,524 adults 

from 20 African countries found that corruption was negatively correlated with 

health outcomes [80]. It may also be caused by companies’ efforts to avoid having 

to compensate workers for occupational injuries by interfering with the reporting 

of injuries to governmental authorities and by authorities’ distorting occupational 

injury statistics to hide low levels of OSH. Corruption in countries or health 

institutions reduces access to healthcare, resulting in occupational injuries not being 

captured by official statistics because one of the requisites for requesting 

compensation for work-related injuries is a certified diagnosis by healthcare 
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professional. Cross-sectional studies using data from more than 120 countries have 

found that corruption, such as bribery, in the healthcare sector was negatively 

correlated with healthcare access [81]. 

 

This study also showed that the level of free press was not correlated with either 

fatal or non-fatal occupational injury rate but was negatively correlated with the 

lethality rate of occupational injuries in the fully adjusted model. This result may 

have been a product of under-reporting of non-fatal occupational injuries due to 

press repression or censorship. Freedom of press scores, which are associated with 

the levels of freedom of the speech, also reflect an environment in which people 

may not feel free to disclose their injuries to the authorities. Furthermore, a free 

press decreases country and company corruption by detecting illegal or unethical 

practices and dissuading government and company malfeasance [22, 23, 82]. The 

press plays an important role in keeping citizens informed about events happening 

around them. Knowledge about injuries in the workplace cannot spread without a 

free and independent press in the face of employers’ efforts to hide low levels of 

OSH. A free press allows journalists to investigate and uncover stories about 

wrongdoing by companies, such as hiding occupational injuries. There are 

relatively few studies about the relationship between the freedom of the press and 

health outcomes. A study using data from 196 countries for 2000–2017 showed that 

press freedom was positively correlated with healthcare indicators and life 

expectancy and negatively correlated with corruption and Gini index values [83]. A 

cross-sectional study using data from 39 countries found that press freedom was 

correlated with the lethality rate of occupational injuries [25]. An independent press 

which uncovers malfeasance affecting workplace safety informs people about 

occupational injuries and holds leaders to account, reducing under-reporting. 
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3. Strengths and Limitations 

 

This study analyzed trends in occupational injury indices and assessed the 

longitudinal relationships between socioeconomic, inequality, free press, corruption, 

and job-related indicators and occupational injury indices for 44 countries for 2007–

2016. However, this study’s results should be interpreted within the context of its 

limitations. First, this study was not able to determine the causal relationship 

between national indicators because the ecological analysis conducted in this study 

only showed the correlation between variables. Causal inference analysis is 

necessary to determine the causal relationships between country variables and 

occupational injury rates. Second, this study did not have consistent data for waiting 

periods, the minimum amount of time a worker may be absent from work before 

requesting compensation or reporting an injury. For example, Argentina, Belarus, 

the Russian Federation, Spain, and Ukraine have waiting periods of 1 day or more 

while Finland, Switzerland, Thailand, and the Republic of Korea have waiting 

periods of more than 3 days. This factor may have biased the results. However, the 

models in this study were not adjusted for waiting periods because data on waiting 

periods for 44 countries could not be fully collected. Further study is needed to 

assess the effect of waiting periods on the relationship between national indicators 

and occupational injury indices. Third, only countries which had reported 7 or more 

years of occupational injuries for 2007–2016 to ILOSTAT were included in this 

study which may have introduced selection bias. It is only possible to report the 

statistics of occupational injuries if there is basic OSH infrastructure development. 

Thus, countries with extremely poor OSH conditions would have been excluded 

from this study, resulting in its results not accurately reflecting the global OSH 

situation. Fourth, national indicators and occupational injury indices may not have 

been accurate. However, this study made efforts to use representative national 
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indicators. Data was taken from representative databases maintained by ILOSTAT, 

the World Bank, Freedom House, and Transparency International. 
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VI. Conclusion 

 

Occupational injury rates decreased over time, but lethality rates of injuries 

gradually increased. National economic status, income inequality, free press, 

corruption, and job-related indicators are correlated with occupational injury 

indices. However, these correlations differ depending on whether the injuries are 

fatal. The lethality of injuries reported in global statistics might not reflect the actual 

severity of injuries. This fact is likely a product of problems with reporting minor 

injuries in the workplace which may have been a product of press censorship and 

corruption. It is urgent to foster an environment that promotes the reporting of 

industrial accidents. Further study is required to establish the correlation between 

national indicators and occupational injury indices. 
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[Appendix 1] 

The Median National Indicators for each country 
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Appendix table 1.1. The median socioeconomic indicators for 2007–2016 (1). 

