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ABSTRACT

Studies on insolvency were developed mainly to elaborate on forecast models;
however, identifying the determinant factors of insolvency risk contributes to
understanding how this problem arises and helps with its prevention. A company’s
capital structure influences insolvency risk; however, different views of the effects
of capital structure on the value and risk of the company are found. Additionally,
when dealing with insolvency risk, the pandemic period can be considered a
relevant event, because the consequences of COVID-19 impacted financial
markets around the world. Therefore, the objective of this study was to analyze the
influence of capital structure on the insolvency risk of nonfinancial Brazilian
companies listed on B3 and the effects of the COVID-19 pandemic on this
relationship. Multilevel regression of quarterly panel data from 2010 to 2021 was
used to develop the study. The results showed that some of the indebtedness
variables had significant positive effects, corroborating trade-off theory. The
variable financial indebtedness and its quadratic term had significant results,
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confirming the existence of a quadratic relationship (U-shaped) between financial
indebtedness and the insolvency risk. Regarding the moderating effect of the
pandemic, the results show that in some cases the COVID-19 pandemic was
relevant to relation between debt and insolvency risk.

Keywords: Indebtedness. Bankruptcy risk. COVID-19.

EFEITOS DA ESTRUTURA DE CAPITAL NO RISCO DE INSOLVENCIA E
EFEITO MODERADOR DA PANDEMIA DE COVID-19

RESUMO

Os estudos sobre insolvéncia foram desenvolvidos principalmente para elaborar
modelos de previsdo; no entanto, identificar os factores determinantes do risco
de insolvéncia conftribui para compreender como este problema surge e ajuda
na sua prevencdo. A estrutura de capital de uma empresa influencia o risco de
insolvéncia; no entanto, encontram-se diferentes visdes sobre os efeitos da
estrutura de capital sobre o valor e o risco da empresa. Adicionalmente, tratando-
se do risco de insolvéncia, o periodo da pandemia pode ser considerado um
evento relevante, pois as consequéncias da COVID-19 impactaram os mercados
financeiros ao redor do mundo. Portanto, o objetivo deste estudo foi analisar a
influéncia da estrutura de capital no risco de insolvéncia das empresas brasileiras
ndo financeiras listadas na B3 e os efeitos da pandemia nesta relacdo. Para
desenvolver o estudo foi utilizada regressdo multinivel de dados em painel
trimestrais de 2010 a 2021. Os resultados mostraram que algumas varidveis de
endividamento tiveram efeitos positivos significativos, corroborando a teoria do
trade-off. A variavel endividamento financeiro e o seu termo quadrdatico tiveram
resultados significativos, confirmando a existéncia de uma relacdo quadrdtica
(em forma de U) entre o endividamento financeiro e o risco de insolvéncia.
Relativamente ao efeito moderador da pandemia, os resultados mostraram que
em alguns casos a pandemia de COVID-19 foi relevante para a relacdo entre
endividamento e risco de insolvéncia.

Palavras-chave: Endividamento. Risco de faléncia. COVID-19.

1 INTRODUCTION

Capital structure is understood as the long-term financing structure of
companies. Companies are financed by their own or third-party capital. Thus, a
company’s capital structure shows the sources of funds used to finance its assets
(Bittencourt & Albuquerque, 2018; Myers, 1984). The literature points to the
existence of different capital structure theories. Among them are advocates that
state that capital structure is irrelevant to the value of the company (Modigliani &
Miller, 1958) and advocates that state that capital structure is relevant to the value
of the company (Durand, 1952).

Among capital structure theories, frade-off theory stands out. According to
this theory, capital structure is a relevant factor, as there is an optimal level
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between own and third-party capital at which the costs of bankruptcy and the
tax benefits arising from the use of debt (third-party capital) are balanced. This
balance occurs because of the interest in third-party capital, which decreases
taxable income, consequently decreasing the taxes paid and guaranteeing a tax
benefit (Myers, 1984; Prado, 2019).

Different factors influence the insolvency risk, including capital structure.
Since the capital structure represents a company’s form of financing and, thus, its
level of indebtedness, it is considered one of the determining factors of such risk.
Thus, an inadequate capital structure influences the insolvency risk and company
performance (Tao et al., 2020).

Another relevant factor that impacted the economy and that may have
affected the influence of capital structure on the insolvency risk was the COVID-
19 pandemic. According to CNN Brasil (2021), a survey conducted by
Economatica found that among the 218 publicly fraded nonfinancial companies
analyzed, there was an 81.9% reduction in net income during the first half of 2020
compared to the same period in 2019. These results highlight the effects of the
pandemic on the economy and, specifically, publicly fraded nonfinancial Brazilian
companies, which are the focus of this study.

Additionally, due to the impacts of COVID-19, attention from the public and
researchers has been higher in recent years (Huang & Ye, 2021). Specifically, when
dealing with insolvency risk, the pandemic period can be considered a relevant
event, because the consequences of COVID-19 impacted financial markets
around the world, increasing risk levels worldwide (Ali et al., 2020). In this sense, to
deal with the consequences of this scenario, some companies resorted to
increasing debt. However, increased debt can lead to an increased insolvency
risk and subsequent bankruptcy of companies. An example of this were the results
obtained by Arianpoor and Naeimi Tajdar (2024), that, considering the period of
the COVID-19 pandemic, identified that underleveraged firms presented a lower
total risk, and overleveraged firms presented a higher risk.

Additionally, Huang and Ye (2021) concluded that companies with
excessive debt presented greater risk. In other words, companies with debft
beyond the optimal level presented greater risk, while companies below the
optimal level were self-protected. Therefore, there is evidence that the COVID-19
pandemic led to an increased insolvency risk for companies with higher debt
levels.

Despite the relevance of the topic and the existence of evidence that
capital structure can influence the insolvency risk, and that this risk may have
intensified during the pandemic period, no studies were identified that jointly
analyzed the effects of debt on the risk of insolvency and the moderating effect
of the COVID-19 pandemic.

Thus, due to the relevance of the topic, identifying the factors that
determine the insolvency risk conftributes to understanding how this problem arises
and assists in ifs prevention. However, the literature in the field has primarily focused
on predictive studies (Altman, 1968; Costa et al., 2023; Elizabetsky, 1976; Matias,
1978; Ohlson, 1980; Prado et al., 2020). Additionally, company’s capital structure
can influence the insolvency risk, as the amount of indebtedness can indicate
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financial problems. Nonetheless, different views exist in the literature about the
effects of capital structure on the value and risk of a company.

To fill this gap, we aim to deepen the knowledge by analyzing the impact
of capital structure on insolvency risk. In this context, the objective of this study was
to analyze the influence of capital structure on the insolvency risk of publicly
traded Brazilian nonfinancial companies tfraded on B3, also analyzing the COVID-
19 pandemic moderating effect on the previously relation.

Importantly, theories on capital structure have been widely researched in
relation to developed countries (Oz & Simga-Mugan, 2018). However, despite the
importance of these theories, emerging countries have peculiarities that can be
relevants to the definition of capital structure and to the insolvency risk.
Specifically, Latin American countries have characteristics that differ from other
countries, such as political uncertainty, violence, pro-market reforms and reversals,
and geographic isolation (Cuervo-Cazurra, 2016). These differences make specific
analyses of these countries necessary.

Therefore, the analysis of emerging economies, such as Brazil, is relevant to
expand the knowledge. Specifically, in this study, knowledge of capital structure
and insolvency risk was expanded considering the unique context of a Latin
American country. Brazil was chosen because it is an important emerging
economy in Latin America, with a GDP that represents the highest percentage
(33.25%) of the region’s total GDP, according to Economic Commission for Latin
America and the Caribbean (Cepal, 2021) data. In addition, Brazil was chosen
due to the availability of the data necessary to perform the analyses proposed in
this study.

