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ABSTRACT

This study aims to determine how economic growth 
influenced fatal occupational accidents in Peru from 2011 
to 2019. Data from the 24 departments, grouped into 4 
macro-regions, were used and an econometric analysis 
using panel data was applied. This analysis consisted of 
assessing the stationarity of the data, and through first 
generation unit root tests, it was determined that they are 
integrated of order one. Likewise, it was found that there 
is a cointegration relationship between the variables 
(long-run equilibrium) by Pedroni panel cointegration 
means testing. Finally, the regression coefficients were 
estimated using the DOLS (Dynamic Ordinary Least 
Squares) estimator. It was determined that economic 
growth has a direct proportional relationship with fatal 
occupational accidents; that is to say, economic boom 
would cause fatal occupational accidents to increase.

Keywords: economic growth; occupational accidents; 
economic factors; occupational safety and health.

INTRODUCTION

In Aristotle’s philosophy, occupational accidents were conceptu-
alized as something that had no cause per se, that did not fit 
into the broader metaphysical scheme and from which no mean-
ingful knowledge could be obtained (Loimer & Guarnieri, 1996). 
Over the centuries, the concept of occupational accident has 
developed and at present there are various definitions that can 
be summarized as follows: an occupational accident is an un-
planned event directly related to work activities that causes injury 
or even death to the worker. Based on this, the premise ‘all work 
is dangerous’ takes on special relevance, since it becomes im-
possible to consider any work as safe (Gómez-Pineda, 2014). 
Due to this, there is a need for employers to adopt occupational 
safety and health measures to prevent the occurrence of occu-
pational accidents. In this regard, it has been found that there is 
still a need to strengthen this matter in Peru since the subsidies 
for temporary disability due to occupational accidents increased 
from 0.20% of the Gross Domestic Product in 2011 to 0.58% in 
2013 (Cossio, 2016) and the time lost due to occupational acci-
dents during the period 2014-2016 is equivalent to 7083 workers 
with “zero productivity” per year (Pahuacho, 2017).

Occupational safety and health in organizations is affected by 
internal factors (like safety climate and the management sys-
tem) and external factors (such as technological advances and 
economic, social and political factors) (Gümüş & Gülsün, 2020; 
Chang et al., 2018). Given this, the need to prioritize prevention 
as a tool for the reduction of occupational accidents increases 
(Teixidó, 2009), as deficient practices in occupational safety and 
health cost approximately 4% of global Gross Domestic Product 
each year. Theories have been proposed to predict the causes of 
occupational accidents, but none is unanimously accepted (Or-
ganización Internacional del Trabajo, 1998). Moreover, several 
models have also been proposed for investigating occupational 
accidents (Surry, 1971) that are not incompatible with each other. 
Instead, each model emphasizes different aspects. It should be 
noted that these theories and models of occupational accidents 
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make it possible to explain how internal factors that 
are under the employer’s responsibility contributed 
to the occurrence of occupational accidents so that 
the employer implements corrective measures to 
prevent their recurrence.

Among the external factors that affect occupation-
al safety and health, economic growth is a topic 
of great interest given its impact on the welfare of 
a country’s population because of a sustained in-
crease in income (Jiménez, 2011). Economic growth 
is the quantitative expansion of income and value of 
services and final goods produced in an economic 
system in a given period of time (Enriquez, 2016). 
Therefore, economic growth is a requirement for 
economic development (Loayza & Soto, 2002), 
since it generates the resources needed.

Kossoris (1938) conducted the first studies that ad-
dressed the occurrence of occupational accidents 
during times of economic expansion, finding a pr-
ocyclical relationship between accidents and em-
ployment in the manufacturing sector of the Unit-
ed States. Subsequent studies have shown that 
business cycle indicators exhibit procyclical be-
havior with occupational accidents, meaning that 
accidents increase during economic booms and 
decrease during recessions. (Kim & Park, 2020; 
Contreras et al., 2019; Łyszczarz & Nojszewska, 
2018).

Other studies concluded that a close direct and pro-
portional relationship exists between increased eco-
nomic growth and occupational accidents (Gümüş 
& Gülsün, 2020; Ovejero et al., 2018); however, 
other studies point to the existence of a negative 
relationship (Kahraman et al., 2019; Mouza & Tar-
goutzidis, 2012).

