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Abstract

Sustainable human resource management is critical in infrastructure sectors, yet firm-level resilience
may conceal uneven health burdens within the workforce. This study examines a »resilience
paradox« in a large Slovenian energy company using a two-level design. At the macro level (2012—
2022), we explore associations between absenteeism categories and three efficiency ratios. At the
micro level, we estimate a Poisson quasi-maximume-likelihood model with log planned hours as an
exposure offset and cluster-robust inference on a balanced group-month panel (960 observations)
built from 82,033 payroll records (2018-2022). Macro indicators remain stable, and we do not detect
negative correlations between absenteeism and efficiency ratios, suggesting that operational
continuity can be maintained despite absence shocks. However, micro-level estimates reveal
pronounced inequalities: compared with employees aged <30, absenteeism rates are higher for ages
31-45 (incidence rate ratio—IRR 1.335), 46-55 (IRR 1.538), and >55 (IRR 1.829). Field/operational
groups have higher rates than office/administrative groups (IRR 1.829), and female groups show
higher rates than male groups (IRR 1.252). During COVID-19, absenteeism declined for office groups
(IRR 0.840), while the additional effect for field groups was small and statistically uncertain
(interaction IRR 1.179). The results call for targeted sustainable HRM interventions addressing aging,
occupational risk, and equitable health protection across job types.

Keywords: sustainable HRM; employee absenteeism; organizational resilience; Poisson regression;
critical infrastructure; COVID-19

1. Introduction

In the contemporary business environment, sustainable human resource management
(sustainable HRM) is becoming a central paradigm of strategic management, particularly in sectors
managing critical infrastructure [1-3]. Unlike traditional management, which primarily focuses on
short-term profit maximization, sustainable HRM integrates economic, ecological, and social goals,
emphasizing the long-term preservation of employees’ psychophysical well-being and the
prevention of burnout [4-6]. Recent research highlights that incorporating sustainable HRM
represents a shift from reactively resolving health issues to proactively creating a work environment
that protects employees from overload, thereby directly reducing absenteeism [7]. In the energy
sector, where continuous operation and high reliability are vital to broader society, health-related
absenteeism presents a complex challenge that directly impacts both the economic and social
sustainability of companies [8,9]. In a broader societal context, this topic directly addresses the United
Nations Sustainable Development Goals SDG 3 (Good Health and Well-being) and SDG 8 (Decent
Work and Economic Growth).

Labor economics literature often treats health-related absenteeism in a distinctly unidimensional
manner—as a cost burden and a direct threat to the financial stability and productivity of an
organization [10-12]. Numerous empirical studies posit the existence of a linear negative correlation
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between absence rates and key efficiency ratios [13,14]. However, organizational resilience
frameworks suggest that highly structured and flexible systems may be capable of assimilating such
personnel shocks without drastic declines in macroeconomic indicators [15-18]. We define this
phenomenon as the “resilience paradox,” as stable overarching financial indicators can successfully
mask severe micro-dynamic issues within the workforce [19]. The concept of the resilience paradox
stems from findings that system resilience is not always linearly associated with individual well-
being. At the individual level, the paradox highlights the weak predictive power of general resilience
correlates during external shocks, while at the organizational level, building resilience incurs costs
and increases operational complexity, which is often transferred to employees in the form of
heightened demands [20,21]. Theoretically, cushioning staff shortages can manifest as increased job
demands placed on present workers, which, according to the Job Demands-Resources (JD-R) model,
leads to a long-term risk of quiet quitting and exhaustion [22-24]. Therefore, for a comprehensive
understanding of sustainable business operations, merely analyzing the financial consequences of
absenteeism at the macro level is insufficient; an in-depth identification of its generators at the
employee micro level is essential.

The European energy and industrial sectors are facing an accelerated aging of the workforce,
which, coupled with the physically demanding nature of certain jobs, exponentially increases health
risks [25-30]. Recent studies within the energy sector clearly demonstrate that operational workers
are under immense stress due to physical demands and the simultaneous imperative of ensuring
continuous service delivery [31]. The decline in psychophysical capacities among older workers
necessitates adaptations to the work environment, which in practice are often insufficient [32,33]. The
specific nature of the work also significantly contributes to these risks, as operational and field
workers are exposed to direct occupational injury hazards to a far greater extent than administrative
staff [34]. An additional dimension of social sustainability is social inequality, particularly gender
disparities in work-life balance and in shouldering the burden of care for family members [35,36].
Global crises, such as the COVID-19 pandemic, exacerbated these inequalities while simultaneously
drastically altering workplace attendance patterns [37-39]. The transition to remote work proved to
be a potential protective factor for certain groups of employees, whereas those whose nature of work
required physical presence remained exposed to risks [39,40].

