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Abstract
Despite the strategic imperative of digitalization, its impact on firm performance remains debated, often showing initial 
negative effects. Using a panel of 1,543 Shanghai Stock Exchange (SSE) listed firms (2013-2023), we investigate the dynamic 
relationship between digital transformation (DT) and financial performance. Employing two-way fixed-effects models and 
path analysis, we uncover dynamic effect: DT negatively impacts financial performance contemporaneously, mediated by 
increased financing constraints, but yields positive returns in the long run. Crucially, we find that strong Environmental, 
Social, and Governance (ESG) performance mitigates the negative short-term effects of DT. Robustness checks, including 
replacement variables, PSM-DID and addressing endogeneity, confirm our findings. This study contributes by reconciling 
mixed evidence on DT's value, identifying financing constraints as a key mechanism, and demonstrating strong ESG en-
hances early-stage financial resilience.
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Introduction
In the digital era, traditional industrial enterprises are im-
plementing digital transformation strategies to respond to 
rapid market changes and competitive pressures. The 2022 
Global Digital Economy Competitiveness Development 
Annual Report ranks China ranks second in digital econo-
my competitiveness, just behind the United States [1]. 
Previous research has shown the economic role of digital 
technologies in optimizing supply chains, enhancing op-
erational efficiency [2] and improving firms’ ability to cope 
with complex environments [3]. However, a 2021 survey by 
the Tencent Research Institute revealed a set of obstacles, 
including a “lack of funds”, a “lack of leadership support”, 
and, more critically, difficulties in internal organizational 
coordination [4] and challenges related to complex digital 
tools and solutions [5; 6]. Scholars indicate that as many as 
70% of digital transformation have led to economic loss-
es for enterprises [7], with actual returns frequently fall-
ing short of expectations [8]. A key contributing factor is 
management’s lack of expertise and leadership in navigat-
ing digital transformation, which exacerbates challenges 
associated with the digital divide [9]. Additionally, digital 
disruption can destabilize industries, and only a minority 
of organizations are adequately prepared to address such 
disruptions [10]. A variety of factors leads to the “digitali-
zation paradox” where expected financial gains do not pro-
portionally reflect the scale of digital investments [8]. De-
spite the growing body of research on the effects of digital 
transformation, a critical gap remains in understanding the 
underlying mechanisms by which digital transformation 
can negatively impact the financial performance of large-
scale corporations in the short term. In addition, there is a 
shortage of evidence on whether ESG at the corporate level 
can mitigate this adverse effect of digital transformation. 
What expectations should the management and board of 
directors of large companies have when engaging in such a 
twin transformation?
We focus on China for several reasons. Under pressure 
from global competition, Chinese companies need to 
strategize between transformation and rising costs. Espe-
cially as China’s demographic dividend gradually fades, 
with increasing technology and labour costs, it remains an 
open question whether the investment in transformation 
by Chinese enterprises can proportionally match the ben-
efits brought by the latter in the short term [11]. Second, 
to compete in global markets, Chinese companies have to 
align with new sustainable development objectives, mak-
ing ESG corporate innovation more urgent. For this rea-
son, our study focuses on companies listed on the main 
board of the Shanghai Stock Exchange (SSE), exploring 
their performance and challenges during twin innova-
tions. These companies are typically large and have a long 
operating history, mature business models, and stable per-
formance, representing high-quality enterprises with sig-
nificant industry and public effects. However, they have 
bigger systems and infrastructure and stronger organiza-
tional inertia, creating substantial difficulties in structural 
transformation [12] and making the challenges more com-

