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ABSTRACT

This study examines the impact of risk behavior on the profitability of banks in digital banking institutions
and those undergoing digital transformation. Referencing risk-return theory, moral hazard theory, agency
theory, and charter value theory, this study analyzes how credit risk and liquidity risk affect bank
profitability. Using panel data from 18 digital and hybrid banks for the period 2016-2023 (144 bank-year
observations), panel regression techniques are used to estimate the impact of non-performing loans (NPLs) and
the loan-to-deposit ratio (LDR) on return on assets (ROA) and return on equity (ROE). The empirical results
show that credit risk, as measured by NPLs, has a statistically significant positive effect on ROA and ROE,
suggesting that higher risk is associated with an increase in short-term profitability. These results point to an
aggressive lending strategy and aggressive risk transfer behavior in digitally oriented banking models. On the
other hand, the liquidity position measured by LDR shows a marginal negative impact on ROA and no
significant impact on ROE, suggesting that liquidity aggressiveness plays only a minor role in shaping bank
profitability. These findings contribute to the ongoing debate on the risk-return trade-off by showing that, in
a digital banking environment, increased risk-taking can temporarily boost a bank's profitability on a balance
sheet basis. Howevert, such profitability gains may not be sustainable in the long term, as a sustained
accumulation of credit risk can erode capital reserves and jeopardize financial stability. From a regulatory
perspective, these findings underscore the importance of forward-looking supervision, dynamic provisions, and
improved governance mechanisms to reduce incentives for excessive risk-taking in digital banking. The study
enriches the literature by combining classical financial risk theories with the dynamics of modern digital
banking and provides relevant insights for regulators overseeing technology-oriented financial institutions.
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1. INTRODUCTION

The global banking industry is currently
undergoing profound change, driven by the
emergence of digital banks and hybrid banking
models. This digital transformation is rapidly
changing the financial services landscape, particularly
in developing countries, where financial technology
innovations are increasingly providing a viable
alternative to traditional banking services and
expanding access for populations that have previously
been underserved by banking services (Saal et al.,
2017). Unlike traditional banking institutions, digital
banks use technology platforms, big data analytics,
and app-based distribution to achieve unprecedented
speed in lending and customer acquisition (Bresciani
et al, 2021; Gulati et al, 2025; Shonubi, 2025).
However, this transformation leads to a fundamental
duality: while digitalization promises more efficient
cost structures and improved operational efficiency, it
also creates new forms of credit and liquidity risks that
are potentially more volatile (Allen et al, 2021;
Mavlutova et al., 2025). In this purely digital
environment, risk-taking goes beyond purely
operational consequences and becomes a key strategic
decision one that has direct and immediate
implications for the bank's profits and its long-term
viability.

The relationship between risk-taking and bank
profits has long been a central topic in finance, but its
manifestation in  digital banking remains
theoretically unclear. The classic risk-return trade-off
paradigm suggests a positive relationship, whereby
higher risk exposure must theoretically be offset by
higher returns (Bannier et al., 2023). On the other
hand, agency theory argues that misaligned
incentives — particularly moral hazards arising from
implicit deposit insurance schemes or government
guarantees—can cause managers to take excessive
risks that increase short-term profits at the expense of
long-term stability (Bhagat & Laurion, 2024; Delis et
al., 2022). A more bank-focused perspective, the
charter value hypothesis, argues that banks with high
charter value are incentivized to engage in prudent
risk management practices to protect their future
earnings and therefore predicts a negative
relationship between risk and return (Arping, 2019;
Chronopoulos et al., 2023). The realization of these
conflicting theoretical predictions in the context of
digital banks where the value of the license may not
yet be proven, growth requirements are very high,
and traditional regulatory safeguards may not fully
apply remains an open and urgent empirical
question.

At the operational level, the two most important
risk dimensions for a bank's profitability are credit
risk and liquidity risk. Credit risk, which is typically
measured by the non-performing loan (NPL) ratio,
reflects the quality of a bank's productive assets and
the effectiveness of its credit risk management
framework. An increase in NPLs indicates a
deterioration in borrowers' ability to repay their
debts, which ultimately depresses net income and
reduces the bank's profits (Fallanca et al., 2020; Le et
al.,, 2022; Vuong et al., 2024). For digital banks, which
often rely on algorithmic underwriting and machine
learning-based credit assessments to serve
underserved populations with limited credit
histories, the risk of rapid asset quality deterioration
is a particularly important issue (Akinbowale et al.,
2024; Singh et al, 2026). Liquidity risk, often
measured by the loan-to-deposit ratio (LDR), reflects
the aggressiveness of the bank's lending activities.
While a high LDR ratio can increase interest income,
it also increases vulnerability to funding shocks,
especially when the deposit base is less “stable” —a
common feature of app-based digital banks, where
customers can switch service providers with a few
clicks on their smartphones (He et al., 2025; Saeed &
Donkoh, 2026).

The destructive potential of these risks when
poorly managed has become clear in recent history.
While the global financial crisis of 2007-2008 exposed
the dangers of systemic credit risks and liquidity
mismatches in complex and interconnected
institutions (Andries et al., 2024; Elliott et al., 2021;
Fang et al., 2025; Maghyereh, 2024), the collapse of
Silicon Valley Bank (SVB) in 2023 is a more recent and
digitally relevant warning. The collapse of SVB
shows how a seemingly traditional liquidity crisis
can be exacerbated by digital dynamics: the rapid
spread of information via social media platforms and
the ease of withdrawing funds via mobile banking
apps triggered a bank run of unprecedented speed,
compressing the classic liquidity spiral into a matter
of hours (Larsson & Viitaoja, 2017; Mogaji & Nguyen,
2024). This event makes it clear that in the digital age,
the transmission mechanisms from risk exposure to
erosion of profitability are not only faster but also
potentially more severe and less predictable than in
traditional banking models.

From a measurement perspective, return on assets
(ROA) and return on equity (ROE) remain
fundamental indicators of a bank's profitability, as
they reflect the efficiency of asset utilization and the
effectiveness of capital management in generating
profits for shareholders (Biswas et al., 2025; Hassan et
al., 2026, Misra & Sahoo, 2026). ROA measures a
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bank's ability to optimize its total assets to generate
profits, while ROE reflects the final return to
shareholders. In digital banking, a leaner cost
structure characterized by lower branch costs and a
higher degree of automation—can theoretically
improve both ROA and ROE. However, these
operational advantages can quickly be negated if the
credit risks of digital loans materialize or if liquidity
reserves prove insufficient in times of market stress
(Ye & Zhao, 2024).

