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Abstract
Purpose This study has two aims: first, propose the use of the driver-pressure-state-impact-response (DPSIR) framework 
to expand the normal focus of impact pathways in social life cycle assessment (S-LCA) on endpoint impacts to a system-
atic analysis to find links between the main sources of social issues and impacts; second, develop a new impact assessment 
method to quantify the lifetime health and economic outcomes associated with social subcategories, for the first time, using 
decision analytic models.
Methods The DPSIR framework is mapped to the corresponding elements of the S-LCA context in relation to the social 
subcategories defined in the UNEP/SETAC methodological sheets. Next, a more robust approach is developed for cause-
impact chains between social subcategories and impacts on human well-being based on decision-analytic models (decision 
trees and Markov models) using healthcare approaches and data. Finally, the health and economic consequences associated 
with social subcategories are quantified by using Quality Adjusted Life Years (QALYs) and costs based on medical literature 
and healthcare studies.
Results and discussion The method was applied to the “working hours” social subcategory in Canada. The cause-effect chain 
is built using DPSIR framework in relation to the current social issue in Canada of working more than standard hours. Results 
of the decision analytic model show that working standard hours is more effective and cost-saving than working more than 
standard hours from the Canadian healthcare perspective. Working standard hours compared to more than standard hours led 
to an increase of 0.73 QALY and decrease in cost of $6702 per worker. Based on an estimated 2.4 million Canadian workers 
working more than standard hours, this resulted in a total gain of 1.7 million QALYs and saving of $16 billion overall. Using 
cost-effectiveness analysis, possible interventions at multiple entry points of the cause-effect chain within DPSIR framework 
are proposed to reduce the negative health impacts and associated costs of working more than standard hours in Canada.
Conclusions Applying the method on other subcategories could help decision-makers establish the cause-effect aspects of 
the social performance of their product systems using a quantitative systematic analysis from a life cycle perspective. This 
approach supports corporate decision-makers to quantify social impacts associated with their product supply chains by cal-
culating QALYs and healthcare costs of their socio-economic conditions enabling them to identify possible interventions 
to improve the social performance.

Keywords Social life cycle assessment · Cause-effect · Driver-pressure-state-impact-response · Quality-adjusted-life-years · 
Markov model · Working hours · Canada

1 Introduction

Social life cycle assessment (S-LCA) was the last tool to be 
developed within the framework of life cycle sustainability 
assessment (LCSA). While recognizing the importance of 
integrating social impacts in life cycle assessment (LCA) 
started in the 1990s (O’Brien et al. 1996), there has been 
struggle to develop a standardized methodology for S-LCA 
(Huertas-Valdivia et al. 2020). A comprehensive overview 
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of the history of S-LCA development can be found in Benoît  
et  al. (2010) and Ramos Huarachi (2020). Essential 
improvements to integrate he social dimension in LCA were 
proposed by Dreyer et al. (2006) and Gauthier (2005). In 2009, 
guidelines for S-LCA were introduced by UNEP/SETAC,  
while developing S-LCA based on ISO 14,040 framework 
similar to Environmental life cycle assessment (E-LCA) (with 
a recent update of these guidelines in 2020, UNEP 2020). 
The new S-LCA guidelines provide step-by-step guidance  
on the application of S-LCA building on the developments 
in the area (UNEP 2020).

S-LCA is still considered under development (Zheng 
et al. 2020). Mapping the E-LCA to social aspects is not 
always suited and thus has resulted in disagreement on many  
points in S-LCA (Iofrida et al. 2019; Sureau et al. 2019).  
This divergence has resulted in the development of differ- 
ent methodological approaches in relation to the object of  
assessment, functional unit, system boundaries, data collec- 
tion, impact assessment, etc. (e.g. Wu et al. 2014; Weidema 
2018). Yet, S-LCA is still characterized by the life cycle 
scope and systematic process that differentiates this method 
from other methods assessing social aspects (UNEP 2020).

One of the main challenges in S-LCA is reaching a con-
sensus on the evaluation and aggregation of social inventory 
data in the impact assessment phase (Hannouf and Assefa 
2018). Two main types of impact assessment approaches 
exist based on UNEP SETAC (2009): types I and II. Type 
I consists of an evaluation of the data collected on social 
subcategories using performance reference points such 
as international conventions (Parent et al. 2010). Type II 
comprises an application of cause-effect chains to under-
stand the causal associations between inventory indicators 
and midpoint or endpoint categories (Parent et al. 2010). 
Since the publication of S-LCA guidelines and associated 
methodological sheets (UNEP/SETAC 2009, 2013), Type I 
social life cycle impact assessment (S-LCIA) is being used 
to a greater extent (Sureau et al. 2019). Parallel to this, type 
II impact pathway approaches continued developing in dif-
ferent directions despite challenges (e.g., Arvidsson et al. 
2018; Neugebauer et al. 2017; Iofrida et al. 2019). The main 
challenge in building cause-effect chains in type II S-LCIA 
is mainly because impacts pathways cannot be described in 
the same way as E-LCA with the different nature of con-
nections and scientific disciplines involved (Sureau et al. 
2019; Iofrida et al. 2019; Zheng et al. 2020). E-LCA builds 
on physical and natural disciplines with quantitative data 
whereas S-LCA is directly connected to the social sciences 
with qualitative data which often poses the difficulty in map-
ping and validating the causality chains in S-LCA (Sureau 
et al. 2019; Iofrida et al. 2019).