plex. When involved in the digital transformation process, 
companies that emphasize the principles of sustainability 
in their strategies are more likely to gain loyalty and rec-
ognition from shareholders and other stakeholders [13]. 
Nevertheless, studies exploring the synergistic effects of 
ESG and digital transformation are still scarce. We concep-
tualize ESG as a managerial innovation that encompasses 
both internal governance and external evaluation dimen-
sions and explore its moderating influence on the link be-
tween digital transformation and corporate performance, 
particularly through the lens of financing constraints.
This study offers two key contributions to the literature. 
First, it elucidates the specific mechanisms underpinning 
the dynamic effect of digital transformation (DT) on fi-
nancial performance – initial decline followed by long-
term gains. Focusing on mature Chinese firms, we pin-
point financing constraints as a critical, yet underexplored, 
channel driving the short-term dip. We argue that the sub-
stantial investments, high failure rates, slow returns, and 
disruptive uncertainty associated with DT heighten infor-
mation asymmetries and perceived risks, thereby restrict-
ing firms’ financing capabilities in the initial phase. This 
finding extends the concept of the ‘digitalization paradox’ 
[8] by providing a concrete explanatory mechanism. Sec-
ond, this research demonstrates the synergistic interplay 
between ESG performance and DT. We reveal that strong 
ESG credentials act as a significant moderator, effectively 
buffering the negative short-term financial consequences 
of digital initiatives. This suggests a practical solution to 
the digitalization paradox: integrating robust sustainabili-
ty practices can mitigate the initial downsides of DT. Our 
findings highlight the necessity of examining these corpo-
rate strategies jointly and underscore the strategic value of 
embedding sustainability within digital transformation ef-
forts to maximize benefits and minimize risks.

Literature review
Impact of digital transformation on 
financial performance
Simply introducing and applying technologies does not 
equate to digital transformation: true digital transforma-
tion occurs when technologies are used to fundamentally 
alter how a company generates profit. At the same time, 
the impact of digital transformation on financial perfor-
mance is a subject of considerable debate in the research 
community.
Existing studies suggest that investments in digital trans-
formation have a positive impact on financial performance 
by reducing information asymmetry levels [14], lowering 
costs [14; 15], obtaining additional cash flow [16], improv-
ing inventory turnover and total asset turnover [17], en-
hancing capital utilization efficiency [18], and increasing 
economies of scale by leveraging the resources and expe-
rience of partners [19]. However, some research suggests 
that the correlation between the two depends on the stage 
of digital transformation, the speed of transformation, the 
level of investment in transformation, the financial condi-



Journal of Corporate Finance Research / New Research Vol. 19 | № 1 | 2025

Higher School of  Economics72

tion, and the strategic orientation of the firm. According 
to Fabian et al. [20], although the implementation of low-
er levels of digital transformation can enhance efficiency, 
such endeavours often encounter diminishing returns, 
limiting profits. In contrast, Yonghong et al. [17] state 
that although corporate profitability decreases in the in-
itial stages of digital transformation, the firm’s net profit 
margin gradually increases as the digital process deepens. 
Meanwhile, Sun et al. [21] explore the impact of the speed 
of digital transformation on corporate financial distress, 
finding a U-shaped relationship between the two, with the 
CEO’s IT background modifying this relationship into an 
inverted U-shape. Research by Vu et al. [22] using the fixed 
effects quantile method shows that only high-performance 
companies benefit from digital transformation, while oth-
er companies do not. Guo’s [23] study reveals that digital 
transformation has a U-shaped relation with profit-orient-
ed financial performance and is positively correlated with 
process-oriented operational performance. Fabian [24] 
indicates that firms inclined towards radical changes and 
those with more rigid organizations obtain lower returns 
from digital transformation.
Some scholars view the relationship negatively [25]. 
Among them, Solow [26] proposes the “productivity par-
adox”, arguing that information technology investment 
does not affect or even negatively impacts corporate finan-
cial performance. Matt et al. [27] corroborate this view, 
demonstrating that over half of the businesses using dig-
ital transformation strategies have seen a decline in per-
formance compared to their pre-transformation levels, 
with some even running the risk of bankruptcy. Xie et al. 
[28] argue that corporate digital transformation needs to 
go through two periods – “overcoming organizational in-
ertia” and “forming new management routines” – during 
which learning costs inevitably rise, limiting the positive 
impact on financial performance. Hanelt et al. [29] further 
highlight that digital transformation does not inherently 
guarantee profitability, as it often brings additional oper-
ational and integration costs that can erode financial re-
turns. In this perspective, Jardak and Ben Hamad [30] note 
that the benefits of IT investments and digital marketing 
may take years to materialize, with the high value of IT 
assets not being immediately amortized, which can neg-
atively impact return on assets (ROA) in the short term. 
Other scholars study individual industries. For example, 
Forcadell [13] indicates that for banks, the challenges 
brought by digital transformation may hinder potential 
gains and threaten their survival, whereas the reputation 
established by corporate sustainability compensates for 
these weaknesses in digital capabilities. Isma Coryanata 
et al. [31] examine banking firms listed on the Indonesia 
Stock Exchange and show that the implementation of dig-
ital transformation by banks leads to a decrease in their 
return on investment.
This paper aims to reconcile conflicting perspectives on 
the impact of digital transformation on financial perfor-
mance by examining the complex interplay of mediators 
and moderators.