The empirical literature on the risk-return trade-
off shows mixed and often contradictory results.
Studies on traditional banks in emerging markets
typically report negative effects of credit risk on
returns, consistent with the view that poor assets
reduce profits (Naouar et al., 2024). In contrast,
studies focusing on emerging markets or fintech
lenders sometimes document a positive or
insignificant relationship, possibly due to higher
interest margins that compensate for the higher risk,
or because digital loans are relatively new and not yet
mature and have not yet transitioned to “non-
performing” status (Aleemi et al., 2023; Lavrinenko
et al., 2023). These unclear results point to a more
complex reality: the relationship may not be linear,
may depend on the institutional context, or may be
moderated by the characteristics of the business
model—all of which are highly relevant to the
rapidly growing field of digital banking.

This study fills an important research gap by
focusing on the unique and under-researched context
of digital and hybrid banks in emerging markets.
Although there is a wealth of literature on the
performance of conventional banks, empirical
studies that simultaneously model the effects of
credit risk (NPL) and liquidity risk (LDR) on the
profitability (ROA and ROE) of digitally native or
digitally transforming institutions remain very rare.
Furthermore, the existing literature typically
assumes a linear relationship between risk and
profitability, potentially overlooking the existence of
an optimal risk threshold the tipping point at which
the marginal impact of risk on profitability changes
from positive to negative. This nonlinear hypothesis
is particularly relevant for digital banks, which often
pursue aggressive growth targets in their early years,
which can lead them to take risks that exceed
sustainable levels. Furthermore, most previous
studies analyze individual risk dimensions
separately, even though credit and liquidity risks are
inextricably linked in practice and should be
analyzed within an integrated analytical framework
(Greenwood & Warren, 2022; Guthrie et al., 2020;
Rahma et al., 2025). Against this backdrop, this study

aims to analyze the impact of risk appetite
represented by non-performing loans (NPLs) and the
loan-to-deposit ratio (LDR) on bank profitability,
measured by return on assets (ROA) and return on
equity (ROE), using a sample of digital and hybrid
banks operating in emerging markets between 2016
and 2023. This study contributes to the literature in
three key and innovative ways. First, given the
uniqueness of the context, it provides the first
systematic empirical evidence of the risk-return
trade-off in the unique operating context of digital
banks in emerging markets, thereby challenging the
direct application of traditional banking theories and
insights gained from samples of conventional banks.
Second, in terms of analytical integration, this study
expands on previous work by incorporating credit
and liquidity risks into an integrated empirical
framework, thereby overcoming the fragmentation
common in the literature, where these two
fundamental risk dimensions are typically analyzed
separately. Third, with regard to deeper
understanding, this study examines potential
nonlinear effects in the risk-return relationship and
offers a more detailed and policy relevant
perspective on the optimal level of risk—an
important contribution for bank managers designing
growth strategies and for regulators tasked with

ensuring financial stability while promoting
innovation in technology driven financial
institutions.

2. LITERATURE REVIEW

A. Theoretical foundations of risk appetite in
banking

Risk-Return Trade-Off Theory

The risk-return trade-off is one of the fundamental
principles of finance, which states that higher returns
are associated with higher risk. In banking, this theory
implies that banks that engage in risky lending
activities such as lending to borrowers with high
returns but high risk should earn higher profits,
provided that the risk is appropriately priced (Hill &
Pacces, 2018). The intermediary function of banks
inherently involves risk transformation, whereby
these institutions convert short-term deposits into
long-term assets with higher returns. However, it is
important to distinguish between ex-ante risk-taking
and ex-post risk. Although risk-return theory predicts
a positive relationship between expected risk and
return, a deterioration in realized credit quality as
measured by the proportion of non-performing loans
(NPLs) may reflect the materialization of previously
existing risks. After a loan is declared in default, banks
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face higher provisioning expenses, lower interest
income, and potential capital erosion (Begum et al.,
2024). Therefore, according to strict risk-return logic,
realized credit risk should have a negative impact on
profitability unless the previous interest margins
offset the subsequent losses. In digital banking
models, where automated credit checks and rapid
lending are common, ex ante risk assessment could be
more aggressive, potentially reinforcing the short-
term positive relationship between risk-taking and
profitability (Hasan et al., 2025).

Moral Hazard Theory

Moral hazard theory offers an alternative
explanation for the risk-taking behavior of banks.
When banks operate under an explicit deposit
insurance system or an implicit government
guarantee, managers and shareholders may have
incentives to take higher risks, as part of the risk of loss
is transferred to external stakeholders (Chen et al.,
2021; Delis et al., 2022). This risk transfer behavior can
lead to aggressive lending strategies aimed at
maximizing short-term profits. Under moral hazard
conditions, banks may expand their loan portfolios
into riskier segments in order to achieve higher
interest margins. Although such strategies may
increase the probability of loan defaults, profitability
indicators such as ROA and ROE could initially
improve before the losses are fully identified
(Abdelsalam et al., 2024; Rahmania et al., 2024).
Gueyie & Lai (2003) show that the risk behavior of
banks is significantly influenced by ownership
structure and governance incentives, further
underscoring the relevance of moral hazard
considerations. In a digital banking system where
customer acquisition and lending are rapid, the speed
of credit expansion can further exacerbate the
tendency toward moral hazard. The absence of
physical branches and the scalability of algorithmic
credit models can further increase incentives for risk-
taking, especially when regulation lags behind
technological innovations.