Thus, academic, managerial, political, and social contributions can be
mentioned. Regarding academic contributions, it is worth noting that it was
possible to expand knowledge about insolvency risk. The contribution of the study
in this sense was twofold, because the effect of the capital structure on insolvency
risk was analyzed, also considering the moderating effect of the COVID-19
pandemic on this relationship. Managerial contributions can also be mentioned,
because greater knowledge about insolvency risk helps decision-makers, who will
outline strategies to prevent the company bankruptcy. Regarding political
confributions, it is mentioned that knowledge about the factors that influence
insolvency risk can be used to define public policies that will mitigate this risk, and
to adapt legislation on judicial, extrajudicial recovery and bankruptcy. Finally,
regarding social contributions, the company non-bankruptcy brings benefits to
society as a whole, since it benefits organization's stakeholders, such as suppliers
and employees.

2 THEORETICAL FRAMEWORK

2.1 Trade-off theory and studies on capital structure

Trade-off theory reflects two views on the optimal level of indebtedness.
Static tfrade-off theory reflects the idea that companies must achieve an optimal
indebtedness point. In dynamic trade-off theory, the optimal level of indebtedness
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also depends on factors in the external environment and may vary over time (Lott,
2019).

Thus, despite the initial idea that an equilibrium exists that maximizes the
value of the company, companies may deviate from their leverage goals (Ricca
et al., 2021). Such deviations can cause a static capital structure to give way to a
dynamic capital structure.

In a complementary way, most models that address capital structure
consider the level of indebtedness as a static decision. However, in the real world,
the level of indebtedness is adjusted by companies depending on the changes
that influence its value (Nenu et al., 2018).

In Hovakimian et al. (2012), the authors tested static trade-off theory by
analyzing the probability of default, which plays a central role in the theory. The
results were conftrary to the predictions of the theory, indicating that companies
with higher bankruptcy costs (which are smaller and have fewer tangible assets)
tend to have capital structures that reflect a greater risk of bankruptcy.

Nenu et al. (2018) analyzed the factors that impact the leverage,
profitability and risk of companies listed on the Bucharest Stock Exchange. The
authors found a positive relationship between financial leverage and company
size (consistent with frade-off theory) but also that capital structure impacted
companies’ performance in a different way. They also identified a negative
relationship between profitability and short- and long-term debt.

In Ricca et al. (2021), the authors analyzed the degree of conservatism of
companies in relation to their capital structure and sought to understand why
companies do not fully use the tax benefits of debt. The evidence showed that the
amount of financial leverage of Brazilian companies was not optimal, even if the
benefits of debt outweighed the costs of bankruptcy.

Haron et al. (2021) considered companies in Indonesia. In their study, firm-
and industry-level factors and the effect of the degree of ownership concentration
on decisions about dynamic capital structure were analyzed. The authors
concluded that, consistent with trade-off theory, companies that are growing
rapidly and that operate in highly concentrated industries have more leveraged
capital structures and benefit from the tax shield generated from using third-party
capital. In contrast, companies with more time on the market and with high
liquidity, profits and tangible and intangible assets and that operate in dynamic
markets have lower indebtedness to avoid the risk of bankruptcy and its
consequences.

Pamplona et al. (2020) analyzed the influence of capital structure on
financial distress, considering both family and non-family Brazilian companies. As a
result, they identified that total debt positively affected the probability of financial
distress in both family and non-family Brazilian companies, whereas long-term debt
had a negative influence on the probability of financial distress. However, when
considering onerous liability, the results showed that it negatively affected the
probability of financial distress in family Brazilian companies, but positively affected
the probability of financial distress in non-family Brazilian companies. Therefore,
different types of debt can impact financial distress in different ways.
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2.2 Insolvency risk

Defining what the risk is can be considered an important aspect for its
assessment (Horvdathovd & Mokrisovd, 2018). According to Horvathovd and
Mokrisova (2018), risk can be understood as the occurrence of an unexpected
event, being freated as something undefined and unstable, which causes a
disturbance in the behavior of a certain phenomenon. Therefore, risk can be
treated as uncertainty, characterized by the probability of deviation from
expected values, whether this deviation is positive or negative. However, it is
necessary to highlight that in practice therisk is considered as a negative deviation
(Horvathova & Mokrisova, 2018).

The insolvency risk, also known as bankruptcy risk, can be understood as the
probability that a company will go into insolvency, a fact that could culminate in
its bankruptcy. In other words, the insolvency risk can be understood as the
probability that a company will not be able to pay off its obligations as they fall
due (Mateus, 2010). Given the possible consequences of the insolvency risk, this
field has attracted the aftention of scholars over the last few decades. According
to Bryan et al. (2013), bankruptcy is an important event in the modern business
environment, as it can trigger a negative effect on its stakeholders. According to
the same authors, bankruptcy occurs when a company requests a period in court
so that it can reorganize itself financially or close its activities.

2.3 Capital structure and insolvency risk in periods of crisis

According to Zeitun et al. (2017) the existence of economic crises constitutes
a challenging aspect for financial theories, including capital structure theories.
According to the authors, in periods of crisis, the resources destined for loans tend
to be reduced. However, at the same time, companies may need to use debt to
make it through these periods of crisis, making it difficult to generate cash flow.

The literature also indicates that external factors impact the insolvency risk
(Hackbarth et al., 2006; Tinoco & Wilson, 2013). Evidence shows that companies’
capital structure changes after economic crises (Alves & Francisco, 2015; Duran &
Stephen, 2020; Tsoy & Heshmati, 2019). In addition to the capital structure, in
periods of crisis, the risk of company bankruptcy can also be influenced because
during recessions, companies’ economic and financial performance tends to be
compromised, a fact that makes the increased insolvency risk common in these
periods (Chaia, 2003).

Thus, since the supply of credit is generally reduced in times of crisis and
some companies need credit to confinue their operations (Zeitun et al., 2017), such
companies may opt for short-term debt, which may increase the risk of rollover
and, consequently, insolvency risk (Alves & Francisco, 2015). Additionally, there is
evidence that COVID-19 can impact the relationship between capital structure
and risk (Huang & Ye, 2021).

Specifically regarding the COVID-19 pandemic, the restrictive measures
had a direct impact on the economy. Since the reduced circulation of people led
to a slowdown in sales and, consequently, a reduction in profitability, companies
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increased their level of debt, since this was an alternative to keep payments up to
date, for example (Avelar et al., 2021). In this sense, although necessary, the
increase in debt, especially short-term debt in times of crisis, generates
consequences for companies, such as increased risk, resulting from the greater
probability of debt rolloverrisk (Alves & Francisco, 2015), as well as worse economic
and financial performance (Machado & Freitas, 2023).

Some studies have analyzed the effects of the pandemic on the level of
debt of companies in different countries. Considering Chinese companies, Gao
and Tsusaka (2023) identified that during the COVID-19 pandemic there was an
increase in the leverage of the companies analyzed. In the study by Azharl et al.
(2022), the authors identified an increase in long-term debt in Malaysian
companies, while short-term and total debt showed a slight decrease. Similarly,
Ahmed et al. (2024) identified that non-financial companies present in Gulf
Cooperation Council (GCC) countries presented greater debt financing and
transferred short-term debt to long-term debt.

Complementarily, Shaari and Kamarudin (2024) concluded that total debt
negatively affected the performance of Malaysian companies during the COVID-
19 pandemic period, however long-term debt positively affected performance,
since it ensured greater liquidity for companies during the crisis period. Alhajjeah
and Besim (2024) analyzed the capital structure of UK companies during the
COVID-19 pandemic, and concluded that contrary to expectations, companies
reduced their exposure to debt

2.4 Hypotheses related to debt and insolvency risk

Decisions related to companies’ capital structure are complex and can
influence the financial health of these organizations (Brito et al., 2007; Nenu et al.,
2018; Pamplona et al., 2020). Such an impact can be explained by frade-off
theory, which defends the existence of a tax benefit derived from the use of third-
party capital, although bankruptcy costs require attention, as they may become
higher than recommended if indebtedness increases, reducing the effectiveness
of the tax benefit (Myers, 2001).