The Instituto Nacional de Seguridad e Higiene en 
el Trabajo [National Institute of Workplace Safety 
and Hygiene] (2014) states that in countries where 
the national occupational safety and health system 
is well designed and managed, the strength of the 
relationship between economic growth and occu-
pational accidents is expected to be inversely pro-
portional to the intensity of the national preventive 
effort. The same result would have been expected 
in Peru with the enactment of an occupational safe-
ty and health law (Ley N.° 29783, 2011), but results 
presented by Cossio (2016) and Pahuacho (2017) 
identified that the Peruvian national system still re-
quires improvement.

That being said, several studies have been con-
ducted in developed and high-income countries 
in Europe, Asia, and North America that agree 

that economic factors have an impact on the oc-
currence of occupational accidents (Kim & Park, 
2020; Contreras et al., 2019; Łyszczarz & Nojsze-
wska, 2018; Gümüş & Gülsün, 2020; Ovejero et 
al., 2018; Kahraman, et al., 2019; Mouza & Tar-
goutzidis, 2012). Therefore, the question arises as 
to whether this same behavior is evident in devel-
oping countries. Considering that, in Peru, the na-
tional occupational safety and health system is still 
unable to protect workers from occupational haz-
ards, this study seeks to determine how economic 
growth influences fatal occupational accidents in 
Peru In this way, the study attempts to contribute to 
government bodies for the development of policies 
that support to the intent of Law No. 29783, which 
is the promotion of a culture of risk prevention, a 
progressive reduction in the loss of the Gross Do-
mestic Product and the improvement of produc-
tivity and competitiveness of companies and the 
country.

METHODOLOGY

This study adopts an applied research methodology 
with a quantitative approach and a non-experimen-
tal and cross-sectional design, characterized by a 
causal and explanatory nature. It seeks to deter-
mine the influence of economic growth on fatal oc-
cupational accidents in Peru.

To conduct the study, an econometric analysis using 
panel data was applied in line with other research 
with similar objectives (Kahraman et al., 2019; 
Łyszczarz & Nojszewska, 2018) because it makes 
it possible to estimate more realistic models com-
pared to single-period cross-sectional data and sin-
gle-entity time series.

Fatal occupational accidents were established as 
the dependent variable, considering that their re-
porting is more frequent than non-fatal accidents 
(Çolak & Palaz, 2017). Accident rates were not used 
because accident rates are affected by the increase 
in workers, even if there is no change in the number 
of accidents (Kim & Park, 2020).

Economic growth, measured through Gross Value 
Added, was established as the independent varia-
ble. Other economic factors were included as proxy 
variables that are not the main focus of the study: 
activity rate, private sector companies, private sec-
tor workers, and average remuneration of private 
sector workers.

Annual data from the 24 departments of Peru dur-
ing the period 2011-2019 were used to identify 
the influence of economic growth on occupational  
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accidents. These data were grouped into 4 mac-
ro-regions (Table 1) because the statistical year-
books of the Ministry of Labor and Employment 
Promotion do not have recorded occupational ac-
cidents in some departments, such as Amazonas, 
Huánuco, Madre de Dios and San Martín. The lack 
of records of occupational accidents might be at-
tributed to problems related to underreporting (Me-
jía et al., 2015).

The data on the number of occupational accidents 
and the monthly average of companies, workers 
and remuneration in the private sector are obtained 
from the statistical yearbooks prepared by the Sta-
tistics Office of the Ministry of Labor and Employ-
ment Promotion (MTPE), based on the records of 
the Occupational Accident System (SAT) and the 
Electronic Payroll (PLAME) systems. In addition, 
available data on Gross Added Value and Activity 
Rate published by the National Institute of Statistics 
and Informatics (INEI) were used.

RESULTS

Descriptive Statistics

Table 2 presents the descriptive statistics of the 
panel data. It is observed that the standard devia-
tion results are high for all variables, meaning that 
there is a high variability of the data, which rais-
es, the suspicion of asymmetric or atypical data. 
Graphical representations were made to identify 
heterogeneity between macro-regions and heter-
ogeneity over time. For this purpose, the values 
of the variable fatal occupational accidents were 
transformed into natural logarithms because of the 
presence of asymmetric values in the sample. Fig-
ure 1 shows that the Central Macro-region shows 
the highest mean of fatal occupational accidents 
during the period 2011-2019 but presents less dis-
persed values. On the other hand, Figure 2 shows 
that the mean of fatal occupational accidents in the 
macro-regions increased throughout 2011-2019. 