Agency Theory

Agency theory emphasizes the conflict of interest
between shareholders and managers (Aladwey et al.,
2026; Al-Faryan, 2024; Mensah et al., 2025). In banking
institutions, the compensation structure for managers
often includes performance-related incentives linked
to accounting metrics such as ROA and ROE
(Salaudeen et al., 2026). As a result, managers may
pursue risky and growth-oriented lending strategies
to boost short-term performance and their personal
compensation, even though such strategies may

increase long-term risk. Mensah et al. (2025) notes that
governance structure significantly influences the risk
behavior of banks and points out that weak control
mechanisms can encourage excessive risk-taking.
Similarly, Brunner-Kirchmair & Wiener (2019) found
that the incentive structure influenced risk behavior
prior to the financial crisis. In the digital banking
environment, agency conflicts may increase due to
competitive pressures and technology investment
costs. Managers of banks undergoing digital
transformation may be under intense pressure to
demonstrate rapid growth, customer expansion, and
profitability improvements. As a result, high NPL
rates may reflect previous aggressive lending

decisions that temporarily improved reported
performance.
Charter Value Theory

Franchise value theory states that banks with high
franchise value have a stronger incentive to act
prudently in order to secure their future economic
returns (Naili & Lahrichi, 2022b). If competition
increases and franchise value declines, banks may
engage in risky activities to secure their profits. Foros
et al. (2026) argues that increasing competition
squeezes profit margins and weakens the incentive to
be cautious. In the digital banking market, barriers to
entry are often lower than in traditional banking due
to technological innovations and regulatory
sandboxes (Joia & Proenca, 2022). This increased
competition can reduce franchise value and lead to
riskier behavior. With declining franchise value, banks
may prioritize short-term profits over long-term
stability, which may explain the positive relationship
between realized credit risks and reported
performance. Franchise value theory therefore
suggests that the risk-return relationship depends on
the intensity of competition and institutional
structure.

B. Credit risks and bank profits

Credit risk, which is usually represented by the
NPL ratio, reflects the deterioration in the quality of
the loan portfolio that has already occurred (Bhowmik
& Sarker, 2021). The “poor management” hypothesis
Naili & Lahrichi (2022b) states that inefficiencies in
monitoring and securing loans lead to higher default
rates, which in turn reduce profits. An increase in the
NPL ratio requires higher provisions and loan loss
reserves, which directly leads to a decline in net profit
and a reduction in ROA and ROE. Empirical studies
largely confirm the negative relationship between
credit risk and profitability. Qureshi & Lamarque
(2023) found that higher credit risk significantly
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reduces the profitability of banks in European
institutions. Yahaya et al. (2022) show that bank-
specific inefficiencies and macroeconomic shocks
increase NPLs and weaken financial performance.
Laryea et al. (2016) also report the negative impact of
NPLs on capital adequacy and profits. However,
alternative evidence suggests that moderate risk-
taking can increase profitability through higher
interest margins and credit growth (Tondi &
Rintaméki, 2026). In a rapidly growing digital lending
environment, interest income may increase before a
deterioration in credit quality becomes apparent.
Therefore, the empirical relationship between NPLs
and profitability may reflect the dynamic interaction
between risk pricing, credit growth, and provisioning.

C. Liquidity risk and bank profits

Liquidity risk arises from the role of maturity
transformation performed by banks (Edwards, 2021).
Since banks finance long-term loans with short-term
deposits, they are inherently vulnerable to deposit
withdrawal shocks. Wellink (2023) highlights how a
liquidity spiral can quickly undermine financial
stability in times of crisis. The loan-to-deposit ratio
(LDR) describes the extent to which lending is
financed by deposits. A higher LDR may indicate
aggressive intermediation, potentially leading to
higher interest income. However, an excessive LDR
increases refinancing risk and vulnerability to
liquidity shortages (M. H. Nguyen et al., 2025).
Empirical results are still mixed. Lopez-Penabad et al.
(2022) and Mohammad et al. (2020) document a
negative relationship between liquidity risk and
profitability. On the other hand, Tripathi et al. (2019)
show that a well-managed liquidity position can
support profitability in emerging markets. In the
context of digital banking, liquidity risk can be
exacerbated by real-time transaction systems and the
rapid dissemination of information. Recent bank
failures in the digital age show how quickly liquidity
pressure can increase when customer confidence
declines.

D. Accounting-based profitability indicators

Bank profits can be measured using market-based
indicators (e.g., Tobin's Q, market capitalization) or
accounting indicators (e.g., ROA and ROE). In
banking research, ROA and ROE are frequently used
because they reflect operational efficiency and returns
to shareholders (Lee & Suh, 2022; Salaudeen et al.,
2026). ROA reflects the efficiency of management in
using assets to generate income, while ROE measures
the return to shareholders relative to equity (Gidage et
al., 2025; Jensen & Kristensen, 2022; Salaudeen et al.,

2026). Although these metrics do not directly reflect
market valuation, they are highly relevant in emerging
markets and partially listed banking systems where
market-based indicators may be volatile or
unavailable. Furthermore, accounting indicators
provide direct insights into internal performance
dynamics and are therefore well suited for analyzing
how risk behavior affects the profits of banks in digital
and hybrid banking institutions.

3. MATERIAL AND METHOD

1. Research objective, hypothesis development,
and model specification

Research Objective

This study aims to empirically examine the impact
of risk appetite on the profitability of digital and hybrid
banks operating in emerging markets. Specifically, this
study analyzes how credit risks, which can be
approximated by the non-performing loan (NPL) ratio,
and liquidity risks, which can be approximated by the
loan-to-deposit ratio (LDR), together affect the
profitability of digital and hybrid banks. NPL) and
liquidity risks, measured by the loan-to-deposit ratio
(LDR), jointly influence the profitability of banks, as
measured by return on assets (ROA) and return on
equity (ROE) in the period 2016-2023.

The objective of this study is based on three
interrelated pillars of financial economics. First, the
risk-return trade-off theory, Ansari (2018) states that
rational risk-taking should lead to a corresponding
return, suggesting a positive relationship between risk
exposure and profitability when risks are accurately
assessed and well managed. Second, agency theory
(Orlando & Bace, 2021) introduces the possibility of
moral hazard, whereby managers protected by limited
liability or deposit insurance may take excessive risks
that increase short-term profits but jeopardize long-
term solvency. Third, the charter value hypothesis
(Haq et al., 2024) offers a contrary prediction: banks
with high charter value have a strong incentive to limit
risk-taking in order to protect future profits, implying
a negative relationship between risk and profit. The
coexistence of these contradictory theoretical
predictions leads to empirical tension that is
particularly acute in the context of digital banking,
where charter value is often untested, growth
requirements dominate, and traditional governance
mechanisms may lag behind technological
innovations. This study was also inspired by three
specific gaps in the existing literature. First, although
many studies have examined the determinants of
bank profitability in conventional banking (Al-Harbi,
2019; Bolarinwa et al., 2019; Le et al., 2022), there is
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very little empirical evidence focusing specifically on
digital and hybrid banks especially those operating in
emerging markets. Second, previous studies typically
analyze credit risk and liquidity risk separately, even
though there are strong theoretical arguments that
these two risk dimensions are inextricably linked and
should be analyzed within an integrated framework
(Alam et al., 2025; Zhao et al., 2025). Modeling these
two types of risk simultaneously is extremely
important in order to avoid biases due to missing
variables and to capture potential interactions that
may be particularly pronounced in digital banking
models, where rapid credit expansion can strain the
liquidity position. Third, the existing literature
typically assumes a linear relationship between risk
appetite and return (Bateman et al., 2020). However,
recent theoretical arguments and empirical evidence
suggest a possible nonlinear relationship specifically,
an inverted U-shaped pattern in which moderate risk-
taking increases profits, but excessive risk-taking
reduces profits. This nonlinear hypothesis has
important policy implications but has not yet been
fully tested in the realm of digital banking.