In this sense, there is evidence of a positive relationship between capital
stfructure and insolvency risk (Lott et al., 2021). Specifically, the evidence suggests
that as indebtedness increases, there is an increase in insolvency risk, since
companies may experience financial difficulties if they become excessively
leveraged (Huang & Ye, 202; Pamplona et al., 2020). Therefore, companies can
opft for lower leverage levels to avoid the risk of insolvency (Haron et al., 2021).

Furthermore, we can mention the tax benefit proposed by trade-off theory.
The tax benefit proposed arises from the financial expenses levied on third-party
capital. However, not all components of the liability generate interest payments.
According to Machado et al. (2010), liabilities are divided info onerous and
nononerous liabilities. Interest-bearing liabilities correspond to the portion of the
liability on which interest is levied, that is, the portion that generates financial
expenses that provide the tax benefit from using third-party capital.
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Noninterest-bearing liabilities arise from the company’s operating activities;
i.e., as the name suggests, this type of liability generates no financial expenses.
Therefore, it is important to take info account this difference when analyzing the
effects of indebtedness on the level of insolvency risk since the tax benefit
generated from using third-party capital is expected to be derived from onerous
liabilities.

Despite such tax benefits, companies should be aware that their debt does
not reach high levels. This concern is necessary because bankruptcy costs can
increase to the point that the tax benefit of indebtedness becomes insufficient
(Myers, 2001). Thus, companies should seek a balance between the use of equity
and debt capital to ensure a structure that minimizes costs (capital and
bankruptcy).

Given the possible effect of indebtedness on bankruptcy costs, the
increased risk of bankruptcy may result from high indebtedness. As already
mentioned and according to frade-off theory, if indebtedness exceeds the ideal
level, bankruptcy costs may exceed the tax benefit, which arises from onerous
liabilities. This situation puts the company more at insolvency risk. These assumptions
lead to the expectation that increases in companies’ debt in general positively
influences the insolvency risk since the tax benefit is not derived from any type of
third-party capital but only from capital that generates interest payments.
Therefore, the first hypotheses of this study were proposed:

Hypothesis Ta: Short-term net debt positively influences the insolvency risk.
Hypothesis 1b: Short-term indebtedness positively influences the insolvency risk.

Hypothesis 1c: Long-term indebtedness positively influences the insolvency risk.

Since interest is levied on only part of the liability—the so-called onerous
liability (Machado et al., 2010)—the tax benefit, defended by the trade-off theory,
is expected to be generated only for a part of the liability. Therefore, due to the
tax benefit, onerous liability can impact insolvency risk differently (Pamplona et al.,
2020).

However, according to frade-off theory, when the use of third-party capital
is excessive, the bankruptcy costs may outweigh the effects of the tax benefit.
Thus, given the tax benefit derived from onerous liabilities, a quadratic relationship
(U-shaped) is expected between the indebtedness arising from onerous liabilities
(total gross financial debt) and the insolvency risk. Thus, the tax benefit of interest
is expected to decrease the insolvency risk to a certain point (optimal debt level),
beyond which bankruptcy costs are expected to exceed the tax benefit,
increasing the risk of bankruptcy of the organization. Therefore, hypothesis 1d of
this study was proposed:

Hypothesis 1d: Financial indebtedness has a U-shaped relationship wich the
insolvency risk.
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In this sense, the hypotheses 1a, 1b and 1c¢ argue that different forms of debt
increase the insolvency risk. However, the hypothesis 1d suggests a U-shaped
relationship between debt and the insolvency risk. In other words, initially,
increasing debt may reduce risk, but it may increase it due to the bankruptcy risk.

2.5 Hypotheses related to the COVID-19 pandemic effect

Additionally, the COVID-19 pandemic may have had a moderating effect
on the effect of capital structure on insolvency risk. As previously mentioned,
evidence shows that external factors influence the insolvency risk of companies
(Carvalho et al., 2022; Huang & Ye, 2021; Tinoco & Wilson, 2013). The COVID-19
pandemic can be considered an adverse factor in the external environment that
has had major impacts on the world economy, affecting companies and the
economy globally (The World Bank, 2022).

Given the effects of the COVID-19 pandemic on the world economy, as well
as several companies stopping operations due to social isolation (Fahlenbrach et
al., 2021), companies are expected to have needed third-party resources to
maintain their payments up to date. This idea is based on the fact that during
crises, given the commitment of their cash flow, companies resort to higher use of
third-party capital (Zeitun et al., 2017). Thus, in general, the relationship between
indebtedness and insolvency risk is expected to have been strengthened during
the pandemic period (Huang & Ye, 2021), leading to the first hypotheses of the
second part of this study:

Hypothesis 2a: The COVID-19 pandemic strengthens the positive influence of short-
term net debt on the insolvency risk.

Hypothesis 2b: The COVID-19 pandemic strengthens the positive influence of short-
ferm debt on the insolvency risk.

Hypothesis 2c: The COVID-19 pandemic strengthens the positive influence of long-
term indebtedness on the insolvency risk.

As already mentioned, the tax benefit is expected to lead to a quadratic
relationship between the book value of financial indebtedness and insolvency risk.
The initially negative relationship between financial indebtedness and the COVID-
19 pandemic is expected to weaken, especially for companies with less financial
flexibility since indebtedness incurred due to the need for funds for a company’s
going concern can increase the risk of debft rollover (Fahlenbrach et al., 2021), also
increasing bankruptcy costs—a fact that can minimize the effects of the tax shield
and weaken the initially negative relationship of financial indebtedness to
insolvency risk. Thus, hypothesis 2d of this study was proposed:

Hypothesis 2d: The COVID-19 pandemic weakens the negative influence (up to a
certain point) of financial indebtedness on the insolvency risk.
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Nevertheless, it is argued that, given the possible need to use third-party
capital to keep payments up to date (Zeitun et al., 2017), the pandemic is
expected to strengthen the positive influence (from a certain point, due to the
quadratic term) of the book value of financial indebtedness on the insolvency risk.
Thus, as the book value of financial indebtedness (quadratic term) is expected to
positively influence the insolvency risk, from a certain point, according to tfrade-off
theory, this relationship is expected to have been strengthened by the COVID-19
pandemic, as proposed in hypothesis 2e.

Hypothesis 2e: The COVID-19 pandemic strengthens the positive influence (from a
certain point) of financial indebtedness (quadratic variable) on insolvency risk.

Therefore, Hypotheses 2a, 2b, 2c¢: state that the pandemic strengthened the
positive influence of debt on insolvency risk. Additionally, hypotheses 2d and 2e
refer to the U-shaped relationship mentioned in Hypothesis 1d, suggesting that the
pandemic weakened the initial negative influence of financial debt on insolvency
risk (up to a certain point) and strengthened the positive influence of financial debt
beyond that point.

As proposed by the hypotheses, based on trade-off theory, the relationship
between the capital structure variables and insolvency risk is expected to be
generally positive. However, considering frade-off theory, which defends the
existence of a tax benefit provided by the so-called onerous liabilities, a quadratic
relationship is expected between the book value of financial indebtedness and
the insolvency risk. In addition, the COVID-19 pandemic is expected to have
influenced the relationship between the capital structure and insolvency risk
variables.