Impact of ESG on firm performance
Existing research on ESG mostly analyses its influence on 
corporate financial performance and risk management 
capabilities. Most studies indicate that excellent ESG per-
formance can enhance financial performance [32], an ef-
fect that is more pronounced for larger companies [33]. 
However, this impact is not always linear and depends on 
different factors, including the market in which the com-
pany is operating and its size. Research by Garcia et al. 
[34] illustrates the market heterogeneity characteristic of 
ESG’s financial impact, demonstrating a significant posi-
tive relationship between the two in companies from de-
veloped countries yet a negative correlation in companies 
from emerging markets. Bruna [35], using data from 350 
European listed companies, finds that the marginal impact 
of ESG performance on financial performance is nonlinear 
and varies with the level of ESG performance scores and 
company size. Conversely, some studies make the oppo-
site conclusion. For instance, research by Landi et al. [36] 
on Italian listed companies suggests that investors do not 
seem to value corporate social responsibility (CSR). Saygili 
et al.’s [37] study on companies listed on the Istanbul Stock 
Exchange indicates that environmental disclosure signifi-
cantly harms corporate financial performance.
Moreover, research suggests that CSR serves as a risk man-
agement instrument with the capacity to mitigate risks 
during crises and safeguard firms against negative effects 
on their cash flow [38; 39]. Benlemlih et al. [40] indicate 
that companies that engage in extensive and objective en-
vironmental and social disclosure build good reputation 
and trust among stakeholders, thereby helping to miti-
gate their idiosyncratic and operational risks. Sassen et 
al. [41], using a sample of European panel data from 2002 
to 2014, demonstrate that corporate social performance 
significantly reduces idiosyncratic, total, and systematic 
risks. Albuquerque et al. [42] study how CSR investments 
can improve product differentiation, thereby reducing ex-
posure to systemic risk. Hoepner et al. [43] also find that 
engagement in ESG transformation can reduce downside 
risk. However, Korinth et al. [44] provide evidence from 
the German stock market showing that ESG investments 
initially reduce systemic risk, yet excessive investment ul-
timately increases systemic risk, leading to a U-shaped de-
pendence.
Recent academic research has done a lot to examine the 
direct impact of ESG practices on corporate financial per-
formance and risk management. However, studies on the 
synergistic effects of ESG and digital transformation are 
still sparse. The few available ones indicate that a firm’s 
sustainability reputation affects the relationship between 
digital disclosure and stock market valuation [45], while 
the breadth and concentration of sustainability play a 
moderating role between digital reputation and financial 
performance [46]. Forcadell’s [13] study of the banking in-
dustry suggests that the challenges posed by digital trans-
formation may hinder potential gains and harm resilience, 
while the reputation generated by corporate sustainability 
could mitigate these digital transformation shortcomings. 
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Therefore, examining how ESG functions as a moderating 
variable in the relationship between digital transformation 
and financial performance will address existing research 
gaps, extend sustainability research to ESG indicators, and 
reveal how ESG practices can optimize financial perfor-
mance during digital transformation.