Hypotheses Development
Credit Risk (NPL) and Bank profitability

The relationship between credit risk and bank
profits can be understood from various theoretical
perspectives. From a traditional banking perspective,
it is assumed that a higher NPL ratio reduces profits
through three main channels. First, non-performing
loans do not generate interest income but still incur
financing costs, which directly leads to a reduction in
the net interest margin. Second, accounting standards
require banks to make provisions for expected credit
losses, which are recorded as costs that reduce net
profit before the provisions are actually made. Third,
high NPL ratios require greater administrative effort
and more operational resources for collection and
credit recovery measures, diverting focus from
lucrative lending opportunities (Haile et al., 2025). The
“poor management” hypothesis, formally formulated
by Berger and DeYoung (Giannopoulos & Kariofyllas,
2025), provides a behavioral explanation for the
negative relationship between NPLs and profitability.
This hypothesis states that managers with poor credit
assessment skills, weak underwriting standards, or
inadequate monitoring skills simultaneously achieve
higher NPLs and lower profits. Inefficient managers
fail to control operating costs and maintain credit
quality, leading to a simultaneous decline in
performance indicators. This hypothesis has found
considerable empirical support in various banking
markets and institutional contexts (Chan et al., 2015).

However, the agency theory perspective introduces a
more nuanced possibility. Managers who are
protected by limited liability or operate under moral
hazard incentives may deliberately pursue a risky
lending strategy that generates above-average interest
income in the short term, even if these loans ultimately
default (Bienz et al., 2026). In such cases, a short-term
positive relationship between NPLs and profitability
may emerge if the higher interest margins on risky
loans exceed provision expenses —a phenomenon that
may be particularly relevant in the context of digital
banking, where the loan portfolio is still young and
defaults have not yet fully materialized. The context of
digital banking raises unique considerations that may
weaken the link between credit risk and profitability.
First, digital banks in emerging markets often use
algorithmic underwriting and machine learning-
based credit assessments to serve customer segments
with limited traditional credit history (Bhatnagr et al.,
2024). While these technologies can improve the
efficiency of credit assessment, their performance
during economic downturns has not been fully tested,
leading to uncertainty about credit quality dynamics.
Second, digital banks pursue aggressive growth
strategies to gain size and market share, potentially
taking on higher credit risks to rapidly expand their
loan portfolios. Third, the young age of digital banks'
loan portfolios means that many of the loans
originated during the sample period may not yet be
mature, so the default risk is not yet fully visible,
potentially obscuring the true relationship between
underwriting standards and profitability. Despite
these nuances, most theoretical arguments and
empirical evidence suggest that persistently high
credit risk ultimately hurts profitability. While
aggressive lending may temporarily boost profits, the
accumulation of non-performing loans ultimately
requires provisions that erode profits and capital.
Furthermore, in a transparent and rapidly
communicating digital environment, a deterioration
in credit quality can trigger a market discipline effect
that increases financing costs and further pressures
profitability (Ghosh, 2023). Therefore, the following
hypothesis is proposed:

Hla: Non-Performing Loan (NPL) ratio has a negative
effect on Return on Assets (ROA) in digital and hybrid
banks operating in emerging markets.

H1b: Non-Performing Loan (NPL) ratio has a negative
effect on Return on Equity (ROE) in digital and hybrid
banks operating in emerging markets.

Liquidity Risk (LDR) and Bank profitability

The relationship between liquidity risk and bank
profits is theoretically unclear and reflects the
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fundamental tension in the banking business model.
On the one hand, banks are designed to convert liquid
deposits into  illiquid loans this maturity
transformation function is the main source of bank
profits and economic value (Vuong et al., 2023). A
higher LDR indicates more intensive participation in
this core function and implies a positive relationship
between LDR and profitability, assuming other factors
remain constant. Banks that maintain an excessively
low LDR hold unused liquid assets that generate
minimal returns and may thus forego lucrative
lending opportunities (Eltweri et al.,, 2024). On the
other hand, an excessive LDR makes the bank
vulnerable to liquidity risks. If a bank with a very high
LDR experiences unexpected deposit outflows, it may
be forced to sell assets at a discount, borrow at high
interest rates from emergency facilities, or reduce new
lending—all of which would hurt profitability
(Arnone et al., 2024). Furthermore, a high LDR ratio
may signal to market participants that the bank is
overly indebted, which could lead to a downgrade in
its credit rating, higher wholesale funding costs, or
deposit outflows, further exacerbating liquidity
pressures (Grandi & Guille, 2023). This suggests a
potential negative relationship at very high LDR
ratios. The liquidity buffer hypothesis (Tran &
Nguyen, 2025) integrates these opposing forces by
proposing that there is an optimal LDR range. Within
this range, banks balance the marginal benefits of
additional loans with the marginal costs of reduced
liquidity. Deviations below the optimal range lead to
profit losses due to lost interest income; deviations
above the optimal range increase vulnerability to
liquidity shocks and may reduce overall profits when
the probability and expected costs of these shocks are
taken into account. This suggests a nonlinear, inverted
U-shaped relationship between LDR and profit a
possibility we explicitly explore in our empirical
design. The context of digital banking fundamentally
changes the dynamics of liquidity risk and its
relationship to profit. Three distinctive features
deserve particular attention. First, digital banks
typically rely on a less stable deposit base than
traditional banks. Customers who sign up via a mobile
app can switch providers with minimal effort, and
interest rate sensitivity may be higher due to easy
access to competitors' offers. This means that digital
banks are exposed to higher liquidity risk at a given
LDR level, as their deposit funding is more vulnerable
to rapid outflows (Isa et al., 2026). Second, the speed at
which a bank run occurs is much higher in the digital
age. The collapse of Silicon Valley Bank in 2023 shows
how communication via social media and mobile
banking apps can shorten a traditional bank run,