3 METHODOLOGICAL PROCEDURES

3.1 Sample, collection and processing of data

In the analysis of this study, we used quarterly information from the financial
statements of Brazilian companies with shares tfraded on B3. Inflation-adjusted
data were collected from the Economatica database. The period of analysis
chosen was from January 2010 to December 2021. The year 2010 was the initial
year due to changes in accounting legislation by Laws 11,638/07 and 11,941/09
that, according to Freire et al. (2012), amended the Brazilian Corporate Law (Law
6,404/76) to standardize Brazilian accounting standards to international law. The
year 2021 was the year of closure, as it was the last year with data available at the
time of the data collection.

The sample used in this study consisted of publicly traded Brazilian
nonfinancial companies with shares traded on B3. From the Economdatica
database, companies in Brazil that trade shares on B3 and are active were filtered.
During the initial filtering, companies from the financial sector were also excluded
due to their specificities. After filtering and excluding companies with missing data
for all analyzed periods, the total number of companies was 510. Also noteworthy
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is that unbalonced panel data were used in the analysis, totaling 15,5682
observations. In addition, company quarterly data were analyzed from 48 quarters
in the period from 2010 to 2021.

For the analysis proposed in this study, the multilevel regression technique of
panel data was used. Panel data represent a data set containing observations of
time series and several individuals at the same time (Hsiao, 2007). Different types
of models exist for performing panel data analyses. In this study, we chose a
multilevel model. According to Favero and Belfiore (2017), multilevel models are
used to consider the groups among the observations with common characteristics,
such as sectors. The mullilevel regression ftechnique was chosen because
companies in different sectors can present sector-specific characteristics that can
impact insolvency risk. Specifically, there is evidence that the sector may be a
debt determinant (Campos & Nakamura, 2013), thus it is important to consider it
as a level of analysis.

Additionally, we aimed to analyze the impact of COVID-19 on the
relationship between capital structure and insolvency risk, that is, to analyze the
variation in the relation between capital structure and insolvency risk in a given
periodThe choice of the multilevel model was based on the analyses specified by
Favero and Belfiore (2017). The null model, one with random intercepts and a
model with random intercepts and slopes, were developed. After attaining the
results of these analyses, a hierarchical three-level linear model with intercepts and
random slopes was chosen. Three levels were determined because the data vary
over time (level 1), between companies (level 2) and between sectors (level 3).

3.2 Variables and econometric models

To prepare the study, the economic-financial indicators were obtained
through Economdatica. The variable data were winsorized up to 5% (Favero et al.,
2009; Rosa et al., 2022), to eliminate outliers that could affect the analysis (Hair et
al., 2006). In addition, to avoid the occurrence of multicollinearity between the
model variables, the variance inflation factor (VIF) was used. According to Gujarati
and Porter (2011), VIF values greater than 10 indicate the existence of
mulficollinearity.

The dependent variable chosen was the Z score from Altman et al. (1979)
study. In this study, Altman et al. (1979) developed a model for classifying and
predicting financial problems for Brazilian companies.Specifically, the authors used
the model by Altman (1968), but adapted it to Brazilian conditions. Altman’s
model, adapted to the Brazilian scenario, was chosen because the original model
proposed by Altman (1968) is a relevant tool for predicting insolvency. Altman's
study can be considered the most influential in the field of insolvency prediction
and was the first to use multivariate analysis for such predictions (Prado et al., 2016).
Therefore, insolvency risk was calculated considering the parameters of Equation
1:

Z, = —1,44 + 4,03X, + 2,25X5 + 0,14X, + 0,42X (1)

where:
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_ Not required — Shareholder's Capital

= 2
X2 Total Asset )

Earnings before interest and taxes

= 3
X Total Asset 3

Total equity

= T 7 4
* 7 Total liabiities (4]
Revenue
e vernro— (5)
Total Asset

According to the authors, the critical point of separation of companies with
and without problems (value of Z,) is zero; that is, companies with Z, less than zero
to have a greater probability of bankruptcy, and companies with Z; greater than
zero have a lower probability of bankruptcy. In this case, as proposed, the higher
Z, is, the lower is the probability of bankruptcy. For a better understanding and to
ensure that a higher value ofZ; is associated with a greater probability of
insolvency, Z; was multiplied by negative one (-1). Thus, through this

transformation, the greater is Z;, the greater is the risk of bankruptcy of the
companies in the analysis.

For the analysis, indebtedness variables were considered explanatory to
analyze the effects of capital structure on insolvency risk. The indebtedness

variables used and the expected signs of their coefficients are detailed in Figure
1.

AUTORS Indicator Formula Acronym Ex;?ected
signal
Dependent variable
Insolvency |—1,44 + 4,03X, + 2,25X; + 0,14X, .
Altman et al. (1979) risk +0,42X; Risk
Independents variables
Fahlenbrach et al. Total short- | Current Liabilities — (Cash and | DIV_LIQ_CP +
(2021). term net cash equivalent + Financial
debt investments)
Baker and Wurgler ' .
Total fi 1
(2002), Albanez (2012), ota grossl inancial debt END_C_DF
Prado (2019), Financial Total Assets !
PGmp|2%l;8 etal. indebtedness (Total gross financial debt =
( )- onerous liability) END C DF 2
Bastos and Nakamura S
- C t liabilit
(2009}, Prado (2019). Short-term urrent liabilities END_C_CP N
debt Total Asset
Bastos and Nakamura
(2009), Prado (2019), Long-term Non — current liabilities END_C_LP N
Pamplona et al., indebtedness Total Asset
(2020).
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Figure 1 - Study variables
Source: Prepared by the authors

Notably, for the financial indebtedness variable, the financial expenses
arising from onerous liabilities is expected to initially negatively influence the risk of
bankruptcy, which is consistent with trade-off theory that postulates the existence
of the tax benefit. However, this influence is expected to be only up to a certain
point because of bankruptcy costs; therefore, there is a U-shaped quadratfic
relationship, as proposed in hypothesis 1d. Thus, the variable was squared to verify
the quadratic relationship. According to hypothesis 1d, the book value of financial
indebtedness is expected to have a significantly negative coefficient, and the
quadratic term of this variable is expected to have a significantly positive
coefficient.

Since the literature suggests that external environmental factors of the
organization influence its capital structure and bankruptcy risk (Carvalho et al,,
2022; Hackbarth et al., 2006; Tinoco & Wilson, 2013), a dummy variable for the
COVID-19 pandemic was also considered in the model. The first recorded case of
the COVID-19 disease was on February 26, 2020 (Governo do Brasil, 2020);
therefore, the dummy variable received the value one (1) for the quarters in 2020
and 2021 and zero (0) for the other quarters in the sample.

To analyze the effect of the COVID-19 pandemic on the relationship
between capital structure and insolvency risk, interaction variables were created
by multiplying the dummy variable and the capital structure variables. Therefore,
interaction variables with significant results indicate that the COVID-19 pandemic
influenced the relationship between capital structure and bankruptcy risk, where
positive coefficients indicate a strengthening of this relafionship and negative
coefficients indicate a weakening of this relationship.

The model estimated is represented in Equation é:

Risk:jx = Yooo + Y100- Quarterj, + vo10. DIV_LIQ_CPyx + Yo10- END_C_CPy,
+ Yo10- END_C_LPjx + Yo10- END_C_DFj,
+ Yo10- END_C_DF 2 3 ¥o10- Klj + V110- DIV_LIQ_CP;. Quartery, (6)
+ Y110- END_C_CPy.. Quarterjy + Y110 END_C_LP,. Quartery,
+ ¥110- END_C_DFj. Quarterj, + y110- END_C_DF _2 . Quarteryy,
+ Ugok + Uqgk- Quartery, + Toji + 1y jx- Quarterj+egjy

Where:

Risk.j, = dependent variable (insolvency risk);

Yooo = general intercept (constant that does not vary among individuals);
Ugox = random effects of level 3 — sector;

1o, = random effects of level 2 — company;

e.jx = level 1 error terms — fime (quarter);

Twooo € Trooo = VAriANCeS in the error terms;

DIV_LIQ_CP = short-term net debf;

END_C_CP = short-term debt;

END_C_LP = long-term debf;

END_C_DF = financial indebtedness;
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END_C_DF_2 = financial debt squared.