Hypotheses
Impact of digital transformation on 
financial performance
From the perspective of resource-based theory, digital 
transformation leverages data as an independent produc-
tion factor to create value by improving efficiency [47; 48], 
increasing revenue [49], saving costs [50], and controlling 
risks [51], thereby indirectly enhancing the productivity 
and financial performance of enterprises. However, few 
studies mention the resource consumption issues within 
digital transformation. As a form of innovation, digital 
transformation is a resource-consuming activity that ini-
tially necessitates significant ongoing investment: the fixed 
investment in high-cost digital infrastructure and the sub-
sequent maintenance and upgrade costs [49; 52], the ex-
penses for recruiting digital technology professionals and 
daily digital training for employees [53], and the coordina-
tion costs associated with integrating digital technologies 
with existing resources and abilities [54].
Over half of Chinese enterprises are still at the initial stag-
es of digital technology application (National Information 
Center, 2020), making funding a significant challenge 
for digital transformation [55]. Furthermore, in the early 
phase, the complete benefits of digital transformation have 
yet to manifest, while the expenses associated with inte-
gration may offset the promotion of digital transformation 
for business growth [23], resulting in a disproportionate 
increase in operational costs relative to revenue. This may 
lead to an initial decline in return on assets. This process 
is particularly evident in large enterprises with more ex-
tensive systems and infrastructure, organizational inertia, 
and long-existing mindsets and processes [56], leading 
to higher communication, coordination, and integration 
costs. Excessively rapid digital transformation can eas-
ily create an insurmountable gap between the company’s 
existing resources and capabilities, directly impacting in-
ternal management decisions and resource allocation ef-
ficiency. Consequently, the organization may lack the ca-
pacity to continue supporting the deep implementation of 
digital transformation and fail to adjust internal activities 
and structures dynamically to adapt to external environ-
mental changes [57], potentially impacting its financial 
performance.
Although studies show that digital transformation can help 
mitigate principal-agent conflicts and strengthen internal 
corporate governance structures [58], it can also create 
greater uncertainty and operational risk, exacerbate ex-
ternal and internal information asymmetry, and increase 
financing constraints, which can negatively affect financial 
performance. Previous research has mostly assumed the 

success of digital transformation, almost unequivocally af-
firming the positive signals it sends. The effectiveness of 
digital transformation heavily relies on how prepared an 
organization is to embrace and implement digital innova-
tion. The high probability of digital failure and slow return 
on investment exacerbate operational uncertainty for en-
terprises [8]. In addition, digital transformation redefines 
markets, disrupts traditional business models and indus-
try divisions, and shatters competitive landscapes [59]. It 
poses an existential threat to mature, large-cap companies 
that thrived during the pre-digital era [60]. The boundaries 
between product categories and industries are becoming 
indistinct, while competitiveness increasingly depends on 
multisided platforms [61]. In the face of greater uncer-
tainty risks, information on firms’ investments becomes 
more complex and variable, increasing specific risks and 
information asymmetries [62] and directly impacting the 
expenses associated with corporate debt and equity financ-
ing [63].
Moreover, cross-industry operations that follow digital 
transformation require significant investments unrelated 
to the core business. To maintain digital agility, compa-
nies must continually modify and reallocate current dig-
ital assets [64]. However, this “reallocation of resources” 
can have competitive effects and negatively impact core 
business performance [27; 59]. Based on signalling theory, 
external investors may adopt a cautious attitude towards 
the enterprise’s future profitability and operational stability 
due to concerns over the potential negative impact on the 
core business or the failure of digital investments, leading 
to financing constraints and adversely affecting subsequent 
financial performance.
H1: Digital transformation can negatively impact the fi-
nancial performance of mature, large-cap corporations in 
the short term.
H2: Digital transformation increases financing constraints, 
thereby negatively affecting the financial performance of 
mature, large-cap corporations in the short term.