Among the different classifications proposed for the 
approaches in type II S-LCIA (e.g., Macombe 2013; Wu 
et al. 2014; Neugebauer 2016), a recent study by Sureau et al. 

(2019) has classified the approaches into three types: (1) 
identifying or proposing indicators for pathways or general 
frameworks, (2) investigating/testing empirically existing 
impact pathways, (3) and applying and quantifying impact 
pathways in case studies. As concluded by Sureau et al. 
(2019) in their review, existing type II S-LCIA approaches  
miss the main point of impact pathways examining the con- 
nections between the main root causes of social issues and  
impacts. Most approaches focus on accounting endpoint 
impacts without the chain of effects leading to those impacts 
(Sureau et al. 2019). Reporting only on endpoint impacts 
does not allow awareness of the problems’ sources and thus, 
can result in missing improvement potentials for the social 
performance of product systems. Therefore, it is crucial to 
expand system boundaries of current impact pathways to a 
more systematic approach, investigating the links between 
main sources of social issues and impacts thereby identify- 
ing underlying causes at different points in the cause-effect  
chain and providing multiple entry points for intervention. 
This expansion will thus help to achieve the aim of S-LCA to 
support decision-makers to develop effective solutions that 
improve the social performance of product systems (UNEP/
SETAC 2009).

Furthermore, another challenge in current type II S-LCIA 
approaches is the focus on impacts at macro-level scale; for 
example, the impact of gross domestic product per capita  
or income inequality on life expectancy or child mortality 
rate (Feschet et al. 2012; Bocoum et al. 2015) or productiv- 
ity impact of missing governance (Weidema 2018). These 
approaches use a top-down approach thus missing many 
social variables (i.e., subcategories such as those related 
to working conditions: e.g., discrimination, working hours, 
fair salary) tackled in type I S-LCIA (Sureau et al. 2019). 
Quantifying macro-level scale impacts is associated with 
availability to relatively easy data access at macro-level 
(Sureau et al. 2019). However, evaluating the impacts on  
social subcategories can be considered relatively challenging 
due to difficult data access that are long-term and thus are 
associated with uncertainty. Therefore, there is a need for 
a decision-analytic model to assess long-term uncertain 
outcomes associated with social subcategories in cause-effect  
chains to inform decision-makers on possible interventions.  
Decision-analytic modelling is a systematic approach gener-= 
ally considered a critical part of healthcare policy to inform  
decisions with uncertainty in economic evaluations of 
pharmaceuticals and other healthcare technologies (Siebert 
2003) as well as comparison of outcomes of multiple 
strategies after assessing all related health impacts (i.e., quality 
of life and survival) and costs over time (Siebert 2003).

In this study, the two main challenges addressed are as 
follows. First, the connections between the main sources of 
social issues and impacts in cause-effect chains in S-LCA are 
explored by using the driver-pressure-state-impact-response 
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(DPSIR) framework. This framework goes beyond the nor-
mal focus of impact pathways in S-LCA on endpoint impacts 
to a systematic analysis by understanding the sources of 
problems and thus identify effective possible improve-
ments targeting causes at different levels in cause-effect 
chains. The framework extends the impact pathways of type 
II S-LCIA using a bottom-up approach to include a larger 
variety of social variables addressed in type I of S-LCIA 
covering for the first time the list of social subcategories 
in UNEP/SETAC S-LCA methodological sheets. Second, 
the lifetime health and economic outcomes associated with 
social subcategories will be quantified by developing a more 
robust impact pathway method building on Weidema (2006) 
using decision analytic models including decision trees and 
Markov models.

2  Methods

The method described here has two steps. First, the com-
ponents of DPSIR framework are mapped into its S-LCA 
equivalents to build relationships surrounding cause-effect 
chains in S-LCA. Second, a new impact assessment method 
based on decision trees and Markov models is developed 
to evaluate and quantify the life-time health and economic 
outcomes associated with social subcategories.

2.1  Mapping DPSIR framework to S‑LCA context

2.1.1  Background

The DPSIR framework, established by the European Envi-
ronmental Agency (EEA) in 1999, has been widely used 
to model environmental problems (Smeets and Weterings 
1999). The framework establishes cause-effect relationships 
between socio-economic and natural systems by integrating 
knowledge across disciplines organizing socio-ecological 
problems through their origins and consequences of these 
problems to help identify solutions. DPSIR has been widely 

used to assess and manage environmental related problems. 
However, its application outside the environmental arena is 
limited. Hannouf and Assefa (2017) applied DPSIR within 
life cycle sustainability assessment (LCSA) to represent 
cause-effect relationships between the three dimensions of 
sustainability in environmental problems. More recently, 
Weidema (2020) used DPSIR to provide a taxonomy for 
social impact pathway indicators. They structured the socio-
economic indicators in LCA between three categories in 
DPSIR framework: pressure indicators, midpoint impact 
and endpoint impact indicators. The taxonomy was solely 
based on quantifiable indicators while verifying the impact 
pathways through input–output balances (Weidema 2020). 
But their study has not used the UNEP/SETAC (2013) based 
social subcategories.