Most previous research analyzes either exclusively the macroeconomic impacts of absenteeism
or solely its specific health causes; studies rarely integrate and compare both aspects within the same
homogeneous organizational environment. Because our micro-level analysis includes not only sick
leave and injuries but also absences due to caring for or accompanying family members, we define
the term »health absenteeism« in this study more broadly as health-related absence.

The purpose of this article is to analyze these dynamics using a two-level approach within a
large Slovenian company. In doing so, this research makes three key contributions to the literature.
First, we empirically demonstrate that organizational “resilience” at the macro level does not
necessarily imply social sustainability at the micro level. Second, we employ a two-level design (a
macro analysis spanning 2012-2022 and a micro panel covering 2018-2022) within the same
organization, minimizing contextual confounding in the interpretation. Third, we identify specific
vulnerable groups (based on age, gender, and nature of work) and show that disparities can widen
during crisis periods.

Based on the literature review, we test the following hypotheses:

e  HI: Higher levels of health-related absenteeism are negatively associated with the company’s
macroeconomic efficiency ratios (K1, K2, K3).

e  H2: Demographic factors, specifically increasing age and female gender, significantly increase
the incidence rate of absenteeism.

e  H3: Employees in operational and field positions are exposed to a higher risk of absenteeism
compared to administrative workers.

e  H4: The implementation of emergency measures and the transition to remote work during the

COVID-19 pandemic asymmetrically affected absenteeism rates among field and office workers.
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The article is structured as follows. Section 2 details the methodology for both levels of analysis,
the sample definition, and the regression model used. Section 3 systematically presents the macro
and micro analysis results. Section 4 offers an in-depth discussion of the findings in light of existing
literature on organizational resilience and social sustainability. The article concludes (Section 5) with
a summary of the key findings and practical implications.

2. Materials and Methods

2.1. Research Design and Context

This research employs a two-level analytical approach to comprehensively examine the
dynamics of absenteeism and its consequences in the energy sector. The case study is based on a large
Slovenian company managing critical infrastructure. The selection of such an environment is
purposely justified, as the continuous operation of energy companies demands a high level of
organizational resilience and stable human resource management, particularly during external
shocks such as the COVID-19 pandemic. To address both the economic and social dimensions of
sustainability, data were obtained from two official corporate sources and analyzed at both the
macroeconomic firm level and the micro level of individual employee panel groups.

2.2. Macro-Level Analysis: Organizational Resilience

The first part of the methodology tests the associations between aggregated absenteeism and
key efficiency ratios. For this purpose, annual data were collected over an eleven-year period between
2012 and 2022 (N = 11). Three standardized efficiency ratios, obtained from the company’s annual
reports, were used as dependent variables:

e  KI: Total revenue efficiency ratio.

Total revenues (TR) 1
Total costs (TC) (1)

Total revenue efficiency ratio (K1) =

e  K2: Operating revenue efficiency ratio.

Operating revenues

Operating revenue efficiency ratio (K2) = 2
P & y (K2) Operating expenses @
e  K3: Financing efficiency ratio.
s . . . . Financial revenues
Financing efficiency ratio (K3) = Tinancial expenses (3)

Aggregated annual values of various absence types were used as independent variables: sick
leave up to 30 days, sick leave over 30 days, occupational injuries, non-occupational injuries, and care
for or accompaniment of a family member. The macro-level analysis was conducted using descriptive
statistics, graphical trend analysis (absences compared to K1-K3 over the years), time series analysis
to identify multi-year trends, and bivariate correlation analysis (Pearson and Spearman correlation
coefficients). The purpose of this section was not merely to seek linear correlations but to assess
organizational resilience—i.e., the company’s ability to maintain the stability of economic indicators
despite specific absenteeism shocks. Due to the small sample size (N = 11) and consequent low
statistical power, the macro-level analysis is exclusively exploratory and descriptive in nature.