Table 1. Macro-Regions of Peru.
Macro-Region North Central South East

Department

Cajamarca
La Libertad
Lambayeque
Piura
Tumbes

Ancash
Ayacucho
Huancavelica
Huánuco
Ica
Junín
Lima*
Pasco

Apurímac
Arequipa
Cusco
Madre de Dios
Moquegua
Puno
Tacna

Amazonas
Loreto
San Martin
Ucayali

(*) Lima Department includes Metropolitan Lima, Lima’s Provinces, and the Constitutional Province of Callao.
Source: Prepared by the author.

Table 2. Descriptive Statistics: Macro-Regions.

Mean Standard 
Deviation Minimum Maximum

Dependent Variable
Fatal Occupational Accidents 44.89 50.63 1 142

Independent Variable 
GVA at Constant Prices in 2007 (in millions of soles) 109 530.80 101 594.80 17690 31 4497

Proxy Variables
Activity Rate 72.63 3.82 66.04 78.46

Monthly Average Number of Private Sector Companies 66 909.97 67 324.20 9894.00 201 718.00

Monthly Average Number of Private Sector Workers (in thousands) 793.28 936.48 64.47 2633.14

Monthly Average Compensation of Private Sector Workers 1774.89 389.86 1163.38 2574.34

N = 36 (total sample), n = 4 (macro-regions), t = 9 (years).
Source: Prepared by the author. Data from MTPE and INEI processed by Stata version 15.
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Moreover, it is observed that every year one mac-
ro-region presents a higher number of fatal occupa-
tional accidents than the others. In accordance with 
Figure 1, it is known that this is the Central Mac-
ro-region. Therefore, it can be affirmed that, in all 
years, the number of occupational accidents in the 
Central Macro-region is significantly higher than in 
the other macro-regions.

Econometric Analysis

Regression Model

The econometric analysis of panel data allows for 
the study of the relationships between different var-
iables by combining a time dimension with anoth-
er cross-sectional dimension; this provides greater 
benefits when making statistical inferences.

 

Figure 1. Heterogeneity Among Fatal Occupational Accidents in the Macro-
Regions, 2011-2019 (Stata version 15).

 

Figure 2. Heterogeneity of Fatal Occupational Accidents Over the Years., 
2011-2019 (Stata version 15).
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A panel data model where the number of time ob-
servations (t = 1, 2, 3, 4, 5, 6, 7, 8, 9 years) is larger 
than the number of cross-sectional observations (i = 
1, 2, 3, 4 macro-regions) was proposed:

𝐿𝐿𝐿𝐿(𝐴𝐴𝐴𝐴_𝑀𝑀)𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽1𝐿𝐿𝐿𝐿(𝑉𝑉𝐴𝐴𝑉𝑉)𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝐿𝐿𝐿𝐿(𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇)𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝐿𝐿𝐿𝐿(𝐸𝐸𝑀𝑀𝐸𝐸)𝑖𝑖𝑖𝑖 + 𝛽𝛽4𝐿𝐿𝐿𝐿(𝐴𝐴𝑇𝑇𝐴𝐴𝑉𝑉)𝑖𝑖𝑖𝑖
+ 𝛽𝛽5𝐿𝐿𝐿𝐿(𝑇𝑇𝐸𝐸𝑀𝑀)𝑖𝑖𝑖𝑖 + 𝜖𝜖𝑖𝑖𝑖𝑖    

… Ecuación (1)

Where:

• Ln(AT_M)it: Natural logarithm of Fatal 
Occupational Accidents of the macro-region 
(i) in the year (t)

• Ln(VAB)it: Natural logarithm of Groos Value 
Added of the macro-region (i) in the year (t)

• Ln(Tact)it: Natural logarithm of Activity Rate 
of the macro-region (i) in the year (t)

• Ln(EMP)it: Natural logarithm of Monthly 
Average Number of Private Sector Companies 
of the macro-region (i) in the year (t)