The use of DPSIR extends cause-effect chains beyond 
the current focus of approaches in type II S-LCIA on lat-
ter parts (impacts of social issues) to the early parts of the 
chains by investigating connections between causes and 
impacts of social issues. Therefore, in this study, DPSIR 
is applied to establish the cause-effect chains in S-LCA in 
relation to UNEP/SETAC social subcategories, linking the 
root causes of social issues to the impacts. This holistic 
analysis that looks at both the upstream (causes) and down-
stream (impacts) sides of impact pathways can consequently 
derive multiple entry points for improvement potentials of 
the social performance of product systems.

2.1.2  Application of DPSIR in S‑LCA context

Social problems do not operate in the same way as envi-
ronmental ones and mapping DPSIR must be adjusted to a 
social context. Figure 1 presents these components and con-
nections. Socio-economic and industrial activities function 
as human drivers (D = driver) that increase or mitigate socio-
economic pressures on stakeholder groups through employ-
ment conditions and investments in stakeholders’ health and 
well-being conditions (P = pressure). These socio-economic 
pressures change the state of social conditions of stakeholder 

Driver

Socio-economic 

forces/drivers of 

human activities

Economic/ Industrial 

activities/ etc.

Pressure

Socio-Economic 

pressures

Employment 

conditions

Investments in 

stakeholders’ health 

and well-being 

conditions

State

State of socio-economic system

Working conditions (working 

hours, equal opportunities, 

equal rights, fair salary) 

investments in protecting 

stakeholders’ health and well-

being conditions (investments 

in safety measures, secure 

measures, providing transparent 

information etc.)

Impacts

Impacts on human 

health and 

economy

Human health 

impacts (Quality 

adjusted life years) 

health care 

economic costs 

Response

Identifying social changes 

needed in regard to social 

problems identified

e.g. Improving policies, 

working conditions, 

investments for protecting 

health and safety 

conditions for 

stakeholders, complying 

with regulations, public 

awareness

Fig.1  Mapping DPSIR framework into S-LCA context
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groups (S = state). Social conditions are defined as the social 
subcategories related to stakeholder groups presented in the 
UNEP/SETAC methodological sheets. We identified the 
relevant stakeholder groups and associated subcategories 
for use in DPSIR, where direct connections can be built 
between social conditions and health impacts. These con-
nections refer to social conditions that can potentially expose 
stakeholder groups to the risk of health impacts that in turn 
can be translated to economic consequences. Three stake-
holder groups are found relevant: workers, local community, 
and consumers (see Online Resource for a complete list of  
relevant subcategories and stakeholder groups with devel-
oped connections). Figure 2 presents an example of the rel-
evant social subcategories for “workers” stakeholder group 
and direct connections within DPSIR. The state of social 
conditions depends on  organizations’ decisions (e.g., on 
working conditions; investments in measures protecting 

consumers’ health) and should be collected for each case, 
when building cause-effect chains. This has been used in 
type I S-LCIA methods where social impacts are tied to 
companies’ performance and not to a quantified amount of 
functional unit (Ramirez et al. 2014, 2016; Petti et al. 2016; 
Hannouf and Assefa 2018). Thus, the results represent the 
social performance of companies responsible for different 
unit processes of product systems. An example for data to 
be collected for the “workers” stakeholder group social sub-
categories is listed in Table 1. The data can be collected at 
company, sector, or country level depending on the goal and 
scope of the specific study.

A change of the state of social conditions (such as changing 
working conditions and investments in safety measures)  
results in impacts on human health (quantified by the change  
in quality adjusted life years (QALYs)) and healthcare 
economic costs (I = impacts). An impact assessment method to  

etatSerusserPDriver

Employment 

conditions

Stressful working 

conditions

Economic / 

Industrial 

activities 

Exceeding standard working 

hours

Increase in discrimination

No proper safety measures

Restricting the rights of workers

Existence of forced labor, child 

labor

No fair salary

Health impacts on 

workers using QALYs 

and health care 

economic costs

Impacts

Identifying social changes needed to improve QALYs, such as 

• Improving policies (at country, sector or company level)

• Improving working related conditions

• Complying with working-related regulations

Response

Fig. 2  Relevant subcategories for “workers” stakeholder group with direct connections within DPSIR

Table 1  Example of inventory 
data to be collected for the 
“workers” stakeholder group 
social subcategory to define 
state of social conditions

Social subcategories Examples of data (collected at company, sector, country level)

Working hours Number of workers working more than standard hours
Discrimination/equal opportunities Number of workers affected by discrimination
Health and safety Number of workers affected by non-safety measures
Social benefits/social security Number of workers affected by restriction of rights (not pro-

viding social benefits)
Freedom of association and collective 

bargaining
Number of workers affected by restriction of rights (not pro-

viding freedom of association)
Child labor Number of children working
Forced labor Number of workers affected by forced labor
Fair salary Number of workers with no fair salary
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measure these impacts is described in Sect. 2.2. Systematic 
analysis identifies the response (R) needed to deal with the  
social issues defined. Social changes may occur via compli- 
ance with existing policies, initiating new policies, improv- 
ing current working conditions, and/or investments in health 
and safety of stakeholders etc. These responses affect each 
DPSIR process in turn by changing social conditions, reduc- 
ing impacts, and affecting drivers and pressures.