GDP: GDP per capita based on purchasing power parity; Health: current health expenditure (% of 

GDP); Press: Freedom of press score; CPI: Corruption perceptions index 

  

Country GDP Health Gini Press CPI 

Argentina 18,923.4 8.4 42.7 50.0 31.0 

Australia 42,406.6 8.6 35.4 22.0 85.5 

Austria 44,277.4 10.2 30.5 21.0 77.0 

Belarus 16,964.9 5.6 27.2 92.5 27.0 

Belgium 41,314.4 10.0 28.1 11.0 75.0 

Bulgaria 15,724.1 7.4 35.9 36.5 41.0 

Canada 41,737.2 10.2 33.8 19.0 85.5 

Costa Rica 13,540.3 7.8 48.7 18.0 53.0 

Croatia 20,889.4 7.6 32.3 40.0 45.0 

Cyprus 32,597.3 6.6 32.6 22.5 63.0 

Czech Republic 28,820.7 7.1 26.2 19.0 50.0 

Denmark 44,810.8 10.2 27.3 12.0 92.5 

Estonia 26,125.9 6.1 32.5 16.0 66.0 

Finland 39,880.5 9.1 27.5 10.5 90.0 

France 37,498.4 11.3 32.7 23.0 69.5 

Germany 42,757.3 10.9 31.1 17.0 79.0 

Greece 25,252.8 9.0 34.8 35.5 41.5 

Hungary 23,310.8 7.3 29.4 35.5 51.0 

Ireland 46,161.3 10.0 32.3 16.0 75.0 

Israel 30,606.9 7.1 41.0 30.0 61.0 

Italy 35,469.0 9.0 34.7 31.5 43.0 

Latvia 21,474.0 5.7 35.5 26.5 49.5 

Lithuania 23,808.5 6.4 35.3 22.5 52.0 

Luxembourg 92,177.1 6.5 32.0 12.0 82.5 

Malta 28,849.7 8.8 29.1 22.0 56.0 

Mexico 16,831.5 5.7 48.7 61.5 33.5 
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Appendix table 1.2. The median socioeconomic indicators for 2007–2016 (2). 

GDP: GDP per capita based on purchasing power parity; Health: current health expenditure (% of 

GDP); Press: Freedom of press score; CPI: Corruption perceptions index 

 

 

Country GDP Health Gini Press CPI 

Netherlands 46,418.6 10.4 28.1 11.5 86.0 

Norway 63,211.4 8.9 26.4 10.0 86.0 

Poland 23,034.4 6.4 33.2 25.5 56.5 

Portugal 26,761.7 9.2 36.0 17.0 62.0 

Republic of Korea 31,502.7 6.4 32.0 32.0 54.5 

Republic of Moldova 4,998.3 10.9 29.9 55.5 31.5 

Romania 18,664.2 5.0 36.0 42.0 40.5 

Russian Federation 24,363.3 5.0 39.9 81.0 25.5 

Slovakia 26,026.7 7.3 26.5 23.0 48.0 

Slovenia 28,741.5 8.5 24.9 24.0 61.0 

Spain 32,432.3 9.0 35.4 25.5 61.0 

Sweden 43,665.4 10.8 27.7 10.5 90.5 

Switzerland 56,402.4 10.9 32.5 13.0 86.5 

Thailand 13,993.8 3.5 38.6 62.0 35.0 

Turkey 19,955.6 4.6 40.1 55.5 44.0 

Ukraine 8,262.7 6.8 24.9 55.5 25.5 

United Kingdom 37,834.6 8.5 34.0 21.0 77.5 

United States 50,765.1 16.4 41.1 18.0 73.0 
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Appendix table 1.3. The median job-related indicators for 2007–2016 (1). 