4 RESULTS

Before starting the multilevel regression analysis of the panel data, the data
were winsorized. Table 1 shows the descriptive statistics of the study variables, the
skewness and kurtosis values and the VIF of each variable after data processing.

1I;u(al:>slc:eri;13w‘ive statistics and VIF of independents variables (complete period)

Variables Average Maximum Minimum va?:i?:): Variance Asymmeiry Kurtosis  VIF
DIV_LIQ_CP 1,016, 7,700 -4,100 2,025, 4.10e+92 1.997 7.142 1.04
END_C_CP 0.295 1.629 0.005 0.301 0.090 2.830 12136  1.09

END_C_LP  0.427 2.173 0 0.390 0.152 2.765 12510 1.36
END_C_DF 0.337 1.189 0 0.258 0.066 1.066 4.637 1.41

Source: Prepared by the authors.
Note: DIV_LIQ_CP = short-term net debt (in R$ millions); END_C_CP = short-term debt; END_C_LP
= long-term debt; END_C_DF = financial indebtedness.

In addition, Table 2 shows the descriptive statistics for the pandemic period.
Specifically, short-term net debt decreased, while long-term debt increased. Short-
term debt and financial indebtedness remained close to the mean of the total
sample, indicating no major changes.

qulzlceripzaﬁve statistics of independents variables (pandemic period)
Variables Average Maximum Minimum zt:vr;:;?;i Variance Asymmetry Kurtosis
DIV_LIQ_CP 879.912 7,700 -4,100 2,048.64 4.20e+9 2.018 7.471
END_C_CP 0.30 1.628 .005 0.309 0.096 2.797 11.708
END_C_LP 0.450 0.384 0.147 2.619 11.933
END_C_DF 0.337 1.189 0 0.258 0.067 1.037 4.396

Source: Prepared by the authors.
Note: DIV_LIQ_CP = short-term net debt (in R$ millions); END_C_CP = short-term debt;
END_C_LP =long-term debft; END_C_DF = financial indebtedness.

Next, the best fit of the multilevel model was verified. To visually show the
comparison of a traditional model (OLS, ordinary least squares) with the multilevel
model (HLM3), the graph shown in Figure 2 was prepared.

As can be observed in Figure 2, the mulfilevel model (HLM3) was closer to
the observed values. This figure visualizes the superiority of the linear frend model
with explanatory variables and intercepts and random slopes at levels 2 and 3
(HLM3), in contrast to the multiple linear regression model estimated by OLS. Thus,
the relevance of considering the random effects components in nested data
structures is mentioned.
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Figure 2 - Comparison of OLS (ordinary least squares) and HLM3 (multilevel model)
Source: Prepared by the authors.

The explanatory variables indicate the capital structure of companies to
verify the effect on insolvency risk. Table 3 shows the results of the complete model.
For the analysis of hypothesis 1a (short-term net debt positively influences the
insolvency risk), the results of the short-term net debt (DIV_LIQ_CP) variable were
observed. The results for the variable are significant (p value =0.001) and negative,
which differed from the expectation. Thus, hypothesis 1a of this study was rejected,
indicating that short-term net debt negatively influences the insolvency risk of
nonfinancial Brazilian companies with shares traded on B3.

This result can be considered consistent with the idea defended by Miller
(1977). According to the author, bankruptcy costs exist but may be proportionally
irelevant compared to the tax benefit of indebtedness. Thus, the tax benefit
resulting from onerous short-term liabilities, which are included in current liabilities,
may be responsible for offsetting the bankruptcy costs associated with higher
short-term net debt, reducing the risk of bankruptcy.

The analysis of hypothesis Tb (short-term indebtedness positively influences
the insolvency risk) was based on the results of the short-term indebtedness
(END_C_CP) variable. As shown in Table 3, the result for this variable was significant
(p value=0.000) and positive. This result does not reject hypothesis 1b, indicating
the positive influence of short-term debt on the insolvency risk of Brazilian
nonfinancial companies with shares traded on B3, a result consistent with frade-off
theory.

The analysis of hypothesis 1c (long-term indebtedness positively influences
the insolvency risk) was based on the results of the long-term indebtedness
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(END_C_LP) variable. The results for the was significant (p value = 0.000) and
positive, as expected. Thus, the result does not reject hypothesis 1c and indicated
the positive influence of short-term debt on the insolvency risk of nonfinancial
Brazilian companies with shares traded on B3, as expected.

As proposed by trade-off theory, the indebtedness was expected to
positively influence the risk of bankruptcy due to an increase in bankruptcy costs
from greater indebtedness (Myers, 2001). The short-term debt (END_C_CP) and
long-term debt (END_C_LP) variables showed significant positive effects,
corroborating the theory proposed and confirming hypotheses 1b and 1c.

Table 3
Results of the complete model
Fixed effects Coefficient Standard error P-value
Constant -1.227 0.408 0.003
Quarter -0.006 0.010 0.552
DIV_LIQ_CP -2.12e-07 3.77e-08 0.000
END_C_CP 5.848 0.244 0.000
END_C_LP 4,937 0.220 0.000
END_C_DF -3.756 0.899 0.000
END_C_DF_2 4.014 0.854 0.000
DIV_LIQ_CP_TRIM 2.48e-09 1.17e-09 0.033
END_C_CP_TRIM 0.043 0.008 0.000
END_C_LP_TRIM 0.051 0.007 0.000
END_C_DF_TRIM -0.050 0.027 0.064
END_C_DF_2_TRIM -0.021 0.026 0.426
Random effects Coefficient Standard Error Txxxx/ Standard Error
TU0QO for Sector 0.157 0.368 0.430
Tul00 for sector 0.000 0.000 0.215
1000 for company 45.112 3.726 12.107
1100 for company 0.024 0.010 12.349
o2 2.779 0.032 8.52E-06
Cor:'gilg;:c:zzr cc) Value Standard Error
rhocompany | sector 0.942 0.005
rhosector 0.003 0.008
Lrtest x2 P-value
27695.06 0.000

Source: Prepared by the authors.

Note: DIV_LIQ_CP = short-term net debt; END_C_CP = short-term debt; END_C_LP = long-term
debt; END_C_DF = financial indebtedness; END_C_DF_2 = financial debt squared; 7,400 € Tro00 =
variances in the error terms; rhocompany/sector= 1€VEl 2 infraclass Correlation; rhogecor= level 3
infraclass Correlation; o?var(Residual)= residual variance in error terms; ICC= intraclass
Correlation.
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For the analysis of hypothesis 1d (the book value of financial indebtedness
negatively influences the insolvency risk to some extent), the results of the book
value of financial debt (END_C_DF) and the book value financial debt squared
(END_C_DF_2) variables were analyzed. This analysis accounted for the existence
of a U-shaped quadratic relationship between the book value of financial
indebtedness and the insolvency risk according to the assumptions of frade-off
theory, which mentions the tax benefit arising from a reduction in tax due
payments of financial expenses, affecting the so-called onerous liabilities.

The analysis showed that the variable and its quadratic term had significant
results (p value = 0.000). As expected, the book value of financial debt variable
had a negative coefficient, while the quadratic term of the variable had a positive
coefficient, which indicates the expected U-shaped relationship. Thus, the results
does not reject hypothesis 1d, indicating that the tax benefit deriving from onerous
liabilities negatively influences the insolvency risk to some extent, with the optimal
point being the value of financial indebtedness (END_C_DF) equal to 0.4679. This
value was determined by dividing the coefficient of the financial indebtedness
(END_C_DF) variable by twice the coefficient of the quadratic variable of financial
indebtedness (END_C_DF_2).