2.2  Impact assessment method based 
on decision‑analytic models: decision trees 
and Markov model

2.2.1  Comparison with previous methods

The impact assessment method developed here is based on 
the concept that negative socio-economic conditions (related 
to social subcategories) impact people’s health (Weidema 
2006) and thus raise costs for healthcare. Health impacts 
represent all possible health consequences of the exposure 
to socio-economic conditions and are determined based 
on medical health literature investigating the association 
between social conditions and health aspects (e.g., Wong 
et al. 2019). Health impacts are quantified then in terms of 
the increase or decrease of the QALYs.

The present method is inspired by Weidema (2006) 
where impact chains connecting social aspects to impacts 
on human well-being and productivity, use the concept of 
QALYs. Whereas Weidema (2006) estimates short-term 
and long-term QALYs associated with each social aspect  
by assuming their health equivalents, the method described 
here uses evidence and approaches from healthcare studies  
to identify health states associated with each social issue. 
The QALYs of each health state is quantified by modeling 
life-time results using a Markov healthcare model. Iofrida 
et al. (2019) assessed the health impacts on workers affected 
by specific working conditions (e.g., work pressure, expo- 
sure to chemicals) estimated from tasks and health aspects  
are associated with each working condition. Iofrida et al. 
(2019) do not aggregate the results in the form of QALYs,  
do not use the list of UNEP/SETAC social subcategories 
and do not model the lifetime health impacts and resulting 
costs. The method developed here goes beyond previous 
approaches by modeling the lifetime health impacts meas- 
ured in QALYs with economic costs in estimating conse- 
quences in relation to social subcategories based on medical  
literature and healthcare studies.

2.2.2  Impact assessment method description

The purpose is to guide optimal decision-making in compar-
ing the lifetime impact of the existing state of social condi-
tion in relation to the subcategory for each case to another 

alternative state by combining the health and economic 
impacts. Decision trees and Markov models are used in this 
study instead of more complex dynamical models (Siebert 
2003). A schematic representation of the impact assess-
ment method steps is presented in Fig. 3. To collect data 
in relation to these steps, a literature review is conducted 
on medical studies and secondary sources. Looking at dif-
ferent types of medical studies, cohort studies are the most 
effective means to study the association between causes and 
effects (Mann 2003). Cohort studies look at two cohorts of 
a specific population exposed and un-exposed to a specific 
intervention, and follow-up on these cohorts for a period of 
time retrospectively or prospectively assessing the develop-
ment of different health outcomes. Cross-sectional studies 
and case control studies are excluded since they measure the 
causes and effects at a specific point of time and not in tem-
poral sequence, which does not prove rigorously the associa-
tion between causes and effects (Mann 2003). In conducting 
this literature review, a focus is given to those related to the 
geographical area of the specific case study.

A decision tree is built to link social conditions and possi-
ble health consequences of experiencing different social con-
ditions based on medical health literature. The analysis has a 
lifetime horizon and thus a Markov model is used to project 
the lifetime health and economic consequences of an aver-
age age population going through each condition (Siebert 
2003). A schematic representation of both decision tree and 
Markov model structure are presented in Online Resource. 
Health states (e.g., anxiety, stress, metabolic syndrome) are 
used to represent all possible health consequences of the 
exposure to socio-economic conditions. In Markov model 
(schematic representation presented in Online Resource), 
individuals move from the major health states to the death 
state as their conditions evolve over time. This time is 
considered a discrete time period called a “cycle.” Move-
ments from a healthy state to a negative health state or to 
the death state are represented as “transition probabilities.” 
Time spent in each health state for each cycle is associated 
with a health utility score (utility scores describe the qual-
ity of life in a certain health state where perfect health is 
valued 1 and death 0) and a cost. For each social condition, 
the expected average QALY and healthcare cost is calcu-
lated as a weighted average of all possible outcomes, using 
the probabilities as weights, and then results are compared 
between the social conditions. QALYs is the product of both 
morbidity (measuring the quality of life (utility score)) and 
mortality (measuring the length of life (time spent in each 
health state)).