Female: ratio of female to male labor force participation rate (%); Skill 1: skill 1 employment 

distribution by occupation (%); Industry: share of industry in total employment (%); Work hour: 

share of employees working more than 48 hours per week (%) 

  

Country Female Skill 1 Industry Work hour 

Argentina 64.8 5.7 23.9 20.1 

Australia 81.8 11.1 20.9 13.8 

Austria 81.2 4.7 25.8 7.8 

Belarus 82.7 12.0 31.3 . 

Belgium 78.5 7.9 22.5 5.0 

Bulgaria 80.6 6.2 31.4 1.9 

Canada 86.5 8.8 20.3 8.3 

Costa Rica 60.7 2.8 19.1 28.8 

Croatia 77.2 4.2 27.7 4.3 

Cyprus 81.4 4.0 20.3 8.7 

Czech Republic 73.6 5.2 38.1 8.9 

Denmark 87.0 2.5 19.6 6.0 

Estonia 80.4 9.6 30.8 5.1 

Finland 88.2 4.0 22.8 5.0 

France 82.5 7.3 21.9 6.8 

Germany 80.5 4.6 28.2 7.6 

Greece 70.9 4.3 17.1 5.9 

Hungary 74.6 5.1 30.6 4.4 

Ireland 79.1 7.7 18.0 5.6 

Israel 82.9 10.1 20.0 13.3 

Italy 65.6 3.9 27.9 4.0 

Latvia 80.9 9.7 23.9 2.8 

Lithuania 83.6 9.1 25.1 1.6 

Luxembourg 77.3 3.2 12.5 8.1 

Malta 54.9 9.2 23.3 6.5 

Mexico 54.6 3.3 24.4 27.9 
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Appendix table 1.4. The median job-related indicators for 2007–2016 (2). 

Female: ratio of female to male labor force participation rate (%); Skill 1: skill 1 employment 

distribution by occupation (%); Industry: share of industry in total employment (%); Work hour: 

share of employees working more than 48 hours per week (%) 

 

  

Country Female Skill 1 Industry Work hour 

Netherlands 82.4 7.1 15.4 5.1 

Norway 89.4 6.9 20.2 4.8 

Poland 75.1 6.3 30.6 7.4 

Portugal 83.0 6.6 26.0 7.6 

Republic of Korea 69.1 2.0 24.9 29.3 

Republic of Moldova 86.2 7.2 18.7 7.5 

Romania 72.6 2.2 28.7 3.7 

Russian Federation 79.5 6.7 27.6 2.4 

Slovakia 74.8 4.5 37.3 6.2 

Slovenia 81.9 8.0 32.0 6.8 

Spain 78.9 4.8 21.2 6.2 

Sweden 88.5 5.6 19.7 5.0 

Switzerland 81.9 8.0 21.0 11.4 

Thailand 79.7 3.4 21.2 29.5 

Turkey 40.8 6.1 26.5 43.0 

Ukraine 75.5 7.8 25.2 3.7 

United Kingdom 81.4 10.4 19.0 10.6 

United States 81.7 10.1 19.9 13.6 
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[Appendix 2] 

The Association between National Indicators and  

Occupational Injury Indices in Unadjusted Model 
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Appendix table 2.1. The regression coefficient (β) and 95% confidence interval (CI) 

for log-transformed fatal occupational injury rate in relation to national 

socioeconomic, inequality, free press, corruption and job-related indicators. 