Moderating role of ESG innovative 
practices
Enhanced ESG performance signifies a firm’s strong sus-
tainability and promotes reputation and stakeholder trust 
[65]. Stakeholder trust can not only offset the potential 
downsides of digital transformation [66] and enhance its 
market expectations [67], but it can also bring competitive 
advantages and brand premiums [68], thereby increasing 
stakeholder tolerance for temporary declines in operation-
al and financial performance during digital transforma-
tion.
Firms with good ESG innovative practices enhance the 
quality of their human capital, facilitating integration of 
digital technologies with existing resources and organiza-
tional structures. The digital transformation process en-
counters risks like the shortage of skilled labour and the 
loss of experienced managers [69]. However, companies 
with strong ESG performance attract high-quality talent 
by adopting green human resource management strategies 
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[70], which enhance employees’ sense of belonging and 
self-respect and their work motivation [71] and ultimately 
promote improvements in financial performance.
Good ESG practices lead to superior risk management 
capabilities [72], transparency, and compliance, while re-
ducing risks associated with information asymmetry, in-
cluding firm-specific and operational risks [40]. Digital 
transformation in mature, large-cap enterprises entails 
significant operational risks and uncertainties. However, 
firms with strong ESG innovative practices and results 
are more adept at handling technology compliance, mar-
ket resistance, and regulatory shifts, which helps them to 
safeguard internal stability and protect core operations and 
financial performance.
H3: ESG innovative practices can mitigate the adverse ef-
fect of digital transformation on the financial performance 
of mature, large-cap corporations.

Moderating role of ESG innovative 
practices in the mediating mechanism of 
financing constraints
According to signalling theory, strong ESG performance 
serves as a positive signal that companies send in situations 
of information asymmetry within capital markets [73]. 
This signal indicates that the company is not merely pur-
suing short-term profits but incorporating sustainable de-
velopment strategies as part of its long-term plan for digital 
transformation. It demonstrates a comprehensive and long-
term commitment to the goals of digital transformation, 
thereby mitigating the impact of negative signals such as 
potential failure and slow return on investment during the 
digital transformation process. This releases positive sig-
nals about the company’s internal risk resilience and legit-
imacy, increases the support of different stakeholders such 
as investors, consumers, and government departments, 
and secures more stable long-term capital to alleviate po-
tential financing constraints during digital transformation.

Good ESG innovative practices and performance enhance 
the firm’s overall market image [74] and shows investors that 
it possesses strong operational signals and risk resilience, 
thereby boosting external investor confidence [75]. Such 
practices can increase stakeholders’ tolerance for temporary 
operational or financial performance declines during digi-
tal transformation, thereby reducing external financial con-
straints and debt costs [76]. Additionally, good ESG prac-
tices lower regulatory risks and operational uncertainties by 
ensuring compliance and mitigating risks related to products 
and technologies [77]. This can increase information trans-
parency, which enables the company to establish a broad net-
work and broaden financing access [78]. For instance, good 
ESG practices encourage companies to issue green bonds 
[79] and funds in equity crowdfunding [80], thus easing the 
capital constraints faced during digital transformation.
Strong ESG performance presents a responsible and trust-
worthy image to stakeholders. This can help to establish 
long-term stable supply chain partnerships, strengthening 
the company’s cohesion with its suppliers and customers 
[81], and reduce the incidence of commercial fraud [82], 
which in turn facilitates greater access to commercial cred-
it financing [83] and supports long-term sustainable devel-
opment strategic goals. 
Furthermore, good ESG is often related to high levels of 
environmental awareness and commitment, signalling 
organizational legitimacy that helps to attract long-term 
investors, secure stable long-term funds that can be used 
for digital transformation, and gain the support of govern-
ment regulatory bodies. This enhances access to financing 
privileges and government resources, such as fiscal subsi-
dies [84; 85].
H4: ESG innovative practices alleviate the financing con-
straints caused by digital transformation, thereby promot-
ing corporate financial performance.
Figure 1 provides a visual representation of the research 
model for this study.

Figure 1. Research model
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Research design
Data sources
This study uses a sample of companies listed on the main 
board of the Shanghai Stock Exchange (SSE) from 2013 to 
2023. The choice of observation period is explained by sev-
eral factors. In 2013, the Chinese government introduced 
a policy initiative to promote information consumption 
and expand domestic demand, launching the national in-
formationization strategy and providing support for digital 
transformation. Additionally, 2013 marked the beginning 
of construction work on China’s 4G network, rapidly ad-
vancing mobile internet technology and supporting digital 
transformation [86]. Our data on digital transformation 
was manually collected, as well as being sourced from 
the Wind Financial Terminal and CSMAR databases. The 
sample selection was based on the following principles: 1) 
excluding samples with insufficient data; 2) omitting finan-
cial and insurance companies due to their particularities 
[87]; and 3) excluding ST, PT, and *ST companies [88]. 
The final dataset consists of 1,543 sample companies and 
12,833 sample observations. We used Stata 17.0 software 
for empirical analysis.