which normally takes days or weeks, to a matter of
hours (Cookson et al., 2026). This accelerated dynamic
means that liquidity imbalances that may be
manageable for traditional banks can be fatal for
digital banks, as there is not enough time for corrective
action. Third, digital banks in emerging markets often
face less developed mechanisms of last resort and may
have limited access to central bank liquidity facilities
compared to established institutions. This exacerbates
the consequences of poor liquidity management, as
the safety net is thinner and less reliable. Based on
theoretical and empirical arguments, the following
hypothesis is proposed:

H2a: Loan-to-Deposit Ratio (LDR) has a significant
effect on Return on Assets (ROA) in digital and hybrid
banks operating in emerging markets.

H2b: Loan-to-Deposit Ratio (LDR) has a significant
effect on Return on Equity (ROE) in digital and hybrid
banks operating in emerging markets.

Integrated framework for risk appetite and bank
profitability

Risk-taking at digital banks can be understood as a
function of credit risk and liquidity risk, both of which
affect the bank's profitability. Accordingly, the conceptual
framework of this study can be expressed as follows:

Risk-Taking = f (Credit Risk, Liquidity Risk)

Bank profitability = f (Risk-Taking)

Where:

Credit Risk = f (NPL)

Liquidity Risk = f (LDR)

Bank profitability = f (ROA, ROE)

This integrated model is consistent with the
theoretical thesis that the profitability of banking
institutions depends on optimal risk management
practices (Harb et al., 2023).

Model specifcation

Based on the latest empirical findings on bank
failures and the three Basel Accords, we used capital
adequacy ratios (capital risk), credit risk, and liquidity
risk to describe basic risk scenarios for the banking
sector. Therefore, three separate baseline models were
developed for these three main risks in banking. With
the aim of investigating risk-resistant strategies, the
following multivariate regression equations were
used to test the hypothesis:

ROA;; = Bo + P1NPLi + B2LDRy; + eit @
ROE; = o + P1NPLit + BoLDR;; + it 2
Where:

i denotes individual digital banks

t denotes the time period

Po represents the constant term

prand prrepresent regression coefficients
& denotes the error term
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ROA and ROE are both expressed as percentages.
The NPL ratio is calculated as the total amount of non-
performing loans divided by the total amount of
outstanding loans, in line with the measurement
approach used by Cortés & Soriano (2024). The LDR ratio
is calculated as total loans divided by total deposits, in
line with the method proposed by Isa et al. (2026). Panel
regression analysis is used because it can capture both
cross-sectional and time series variations, thus allowing
for more robust conclusions about the dynamic
relationship between risk-taking and bank profits.

Variable definition

Return on Assets (ROA). ROA measures the
efficiency of bank management in using its asset base
to generate profits. As Eltweri et al. (2024) note, ROA
is particularly meaningful in banking because it
reflects the return on all financial and real assets under
the bank's control, regardless of how they are
financed. A higher ROA indicates more effective asset
allocation and greater operational efficiency. In the
context of digital banking, ROA is particularly
relevant because digital banks typically operate with a
leaner physical footprint and lower intensity of fixed
assets, potentially enabling higher asset turnover and
greater profits (Castilla-Polo & Sanchez-Herndndez,
2025). In line with standard practice, we use the
average of total assets (average of the beginning and
ending values for the year) to smooth out temporal
fluctuations in asset size.

Return on equity (ROE). ROE measures the return
on capital invested by shareholders and is therefore an
important metric for equity investors. From the
shareholders' perspective, ROE reflects how
effectively a bank uses its core capital to generate
profits (Ali & Aysan, 2025). However, ROE is sensitive
to leverage effects: banks can increase their ROE by
taking on more debt, which also increases financial
risk. Therefore, analyzing ROA and ROE together
provides a more complete picture: ROA separates
operating performance from financing decisions,
while ROE includes the effects of financial leverage
(Jha & Kumar Mittal, 2024). This dual measurement
approach is particularly important for digital banks,
whose capital structure may differ from that of
traditional banks due to different regulatory treatment
or investor expectations.

Non-performing loans (NPLs). Credit risk—the
risk that borrowers will default on their obligations —
is a traditional and significant risk for commercial
banks. According to the Basel Committee on Banking
Supervision guidelines and in line with regulatory
reporting standards in most emerging markets (Figuet
et al.,, 2015), loans are classified as non-performing if

the payment of principal or interest is more than 90
days past due or if there are indications that full
repayment is not possible, regardless of the duration
of the payment delay. The NPL ratio reflects the
deterioration in asset quality and provides
information on both the effectiveness of a bank's
lending standards and the performance of its loan
portfolio (Naili & Lahrichi, 2022a). The theoretical
relationship between NPL and profit is not clear-cut
and depends on the context. Traditional banking
theory assumes a negative relationship, as higher
NPLs require higher provisions for loan losses, which
directly reduces net profit and narrows the earnings
base (Chronopoulos et al., 2023). However, in the
context of digital banking, a positive relationship may
emerge if banks with higher risk appetite charge
sufficiently high interest rates to offset expected losses,
or if aggressive lending strategies temporarily increase
interest income before a full deterioration in credit
quality occurs (Naveed et al., 2025). The empirical
design of this study, particularly the examination of
nonlinear effects, aims to decide between these
conflicting possibilities. Loan-to-deposit ratio (LDR).
Liquidity risk —the risk that a bank will be unable to
meet its financial obligations when they fall due
without incurring unacceptable losses —has received
renewed attention following the collapse of Silicon
Valley Bank in 2023. The LDR measures the
proportion of a bank's customer deposits that is
invested inilliquid loan assets. A higher LDR indicates
more aggressive intermediation — the bank lends out a
larger portion of its deposit base —which can increase
interest income but also reduces the liquid reserves
available to cover unexpected withdrawals (Yahyaei
et al., 2024). In the context of digital banking, the LDR
has additional significance, as digital banks often rely
on less stable and interest-sensitive deposits that can
be quickly withdrawn via mobile apps, increasing
liquidity risk at a given LDR compared to traditional
banks with a more stable retail deposit base (Arnone
et al., 2024). The predicted relationship between LDR
and profitability is also complex. A positive
relationship could arise if a higher LDR reflects the
placement of productive assets that generate interest
income. However, a negative relationship could occur
if a high LDR forces the bank to hold larger
precautionary liquidity reserves or if it increases the
likelihood of costly liquidity shortages. The net effect
is an empirical question that this study aims to answer.

