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Abstract:

In the present study, the bankruptcy risk of Romanian enterprises is investigated through the comparative
analysis of traditional quantitative models of bankruptcy risk, such as the Altman Z-Score, Conan-Holder and Taffler
models, in correlation with the integration of indicators of financial sustainability. Based on a sample of 152 Romanian
companies, most of which are small and medium-sized enterprises (SMEs), the study identifies the importance of
indicators related to financial autonomy and efficiency, as well as the importance of non-financial information in the
assessment of the bankruptcy risk of such firms. The study reveals that over 80% of the respondents consider the
information to be essential, and approximately 45% of the respondents indicated their support for the integration of
indicators of financial sustainability into the models traditionally used for assessing the bankruptcy risk of Romanian
companies. Additionally, it was confirmed through the analysis that the implementation of social responsibility and
sustainability principles is significantly correlated with the reduction of the probability of financial difficulties for
assessed companies. These findings support the need for the adoption of the traditional models for the assessment of
bankruptcy risk to incorporate indicators of financial sustainability, indicating the link between financial sustainability
and the reduction of the risk of bankruptcy for companies. Thus, the study also contributes to the expansion of the existing
concept of financial sustainability, as it becomes evident from the investigation that the integration of indicators of social
responsibility and the implementation of sustainable financial practices will improve the accuracy of the prediction of
the bankruptcy risk of companies.
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1. INTRODUCTION

Given the unstable economy in the world today, it is unsurprising that the study of the
occurrence of bankruptcies has garnered the attention of researchers in the literature of the last
decades. Numerous models have been developed to evaluate the financial risk of given companies,
such as the Altman Z-Score, Conan-Holder, and Taffler models. However, as indicated in new
research studies, each of these models must be slightly modified to reflect the current economic
circumstances, particularly in the consideration of financial sustainability and ESG (Environmental,
Social, and Governance) metrics. For instance, research by Horvathova et al. (2023) indicated that to
provide a more complete evaluation of the risk of a company experiencing bankruptcy, those models
must also incorporate non-financial variables into their calculations. Furthermore, studies have also
shown that the ESG scores of a company can have a major impact upon its likelithood of experiencing
bankruptcy, especially within small and medium sized economies, as indicated by Mirzaei (2024).

Despite significant progress in bankruptcy forecasting research, a significant gap exists
between traditional quantitative models and the growing need for a more comprehensive approach to
risk assessment. Recent studies indicate that integrating environmental, social, and governance (ESG)
factors into predictive models can improve both their predictive accuracy and their ability to identify
financial distress early (Grygiel-Tomaszewska & Turek, 2021). However, the available evidence is
largely based on developed economies, while emerging markets have received much less attention.
This provides an opportunity to examine whether these approaches are equally suitable in countries
like Romania. In the context of the existing literature on bankruptcy risk forecasting, this paper makes
a contribution by comparing different bankruptcy forecasting models based on a sample of Romanian
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SMEs, and by determining the added value of including financial sustainability as part of the
assessment of the financial health of these SMEs.

The relevance of this research is supported by some recent economic development. According
to Eurostat, the total number of bankruptcies that occurred within the European Union during the
fourth quarter of 2024 decreased by 0.7% compared to the number of bankruptcies that occurred
during the previous quarter of that calendar year. Romania, however, experienced an increase in the
number of bankruptcies during 2024, especially within the manufacturing and transport sectors of the
Romanian economy. Furthermore, according to the Coface report (2025), many of the companies
within Central and Eastern Europe are continuing to suffer the effects of the economic shocks that
have occurred within the region in recent years, leading to an increase in the number of bankruptcies
within those countries. The importance of creating bankruptcy risk assessment models that are not
only robust enough to account for the economic challenges that have afflicted these regions of Europe
and beyond, but also that reflect the characteristics of those specific economies, is thus recognized.

The remainder of this paper is structured as follows. Section 1 presents a review of the relevant
literature on bankruptcy risk forecasting models and financial sustainability. Section 2 describes the
research methodology that was employed in this study, as well as the characteristics of the SMEs that
were included in the research. Section 3 presents the results of the application of the Altman, Conan-
Holder, and Taffler models and sustainability indicators to the SMEs included in this study. Finally,
section 4 presents a discussion of the conclusions of this study and the implications of those
conclusions for future research.