• Ln(TRAB)it: Natural logarithm of Monthly 
Average Number of Private Sector Workers 
of the macro-region (i) in the year (t)

• Ln(REM)it: Natural logarithm of Monthly 
Average Compensation of Private Sector 
Workers of the macro-region (i) in the year (t)

• ꞵ0: Constant that collects the deterministic 
components, such as the intercept

• ꞵ1, ꞵ2, ꞵ3, ꞵ4, ꞵ5: Regression coefficients 
(elasticities)

• αi: Individual effect (unobserved) of each 
macro-region

• ɛit: Identically distributed independent error 
term

The variables included in the panel data models 
were expressed in natural logarithms (Łyszczarz & 
Nojszewska, 2018) and allowed the following:

• Interpret regression coefficients as constant 
elasticities. This means that if Y is a 
dependent variable and X is an independent 
variable, the elasticity of Y with respect to 
X presents a percentage change in Y for a 
given percentage change in X.

• The indicators are expressed on a similar 
scale, highlighting the linear relationship 
between them.

Unit Root Tests

The stationarity of the variables’ indicators was 
evaluated to avoid a possible incidence of spurious 
regression when using non-stationary time series. 
For this purpose, the first-generation unit root tests 
Levin-Lin-Chu, Harris-Tzavalis, Breitung, Im-Pesa-
ran-Shin, and Hadri were applied. These tests for 
panel data are based on the tests for time series 
but have the advantage of combining time series 
and cross-sectional data, thus, obtaining more de-
grees of freedom, improving the properties of the 
estimators, and also correcting for unobserved het-
erogeneity.

The first-generation unit root tests have the follow-
ing assumptions:

H0: All panels contain a unit root.

H1: Some panels are stationary.

Confidence level (α): 5%

Hadri’s Lagrange multiplier test has the following 
hypotheses:

H0: All panels are stationary.

H1: Some panels have unit roots.

Confidence level (α): 1%

Table 3 shows the results of the five unit root 
tests. At 5% significance, the null hypothesis of 
the Levin-Lin-Chu, Harris-Tzavalis, Breitung, and 
Im-Pesaran-Shin tests cannot be rejected. On the 
other hand, at 1% significance, the null hypothe-
sis can be rejected by the Hadri test. Therefore, 
these results indicate that the time series have a 
unit root.

Table 4 presents the results of five unit root tests ap-
plied to the series, differentiated once, to corrobo-
rate the order of integration of each time series and 
to rule out the existence of more than one unit root. 
At 5% significance, the null hypothesis of the Lev-
in-Lin-Chu, Harris-Tzavalis, Breitung, and Im-Pesa-
ran-Shin tests can be rejected. In contrast, at 1% 
significance for the Hadri test, the null hypothesis 
cannot be rejected. Therefore, these results indi-
cate that they do not have a unit root, so they are 
stationary.

Results from the tests applied to the variables in the 
panel data model (Equation 1) indicate that these 
series are integrated of order one. This occurs when 
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the first difference of a non-stationary series is sta-
tionary. The series that is integrated of order one is 
called I(1).

Cointegration Tests

After verifying that these series are integrated of 
order one [I(1)], it is determined whether a coin-
tegration relationship exists in order to prevent the 
inconvenience of obtaining spurious results, which 
can occur when the number of time observations is 
greater than the number of individuals in a panel. The 
Pedroni cointegration test was applied to determine 
whether there is a long-run relationship between the 
variables contemplated in the panel data model and 
the following hypotheses were established:

H0: No cointegration

H1: All panels are cointegrated

Confidence level (α): 10%

Table 5 presents the results of the Pedroni coin-
tegration test that analyzed the dependent vari-
able with the independent variable and the proxy 
variables, showing that four of the seven statistics, 
at 10% significance, reject the null hypothesis of 
no cointegration, leaning towards the alternative  