Description of variables
Dependent variable: corporate financial performance 
(CFP). This paper measures CFP using return on assets. To 
confirm the robustness of the model, our research also uses 
return on equity (ROE) in place of ROA for regression.
Independent variable: digital transformation (DT). Most of 
the current literature employs textual analysis to represent 
DT using keyword word frequencies associated with DT in 
companies’ annual reports [86; 89]. While word frequency 
reflects executives’ awareness of DT, awareness does not 
necessarily translate into action [90]. Digital intangibles 
make more economic sense than word-frequency analysis, 
because they measure a company’s investment in DT. Thus, 
this study aligns with previous research [90; 91] to measure 
DT as the proportion of intangible assets associated with 
digital transformation keywords like software, artificial in-
telligence, and big data disclosed in annual financial state-
ments. This proportion of relevant intangible assets to total 
assets at year-end serves as a proxy for DT.
Mediating variable: financing constraints (FC). Scholars 
have proposed various metrics to measure financing con-
straints, including single factors such as asset size and divi-
dend payout ratio and composite indices like the SA index 
[92], KZ index [93], and WW index [94]. Among these, the 
KZ index indicates the extent to which a firm’s investment 
depends on internal cash flow, thereby reflecting the size of 
financing constraints [95]. The KZ index integrates multi-
ple dimensions of a company’s financial position and mar-
ket conditions, providing a comprehensive understanding 
of how financing constraints influence financial decisions, 
capital structure and, ultimately, financial performance. 
Therefore, aligning with previous studies [96–98], we 
adopt the KZ index, as originally proposed by Kaplan and 
Zingales [93]. The KZ index is constructed as follows:

5

.
1

jKZ KZ=∑        (1)

In Equation (1), the value of KZ1 is 1 if the ratio of oper-
ating cash flow to total assets for the prior period (CFi,t/
Asseti,t-1) is below the median, and 0 otherwise. The value 
of KZ2 is 1 if the ratio of cash dividends to total assets for 
the prior period (DIVi,t/Asseti,t-1) is below the median, and 0 
otherwise. The value of KZ3 is 1 if the ratio of cash holdings 
to total assets for the prior period (Ci,t/Asseti,t-1) is below 
the median, and 0 otherwise. The value of KZ4 is 1 if the 
debt-to-asset ratio is above the median, and 0 otherwise. 
The value of KZ5 is 1 if Tobin’s Q is above the median, and 
0 otherwise. We sum these indicators using Equation (1) 
to calculate the KZ index. Then, the regression coefficients 
are estimated using ordered logistic regression, utilizing the 
KZ index as the dependent variable. A higher KZ index 
suggests that firms are experiencing more severe financing 
constraints.
Moderator variable. The Huazheng ESG rating is taken as 
the moderator variable due to its comprehensive coverage, 
frequent updates, and advanced calculation techniques 
[99]. Widely recognized and employed in various studies to 
evaluate ESG [67; 100], this index offers an extensive eval-
uation with over 300 indicators spanning environmental, 
social, and governance dimensions. Its quarterly updates 
provide more timely data compared to other indices that 
are updated only semi-annually or annually. Furthermore, 
the integration of semantic analysis and natural language 
processing algorithms enhances the index’s precision and 
reliability. The Huazheng ESG rating index also includes 
detailed scores for the three individual dimensions, allow-
ing for a more in-depth analysis. These strengths make it 
an excellent tool for measuring ESG performance.
Control variables. Based on prior research [23; 101], we 
chose the following control variables for the model: firm 
size (Size), age (Age), revenue growth rate (Growthrate), 
debt-to-asset ratio (Lev), firm research and development 
expenditures (R&D), fixed asset ratio (FA), Tobin’s Q 
(TobinQ), property rights contexts (SOE), board of direc-
tors’ independence (Ind), and shareholding concentration 
(Top1). Finally, we incorporate the COVID-19 pandemic 
as a dummy variable to capture the influence of this signif-
icant global health event on CFP, ensuring that our analysis 
accurately reflects the effects of DT and other factors, inde-
pendent of the disruptions caused by the pandemic. These 
variables collectively provide a comprehensive framework 
for analysing the factors affecting CFP.
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Table 1. Description of variables