2. LITERATURE REVIEW

Previous research studies describe the risk element as uncertain and associated with the
evolution of economic phenomena but which can have a great deal of influence upon the performance
of the company in question (Horvathova & MokriSova, 2018). Therefore, assessing bankruptcy risk
has become an essential component of managerial decision-making, as it directly influences not only
the financial stability of firms but also the decisions made by investors, creditors, and other
stakeholders (Barbutd-Misu & Madaleno, 2020; Andreev et al., 2022). As business environments
have become increasingly complex, driven by both internal organizational factors and external
economic conditions, insolvency forecasting has attracted growing attention from both researchers
and practitioners (Srebro et al., 2021).

Financial sustainability goes beyond the traditional goal of profitability and refers to an
organization's ability to maintain stable, efficient, and responsible operations over the long term.
Achieving this goal requires integrating financial performance with strategic management and sound
governance practices (Zabolotnyy & Wasilewski, 2019; Gleiner et al., 2022). Imhanzenobe (2019)
further argues that financial sustainability depends on maintaining operational efficiency, controlling
costs, and effectively adapting to changing market conditions. In this context, established bankruptcy
prediction models, including the Altman Z-Score, the Conan-Holder model, and the Taffler model,
continue to provide valuable analytical support. However, their application can be strengthened by
incorporating additional indicators that better capture the reality of the current business environment.

Poor social responsibility performance increases the risk of bankruptcy, as recent studies show
that environmental and social risk factors directly threaten financial stability, especially for small
companies (Cohen, 2023; Grosu et al., 2024). For instance, Douglas (2025) demonstrates the
existence of a positive relationship between the aggregate ESG score and bankruptcy risk, using the
Altman Z-Score model. Other authors propose an integrated approach, combining ESG score with
traditional financial indicators (Elkady, 2025), providing a more comprehensive assessment of
bankruptcy risk.

At the same time, the introduction of non-financial variables — such as firm size, industry,
ownership structure and financial configuration — into bankruptcy prediction models has become an
increasingly relevant research direction. Kacer et al. (2019) demonstrated that these variables
contribute significantly to improving the ability to discriminate between high-risk and stable firms.
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Grunert et al. (2005) highlighted the superiority of models that integrate financial and non-financial
data. Wilson et al. (2016) confirmed the additional explanatory value of variables related to the type
of enterprise and the industrial sector in the context of transition economies. In support of these
findings, recent studies have reinforced the importance of integrating sustainability indicators into
bankruptcy prediction models. Thus, high ESG performance is correlated with a lower probability of
financial distress, suggesting an inverse relationship between sustainability and risk (Grygiel-
Tomaszewska & Turek, 2021; Moraru & Boghean, 2025). A study by Aydogmus et al. (2022)
demonstrated that investments in high ESG performance promise financial returns for the firm in
terms of value and profitability. Prediction models that include ESG scores provide superior accuracy
in estimating bankruptcy risk (Aliano et al., 2024). ESG contributes to increasing organizational
resilience to systemic and market risks (Mirzaei, 2024; Chelba & Cosmulese, 2024). These findings
suggest that integrating ESG indicators into bankruptcy risk assessment models can provide a more
comprehensive and accurate assessment of financial risks, thus contributing to their more effective
management.

Based on these findings, we formulate the following hypotheses:

Hypothesis 1 (HI): The relevance of traditional bankruptcy risk assessment models (Altman
Z-Score, Conan-Holder and Taffler) is influenced by the integration of financial sustainability
indicators within the firm.

Hypothesis 2 (H2): The integration of financial sustainability indicators into traditional
bankruptcy risk assessment models significantly contributes to increasing the accuracy of bankruptcy
risk prediction.