 

 

 
 

Model 
 

 
 

N β 95% CI 
 

Data source* 
 

440 -0.017 -0.449 – 0.416  

log of PPP GDP 
 

440 -0.598 -0.843 – -0.352  

Health expenditure 
 

440 -0.110 -0.171 – -0.049  

GINI index 
 

366 0.053 0.033 – 0.072  

Freedom of Press 
 

440 0.015 0.008 – 0.022  

CPI 
 

440 -0.017 -0.023 – -0.011  

Female-to-male ratio (%) 
 

440 -0.032 -0.045 – -0.019  

Skill 1 employment (%) 
 

440 -0.002 -0.061 – 0.057  

Industry (%) 
 

422 0.038 0.018 – 0.058  

Working hours (%) 
 

408 0.029 0.016 – 0.041  

* Data source: other records versus insurance records of occupational injury index 

PPP GDP: GDP per capita based on purchasing power parity; Health expenditure: current 

health expenditure (% of GDP); CPI: Corruption perceptions index; Female-to-male ratio 

(%): ratio of female to male labor force participation rate (%); Skill 1 employment (%): 

skill 1 employment distribution by occupation (%); Industry (%): share of industry in total 

employment (%); Working hours (%): share of employees working more than 48 hours per 

week (%) 
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Appendix table 2.2. The regression coefficient (β) and 95% confidence interval (CI) 

for log-transformed non-fatal occupational injury rate in relation to national 

socioeconomic, inequality, free press, corruption and job-related indicators. 

 

 
 

Model 
 

 
 

N β 95% CI 
 

Data source* 
 

440 -0.884 -1.552 – -0.216  

log of PPP GDP 
 

440 0.846 0.384 – 1.307  

Health expenditure 
 

440 -0.004 -0.056 – 0.048  

GINI index 
 

366 0.001 -0.017 – 0.018  

Freedom of Press 
 

440 -0.015 -0.027 – -0.004  

CPI 
 

440 0.010 0.005 – 0.016  

Female-to-male ratio (%) 
 

440 -0.021 -0.037 – -0.006  

Skill 1 employment (%) 
 

440 0.003 -0.046 – 0.051  

Industry (%) 
 

422 0.008 -0.014 – 0.029  

Working hours (%) 
 

408 0.019 -0.004 – 0.043  

* Data source: other records versus insurance records of occupational injury index 

PPP GDP: GDP per capita based on purchasing power parity; Health expenditure: current 

health expenditure (% of GDP); CPI: Corruption perceptions index; Female-to-male ratio 

(%): ratio of female to male labor force participation rate (%); Skill 1 employment (%): 

skill 1 employment distribution by occupation (%); Industry (%): share of industry in total 

employment (%); Working hours (%): share of employees working more than 48 hours per 

week (%) 
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Appendix table 2.3. The regression coefficient (β) and 95% confidence interval (CI) 

for log-transformed lethality rate of occupational injuries in relation to national 

socioeconomic, inequality, free press, corruption and job-related indicators. 

 

 
 

Model 
 

 
 

N β 95% CI 
 

Data source* 
 

440 0.796 -0.026 – 1.618  

log of PPP GDP 
 

440 -1.022 -1.465 – -0.578  

Health expenditure 
 

440 -0.092 -0.141 – -0.043  

GINI index 
 

366 0.037 0.008 – 0.067  

Freedom of Press 
 

440 0.027 0.016 – 0.037  

CPI 
 

440 -0.019 -0.027 – -0.010  

Female-to-male ratio (%) 
 

440 -0.007 -0.032 – 0.018  

Skill 1 employment (%) 
 

440 0.021 -0.063 – 0.105  

Industry (%) 
 

422 0.028 0.002 – 0.055  

Working hours (%) 
 

408 -0.002 -0.021 – 0.018  

* Data source: other records versus insurance records of occupational injury index 

PPP GDP: GDP per capita based on purchasing power parity; Health expenditure: current 

health expenditure (% of GDP); CPI: Corruption perceptions index; Female-to-male ratio 

(%): ratio of female to male labor force participation rate (%); Skill 1 employment (%): 

skill 1 employment distribution by occupation (%); Industry (%): share of industry in total 

employment (%); Working hours (%): share of employees working more than 48 hours per 

week (%) 
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[Appendix 3] 

The Association between Median National Indicators and  

Median Occupational Injury Indices Each Country for 2007–2016
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Appendix figure 3.1. The association of log-transformed GDP per capita with log-transformed fatal occupational injury 

rate per 100,000 workers for 2007–2016.  