Variable type Variable name Symbols Variable description

Dependent 
variable

Corporate Financial 
Performance

CFP Return on assets

ROE Return on equity

Explanatory 
variable Digital Transformation DT Proportion of intangible assets related to digital 

transformation keywords to total assets at year-end

Mediator variable Finance constraints FC KZ index

Moderator 
variable Corporate ESG ESG Huazheng ESG Rating

Control variable

Enterprise size Size Logarithm of total assets

Enterprise age Age Logarithm of (years of observation minus years of 
establishment)

Growth rate of revenue Growthrate (Current operating income minus prior operating 
income) divided by prior operating income

Gearing Lev Total liabilities divided by total assets

R&D expenditure R&D Logarithm of total firm R&D expenditures 

Fixed Asset Ratio FA Fixed assets at the end of the period as a percentage 
of total assets

Property rights contexts SOE 1 for state-owned enterprises, and 0 otherwise

Board independence Indep Ratio of independent directors to the total number 
of directors

Shareholding concentration Top1 Proportion of shares owned by the largest 
shareholder of the enterprise

Future growth opportunities TobinQ Market value of the company / replacement cost of 
assets

Dummy variables COVID-19 0 if the year precedes the outbreak of COVID-19 
and 1 if it follows the outbreak

Note: The table comprehensively explains and quantifies all variables.

Model design
A firm’s financial performance is greatly affected by specif-
ic and unobservable firm individual characteristics [102], 
such as corporate culture [103; 104] and management 
style [105; 106]. This model can effectively mitigate the in-
fluence of unobservable variables related to year and firm 
decrease estimation biases, and improve the statistical re-
liability of the results [107]. However, it necessitates the 
utilization of panel data and substantial sample observa-
tions [108]. This paper employs panel data for regression 
analysis on 12,833 observations, qualifying for the use of 
this model.

To test the correlation of DT and CFP, the following regres-
sion model is constructed:

( )
, 0 1 , 2 ,

,

CFP DT Controls

Year Firm  ,     1
i t i t i t

i t

α α α= + + +

+∑ +∑ + ν

where i  indicates the company, t  represents time, ,CFPi t  
indicates the corporate financial performance of company 
i  in year t , ,DTi t  represents the level of digital transfor-
mation of company i  in year t , ,Controlsi t  indicate all 
control variables, Year∑  and Firm∑  represent the time 
and firm fixed effects, and ,  i tν is the exogenous distur-
bance term, which has a normal distribution with mean 0 
and variance σ2.
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To examine the mediating effect of financing constraints, 
this study employs the causal steps approach to mediation 
[109; 110]. Expanding on regression Model (1), we con-
struct Models (2) and (3):

( )
, 0 1 , 2 ,

,

FC DT Controls

Year Firm      2,
i t i t i t

i t

β β β= + + +

+∑ +∑ + ν

( )
, 0 1 , 2 , 3 ,

,

CFP DT FC Controls

Year Firm ,      3
i t i t i t i t

i t

γ γ γ γ= + + + +

+∑ +∑ +ν

where ,FCi t  represents the corporate financing con-
straints, while the other variables are the same as in the 
above model. If 1β  and 2γ  are significant at the same time, 
there is a mediating effect of financing constraints between 
the two. According to the previous theoretical analysis, this 
paper predicts 1β  to be significantly positive and 2γ  to be 
significantly negative.
To verify the moderating effect of ESG, we build Model (4), 
drawing on the moderating effect model [109]:

i,t 0 1 i,t 2 i,t 3 i,t i,t

4 i,t i,t

CFP DT ESG ESG DT
Controls Year Firm , (4)