General characteristics of the sample

The sample consists of 152 respondents, representing economic entities from Romania, with
a questionnaire being applied between November 12, 2022, and October 13, 2023. The sample
selection criteria covered the following aspects: entities with financial activity were not included in
the sample; respondents who did not agree to informed consent; respondents who, following the
discussion with them, said that they would not answer all the questions. Furthermore, the descriptive
analysis of the responses reveals a predominance of small and very small companies (see Table no.
I).

Table no. 1. Sample distribution by general characteristics

Criterion Category Percentage (%)
<700.000 EUR 62
Turnover 700.000—8.000.000 EUR 27
> 8.000.000 EUR 11
<10 54
Number of employees 10-50 26
> 50 20
<350 000 EUR 66
Total assets 350 000 - 4 000 000 EUR 22
>4 000 000 EUR 12

Source: authors' own processing based on questionnaire data

As can be seen in Table no. 1, most of the entities in the sample are micro-enterprises, with a
turnover below EUR 700,000 and a low number of employees. This structure indicates a high
representativeness for the SME segment, this study mainly reflecting the reality of SMEs in Romania,
a segment with increased exposure to financial risks.

3. RESULTS AND DISCUSSION
The present research aimed to investigate the bankruptcy risk of Romanian enterprises by

comparative application of traditional quantitative models Altman Z-Score, Conan-Holder and
Taffler, analyzed in correlation with the integration of financial sustainability indicators.
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According to the study conducted by Horvathova et al. (2023), SMEs are more exposed to the
risk of bankruptcy due to limited resources and reduced capacity to adapt to economic changes.
Regarding the distribution of respondents regarding the occurrence of financial difficulty in the last
5 years, approximately 40% of the companies analyzed in this research reported financial difficulties
in the last five years, which confirms the structural vulnerability of SMEs to risks.

Vestlie (2025) demonstrates that ESG scores positively influence financial stability, and the
integration of these data into the Altman Z-Score model improves the accuracy of the prediction. This
finding is also supported by Douglas (2025) who showed that the integration of ESG into Altman Z-
Score models provides a more nuanced picture of bankruptcy risk. Regarding the distribution of
respondents regarding the perception of the usefulness of non-financial information in predicting
bankruptcy risk, it is observed that most respondents (83%) believe that non-financial information
can contribute to a more complete analysis of bankruptcy risk within their company (see Figure no.
1). Thus, the emergence of bankruptcy risk at the company level is a real perception and supports the
need to adapt traditional models to the current context, including sustainability factors.

Has your company faced a financial

difficulty situation in the last 5 years? Do you consider that non-financial information, along

with financial-accounting information, can contribute in
a more optimal manner to economic-financial analysis
with a role in predicting bankruptcy risk?

I don't know
6%

I don't know

10%
No
7%

Yes
83%

Figure no. 1. Distribution of respondents regarding the occurrence of a financial difficulty in
the last S years and the perception of the usefulness of non-financial information in predicting
the risk of bankruptcy

Source: authors' own processing based on questionnaire data

Cohen (2023) highlights that ESG performance reduces the risk of bankruptcy, especially for
small firms, by strengthening operational resilience. Table 2 indicates that firms in the sample that
implement social responsibility (SR) practices have a lower probability of financial distress (35%)
compared to those that do not apply such practices (50%). These results support one of the study’s
conclusions that the implementation of social responsibility and sustainability principles is
significantly correlated with a reduced probability of financial distress.

Table no. 2. Distribution of respondents regarding the application of social responsibility (SR)
practices within the company and the existing link with financial difficulties

Companies that apply for SR practices Companies that do not apply SR practices
- 70% of all respondents - 30% of all respondents
- ofthese, reported financial difficulties: 35% - of'these, reported financial difficulties: 50%

Source: authors' own processing based on questionnaire data

GleiBner et al. (2022) argue that financial autonomy is a central pillar of long-term
sustainability. Osazefua (2019) shows that cost control is essential for maintaining financial
sustainability. Aliano et al. (2024) argue that profitability and operational efficiency ratios are
relevant in assessing the firm's ability to generate economic value under risk conditions. The analysis
of the distribution of respondents regarding the preference for ratios in the Altman, Conan-Holder
and Taffler models (see Figure no. 2 and Annex no. 1) highlights a clear orientation towards indicators
that reflect financial autonomy and operational efficiency, as follows: within the Altman model, Ratio
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4 (Equity / Debt) is considered the most optimal by 56 respondents, suggesting the importance of the
firm's ability to support its activity from its own resources; for the Conan-Holder model, Ratio 5
(Financial Expenses / Turnover) is preferred, indicating a concern for the efficiency of financing costs
and in the Taffler model, Ratio 1 (Gross Profit / Current Liabilities) and Ratio 4 (Sales / Total Assets)
are most valued, reflecting an interest in profitability and operational efficiency.