2. Data and method
Data collection

This study uses a quantitative research design with
secondary panel data to analyze the impact of risk
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behavior on the profitability of banks in Indonesian
digital banks. The panel data approach is particularly
well suited to banking research as it can capture cross-
sector differences between banks and time series
dynamics within banks while controlling for
unobservable heterogeneities (Bhiri & BenMabrouk,
2026). By combining these two dimensions, panel
estimation increases efficiency, reduces bias from
unobserved variables, and strengthens the robustness
of statistical conclusions. The sample was selected
using a targeted sampling method to ensure suitability
for the research objectives (Ahmed, 2024). This
approach is necessary because not all banking
institutions operate a digital banking model or
provide complete information on financial risk
indicators. The basic sample consists of 10 digital
banks that are officially recognized as digital banking
institutions under the supervision of the Financial
Services Authority (OJK). The observation period
covers the years 2016 to 2023. To increase statistical
significance and broaden the generalization, the
sample was expanded to include conventional
commercial banks that operate digital banking units
and have a clear digital transformation strategy,
significant digital lending exposure, and a mobile
banking model. The addition of these hybrid banks
undergoing digital transformation allows for a
broader representation of the ever-evolving digital
banking landscape in Indonesia, while maintaining
conceptual consistency with the research focus.

The data is sourced exclusively from credible
institutional sources that are publicly available in
Indonesia. These sources include audited financial
statements published by individual banks on their
official websites; financial reports available through
the Indonesia Stock Exchange (IDX) for listed banks;
and publications from the Financial Services
Authority (OJK), such as the report on commercial
bank disclosures, Indonesian banking statistics (SPI),
and the banking industry profile. Additional
macroeconomic and banking-related statistics are
obtained from Bank Indonesia (BI), including
publications such as Indonesian Economic and
Financial Statistics (SEKI) and Financial Stability
Reports. The use of audited financial reports and
official regulatory databases increases the reliability,
transparency, and objectivity of the data while
minimizing measurement errors and reporting biases
(Agostino et al., 2025).

All research variables were obtained from standard
components of financial reports and expressed as
percentages to ensure comparability between banks.
Return on assets (ROA) is calculated as net profit
divided by average total assets and reflects the

efficiency of management in utilizing assets (Iswajuni
etal., 2018). Return on equity (ROE) is calculated as net
profit after tax divided by total capital and represents
the return for shareholders (Zhang & Zhang, 2024).
Credit risk is approximated by the non-performing
loan (NPL) ratio, which is calculated as the sum of
non-performing loans divided by the sum of
outstanding loans, in accordance with the regulatory
standards of the OJK and the Basel Committee, which
classify loans as non-performing if the payment is at
least 90 days past due. Liquidity risk is approximated
by the loan-to-deposit ratio (LDR), which is measured
as total loans divided by total deposits and reflects the
aggressiveness of bank intermediation and its
liquidity position (Rahmadany et al., 2024). After data
collection, the data set was organized into a structured
bank-year panel format. Data processing included
cross-checking financial figures from various sources,
handling missing values, and, where necessary,
winsorization to reduce the influence of extreme
outliers. The empirical analysis was performed using
SPSS, applying panel regression techniques to
estimate the effects of NPL and LDR on ROA and
ROE.

3. Research method

This study uses a quantitative empirical strategy
with panel data regression techniques to analyze the
relationship between risk appetite and profitability of
banks in digital banking institutions. Given the
potential interdependence between risk indicators and
profitability, as well as the possibility of bias due to
uncontrolled variables and unobservable
heterogeneity among banks, careful model
specification is required to obtain reliable estimates.
For example, while higher non-performing loans
(NPLs) may reduce profitability, weak profitability
may simultaneously deteriorate asset quality and thus
increase credit risk. Similarly, the liquidity position,
reflected in the loan-to-deposit ratio (LDR), can affect
the bank's profitability, but profitability conditions can
also influence lending behavior. This simultaneity
requires the use of appropriate panel estimation
techniques to minimize biased conclusions. In this
study, the hypothesis was tested using a panel
regression analysis implemented in SPSS. The
empirical estimation uses an integrated multiple linear
regression with panel-structured data (observations of
banks and years). Since profitability indicators such as
ROA and ROE may be persistent over time, the model
assumptions were carefully evaluated in this study to
ensure the robustness of the conclusions. Prior to the
regression estimation, classical assumption tests were
performed to validate the model suitability. These
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tests included a correlation analysis and a
multicollinearity test using the variance inflation
factor (VIF) to ensure that the independent variables
were not too strongly correlated (Cheng et al., 2022).

Correlation analysis

Table 2 contains information on the dependent and
explanatory variables and their correlation with each
other. It provides an initial overview of the correlation
between the variables of interest. Furthermore, most
correlation values are relatively low, which indicates
that there are no significant concerns regarding
multicollinearity in our proposed econometric model.

Table 2: Correlation matrix.

ROA ROE NPL LDR
ROA 1
0.6227*
ROE 1 0.0000) !
0.1846" 0.2382"
NPL 1 0.0268) (0.0040) 1
LDR -0.1719° -0.055808202 -0.1664" 1
(0.0393) (0.5064) (0.0462)
**_ Correlation is significant at the 0.01 level (2-tailed) and *.
Correlation is significant at the 0.05 level (2-tailed).