hypothesis of cointegration. That is, the series are 
cointegrated when a linear combination of sever-
al series I(1) is stationary. It is concluded that the 
statistical evidence points to the existence of a  
cointegration relationship between the variables of 
the model (Equation 1). Therefore, the I(1) series 
are in long-run equilibrium: they move together, al-
though a group of them may wander arbitrarily.
Estimation of Long-Run Coefficients
The United Nations Economic Commission for Latin 
America and the Caribbean considers the OLS (Or-
dinary Least Squares) method to be the dominant 
estimation method because, under the assumptions 
of the Gauss-Markov theorem (the normality as-
sumption is not necessary), it is the best unbiased 
linear estimator (Comisión Económica para Améri-
ca Latina y el Caribe, 2011). Under this approach 
and upon determining the existence of a long-run 
relationship between the variables (the series are 
cointegrated), the regression coefficients (elastici-
ties) were estimated using the DOLS (Dynamic Or-
dinary Least Squares) consistent estimator, which 
produces asymptotically unbiased and normally dis-
tributed estimators.

Table 6 presents the results of the long-run coeffi-
cients of the model Equation 1 applying the DOLS 
estimator. It is observed that the coefficient along 

Table 3. Unit Root Tests Results (variables in levels).

Variable
LLC HT Breitung IPS Hadri LM

Statistic p-value Statistic p-value Statistic p-value Statistic p-value Statistic p-value
Ln(AT_M) −4.068 0.000 0.010 0.000 −2.630 0.004 −1.414 0.079 −0.762 0.777

Ln(VAB) −1.400 0.081 0.855 0.848 2.921 0.998 −0.367 0.357 4.857 0.000

Ln(Tact) −4.033 0.000 0.630 0.321 −0.408 0.342 0.076 0.530 2.624 0.004

Ln(EMP) −1.183 0.119 0.811 0.770 3.150 0.999 −2.232 0.013 5.036 0.000

Ln(TRAB) −9.993 0.000 0.763 0.662 2.020 0.978 −1.244 0.107 4.482 0.000

Ln(REM) −7.851 0.000 0.784 0.711 2.731 0.997 −2.370 0.009 4.692 0.000

Source: Prepared by the author. Unit root tests performed with Stata version 15.

Table 4. Unit Root Tests Results (first differences).

Variable
LLC HT Breitung IPS Hadri LM

Statistic p-value Statistic p-value Statistic p-value Statistic p-value Statistic p-value
ΔLn(AT_M) −8.586 0.000 −0.173 0.000 −2.488 0.006 −2.184 0.015 −1.152 0.875

ΔLn(VAB) −4.303 0.000 −0.084 0.000 −1.126 0.130 −1.823 0.034 −0.223 0.588

ΔLn(Tact) −3.900 0.000 0.045 0.000 −2.409 0.008 −1.065 0.143 0.831 0.203

ΔLn(EMP) −2.204 0.014 0.003 0.000 −0.191 0.424 −2.645 0.004 1.854 0.032

ΔLn(TRAB) −11.874 0.000 −0.051 0.000 −2.306 0.011 −1.046 0.148 1.255 0.105

ΔLn(REM) −25.859 0.000 0.189 0.000 −0.842 0.200 −0.480 0.316 2.258 0.012

Source: Prepared by the author. Unit root tests performed with Stata version 15.
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the economic growth variable, measured through 
the Gross Value Added, reflects the existence of the 
influence on fatal occupational accidents (direct re-
lationship), but it is not statistically significant (p > 
0.05). This represents that with a 1% increase in 
the Gross Value Added in the long run, there is a 
4.34% increase in the number of fatal occupational 
accidents.

DISCUSSION 

The coefficient of the Gross Value Added of the pan-
el data model (Equation 1) was positive and sta-
tistically non-significant. This means that there is a 
direct proportional relationship between economic 
growth and fatal occupational accidents, which is 
consistent with the studies by Gümüş and Gülsün 
(2020) and Ovejero et al. (2018). Similarly, procycli-
cal behavior is observed, meaning that fatal occu-
pational accidents increase during economic booms 
and decrease during recessions (Kim & Park, 2020). 
In contrast, in the Çolak and Palaz (2017) study, it 
is concluded that economic development and fatal 
occupational accidents have a negative relationship 
in the long run. Moreover, in the study of Mouza and 
Targoutzidis (2012), it was found that the increase 

of business cycle indicators results in a reduction of 
fatal occupational accidents.