44
'

Taffler - Rate 1

60

56
50
40 35
30
20
10

Altman - Rate 4
Conan-Holder -

Rate 5
Taffler - Rate 4

Figure no. 2. Distribution of respondents regarding preference for rates in the Altman,
Conan-Holder and Taffler models
Source: authors' own processing based on questionnaire data

The study by Aliano et al. (2024) shows that models that include ESG scores provide higher
accuracy and a more nuanced assessment of financial risks. On the other hand, there is a
marginalization of social responsibility content in the professional training of company
representatives — Stonkuté et al. (2018) show that only a quarter of the programs have a course on
this topic, many programs do not have it at all, which suggests a need for additional training. The
present research included a question regarding the possibility of including sustainability indicators in
traditional bankruptcy risk models. In this direction, approximately 44-45% of respondents support
the inclusion of sustainability indicators (see Table no. 3), while a similar proportion is undecided.
The results confirm an increased interest in expanding traditional quantitative models by integrating
sustainability dimensions, but also an obvious need for clarification and additional training in this
area for representatives of the analyzed economic entities.

Table no. 3. Distribution of respondents who support the inclusion of sustainability indicators
in the analyzed models

Model Yes (%) No (%) I don't know (%)

Altman 44,1 10,5 454
Conan-Holder 45,4 11,2 434

Taffler 441 9,9 46,0

Source: authors' own processing based on questionnaire data

Respondents’ preferences for ratios that reflect financial autonomy and operational efficiency,
along with openness to integrating social responsibility practices, confirm the influence of
sustainability on the relevance of traditional models, thus validating hypothesis H1. Studies by
GleiBner et al. (2022) and Cohen (2023) support this relationship.

Over 80% of respondents believed that traditional bankruptcy prediction models should be
integrated with sustainability-related indicators, providing empirical support for the second research
hypothesis (H2). These findings are consistent with recent evidence reported by Vestlie (2025) and
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Aliano et al. (2024), who demonstrate that ESG-based approaches improve bankruptcy prediction
while contributing to more effective financial risk management.

4. CONCLUSIONS

Given the business context of today’s economy, it is important to review the traditional models
for predicting the likelihood of bankruptcy for companies. Through the performance of a comparative
analysis of the Altman Z-Score, Conan-Holder and Taffler models, as well as by incorporating
indicators of financial sustainability into those models, it becomes clear that traditional models for
predicting bankruptcy are still relevant for businesses. Over 80% of the respondents to the survey
indicated that information other than financial information is essential for analyzing the likelihood of
bankruptcy, and additionally, around 45% of the respondents indicated their support for incorporating
sustainability indicators into those models. Furthermore, the preference of the 80% of those who
indicated a preference for ratios based upon financial autonomy (Altman - Rate 4), cost efficiency
(Conan-Holder - Rate 5) and profitability (Taffler - Rate 1 and 4) indicates a general preference for
utilizing models that indicate the sustainability of those companies. Thus, the results support both the
hypothesis that the relevance of the traditional bankruptcy prediction models is influenced by the
integration of financial sustainability indicators (H1), as well as the hypothesis that the integration of
those indicators can significantly increase the accuracy of the models in predicting bankruptcy (H2).
Finally, the additional result that companies that apply socially responsible practices have a lower
incidence of bankruptcy confirms the inverse relationship between the implementation of these
socially responsible practices and the likelihood of those companies experiencing financial
difficulties. Thus, the adaptation of these traditional models to incorporate indicators related to social
responsibility is that which is required to accurately assess the likelihood of bankruptcy for those
companies. Therefore, the use of these sustainability indicators will not only increase the accuracy of
the models in predicting bankruptcy, but will additionally contribute to the strengthening of the
companies and their financial management practices.
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ANNEX