Note: The point indicates median of national indicator and log-transformed fatal occupational injury rate each country for 2007–

2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Appendix figure 3.2. The association of current health expenditure (% of GDP) with log-transformed fatal occupational 

injury rate per 100,000 workers for 2007–2016.  

Note: The point indicates median of national indicator and log-transformed fatal occupational injury rate each country for 2007–

2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Appendix figure 3.3. The association of GINI index with log-transformed fatal occupational injury rate per 100,000 

workers for 2007–2016.  

Note: The point indicates median of national indicator and log-transformed fatal occupational injury rate each country for 2007–

2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Appendix figure 3.4. The association of freedom of press scores with log-transformed fatal occupational injury rate 

per 100,000 workers for 2007–2016. Note: The point indicates median of national indicator and log-transformed fatal 

occupational injury rate each country for 2007–2016. The grey line and grey shadow indicate the simple linear regression equation 

and 95% confidence interval for predictions from a model, respectively. 
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Appendix figure 3.5. The association of corruption perceptions index with log-transformed fatal occupational injury 

rate per 100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed fatal occupational injury rate each country for 2007–

2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Appendix figure 3.6. The association of ratio of female to male labor force participation rate (%) with log-transformed 

fatal occupational injury rate per 100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed fatal occupational injury rate each country for 2007–

2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Appendix figure 3.7. The association of skill 1 employment distribution by occupation (%) with log-transformed fatal 

occupational injury rate per 100,000 workers for 2007–2016. 
Note: The point indicates median of national indicator and log-transformed fatal occupational injury rate each country for 2007–

2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Appendix figure 3.8. The association of share of industry in total employment (%) with log-transformed fatal 

occupational injury rate per 100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed fatal occupational injury rate each country for 2007–

2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively. 
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Appendix figure 3.9. The association of share of employees working more than 48 hours per week (%) with log-

transformed fatal occupational injury rate per 100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed fatal occupational injury rate each country for 2007–

2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions 

from a model, respectively.
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Appendix figure 3.10. The association of log-transformed GDP per capita with log-transformed non-fatal occupational 

injury rate per 100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed non-fatal occupational injury rate each country for 

2007–2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for 

predictions from a model, respectively.
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Appendix figure 3.11. The association of current health expenditure (% of GDP) with log-transformed non-fatal 

occupational injury rate per 100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed non-fatal occupational injury rate each country for 

2007–2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for 

predictions from a model, respectively. 
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Appendix figure 3.12. The association of GINI index with log-transformed non-fatal occupational injury rate per 

100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed non-fatal occupational injury rate each country for 

2007–2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for 

predictions from a model, respectively.
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Appendix figure 3.13. The association of freedom of press scores with log-transformed non-fatal occupational injury 

rate per 100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed non-fatal occupational injury rate each country for 

2007–2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for 

predictions from a model, respectively.
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Appendix figure 3.14. The association of corruption perceptions index with log-transformed non-fatal occupational 

injury rate per 100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed non-fatal occupational injury rate each country for 

2007–2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for 

predictions from a model, respectively.
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Appendix figure 3.15. The association of ratio of female to male labor force participation rate (%) with log-transformed 

non-fatal occupational injury rate per 100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed non-fatal occupational injury rate each country for 

2007–2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for 

predictions from a model, respectively.
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Appendix figure 3.16. The association of skill 1 employment distribution by occupation (%) with log-transformed non-

fatal occupational injury rate per 100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed non-fatal occupational injury rate each country for 

2007–2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for 

predictions from a model, respectively. 
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Appendix figure 3.17. The association of share of industry in total employment (%) with log-transformed non-fatal 

occupational injury rate per 100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed non-fatal occupational injury rate each country for 

2007–2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for 

predictions from a model, respectively.
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Appendix figure 3.18. The association of share of employees working more than 48 hours per week (%) with log-

transformed non-fatal occupational injury rate per 100,000 workers for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed non-fatal occupational injury rate each country for 