Although the proxy variables are not the subject of 
this study, it should be noted that:

• The coefficient of the Activity Rate was 
negative. Similarly, saving the differences 
in calculation between Activity Rate and 
Unemployment Rate, Łyszczarz and 
Nojszewska (2018) also identified a negative 
relationship between unemployment 
rate and occupational accidents. Thus, if 
unemployment rate increases occupational 
accidents decrease.

• The coefficient of Monthly Average Number 
of Private Sector Companies turned out to 
be negative and statistically significant. This 
behavior is similar to the study by Łyszczarz 
and Nojszewska (2018) that included the 
number of Polish medium-sized enterprises 
as a control variable.

• The coefficient of the Monthly Average 
Number of Private Sector Workers was 
positive and statistically significant. In the 
studies by Contreras et al. (2019), Ovejero et 

Table 5. Results of the Pedroni Cointegration Test - Fatal Workplace Accidents.
Statistic p-value

Between - Dimension (Autoregressive Parameter: Specific Panel)
Modified Phillips-Perron t 3.4353 0.0003

Phillips-Perron t −1.4116 0.0790

Augmented Dickey-Fuller t 0.4652 0.3209

Within - Dimension (Autoregressive parameter: All Panels)
Modified variance ratio −2.6595 0.0039

Modified Phillips-Perron t 2.4258 0.0076

Phillips-Perron t −1.2546 0.1048

Augmented Dickey-Fuller t −0.0378 0.4849

Source: Prepared by the author. Cointegration test performed with Stata version 15.

Table 6. Estimation of Long-Run Coefficients: Fatal Workplace Accidents and Economic Growth.
Variable Coefficient Standard Deviation z p > (z)

Ln(VAB) 4.3415 3.1295 1.39 0.165

Ln(Tact) −4.4008 6.8209 −0.65 0.519

Ln(EMP) −7.6844 2.9790 −2.58 0.010

Ln(TRAB) 3.1105 1.3706 2.27 0.023

Ln(REM) 4.8575 2.7921 1.74 0.082

Source: Prepared by the author. DOLS estimation performed with Stata version 15.
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al. (2018) and Chang et al. (2018) this same 
behavior was identified, especially in new 
workers and temporary workers. 

• The coefficient of the Monthly Average 
Compensation of Private Sector Workers 
was positive and statistically significant. The 
same behavior was identified in the studies 
by Contreras et al. (2019) and Ovejero et al. 
(2018). 

It is important to keep in mind that during periods of 
economic boom there is a scarce supply of skilled 
labor, so employers incorporate new and inexperi-
enced workers. Also, due to growing demand, they 
increase labor intensity and make use of old and 
unsafe machinery (Kossoris, 1938). In this con-
text, it is the responsibility of employers to manage 
their systems, processes and resources to address 
those internal factors under their control that also 
have an impact on the occurrence of occupational 
accidents:

• Environmental and organizational factors: 
These include the design of the work, the 
work environment, the organization of work 
and the characteristics of the workplace; and

• Personal factors: These include monthly 
income, age, gender, motivation and work 
experience.

Fatal occupational accidents are expected to de-
crease during economic recessions, but it is very 
common for workers who are hired during these pe-
riods to be trapped in low-quality jobs combined with 
hazardous tasks (Leombruni et al., 2019). There-
fore, it is also up to the labor authority to monitor 
and ensure that employers provide safe and healthy 
working conditions.

CONCLUSIONS

This study explored the influence of economic 
growth on occupational accidents during the period 
2011-2019 in Peru. The results indicate that there 
is a direct relationship between economic growth 
and fatal occupational accidents, but that it is not 
statistically significant. In other words, the economic 
boom represented by the increase in the value of all 
goods and services produced in the country would 
lead to an increase in fatal occupational accidents.

Considering that the relationship between econom-
ic growth and the occurrence of fatal occupational 
accidents has been established, the government 
should complement economic policy with strategies 
that contribute to creating greater awareness to 
strengthen employers’ duty of prevention and work-

ers’ participation in occupational safety and health. 
Employers should incorporate occupational safety 
and health into their organizational management 
systems to provide safe and healthy working con-
ditions.

Finally, further studies on occupational accidents 
in various economic sectors should be conducted 
to discover their sensitivity to long-term economic 
growth.
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