2.3. Micro-Level Analysis: Determinants of Absenteeism

Because aggregated data obscure internal employee dynamics, an extensive dataset of microdata
from HR and payroll records covering a five-year period from January 2018 to December 2022 was
utilized in the second part of the research. The initial raw database comprised 82,033 individual
monthly working time records. During data cleaning, administrative payroll corrections with
negative hours were removed. To facilitate processing in a panel model and prevent the inflation of
statistical power, individual records were aggregated into homogeneous groups based on gender (2
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categories), age (4 categories: under 30 years, 31-45 years, 46-55 years, over 55 years), and work
profile (2 categories). In this model specification, the work profile was operationalized using an
organizational proxy: office/administrative groups were defined as employees assigned to the
headquarters (Sedez), while field/operational groups were defined as employees assigned to
distribution units (DE locations). This resulted in 16 unique groups (2 x 4 x 2). Observing these groups
over 60 months formed a balanced group-month panel with an effective number of observations N =
960. Variables for the COVID-19 period and seasonality (month of the year) were included in the
model as time determinants at the panel level.

The dependent variable in this model was »health-related absenteeism«, which
comprehensively includes hours of sick leave, injuries (both occupational and non-occupational), and
care for or accompaniment of a family member. Specific absences due to COVID-19 isolation or
quarantine were excluded to observe classical health-related absenteeism. In the payroll records,
hours are logged as integers, supporting their treatment as a non-negative count outcome at the
aggregated group-month panel level. Because the dependent variable represents count data and
exhibits substantial overdispersion, a Poisson regression with robust standard errors clustered at the
accounting month level (year-month) was used. Such clustering reasonably captures shared monthly
shocks across groups, such as seasonal viral outbreaks or organization-wide operational disruptions.
The Poisson Quasi-Maximum Likelihood Estimator (QMLE) with robust standard errors provides
consistent parameter estimates given a correctly specified conditional mean, even if the variance is
misspecified (a typical trait of overdispersion) [41]. As a robustness check in such cases, the use of a
negative binomial model is also recommended as an alternative [42].

To account for differences in the total work volume among the individual groups, the natural
logarithm of total planned hours was included in the model as an offset variable. Planned hours were
defined as the sum of regular presence hours and absence hours, excluding overtime. By using an
offset, modeling the raw number of absent hours is transformed into modeling incidence rate ratios
(IRRs), allowing for standardized comparisons between groups. An interaction term between the
work profile and the COVID-19 period was also introduced into the model to test for potential
differential effects of the pandemic across various employee profiles.

3. Results

3.1. Macro-Level Analysis: Economic Performance and Organizational Resilience

In the first part of the analysis, we investigated whether aggregated trends in health-related
absenteeism impacted the company’s economic efficiency between 2012 and 2022. Descriptive
statistics indicate that the company maintained a high level of operational stability over the observed
eleven-year span. The average total revenue efficiency ratio (K1) was 1.15, while the operating
revenue efficiency ratio (K2) was 1.14. The financing efficiency ratio (K3) exhibited greater
fluctuations (averaging 0.41), but these were primarily driven by occasional strategic investments in
energy infrastructure rather than personnel shocks. The concurrent trends of absenteeism and
efficiency ratios are illustrated in Figure 1.
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Trend Analysis: Aggregated Absenteeism vs. Coefficients K1, K2, K3 (2012-2022)
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Figure 1. Trends in absenteeism and efficiency indicators.

The correlation analysis yielded interesting results regarding organizational resilience.
Associations between various forms of absenteeism and key efficiency ratios (K1, K2) were not
statistically significant (p > 0.05). The only marginal statistical significance was detected between the
financing efficiency ratio (K3) and occupational injuries (r = 0.597, p = 0.052). Despite individual
fluctuations, such as a surge in occupational injuries in 2020 or changes in the volume of long-term
sick leave, no negative impact on overall economic efficiency was observed. These results
demonstrate a high degree of flexibility in work processes, enabling the company to successfully
absorb staffing shortages without compromising its financial sustainability.

3.2. Micro-Level Analysis: Predictors of Absenteeism

Although the company is economically stable at the macro level, the microdata analysis reveals
significant challenges in the domain of social sustainability. The Poisson regression with an offset
applied to the balanced group-month panel of 960 observations (derived from 82,033 raw payroll
records) identified key determinants influencing the incidence rate of absenteeism. Detailed results,
including 95% confidence intervals (Cls), are presented in Table 1.

Table 1. Poisson regression results with cluster-robust standard errors.