Test of multicollinearity

Prior to estimating the regression model, this study
rigorously evaluated the potential for
multicollinearity among the explanatory variables.
Multicollinearity can increase the standard error and
weaken statistical inference, potentially obscuring the
true relationship between risk appetite indicators and
bank profits (Amin et al., 2024). Ensuring that no
harmful multicollinearity is present is crucial for
maintaining the robustness and interpretability of
econometric results. To assess this issue, the variance
inflation factor (VIF) and tolerance statistics were
calculated. The VIF measures the extent to which the
variance of the regression coefficients is increased due
to linear dependencies between the predictors. In
empirical finance and banking studies, a VIF value
above 10 is generally considered an indication of a
serious multicollinearity problem. Tolerance, defined
as the opposite of VIF, reflects the proportion of
independent variance in each predictor and must be
above 0.10 to ensure the stability of the model. As
shown in Table 3, both NPL and LDR have a VIF value
of 1.028 in the ROA and ROE specifications, with a
corresponding tolerance value of 0.973. These figures
are well below the critical threshold and indicate
negligible variance inflation. This result provides
strong evidence that there is no multicollinearity in the
proposed model. Consequently, the estimated
coefficients can be reliably interpreted, and the
regression results cannot be distorted by the
dependence between the explanatory variables.

Table 3: Variance inflation factor (VIF).

. Dependent (ROA) Dependent (ROE)
Variable 3 1/VIF VIF 1/VIF
NPL 1.028 | 0.9727626459 1.028 0.9727626459
LDR 1.028 | 0.9727626459 1.028 0.9727626459

4. RESULTS AND DISCUSSION

The quantitative analysis in Table 4 shows that the
non-performing loan (NPL) ratio has a statistically
significant positive impact on both return on assets
(ROA) and return on equity (ROE). In particular, NPL
has a positive coefficient in the ROA model (p =0.0842,
p < 0.05) and an even stronger positive impact in the
ROE model ( = 0.1268, p < 0.01). These results show
that higher credit risk is associated with higher profits
at the analyzed banking institutions. This result
appears to contradict the traditional risk-return
perspective, which generally states that a deterioration
in credit quality reduces banks' profits (Ozili & Outa,
2017). However, this finding can be interpreted in the
context of a high-risk, high-return strategy. Banks that
engage in aggressive credit expansion may achieve
higher interest margins that exceed the short-term
costs of the increase in non-performing loans. This
pattern is often observed in emerging banking
markets, where credit portfolio expansion precedes
the decline in asset quality. Therefore, the positive
correlation between NPLs and profitability may reflect
a transitional phase of expansion rather than a
structural inefficiency.

Table 4: Panel regression results.

Variable Dependent (ROA) | Dependent (ROE)
0.0842221** 0.1268276***
NPL (0.0554) (0.0052)
-0.0233965* -0.0027494
LDR (0.0825) (0.8413)
CONSTANT 4.3022618 4.1451375
n 144 144
R 0.234 0.239
R square 0.055 0.057
Adjusted R square 0.041 0.044
*Statistically significant at the 0.10 Ilevel,

**Statistically significant at the 0.05 level and
***Statistically significant at the 0.01 level

With regard to the loan-to-deposit ratio (LDR),
empirical results show a statistically significant
negative effect on return on assets (ROA) (B = -0.0234,
p < 0.10), while the impact on return on equity (ROE)
remains statistically insignificant. The negative
relationship with ROA shows that excessive lending
relative to deposit mobilization can reduce asset
efficiency and squeeze profit margins. From a
liquidity risk perspective, aggressive intermediation
increases financing vulnerability and refinancing risk,
particularly in digital banking models that are heavily
dependent on short-term deposits and platform-based
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financing structures (Vuong et al., 2023). In a digital
banking system where switching costs for customers
are relatively low and deposits are highly interest-rate
sensitive, a high LDR can exacerbate liquidity
vulnerability and thus have a more direct impact on
asset-based performance than on shareholder returns.

The relatively low R-squared value (0.055 for ROA
and 0.057 for ROE) indicates that the basic
specification has limited explanatory power.
However, low R-squared values are common in
studies on bank profitability due to the
multidimensional nature of bank profitability, which
is influenced by macroeconomic conditions,
regulatory capital buffers, technology investment
cycles, and competitive dynamics (Haddou &
Boughrara, 2025). More importantly, the statistical
significance and theoretical coherence of the
coefficients in panel studies on banking have greater
inferential value than model fit measures alone.

From a theoretical perspective, the positive
relationship between NPL and both measures of
profitability requires a careful reinterpretation of the
conventional  risk-return trade-off. Traditional
banking literature typically documents a negative
relationship between credit risk and profitability and
emphasizes the negative impact of deteriorating credit
quality on earnings through higher provisioning and
monitoring costs (Bhowmik & Sarker, 2021). However,
recent findings suggest that this relationship may be
more dynamic and temporally asymmetric in a
digitally oriented banking model.

In the context of the risk-return trade-off, higher
returns are associated with higher risk (Bannier et al.,
2023). In digital banking, business models often
emphasize rapid expansion of the loan portfolio, data-
driven credit assessments, and algorithmic
underwriting processes. These mechanisms reduce
transaction costs, shorten approval cycles, and
facilitate scalable lending. As a result, banks may
initially achieve higher interest margins and fee-based
income before a full deterioration in credit quality
occurs. In this context, a high NPL ratio may reflect the
ex post implementation of an aggressive lending
strategy that has generated short-term profits. This
insight sharpens the traditional risk-return argument
by showing that realized credit risks do not always
imply an immediate decline in profits, especially in a
rapidly growing digital lending ecosystem.

More importantly, these findings are consistent
with the moral hazard and agency explanation of
banks' risk-taking. Under an implicit deposit
insurance system and regulatory guarantees, banks
could internalize the profits from high-yield loans
while partially externalizing the losses on the

downside (Ozili & Outa, 2017). Managers whose
compensation structure emphasizes accounting
performance indicators such as ROA and ROE may be
tempted to pursue an aggressive credit expansion
strategy that improves short-term financial metrics (Q.
Nguyen et al.,, 2024). Digital banking platforms can
reinforce this incentive structure by facilitating
customer acquisition and rapid credit scalability,
thereby amplifying the dynamics of yield seeking
under competitive pressure. As a result, the observed
positive relationship between NPLs and profitability
may not reflect superior credit risk management, but
rather strategic risk-taking behavior shaped by
governance incentives and technological acceleration.