By running the Markov model for the lifetime using 
TreeAge Software (Tree-Age Software, Inc.), the lifetime 
QALYs and healthcare costs of an average person undergo-
ing each social condition are calculated. Next, the results 
for the total population under each condition of the specific 
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case study are aggregated and a cost-effectiveness analy-
sis (CEA) for comparison purposes between the two social 
conditions is conducted. CEA produces a more robust and 
meaningful outcome measure by combining the quality and 
quantity of the outcomes (Torrance 1986). CEA is usually 
used as a formal framework in healthcare systems to review 
medical technologies and inform health technology adop-
tion decisions through a comparison of the incremental costs 
and incremental benefits associated with incorporating a 
new medical technology into an existing standard of care 
(Clement et al. 2009). It is used by the National Institutes 
for Health and Clinical Excellence (NICE) in the United 
Kingdom (UK) (Miners et al. 2005) and the Pharmaceutical 
Benefits Advisory Committee (PBAC) in Australia (Henry 
et al. 2005). CEA is adopted here to compare costs and ben-
efits of multiple social conditions.

Figure 4 presents an example of CEA between current 
social condition and two alternative new social conditions. 
By applying CEA, an alternative new social condition may 
be associated with an additional cost  (N1 in Fig. 4) which is 
then considered “cost-effective” based on a value judgment 
(what cost is considered a good price for an additional out-
come “QALY”) (Garber and Phelps 1997). In medical litera-
ture, several heuristics are commonly used to assist in making 
this value judgment such as a comparison with pre-specified 
thresholds (Devlin and Parkin 2004; Laupacis 2006). In this 
case, the results of a CEA are usually presented in the form of 

a ratio called the incremental cost-effectiveness ratio (ICER) 
which is associated with incorporating a new medical technol-
ogy. We are adopting ICER to our method:

where  CostNew is the total cost of the alternative new social 
condition,  CostCurrent is the total cost of current social 

ICER =

Cost
New

− Cost
Current

Health
New

− Health
Current

Building 
decision-tree

Populating 
Markov 
models

Running 
Markov 

models and 
conducting 

CEA

• Define state of social condition of the social subcategory based on data collected and alternative social condition that 

affects social experience relevant to state of social subcategories.

• Define significant health states medically proven associated with experiencing defined social conditions

• Define cycle of model followed in calculating transition probabilities, cost estimates, and utility values (number of 

weeks, months etc.).

• Identify average age of population under analysis

• Calculate transition probabilities per cycle from experiencing different social conditions to health states 

• Calculate decrements in quality of life (utility) values per cycle associated with each health state and apply this 

reduction to respective age-specific utility values for average population in country. 

• Calculate transition probabilities to death state per cycle associated with each health state and for average population 

per age

• Calculate healthcare cost data per cycle for each health state and for average population per age

• Run the Markov models for the lifetime using TreeAge Software (Tree-Age Software, Inc.) to calculate the lifetime 

QALYs and healthcare costs of an average person undergoing each social condition 

• Aggregate the results for the total population under each condition of the specific case study 

• Conduct a cost-effectiveness analysis (CEA) for comparison purposes between the two social conditions

Fig. 3  Schematic representation of impact assessment method steps

QALYs10 18

Cost ($)

N2

N1
800

500
400

C

20

Fig. 4  Example of cost-effectiveness analysis between current social 
condition and two alternative new social conditions (C: current social 
condition;  N1: 1st new alternative social condition;  N2: 2nd new alter-
native social condition)
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condition,  HealthNew is the total QALYs associated with 
the alternative new social condition, and  HealthCurrent is the 
total QALYs associated with the current social condition. 
In other cases, the alternative new social condition may be 
associated with a saving of cost  (N2 in Fig. 4). In that case, 
this social condition would be considered as cost saving and 
more effective at the same time. The results of the CEA 
within DPSIR will then guide decision-making in develop-
ing possible cost-effective interventions to reduce the nega-
tive impacts of socio-economic states.

3  Case study: cause‑impact chains 
in relation to “working hours” in Canada

3.1  Application of method

To illustrate the application of the method, we are using the 
example of “working hours” social subcategory in Canada. 
Working hours in Canada is defined as working 40 h per 
week (Government of Canada 2020). Inventory data collected 
for working hours shows that around 2.4 million workers 
in Canada work more than 40 h per week (Statista 2020a). 
Using this information, we establish the cause-impact chain 
in relation to “working hours” subcategory based on DPSIR, 
as shown in Fig. 5. The established impact pathway connects 

the root causes of the existing social issue in Canada of work-
ing more than standard hours to the impacts.

Socio-economic and industrial activities (D) increase 
socio-economic pressures on workers through their employ-
ment conditions (P). This is due to the main objective of 
companies as profit maximization and reduction of costs. 
These socio-economic pressures change the state of the 
social conditions for workers stakeholder group into stress-
ful conditions by exceeding the number of standard work-
ing hours (S). Changing this state causes health impacts on 
workers quantified using QALYs and thus, healthcare eco-
nomic cost impacts (I). This systematic analysis identifies 
effective responses (R) in the form of social changes needed 
to improve QALY such as improving policies, improving 
current working conditions, and complying with existing 
working-related regulations.