2007–2016. The grey line and grey shadow indicate the simple linear regression equation and 95% confidence interval for 

predictions from a model, respectively.
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Appendix figure 3.19. The association of log-transformed GDP per capita with log-transformed lethality rate per 

10,000 occupational injury rate for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed lethality rate each country for 2007–2016. The grey 

line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions from a model, 

respectively.
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Appendix figure 3.20. The association of current health expenditure (% of GDP) with log-transformed lethality rate 

per 10,000 occupational injury rate for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed lethality rate each country for 2007–2016. The grey 

line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions from a model, 

respectively.
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Appendix figure 3.21. The association of GINI index with log-transformed lethality rate per 10,000 occupational 

injuries for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed lethality rate each country for 2007–2016. The grey 

line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions from a model, 

respectively. 
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Appendix figure 3.22. The association of freedom of press scores with log-transformed lethality rate per 10,000 

occupational injuries for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed lethality rate each country for 2007–2016. The grey 

line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions from a model, 

respectively.
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Appendix figure 3.23. The association of corruption perceptions index with log-transformed lethality rate per 10,000 

occupational injuries for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed lethality rate each country for 2007–2016. The grey 

line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions from a model, 

respectively.
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Appendix figure 3.24. The association of ratio of female to male labor force participation rate (%) with log-transformed 

lethality rate per 10,000 occupational injuries for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed lethality rate each country for 2007–2016. The grey 

line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions from a model, 

respectively.
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Appendix figure 3.25. The association of skill 1 employment distribution by occupation (%) with log-transformed 

lethality rate per 10,000 occupational injuries for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed lethality rate each country for 2007–2016. The grey 

line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions from a model, 

respectively.
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Appendix figure 3.26. The association of share of industry in total employment (%) with log-transformed lethality rate 

per 10,000 occupational injuries for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed lethality rate each country for 2007–2016. The grey 

line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions from a model, 

respectively.
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Appendix figure 3.27. The association of share of employees working more than 48 hours per week (%) with log-

transformed lethality rate per 10,000 occupational injuries for 2007–2016.  
Note: The point indicates median of national indicator and log-transformed lethality rate each country for 2007–2016. The grey 

line and grey shadow indicate the simple linear regression equation and 95% confidence interval for predictions from a model, 

respectively.
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국문 초록 

국가주요지표와 업무상 손상률 간의 상관관계 연구 :  

2007 년부터 2016 년까지 44 개국을 대상으로 

서론 

업무상 손상은 피재자와 그 가족 구성원 모두에게 

심리·경제적으로 큰 부담을 준다. 그러나 사업장 내에서 사고 은폐가 

만연하여 이에 대한 실태파악 조차 제대로 이뤄지지 않고 있다. 그리고 

국가주요지표와 업무상 손상률 간의 상관관계 연구 결과는 산업보건 

정책 결정에 기초 자료로 활용할 수 있지만, 현재까지 이에 대한 

연구는 상당히 미흡하다. 그러므로 이 연구의 목적은 2007년부터 

2016년까지 44개국의 치명적·비치명적 업무상 손상률과 손상의 

치명률의 국제동향을 파악하고, 미보고된 산재에 대하여 논의하며, 

국가의 사회·경제주요지표, 불평등지수, 언론의 자유도, 부패인식지수, 

직업 관련 지표와 업무상 사고 지표 간의 상관성을 규명하는 것이다. 

 

방법 

국제노동기구에서 운영하는 데이터 포털에서 2007년부터 

2016년까지 치명적·비치명적 업무상 손상률에 대한 정보를 국가와 

연도별로 추출하였다. 국제노동기구에 손상률을 10년 중 7년 이상 

보고한 44개 국가를 대상으로 연구하였다. 업무상 손상의 치명률은 

연도별 전체 업무상 손상 건수에 대한 치명적 손상 건수의 비를 

만분율로 나타냈다. 국가별 업무상 손상률의 연도별 추이를 평가하기 

위해서 단순선형회귀모형을 적용하였다. 크루스칼 왈리스 검정과 
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본페로니 방법을 보정한 던 다중비교검정을 적용하여 대륙 간 손상의 

치명률을 비교하였다. 국가 지표와 업무상 손상 지표의 상관성 분석은 

반복 측정치들의 상관관계를 제어하기 위해 선형 일반화추정방정식을 

적용하였다. 이 분석에서 데이터 종류와 구매력평가 기준 1인당 

국내총생산 지표를 보정한 모형과 데이터 종류와 전체 지표를 보정한 

모형을 각각 적용하였다. 