At the same time, the sustainability of such
profitability gains must be carefully assessed.
Financial fragility theory emphasizes that sustained
risk accumulation can erode solvency buffers and
increase vulnerability to shocks (Arhinful et al., 2025).
While aggressive credit expansion may temporarily
boost ROA and ROE, a sustained deterioration in asset
quality may ultimately lead to higher provisioning
expenses, capital adequacy pressures, and more
intense regulatory intervention. These findings point
to a potential trade-off over time: short-term
profitability gains may come at the expense of long-
term stability. This interpretation contributes to the
literature by highlighting the importance of
distinguishing between near-term accounting and
risk-adjusted sustainable value creation.

The limited and inconsistent effects of LDR
underscore the structural differences between the
transmission mechanisms of credit risk and liquidity
risk in the context of digital banking. Unlike
traditional banks, which are heavily dependent on the
stability of their branches, digital institutions operate
in an environment characterized by high deposit
mobility and lower switching costs. In this context,
liquidity risk is more closely linked to customer
confidence, trust in the platform, and the volatility of
funding than to the composition of the balance sheet.
The negative correlation between LDR and ROA
suggests that excess liquidity imposes direct
operational constraints and reduces asset efficiency.
However, the lack of a significant impact on ROE
suggests that an aggressive liquidity policy may not
directly affect short-term shareholder returns. This
asymmetric pattern suggests that credit risks may
increase profitability through the channel of return
expansion, while liquidity risks limit profitability
through the mechanism of funding stability. This
difference has been little explored in previous
empirical studies, which often treated bank risks as
homogeneous determinants of performance. From a
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regulatory perspective, these findings have significant
implications. If a systematic increase in short-term
profitability is accompanied by an increase in credit
risk, regulators should interpret accounting
performance measures with caution. Raising
prospective provisioning standards, a dynamic stress
testing framework, and risk-based capital calibration
are essential in a digitally evolving banking system.
Macroprudential instruments such as countercyclical
capital buffers could be relevant during a period of
rapid growth in digital lending. In addition,
algorithmic lending models require increased
supervision, as automated underwriting processes can
mask underlying credit quality risks until losses occur.

5. CONCLUSION

This study aims to analyze the relationship
between risk behavior and bank profits in digital
banking institutions and those undergoing digital
transformation. Using panel regression analysis, this
study assesses how credit risk (represented by non-
performing loans) and liquidity risk (represented by
the ratio of loans to deposits) affect bank profits,
measured by ROA and ROE. The results show a
complex and context-dependent relationship between
risk exposure and bank profitability in today's digital
banking system. Empirically, credit risk has a
statistically significant positive relationship with both
ROA and ROE. These results suggest that higher credit
risk exposure is associated with an increase in short-
term profitability. From a financial theory perspective,
these results can be interpreted through the lens of the
risk-return trade-off, whereby higher exposure to
high-yield credit segments increases return on assets.
However, a more in-depth theoretical framework
provides additional insights.

First, from a moral hazard theory perspective,
banks operating under an implicit or explicit safety
net—such as deposit insurance systems or expected
regulatory support—may be tempted to pursue risky
lending strategies in order to maximize their returns.
Digital banking platforms, which are characterized by
rapid lending and algorithmic credit protection, can
further reinforce this incentive structure. The observed
positive correlation between NPLs and profitability
could be an expression of risk shifting, especially if
losses on the downside are partially passed on to the
deposit insurance system or broader financial stability
mechanisms. Second, agency theory offers another
level of explanation. Bank managers may pursue
aggressive growth strategies and take risks to signal
performance improvement, increase compensation
linked to profitability metrics, or boost market
valuation. In  banks  undergoing  digital

transformation, performance pressure often increases
due to technology investment costs and competitive
disruption. As a result, short-term profitability gains
associated with higher credit risk may reflect
management incentives that are not aligned with the
long-term values of shareholders or stakeholders.
Third, these results can also be interpreted using
charter value theory. According to this framework,
banks with strong franchise value tend to behave more
cautiously to secure their long-term earnings.
Conversely, banks facing intense competition —such
as digital newcomers operating in an environment
with low barriers to entry —may experience a decline
in their franchise value, leading to riskier behavior.
The positive correlation between NPL and
profitability could indicate an erosion of franchise
discipline in a highly competitive digital banking
market.

On the other hand, the liquidity position (LDR)
shows only marginal negative effects on ROA and has
no significant impact on ROE. This suggests that
liquidity aggressiveness is less central than credit
expansion in increasing bank profitability during the
observation period. However, from a systemic risk
perspective, excessive reliance on aggressive
intermediation strategies in a digitally integrated
financing environment may increase vulnerability to
rapid deposit withdrawals, as switching costs are low
and digital customers are highly responsive.

From a public policy perspective, these findings
have significant regulatory implications. If higher
credit risks are associated with an increase in short-
term profitability, regulators need to ensure that
regulatory mechanisms are sufficiently proactive.
Traditional, backward-looking supervision may fail to
identify the vulnerabilities that are constantly building
up in rapidly growing digital loan portfolios.
Policymakers should strengthen the following
measures: (1) a dynamic provisioning framework to
combat  procyclical credit expansion;  (2)
countercyclical capital buffers to absorb risk
accumulation during periods of aggressive growth; (3)
improved stress testing procedures tailored
specifically to digital lending models; and (4)
regulatory review of algorithmic credit scoring
systems to ensure transparency and robustness. In
addition, regulators should review whether existing
deposit insurance and capital adequacy rules are
sufficient to address incentive distortions caused by
moral hazard and agency problems. Tightening
governance requirements and aligning executive
compensation ~ with  risk-adjusted  long-term
performance metrics could reduce the tendency
toward excessive short-termism at digital banking
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institutions. Although the explanatory power of these
models is limited, they are consistent with the
multifactorial determinants underlying bank profits,
including macroeconomic fluctuations, technology
investment cycles, and the regulatory framework.
Nevertheless, the statistically significant correlations
provide important insights into how digital
transformation is changing the traditional risk
paradigm in banking.

The study contributes to the literature by bridging
the gap between the dynamics of digital banking and
classical financial risk theory and public debate. The

study shows that digital innovations do not eliminate
the traditional risk-return tension, but may even
exacerbate it in competitive conditions and in the face
of technological change. However, the study is not
without limitations. Reliance on accounting
profitability metrics may not fully capture market
perceptions of bank profitability or long-term
sustainability. Future research could incorporate
market-based indicators, country comparisons, and
measures of regulatory intensity to examine how
institutional frameworks moderate the risk-value
relationship.
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