Predictor IRR 95% CI p-value

Gender (Female vs. Male) 1.252 (1.107, 1.417) <0.001
Age: 31-45 1.335 (1.118, 1.595) 0.001

Age: 46-55 1.538 (1.282, 1.845) <0.001

Age: >55 1.829 (1.539, 2.174) <0.001

Field vs. Office Work 1.829 (1.649, 2.030) <0.001
COVID-19 Period 0.840 (0.708, 0.997) 0.046
Interaction: Field x COVID-19 1.179 (0.984, 1.413) 0.074

Note: Office/administrative groups were proxied by headquarters (Sedez), whereas field/operational groups
were proxied by distribution units (DE locations). Planned hours equal regular presence hours plus absence

hours; overtime was excluded.
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The Poisson regression results reveal several key demographic and occupational determinants
of health-related absenteeism. When analyzing the effect of age, a strong positive trend was observed.
Compared to the youngest reference group (employees under 30 years), employees in the 3145 age
cohort exhibit a 33.5% higher absence rate (IRR = 1.335; p = 0.001). This gap widens exponentially
among older employees; in the 46-55 age group, the absence rate increases by nearly 54% (IRR =
1.538; p <0.001), while for the oldest group (over 55 years), absenteeism is an astonishing 83% higher
(IRR = 1.829; p < 0.001). Controlling for age and nature of work, the model also shows that women
experience a 25.2% higher absence rate compared to men (IRR = 1.252; p < 0.001), which most likely
primarily reflects their assumption of a disproportionate burden in caring for family members.

The most pronounced disparities, however, stem from the nature of work and its interaction
with the COVID-19 pandemic. Even prior to the implementation of pandemic measures,
field/operational groups had an 82.9% higher likelihood of health-related absence (IRR = 1.829; p <
0.001) compared to office/administrative groups. During the period of strict pandemic measures and
the shift to remote work, absenteeism among office/administrative groups significantly decreased by
16% (IRR = 0.840; p = 0.046). The interaction term between the field/operational work profile and the
COVID-19 period was positive, albeit only marginally statistically significant (IRR =1.179; p = 0.074).
The combined coefficient indicates that the net effect of COVID-19 on field/operational groups was
close to zero. The absence rate for field/operational workers thus remained at practically the same
level as before the pandemic, meaning the relative gap between office and field profiles only widened
further under crisis conditions.

4. Discussion

This study offers a two-level insight into the phenomenon of health-related absenteeism within
a company managing critical infrastructure. The results suggest a pattern consistent with the
organizational resilience paradox: the macro level does not exhibit robust negative associations
between absenteeism and efficiency ratios, whereas the micro level reveals specific vulnerabilities
within the workforce that require special attention regarding social sustainability. In the context of
sustainable development (SDG 3 and SDG 8), the findings emphasize the need for interventions that
simultaneously protect employee health and support the long-term operational reliability of the
organization.

Economic Stability and Organizational Resilience

The first part of the study tested the impact of health-related absenteeism on financial indicators.
Contrary to established studies that frequently report a direct negative impact of absenteeism on
productivity and business efficiency [10-12], our correlation analysis over an eleven-year series
showed no statistically significant negative effects on the K1, K2, and K3 ratios. Therefore, Hypothesis
1 (H1) (expected negative relationship) cannot be empirically confirmed at the macro level. The
obtained results align more closely with recent findings on organizational resilience [15-18]. This
theoretical framework suggests that large, highly structured companies (especially those managing
critical infrastructure) can successfully absorb personnel shocks through efficient reorganization and
employee rotation. Nevertheless, warnings from the literature must be emphasized [19,22-24],
indicating that such macroeconomic stability often transfers a hidden burden onto present
employees, raising job demands and increasing long-term burnout risks. This subsequently points to
a systemic transfer of risks from the organizational level to the individual level, which is the very
core of the resilience paradox.

Risk Factors and the Aging Workforce

The key contribution of our micro-level analysis is the precise identification of the most
overburdened employee groups. The finding that employees over 55 have an 83% higher rate of
absenteeism than their colleagues under 30 aligns with broader demographic trends of an aging
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workforce in the European Union [30]. This result also supports Hypothesis 2 (H2), as demographic
factors (particularly age) significantly increase the incidence rate of absences. As noted in previous
studies within the industrial and energy sectors [31-33], the natural decline in psychophysical
capabilities among older workers inevitably leads to longer and more frequent health absences,
especially if job demands remain unchanged. Our results are consistent with this explanation and
warn that merely relying on organizational flexibility will likely not suffice in the future; measures
promoting active aging and ergonomic adaptations are highly warranted [25,26,32].