The decision analytic model is used to project the lifetime 
health and economic consequences of the current state of 
social issue in Canada in relation to “working hours” subcat-
egory (working more than standard hours) compared to the 
alternative state of working standard hours. The purpose is to 
compare the results of the two social conditions in the form of 
lifetime QALYs and resulting healthcare economic costs and 
thus guide decision making in developing interventions that 
can reduce the negative impacts of the current socio-economic 
situation in a cost-effective way.

Economic / 

Industrial activities 

Driver

Pressure

State

Identifying social changes needed to improve QALY: 

• Improving policies (at country, sector or company level)

• Improving working related conditions

• Complying with working-related regulations

Impact

Response

Employment 

conditions

Exceeding standard 

working hours 

(stressful working 

conditions)

QALY calculation

Healthcare economic costs

• Health impacts on 

workers

• Healthcare costs

Fig. 5  DPSIR framework, illustration using “working hours” social subcategory
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The model begins with a definition of two working hours 
conditions: (1) employing “standard working hours” (i.e., 
defined in Canada as working for 40 h/week) or (2) “more 
than standard working hours” (i.e., > 40 h/week). Each condi-
tion is followed by a Markov model, which is used to project 
the lifetime health and economic consequences of an average 
age hypothetical cohort of workforce undergoing each working 
condition in Canada. We looked at the distribution of work-
force ages in Canada (Statista 2020b) and calculated the aver-
age age of workforce as 37 years. The cycle used in the model 
for this case study is defined as one year. A literature review is 
conducted to populate each Markov model. The five steps of 
literature review are described in Table 2.

A detailed explanation of all data collected, transition 
probabilities, death probabilities, utility values, and cost esti-
mates is presented in Online Resource. Each Markov model 
simulated yearly probability transitions among the following 
eight major distinct health states that are medically proved 
to be associated with working hours: (1) healthy unaffected 
by working hours, (2) cardiovascular heart (CVH) disease, 
(3) depression, (4) sleep disturbance, (5) anxiety, (6) mental 
health disorders, (7) injury, and (8) death (see Fig. 6). A defi-
nition for these health states is presented in Online Resource. 
The two Markov models differed from each other in that they 
carried different risks of these major health complications 
that are associated with different working hours conditions. 
Since it is assumed that there is no intervention during the 
lifetime of the models, workers who make a transition to 
any of the health states remain in that state unless they die.

The analysis was conducted from the Canadian healthcare 
payer’s perspective. We applied a discount rate of 1.5% per 
annum to costs and QALYs following recommendations by 
the Canadian Agency for Drugs and Technologies in Health 
(CADTH). We used a lifetime horizon and half cycle cor-
rection (Sonnenberg and Beck 1993). We used the TreeAge 
Software (Tree-Age Software, Inc.) to produce and evaluate 
the decision model.

A screenshot of the two decision trees and Markov mod-
els are presented in Online Resource. Running the two 
Markov models calculate the total lifetime QALYs and 
total healthcare costs for an average worker undergoing 
each social condition of working standard hours and work-
ing more than standard hours.

3.2  Results and discussion

3.2.1  QALYs and cost‑effectiveness analysis

Table  3 presents the incremental lifetime QALYs and 
costs per worker for the two social conditions of working 
standard hours and working more than standard hours. The 
results show that working standard hours has led to 34.69 
QALYs with CAD $495,155 cost per worker while working 

more than standard hours has led to 33.96 QALYs with 
CAD$501,857 cost per worker (see Table 3). Therefore, 
working standard hours compared to more than standard 
hours led to an increase of 0.73 QALY and decrease in cost 
of $6702 per worker. In this case, the alternative social con-
dition of working standard hours is not associated with an 
incremental cost, instead it is cost saving and more effective. 
In the Canadian context, based on an estimated 2.4 million 
Canadian workers working more than standard hours, this 
resulted in a total gain of 1.7 million QALYs and saving of 
CAD$16 billion overall if Canadian workers work standard 
hours rather than the current state of working more than 
standard hours. The results could be calculated by sector or 
company or product supply chain in Canada by changing the 
total number of workers working more than standard hours. 
Working standard hours is associated with more QALYs and 
lower costs over the lifetime mainly due to the higher chance 
that workers stay in the healthy state compared to working 
more than standard hours (see Online Resource for the dis-
tribution of QALYs per worker by each health state).

3.2.2  Recommendations

The results show that working standard hours is more effec-
tive and cost saving compared to working more than stand-
ard hours from the perspective of Canadian healthcare sys-
tem. Discussing the results from the business’ perspective 
may differ based on the difference between the cost of letting 
employees work more than standard hours and the cost of 
hiring new employees to replace the current condition of 
working more than standard hours. This discussion needs 
additional data collection in terms of cost of employment 
and the percentage of coverage that businesses are responsi-
ble for in total healthcare costs. Working more than standard 
hours is associated with some indirect costs on companies, 
caused by absenteeism of employees and lost productivity, 
lost workdays, under-performance, and workplace disability. 
While these indirect costs are considered in this study as 
part of overall healthcare costs, the additional data collection 
needed from the business perspective is outside the scope of 
this paper and needs additional analysis.