Annex no. 1. Respondents' preferences regarding optimal rates in the Altman, Conan-Holder

and Taffler models for assessing bankruptcy risk within their firm

Respondent response according to preference

The model Rates included in the model for the optimal rate for assessing the risk of
bankruptcy within the company

Financial-accounting ratio 1 = Working | Not at all optimal: 8 respondents; Rarely optimal:

capital/ Assets 8 respondents; Somewhat optimal: 61
respondents; Almost optimal: 44 respondents;
Completely optimal: 31 respondents

Financial-accounting rate 2 = Profit for | Not at all optimal: 4 respondents; Rarely optimal:

development/ Assets 13 respondents; Somewhat optimal: 58
respondents; Almost optimal: 49 respondents;
Completely optimal: 28 respondents

Altman

Financial-accounting ratio 3 = Profit
before tax and interest/ Assets

Not at all optimal: 7 respondents; Rarely optimal:
14  respondents; Somewhat optimal: 61
respondents; Almost optimal: 45 respondents;
Completely optimal: 28 respondents

Financial-accounting  ratio 4 =

Equity/Liabilities

Not at all optimal: 4 respondents; Rarely optimal:
12 respondents; Somewhat optimal: 38
respondents; Almost optimal: 42 respondents;
Completely optimal: 56 respondents

Conan-Holder

Financial-accounting ratio 1 (Return on
creditors) = E.B.E Total debts

Not at all optimal: 10 respondents; Rarely optimal:
11  respondents; Somewhat optimal: 58
respondents; Almost optimal: 44 respondents;
Completely optimal: 29 respondents

Financial-accounting ratio 2 (Liquidity)
= Available and short-term realizable
values / Total liabilities

Not at all optimal: 9 respondents; Rarely optimal:
10 respondents; Somewhat optimal: 41
respondents; Almost optimal: 60 respondents;
Completely optimal: 32 respondents

Financial-accounting ratio 3 (Solvency)
= Equity / Total liabilities

Not at all optimal: 5 respondents; Rarely optimal:
12 respondents; Somewhat optimal: 54
respondents; Almost optimal: 47 respondents;
Completely optimal: 34 respondents

Financial-accounting rate 4 (Personnel
expense rate) = Personnel expenses /
Value added

Not at all optimal: 13 respondents; Rarely optimal:
9 respondents; Somewhat optimal: 54
respondents; Almost optimal: 47 respondents;
Completely optimal: 29 respondents

Financial-accounting ratio 5 (Financial
expense ratio) = Financial expenses /
Turnover

Not at all optimal: 10 respondents; Rarely optimal:
9 respondents; Somewhat optimal: 43
respondents; Almost optimal: 55 respondents;
Completely optimal: 35 respondents
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Taffler

Financial-accounting ratio 1 = Gross
profit/Current liabilities

Not at all optimal: 8 respondents; Rarely optimal:
12 respondents; Somewhat optimal: 49
respondents; Almost optimal: 39 respondents;
Completely optimal: 44 respondents

Financial-accounting ratio 2 = Current
Assets/Total Liabilities

Not at all optimal: 7 respondents; Rarely optimal:
9 respondents; Somewhat optimal: 46
respondents; Almost optimal: 53 respondents;
Completely optimal: 37 respondents

Financial-accounting ratio 3 = Current
Liabilities/Total Assets

Not at all optimal: 10 respondents; Rarely optimal:
10 respondents; Somewhat optimal: 47
respondents; Almost optimal: 47 respondents;
Completely optimal: 38 respondents

Financial-accounting  ratio 4 =
Sales/Total Assets

Not at all optimal: 5 respondents; Rarely optimal:
6 respondents; Somewhat optimal: 49
respondents; Almost optimal: 50 respondents;
Completely optimal: 42 respondents

Source: authors' own processing based on questionnaire data
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