These results indicate that financial indebtedness negatively influences to
some extent (END_C_DF = 0.4679) the insolvency risk. Importantly, financial
indebtedness (END_C_DF) considers the amounts on which interest is levied and,
thus, the higherits value is, the greater the tax benefit provided by the interest paid
tends to be. According to frade-off theory, indebtedness generates a tax benefit
due to a reduction in taxes paid from a reduction given by the interest paid;
however, bankruptcy costs must also be considered.

This result can be considered partially consistent with that proposed by
Miller (1977). According to the author, bankruptcy costs exist but may be
proportionally irrelevant compared to the tax benefit of indebtedness. Thus, the
tax benefit resulting from the use of third-party capital may be responsible for
offsetting the bankruptcy costs associated with greater indebtedness, reducing
the risk of bankruptcy.

The significance of the quadratic term, however, reinforces the existence
of an optimal indebtedness point (Brito et al., 2007; Durand, 1959) and the
existence of the tax benefit as proposed by frade-off theory (Modigliani & Miller,
1963). This is because although the tax benefit results in a decrease in the
insolvency risk, there is an optimal point that maximizes the effects of the tax
benefit and minimizes the effects of bankruptcy costs (DeAngelo & Masulis, 1980;
Miller, 1977; Scoftt, 1976).

Unlike the proposal in Miller (1977), the tax benefit offsets the bankruptcy
costs arising from indebtedness only to a certain extent. This finding indicates that
although the use of third-party capital, specifically onerous liabilities, is beneficial
for companies, its use should not be excessive, as doing so may in fact result in
excessive bankruptcy costs for the company. Thus, companies should use financial
debt moderately (Durand, 1959) to minimize theirinsolvency risk and maximize their
value.
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To analyze the effect of the COVID-19 pandemic on the relationship
between capital structure and insolvency risk, the moderating variables obtained
through the product of the capital structure variables and the dummy variable
that represented the period were added to the previous model (value of 1 for the
four quarters of 2020 and 2021; value of zero for the other quarters). Table 4 shows
the results considering the moderating variables.

Table 4
Results of the complete model including the moderating variables and COVID-19 pandemic
Fixed effects Coefficient Standard error P-value
Constant -1.200 0.414 0.004
Quarter 0.001 0.009 0.913
DIV_LIQ_CP -2.22e-07 3.98e-08 0.000
END_C_CP 5.22 0.266 0.000
END_C_LP 5.243 0.233 0.000
END_C_DF -3.739 0.946 0.000
END_C_DF 2 4.147 0.920 0.000
DIV_LIQ_CP_COVID -2.33e-08 2.39e-08 0.331
END_C_CP_COVID -0.947 0.163 0.000
END_C_LP_COVID 0.568 0.148 0.000
END_C_DF_COVID -0.405 0.483 0.402
END_C_DF_2 COVID 0.522 0.492 0.289
DIV_LIQ_CP_TRIM 3.19e-09 1.33e-09 0.016
END_C_CP_TRIM 0.070 0.009 0.000
END_C_LP_TRIM 0.039 0.008 0.000
END_C_DF_TRIM -0.048 0.030 0.105
END_C_DF_2_TRIM -0.030 0.029 0.307
COVID 0.031 0.121 0.798
Random effects Coefficient Standard Error Txxxx/ Standard Error
TU000 for Sector 0.148 0.179 0.827
Tu100 for sector 0.000 0.000 0.716
11000 for company 45.799 3.763 12.169
100 for company 0.024 0.020 12.388
o2 2.767 0.032 85.187
Corlrgtlﬁgzzls cc) Value Standard Error
rhocompany | sector 0.943 0.004
Rhosector 0.003 0.004
Lrtest x? P-value
27719.67 0.000

Source: Prepared by the authors.

Note: DIV_LIQ_CP = short-term net debt; END_C_CP = short-term debt; END_C_LP = long-term
debt; END_C_DF = financial indebtedness; END_C_DF_2 = financial debt squared; 400 € Tro00 =
variances in the error terms; rhocompany sector= 1€VEl 2 infraclass Correlation; rhogecor= level 3
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intraclass Correlation; o?var(Residual)= residual variance in error terms; ICC= intraclass
Correlation.

The analysis of hypothesis 2a (the COVID-19 pandemic strengthens the
positive influence of short-term net debt on insolvency risk) showed that the short-
term net debt X COVID-19 (DIV_LIQ_CP_COVID) moderating variable was not
significant (p value=0.773) and negative. Thus, hypothesis 2a of this study was
reject.

The analysis of hypothesis 2b (the COVID-19 pandemic strengthens the
positive influence of short-term indebtedness on the insolvency risk) was performed
by observing the short-term indebtedness X COVID-19 (END_C_CP_COVID)
moderating variable. Table 4 shows that the variable had a significant (p value =
0.000) but negative result, indicating that the COVID-19 pandemic weakened the
posifive influence of short-term indebtedness on the insolvency risk. Therefore, this
result rejected hypothesis 2b.

This result may have been caused by some companies having to stop their
operating activities due to distancing during the COVID-19 pandemic. In addition,
given the state of the calamity, several companies may have renegotiated their
debts (especially short-term debts), as cash generation was compromised during
the pandemic, and specific regulations were proposed for the pandemic period.

Hypothesis 2c (the COVID-19 pandemic strengthens the positive influence
of long-term indebtedness on the insolvency risk) was verified by analyzing the
moderating variable long-term debt X COVID-19. The coefficient of the variable
was significant (p value = 0.000) and positive, indicating that hypothesis 2c was not
reject. Thus, regarding the effect of long-term indebtedness on insolvency risk, the
COVID-19 pandemic indeed strengthened this relationship, a fact that may be
due to the need to use third-party capital, which was probably negotiated for the
long term given the possible difficulties in generating cash flow associated with the
COVID-19 pandemic.

To analyze hypotheses 2d and 2e (the COVID-19 pandemic weakens the
negative influence (to some extent) of the book value of financial indebtedness
on insolvency risk, and the COVID-19 pandemic strengthens the positive influence
(from a certain point) of the book value of financial indebtedness (square term)
on insolvency risk), the moderating variables of the book value of financial
indebtedness X COVID-19 and the book value of financial indebtedness squared
X COVID-19 were observed. The coefficients of these variables were not significant
(p-value=0.402; p-value=0.289). Therefore, these results do reject hypotheses 2d
and 2e. Thus, the Hypothesis that thepandemic weakened the initially negative
relationship between the book value of financial indebtedness and the insolvency
risk was reject, as insolvency risk could rise due to factors such as the risk of debt
rollover. Furthermore, was not possible confirming that the pandemic strengthened
the positive relationship beyond a certain point between the book value of
financial indebtedness and the insolvency risk, as proposed by hypothesis 2e.

For all these reasons, it is clear that the results corroborate previous studies,
which showed that capital structure and insolvency risk are related (Haron et al.,
2021; Hovakimian et al., 2012). It is worth noting that the results corroborate the
trade-off theory, which indicates the existence of an optimal level of capital

Revista Contabilidade Vista & Revista, ISSN 0103-734X, Universidade Federal de Minas Gerais, 19
Belo Horizonte, v. 36, n. 2, p. 1-32, maio/ago. 2025.



Tais R. da Costa, José W. do Prado, Ednilson S. de Avila, Lélis P. de Andrade and Paulo H. S. Guimardes

(Myers, 1984; Ricca et al., 2021). Therefore, the results reinforce the importance of
companies being aware of their debt levels, so that they do not exceed the
opfimal level, which can lead to insolvency problem:s.