To propose some recommendations to reduce the negative 
health and resulting economic impacts of the current social 
condition in Canada of working more than standard hours, it 
is necessary to look at some background information of the 
reasons that workers accept to work long hours. The reasons 
can depend based on the context (country and sector). A 
study by Statistics Canada has found that workers with low 
job quality (no pension coverage, no stability), low wage, 
non-standard workers are more likely to accept working long 
hours, despite the higher stress and health impacts associ-
ated with that (Heisz and LaRochelle-Côté 2006) which is 
demonstrated in this current study. In some cases, workers 
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have to work long hours to maintain the security of their 
jobs as they are not able to find other stable jobs and their 
employers expect them to work more than standard hours. In 
other cases, reasons may include financial gain and acceler-
ate career development for a possibility of a promotion or 
applying for a better job. Some reasons might be more spe-
cific to the sector or industry. For example, a specific study 
on working overtime for critical care nurses in Canada has 
found additional reasons including the love of nurses for 
their work and their intention to help other colleagues and 
being with them for more social interactions, especially for 
those with no other life commitment, as well as their desire 

to create a greater sense of familiarity for patients and them-
selves (Lobo et al. 2018).

Starting from these reasons and based on the results 
presented in Sect. 3.2.1, examples of multiple entry points 
for intervention can be proposed at different points in the 
cause-effect chain using DPSIR to reduce the negative health 
impacts of working more than standard hours in Canada 
(Fig. 7). Examples vary from policy interventions, compa-
nies’ actions, public awareness, and education to increased 
investments in more research.

4  Discussion and conclusions

The methodology developed in this study has first used the 
DPSIR framework to extend the focus of current impact 
pathways in type II S-LCIA beyond the downstream impacts 
to a systematic analysis covering connections between the 
root causes of social issues and the resulting impacts. The 
systematic and interdisciplinary characteristics of DPSIR are 
useful for analysing the whole story of cause-effect chains 
in relation to social issues in S-LCA and to identify multiple 
entry points for interventions along the path. We mapped 

Anxiety

Mental 
health 

disorders

Injury

Sleep 
disturbance

Depression

Death

Healthy 

CVH 
disease

Fig. 6  Schematic representation of the two Markov models related to the two social conditions of “working standard hours” and “working more 
than standard hours”

Table 3  Incremental lifetime QALYs and costs per worker: working 
standard hours via working more standard hours

Working hours conditions Overall QALYs 
(total effectiveness)

Overall costs 
(in Canadian 
dollars)

Working standard hours 34.69 495,155
Working more than standard 

hours
33.96 501,857
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the DPSIR framework into the corresponding elements of 
the S-LCA context in relation to the social subcategories 
defined in UNEP/SETAC methodological sheets. Next, the 
methodology has developed a more robust impact pathway 
method to quantify the life-time health and economic out-
comes associated with social subcategories for the first time 
using decision analytic models including decision trees and 
Markov models. This S-LCIA method goes beyond the focus 
of current approaches on macro-level scale social issues to 
tackle the same variety of social issues (i.e., subcategories) 
covered in type I S-LCIA. Since the impacts of these social 
subcategories are hard to quantify, long-term, associated 
with uncertainty and difficulty in data collection, decision-
analytic modeling is used in this methodology to address 
these aspects.

The strengths of this methodology lie in two aspects: 
(1) the possibility of examining the connections between 
the main root causes of social issues and impacts using the 
DPSIR framework, which is the main point in cause-effect 
chains of S-LCA (2) and in quantifying the lifetime health 
and economic consequences in relation to social subcat-
egories in UNEP/SETAC methodological sheets based 
on medical literature and healthcare studies, measured in 
increase or decrease of QALYs translated in economic con-
sequences. The methodology was illustrated by using the 
“working hours” social subcategory in Canada. A systematic 
analysis of the cause-effect chains in relation to this social 
subcategory and workers stakeholder group was conducted. 

In addition, in applying the impact assessment method, we 
were able to quantify the incremental lifetime QALYs and 
economic healthcare consequences of “working hours” con-
ditions in Canada. This quantification was conducted using 
decision-analytic modeling based on previous Canadian 
healthcare studies, health ministry reports and secondary 
sources. A CEA of the results has identified that working 
standard hours is more effective and cost-saving than the 
existing state of social issue for some workers in Canada of 
working more than standard hours. These results within the 
systematic DPSIR framework helped in identifying possible 
cost-effective interventions at multiple entry points of the 
cause-effect chain to improve the social performance and 
reduce the negative health impacts associated with the exist-
ing state of working more than standard hours in Canada.

The application of the developed method in S-LCA can 
map the cause-effect chains in relation to the state of social 
subcategories in a systematic way using DPSIR framework. 
This mapping can help decision-makers to understand the 
connections between roots and impacts of social issues 
identified in the inventory phase of S-LCA. In addition, the 
impact assessment method developed in this study quanti-
fies the lifetime health and economic impacts of the social 
issues based on medical scientific evidence. This quanti-
fication can further guide decision-makers by comparing 
the results of current socio-economic situation to another 
alternative situation in relation to the social subcategory. 
Based on this comparison of results in the context of DPSIR 

Pressure StateDriver Impacts

Employment 

conditions
Stressful working 

conditions

Economic / 

Industrial 

activities 

Exceeding standard 

working hours
Health impacts on 

workers using QALYs

Response

• Increasing the overtime pay beyond standard working hours in 

Canada, to make it more cost-effective for companies to hire new 

employees instead of asking workers to work additional hours. 