 

결과 

44개국에서 근로자 십만 명 당 치명적 업무상 손상률의 

중앙값은 2007년 4.05에서 2016년 2.48로 감소하였다. 비치명적 업무상 

손상률의 중앙값도 1,219.28에서 1,086.33로 감소하였다. 하지만 업무상 

손상의 치명률은 20.57에서 25.27로 오히려 증가하였다. 2007년부터 

2016년까지 각 국가별 치명적 업무상 손상률에 대한 중앙값은 0.62 

(영국)에서 9.45 (코스타리카)까지, 비치명적 업무상 손상률에 대한 

중앙값은 51.10 (벨라루스)에서 11,793.44 (코스타리카)까지 분포하였다. 

각 국가별 치명률에 대한 중앙값의 범위는 4.97 (네덜란드)에서 811.16 

(루마니아)까지로 국가 간 그 차이가 컸다. 비치명적·치명적 업무상 

손상률의 중앙값 간에는 선형 관계를 보이지 않았다. 지역 간에 치명률 

차이는 서유럽과 동유럽 사이에서 가장 컸다. 데이터 종류와 전체 

지표를 보정하여 일반화추정방정식을 적용한 결과, 치명적 업무상 

손상률은 지니 계수와 산재위험업종 분율 (광업, 건설업, 제조업, 

공공서비스업), 주 48시간 이상 근무자 분율과 양의 상관성이 있었다. 

비치명적 손상률은 1인당 국내총생산과 양의 상관성이 있었다. 업무상 

손상의 치명률은 1인당 국내총생산과 음의 상관성이 있었다. 그리고 
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부정부패가 만연할수록, 그리고 언론의 자유와 독립성이 보장되지 

않을수록 치명률은 높았다. 

 

고찰 

 여러 국가지표와 업무상 손상 지표 간에 상관관계를 보였지만, 

손상의 치명도에 따라 그 양상은 달랐다. 과로 노동자와 산재위험업종 

분율이 높은 국가에서 업무상 사고로 인한 사망 발생 위험이 높으므로 

해당국 관계 당국자들은 안전한 근로환경 조성을 위한 노력이 필요하다. 

불평등 완화로 안전보건 사각지대에 놓인 취약 근로자와 외국인 

노동자에 대한 보호를 강화할 수 있다. 국가 간 치명률의 차이가 

크다는 점은 하인리히 법칙에 위배된다는 사실과, 그리고 산재위험업종 

분율이 높으면 업무상 손상의 위험성이 높아야 함이 당연하나, 

비치명적 업무상 손상률 같은 경우 이와 상관성이 없다는 사실은 

비치명적 손상에 대한 보고에 문제가 있음을 시사한다. 국제노동기구 

통계에 보고된 치명률은 각 국가에서 발생하는 사고의 중함이 아니라 

산재 보고 은폐 정도를 반영한다. 피재자가 지체 없이 자유롭게 

산재사실을 알리고, 그에 합당한 보상을 받을 수 있도록 

산재발생보고제도 개편이 필요하다. 그리고 언론이 회사 부정행위 

감시·고발과 같은 언론 본연의 역할을 수행할 수 있도록 그 자유와 

독립성을 보장해야 한다. 아울러 산재 보상과 보고 절차를 투명화하기 

위한 노력이 필요하다. 추후 업무상 사고의 추이와 산재 은폐에 대한 

연구뿐만 아니라, 업무상 손상률과 국가지표 간의 상관관계에 대한 

연구가 지속되어야 한다. 

핵심어: 산업재해, 업무상 손상, 국가주요지표, 일반화추정방정식, 산재은폐 