When considering specifically the pandemic period, the results showed that
the relationship between capital structure and insolvency risk was strengthened
only in the case of long-term debt. This result may be an indication that companies
avoided other types of financing during the pandemic, a fact that may be due to
organizations' greater caution regarding the increased risk of insolvency resulting
from excessive debt (Haron et al., 2021). In addition, it is worth noting that studies
considering other contexts identified a reduction in companies' short-term debt
during the pandemic period, while they showed an increase in long-term debt
(Azhari et al., 2022; Gao & Tsusaka, 2023).

4.1 Robustness test

To confirm the results of the study, a robustness test was also performed. For
this purpose, the analysis was performed again, but this time considering another
variable to measure the risk of insolvency. The variable used was from another
Brazilian insolvency prediction model, developed by Elizabetsky, (1976). Formula 7
indicates the model used.

Z = 1,93X32 - 0,20X33 + 1,02X35 + 1'33X36 - 1,12X37 (7)
Where:

Z = score total (8)

Net profit
A it g 9
32 Sales )

Available

X33 = (10)

Non — current assets

Accounts receivable

(11)

Total assets

Stock

- (12)
Total assets

X36

Current Liabilities

(13)

Total assets

In this case, high Z values indicate a lower insolvency risk, so the variable was
also multiplied by minus one (-1), so that higher values indicate a higher risk of
insolvency. Thus, the two models were estimated again, now using the Z value
proposed by Elizabetsky (1976). Table 5 shows the results for the first block of
hypotheses.

Table 5
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Results of the complete model

Fixed effects Coefficient Standard error P-value
Constant -0.499 0.195 0.011
Quarter 0.002 0.005 0.751
DIV_LIQ_CP -4.93e-08 2.02e-08 0.014
END_C_CP 2.751 0.157 0.000
Fixed effects Coefficient Standard error P-value
END_C_LP 2.008 0.151 0.000
END_C_DF -2.528 0.475 0.000
END_C_DF_2 1.378 0.468 0.003
DIV_LIQ_CP_TRIM 1.81e-09 6.21e-10 0.004
END_C_CP_TRIM -0.0258 0.005 0.000
END_C_LP_TRIM -0.044 0.004 0.000
END_C_DF_TRIM 0.071 0.014 0.000
END_C_DF_2_TRIM -0.014 0.014 0.306
Random effects Coefficient Standard Error Txxxx/ Standard Error
TU000 for Sector 0.333 0.185 1.78
Tu100 for sector 0.0001 0.00008 1.25
1000 for company 1.327 0.135 9.82
100 for company 0.001 0.0001 10
o2 0.976 0.012 81.33
Corlrr:lz:dﬁc:(r::ls cc) Value Standard Error
rhocompany | sector 0.630 0.031
rhosector 0.126 0.062
Lrtest x? P-value
6501.15 0.000

Source: Prepared by the authors.

Note: DIV_LIQ_CP = short-term net debt; END_C_CP = short-term debt; END_C_LP = long-term
debt; END_C_DF = financial indebtedness; END_C_DF_2 = financial debt squared; 7,400 € Tr000 =
variances in the error terms; rhocompany sector= 1€VEl 2 infraclass Correlation; rhogecor= level 3

intraclass Correlation; o2var(Residual)= residual variance in error terms; ICC= infraclass
Correlation.

The results of the first block of hypotheses were all consistent with the
previous results of the study. In this case, hypotheses 1b, Tc and 1d of the study
were confirmed, as proposed by the Trade-off theory.

Again, the model for the second block of hypotheses was estimated, as
shown in Table 6. In this case, the results confirmed only hypothesis 2e, which
indicated a strengthening of the positive relationship between financial debt and
insolvency risk, from a certain point (2e). The other hypotheses, however, were not
confirmed.

Revista Contabilidade Vista & Revista, ISSN 0103-734X, Universidade Federal de Minas Gerais, 21
Belo Horizonte, v. 36, n. 2, p. 1-32, maio/ago. 2025.



Tais R. da Costa, José W. do Prado, Ednilson S. de Avila, Lélis P. de Andrade and Paulo H. S. Guimardes

Despite presenting significant results, short-term and long-term debt
presented negative results, indicating that the positive relationship between debt
and insolvency risk in these cases was weakened. In this case, the possibility that
Brazilian companies have been more cautious regarding their level of debt during
the pandemic is once again highlighted, in order to avoid an excessive increase
in their insolvency risk, that is, reinforcing that Brazilian companies can adopt a
conservative stance regarding their capital structure (Ricca et al., 2021).
Additionally, it is worth noting that the chosen Z-score may be a determinant of
the weakening or strengthening of the relationship between different types of debt
and insolvency risk, especially considering crisis periods.

;Ztsatlf(laf:of the complete model including the moderating variables and COVID-19 pandemic
Fixed effects Coefficient Standard error P-value
Constant -0.287 0.199 0.149
Quarter -0.008 0.005 0.139
DIV_LIQ_CP -3.88e-08 2.14e-08 0.070
END_C_CP 2.285 0.174 0.000
END_C_LP 1.844 0.165 0.000
END_C_DF -3.089 0.511 0.000
END_C_DF_2 2.515 0.518 0.000
DIV_LIQ_CP_COVID 1.57e-08 1.42e-08 0.269
END_C_CP_COVID -0.660 0.103 0.000
END_C_LP_COVID -0.287 0.099 0.004
END_C_DF_COVID -0.890 0.316 0.005
END_C_DF _2_COVID 1.737 0.326 0.000
DIV_LIQ_CP_TRIM 1.40e-09 7.23e-10 0.054
END_C_CP_TRIM -0.005 0.006 0.368
END_C_LP_TRIM -0.036 0.005 0.000
END_C_DF_TRIM 0.094 0.016 0.000
END_C_DF_2_TRIM -0.063 0.017 0.000
COVID 0.339 0.081 0.000
Random effects Coefficient Standard Error Txxxx/ Standard Error
TU000 for Sector 0.321 0.181 1.773
TU100 for sector 0.0001 0.00008 1.25
11000 for company 1.357 0.138 9.833
100 for company 0.001 0.0001 10
o2 var(Residual)) 0.970 0.012 80.833
Corlrr:lﬁgﬁzls cc) Value Standard Error
rhocompany | sector 0.633 0.030
rhosector 0.121 0.060
Lrtest x? P-value
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6528.76 0.000
Source: Prepared by the authors.
Note: DIV_LIQ_CP = short-term net debt; END_C_CP = short-term debt; END_C_LP = long-term
debt; END_C_DF = financial indebtedness; END_C_DF_2 = financial debt squared; 400 € Tro00 =
variances in the error terms; rhocompany sector= 1€VEl 2 infraclass Correlation; rhogecor= level 3
intraclass Correlation; o?var(Residual)= residual variance in error terms; ICC= intraclass
Correlation.

In addition, the moderation result, analyzed for hypothesis 2d, presented a
significant and negative result, which indicates that the initially negative
relationship between financial debt and insolvency risk was strengthened by the
pandemic, once again indicating the relevance of the pandemic in the
relationship between capital structure and insolvency risk. Therefore, it is
highlighted the importance of companies frying to seek the optimal level of debf,
so that they do not incur high insolvency risks resulting from excess debt.

It is also noteworthy that, in the robustness test, the variable indicating the
COVID-19 pandemic presented a significant and positive result. Therefore, this
result indicates that the crisis caused by COVID-19 had a positive impact on the
insolvency risk of Brazilian companies. This result is consistent with other studies that
verified the influence of COVID-19 on aspects such as indebtedness (Azhari et al.,
2022; Gao & Tsusaka, 2023) and performance (Shaari & Kamarudin, 2024), which
may affect the risk of these companies.