• Improving working related regulations in Canada to ensure all 

workers have a stable, secure and good quality of jobs with at least 

the living wage.

• Improving working related regulations in Canada and for each 

sector in the country to enforce the application of only standard 

working hours by companies and not allowing any possibility of 

increasing the number of working hours beyond the 40h/week

• Asking companies to comply with working-related regulations in 

the country

• Increasing public awareness and 

education on negative health 

impacts associated with 

working long hours. In addition, 

extending this awareness for 

companies on negative direct 

and indirect costs associated 

with letting employees work 

more than standard hours. 

• Reinforcing the importance of 

having a balance between work 

and non-work life (family) to 

improve quality of life

• Investing more resources on 

research related to these health 

impacts and possible solutions

• Pushing companies to invest more on 

improving employment conditions 

and protecting workers’ rights and 

health and safety including working 

standard hours

• Encouraging companies to establish 

some socializing activities for 

workers and giving them 

opportunities for career development 

during standard working hours.

• Putting more emphasis and 

increasing awareness on the 

importance of taking care of 

stakeholders’ health and safety 

as one of the industries’ main 

objectives (not only profit 

maximization and cost 

reduction)

Fig. 7  Examples of possible interventions at multiple points in cause-effect chain in relation to “working hours” in Canada to reduce negative 
health impacts of working more than standard hours
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chains, cost-effective interventions can be proposed at multi-
ple entry points of the chains to reduce the negative impacts 
of socio-economic aspects in relation to the system under 
analysis (e.g., country, industry, company).

The further development of this impact assessment 
method is on-going by including more subcategories and 
stakeholder groups in the assessment and by applying the 
method on product systems. The application will be cover-
ing subcategories and stakeholder groups found relevant and 
in direct connections within DPSIR. This application will 
follow the same process implemented for “working hours” 
subcategory, in terms of applying the DPSIR framework and 
collecting data from medical health literature to run the deci-
sion analytic models and calculate QALYs. One potential 
challenge is that applying the methodology on other social 
subcategories depends on the availability of previous medi-
cal literature examining the association between social con-
ditions related to UNEP/SETAC subcategories and health 
aspects in terms of probabilities of occurrence. Another chal-
lenge is related to the difficulty in finding healthcare studies 
for the specific geographical context of the case study, in 
these cases the closest studies have to be used. Even though 
data used to populate Markov models are estimates con-
ducted by researchers in medical studies, however using these 
medical literature and healthcare evidence and approaches 
to assess the health and economic outcomes has reduced the 
uncertainty associated with the assessment of these impacts. 
Integrating medical health studies and decision-analytic 
models in S-LCA to build cause-effect chains and quantify 
the lifetime health and economic impacts of social issues 
might add some complexity to the application of S-LCA. 
However, this integration adds quality and relevance to how 
the impact assessment should be done through scientific evi-
dence and support and thus increases the objectivity of the 
S-LCA approach that suffers from a lot of subjectivity and 
uncertainty in assessing its impacts. Therefore, complexity 
could be reduced by increasing the quality and relevance to 
how the S-LCA approach should be conducted.

To facilitate the application of the method developed here 
in S-LCA in the future, once the translation of social sub-
categories into QALYs is done, a database can be built for 
use by, for example, corporate decision-makers to quantify 
social impacts by calculating the total QALYs and health-
care costs associated with the socio-economic conditions 
of, for example, their product supply chain, by changing the 
inventory inputs such as number of workers working more 
than standard hours, number of workers affected by discrimi-
nation or un-safe measures. When applying this method to 
assess the social performance of product systems, the state 
of social conditions in relation to subcategories (inventory 
inputs) are tied to the social performance of companies 
responsible for the different unit processes of product sys-
tems and not to a quantified functional unit. This method 

has been used in Type I S-LCIA (e.g., Ramirez et al. 2014, 
2016). Future work on the method may consider as well 
including the economic costs of implementing social condi-
tions from the business perspective as part of CEA.

Overall, the methodological approach will help decision-
makers to establish the cause-effect aspects of the social per-
formance of their systems of interest in a quantitative form 
from a life cycle perspective in line with the cause-effect 
relationships in E-LCA. This unification in impact pathway 
approaches will facilitate the implementation of LCSA. This 
method will potentially be used as well to identify possible 
interventions needed in product systems and supply chains 
to improve the social performance in a cost-effective way. 
This systematic analysis in building cause-effect chains and 
quantitative assessment of impacts based on medical litera-
ture and decision analytic models will serve the purpose of 
S-LCA in guiding decision-making to improve the social 
performance of product systems.
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