The Importance of the Nature of Work and Gender Inequalities in Caregiving

Further comparison with existing literature confirms the pronounced impact of the nature of
work on the frequency of health absences. The results support Hypothesis 3 (H3), as employees in
field/operational groups are subjected to significantly higher absence rates. The observed 83%
increase in absenteeism among field workers is entirely consistent with occupational safety studies
[32-34], which highlight the higher exposure of operational profiles to physical strain, injuries, and
adverse environmental factors. The model also showed a 25.2% higher absence rate among women.
This finding strongly illuminates the broader societal challenge of social sustainability in the
workplace. Consistent with findings from other authors [35,36], part of this difference may be linked
to inequalities in reconciling work and private life, as well as the fact that women still primarily
assume the role of caring for sick family members.

COVID-19 and the Asymmetrical Effects of Remote Work

A significant insight from our research is the potential asymmetrical impact of the COVID-19
pandemic depending on the work profile. The finding that absenteeism decreased by 16% exclusively
among office workers, while remaining unchanged for field workers, offers a glimpse into work
organization during crisis situations. However, since the Field x COVID-19 interaction term is only
marginally significant (p = 0.074), Hypothesis 4 (H4) cannot be strictly confirmed in a Null Hypothesis
Significance Testing (NHST) sense; rather, the result is better understood as a suggestive trend
aligning with the premise of differing pandemic effects across work profiles. Our data therefore
logically coincide with the segment of recent literature [37,39,40] noting that the rapid transition to
working from home and established physical distancing drastically reduced the transmission of
common seasonal viruses and lowered the frequency of logistical injuries. At the same time, the
indicated asymmetry serves as a serious warning about the »double standard« problem in ensuring
social sustainability, since flexible measures benefit only specific employee profiles. Sustainably
oriented organizations should therefore retain hybrid forms of work as a long-term mechanism to
protect the health of administrative staff, while simultaneously developing alternative compensatory
and preventive health measures for field workers.

5. Conclusions

By employing a two-level analytical approach, this research contributes to the understanding of
sustainable human resource management in the critical infrastructure sector, positioning itself within
the context of SDG 3 and SDG 8. The macro-level analysis revealed no statistically significant negative
associations between absenteeism and efficiency ratios (K1, K2, K3), aligning with a certain degree of
organizational buffering against staffing shocks. The company thus successfully absorbs staffing
deficits; however, based on the JD-R model, we highlight the hypothesis that this may occur at the
expense of redistributing workloads to present employees, a premise warranting further empirical
investigation.

Conversely, the micro-level analysis uncovers workforce vulnerabilities that are crucial for the
company’s social sustainability. The aging workforce (employees over 55 are 83% more likely to take
health-related absences) and the physically demanding nature of field work (an 83% higher risk
compared to office staff) represent core risks that cannot be resolved in the long run through
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organizational flexibility alone. Furthermore, the higher absence rate among women (25%)
underscores the need to better address the reconciliation of work and family life. The positive effects
of working from home during the COVID-19 pandemic (a 16% drop in absenteeism exclusively
among office workers) offer clear evidence that spatial and temporal flexibility acts as a powerful
preventative factor.

The findings of this study have direct practical implications for human resource management.
Companies in the energy sector must urgently transition from reactively reducing absenteeism to
adopting proactive measures. Our identification of vulnerable groups allows for precisely targeted
interventions: (1) for employees over 55, we propose the rapid implementation of active aging
programs, timely ergonomic task adjustments, and more frequent preventive health check-ups; (2)
for field and operational workers, enhanced safety protocols, mandatory micro-breaks, regular task
rotations, and state-of-the-art protective equipment are essential; (3) to reduce gender disparities,
improved work-life balance policies (especially regarding caretaking obligations), greater working-
time flexibility, and transparent HR procedures are required.

Despite its robust methodological design, this research has certain limitations. The analysis was
conducted within a single, albeit large, company, which limits the generalizability of the findings to
the broader economy. Future research should expand this study to include other organizations both
within and outside the energy sector. We also recommend that future studies incorporate qualitative
methods to measure the stress and burnout levels of employees who take on additional job
responsibilities during periods of increased coworker absenteeism.
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The following abbreviations are used in this manuscript:

HRM Human Resource Management
IRR Incidence rate ratio
JD-R Job Demands-Resources
K1 Total revenue efficiency ratio
K2 Operating revenue efficiency ratio
K3 Financing efficiency ratio
QMLE Quasi-Maximum Likelihood Estimator
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