5 FINAL CONSIDERATIONS

We aimed to analyze the impact of capital structure on the insolvency risk
of publicly traded Brazilian nonfinancial companies tfraded on B3. Quarterly data
from the financial statements obtained through Economdatica, considering the
period from January 2010 to December 2021, were considered. We chose to use
mulfilevel regression of the panel data for the analysis.

The results showed that some of the capital structure variables had
significant results, which confirmed some of the initially proposed hypotheses.
Specifically, the short-term indebtedness (END_C_CP) and long-term indebtedness
(END_C_LP) variables showed significant positive effects, corroborating trade-off
theory, which proposes that the use of third-party capital increases bankruptcy
costs and, therefore, the insolvency risk (Myers, 2001). These results does not reject
hypotheses 1b and 1c.

The result of the short-term net debt (DIV_LIQ_CP) variable, in turn, was
significant but negative—different from expectations. Thus, hypothesis 1a was not
confirmed, indicating that short-term net debt negatively influenced the
insolvency risk of the companies analyzed.

The book value of financial indebtedness (END_C_DF) and its quadratic term
(END_C_DF_2) variables had significant results, with END_C_DF having a negative
coefficient and END_C_DF_2 having a positive coefficient. These results does not
reject the hypothesis 1d, which expected a quadratic (U-shaped) relationship
between the book value of financial indebtedness and the insolvency risk. Such a
result was expected due to the tax benefit derived from onerous liabilities that
offsets, to some extent, the bankruptcy costs associated with the use of debt. The
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book value of financial debt (END_C_DF) is composed of the so-called onerous
liabilities; i.e., it considers third-party capital on which there is interest.

Since trade-off theory postulates about the tax benefit arising from the use
of third-party capital (Modigliani & Miller, 1963), this result indicates that the tax
benefit provided by the interest paid exceeded, to a certain extent, bankruptcy
costs and, thus, initially negatively influenced the insolvency risk. This result can be
considered consistent with trade-off theory as proposed, which recognizes the
existence of bankruptcy costs but defends the existence of an optimal capital
structure (Brito et al., 2007; Durand, 1959; Modigliani & Miller, 1963). Thus, the tax
benefit is considered to decrease the insolvency risk to some extent; however, if
the use of third-party capital is excessive, the bankruptcy costs exceed this tax
benefit.

When considering the effects of the COVID-19 pandemic on the influence
of the capital structure variables on bankruptcy risk, some of the results were not
significant or rejected the hypotheses. Specifically, on the first model only
hypothesis 2c (the COVID-19 pandemic strengthened the positive influence of
long-term indebtedness on the insolvency risk) was not reject. This result suggests
that the COVID-19 pandemic strengthened the influence of long-term
indebtedness on the insolvency risk and may indicate that, faced with the need
to use third-party capital, companies mainly opted for long-term debt due to the
possible difficulties arising from the COVID-19 pandemic. The result may also reflect
the effect of the possible renegotiations of short-term debts carried out during the
pandemic period.

However, considering the robustness test, the result of the COVID-19
moderation in the relationship between long-term debt showed a negative result,
indicating a weakening of the relationship. Thus, we note that the moderating
effect of the pandemic presented significant results for both cases, indicating its
relevance for the relationship between long-term debt and insolvency risk.
However, it is worth noting that the result can be considered inconclusive, requiring
specific investigations related to the effects of COVID-19 on long-term debt to be
carried out.

One possible explanation for the different results is that the Altman (1979)
and Elizabetsky (1976) Z-scores present different calculation methods. It is worth
notfing that only the Elizabetsky (1976) model considers the differentiation between
current liabilities and total liabilities, while the Altman et al. (1979) model considers
only total liabilities, without distinguishing between current and non-current
liabilities. Therefore, the choice of the model used may influence the intensity
relationship between debt and insolvency risk in crisis periods, such as the COVID-
19 pandemic.When considering short-term debt, despite a significant result, the
coefficient was negative, indicating that the COVID-19 pandemic weakened the
positive influence of short-term indebtedness on the insolvency risk, possibly
because of the need to renegotiate short-term debts, mainly given companies’
cash generation problems, as many had to pause their activities due to the social
isolation imposed to contain the virus.

Specifically, the results of the robustness test indicate that Brazilian
companies may be conservative in relation to debt during crisis periods, precisely
to avoid an increase in the insolvency risk. Also, the use of long-term debt may
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help the companies with their liquidity, weakening their insolvency risk, especially
in the short term. In addition, the robustness test showed that the relationship
between financial debt and insolvency risk was impacted, highlighting the
importance of companies not exceeding the optimal level of financial debtf,
especially in crisis periods.

The results of this study have clear academic, managerial, social and
political implications. Regarding academic implications, we extend the literature
on the insolvency risk, identifying factors that may influence this risk. Unlike most
studies, which are usually concerned with the development of predictive models,
in this study, we focused on the effects of capital structure. The results led to the
conclusion that frade-off theory can explain the influence of debt on the
insolvency risk. Thus, through this study, we observed an optimal point that
maximizes the effects of the tax benefit arising from onerous liabilities and minimizes
the risk of the insolvency of nonfinancial Brazilian companies with shares tfraded on
B3.

Regarding the managerial implications, in this study, verifying that capital
structure is relevant to the insolvency risk of the analyzed companies was possible.
Such knowledge provides decision makers with evidence of the existence of an
optimal capital structure that minimizes bankruptcy risk. Thus, decision makers can
adopt strategies that favor the financial health of companies and can opt for a
capital structure that does not put the company at risk, ultimately favoring its
financial health.

The social implications of this study refer to the benefits generated for
society while a company remains in the market. Through greater knowledge of the
factors that influence the insolvency risk, decision makers will have knowledge that
can help them adopt more assertive strategies. Thus, all stakeholders linked to the
organization benefit, such as investors, employees and suppliers, since the
discontinuity of a company that goes bankrupt harms all agents involved, a fact
that can trigger a systemic effect.

Finally, political implications are mentioned. As already mentioned, studies
on insolvency risk have focused mainly on forecasting models; however,
understanding the factors that influence this risk is also relevant. Thus, through this
knowledge, more appropriate public policies can be formulated, especially those
related to judicial and exirajudicial reorganization and bankruptcy, to make
judicial and exirajudicial reorganization more efficient and effective and fo
enable companies to actually recover and become competitive in the market.

Despite the relevance of this study, some limitations are mentioned. First,
data from publicly traded companies with shares traded on B3 were considered.
Therefore, the sample did not include companies not listed on Be, which can be a
limitation. For future studies, it is suggested that samples considering different
companies be used, such as small and medium-sized companies. This analysis will
help improve knowledge of the determinants of insolvency risk, allowing a more
comprehensive view of the effects of capital structure on the insolvency risk of
smaller companies; the analysis will also be relevant to analyzing the influence of
the pandemic on these companies.
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Another limitation of this study was that only Brazilian companies were
considered. Given the institutional differences that can influence the capital
stfructure and the insolvency risk, studies considering companies from other
developing countries should be considered, such as companies from Latin
American countries. Such analysis may increase the knowledge by showing
whether the influence of capital structure in different institutional contexts presents
results that corroborate or contradict those found in the present study. The effects
of the pandemic on the relationship and insolvency risk of companies from
different countries can also be analyzed.

Finally, this study did not consider issues related to legislation on judicial
reorganization, extrajudicial reorganization and bankruptcy. For future studies, it is
suggested that this aspect be considered because such analysis will make it
possible to identify how the current legislation and the changes that have
occurred over the years influence the relationship between capital structure and
bankruptcy risk. Thus, a new perspective of the factors that determine the risk of
bankruptcy can be analyzed, also expanding the knowledge on the subject.
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