α α α α

α

= + + + × +

+ + ∑ +∑ +ν

where i,t i,tESG DT× is the interaction term. According to 

the theoretical analysis in Section 2, 3α  is expected to be 

significantly positive.
Based on the interpretation of Edwards and Lambert [109] 
of the moderated mediation effect model, Models (5) and 
(6) are constructed for confirming the moderating effect 
of ESG on the first half of the mediation effect path, while 
Model (7) is built for confirming the direct moderating ef-
fect of ESG on the mediation effect path:

( )
, 0 1 , 2 , 3 ,

,

FC DT ESG Controls

Year Firm      5,
i t i t i t i t

i t

β β β β= + + + +

+∑ +∑ +ν  

( )
, 0 1 , 2 , 3 , ,

4 , ,

FC DT ESG ESG DT

Controls Year Firm      6,
i t i t i t i t i t

i t i t

β β β β

β

= + + + × +

+ + ∑ +∑ +ν  

( )
, 0 1 , 2 , 3 , 4 ,

, 5 , ,

CFP DT ESG FC ESG

DT Controls Year Firm .    7
i t i t i t i t i t

i t i t i t

γ γ γ γ γ

γ

= + + + + ×

× + + ∑ +∑ +ν  
If 3β  of , ,ESG DTi t i t×  is significant, then ESG moderates 
financing constraints caused by digital transformation. If 

4γ  is significant, then the moderating effect of ESG does 
not work entirely through the mediating variable ,FCi t . 
According to the theoretical analysis, the predictive coef-
ficient 3β  is significantly negative and 4γ  is significantly 
positive.

Results and discussion
Main effect regression analysis
Table 2 shows the relationship between DT and CFP. Col-
umn 1 shows the results without control variables and 
without firm and time fixed effects. Column 2 presents the 
results of the two-way fixed effects model without control 
variables. Column 3 shows the findings after including all 
control variables and accounting for year, industry, and 
city effects. Column 4 presents the findings of regressions 
that incorporate control variables and utilize a two-way 
fixed effects model (Model (1)). The results consistently 
demonstrate that DT has a negative impact on CFP at the 
1% significance level. This finding supports the previous 
theory and confirms Hypothesis 1.

Table 2. Benchmark regression results

Model (1)
CFP CFP CFP CFP

DT -0.0316*** -0.0135*** -0.0123*** -0.0175***

(-10.39) (-2.78) (-4.21) (-4.17)

Size 0.0106*** 0.0071***

(21.92) (5.72)

Age -0.0011*** -0.0037**

(-14.18) (-2.09)

Growthrate 0.0383*** 0.0356***

(27.65) (27.65)

Lev -0.1022*** -0.0953***

(-59.81) (-51.92)

R&D 0.0001 0.0003**

(0.59) (2.51)

FA -0.0569*** -0.0845***

(-13.72) (-12.59)
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Model (1)
CFP CFP CFP CFP

SOE -0.0054*** -0.0040

(-3.84) (-1.29)

Indep -0.0004 -0.0003

(-0.39) (-0.19)

Top1 0.0003*** 0.0003***

(8.87) (3.23)

TobinQ 0.0045*** 0.0022***

(16.61) (6.61)

COVID-19 -0.0150*** 0.0060

(-4.81) (0.36)

Constant 0.0443*** 0.0513*** -0.1800*** -0.0300

(67.54) (25.31) (-8.63) (-1.00)

Year FE No Yes Yes Yes

Industry FE No No Yes No

City FE No No Yes No

Firm FE No Yes No Yes

Observations 12,833 12,833 12,833 12,833

R-squared 0.008 0.018 0.402 0.273

Note: The T statistic is in parentheses; *, **, and *** represent significance levels of 10%, 5%, and 1%, respectively.

Mediating effect analysis
The regression results for the mediating effect are shown 
in Table 3. In Model (2), the estimated coefficient of DT 
on FC is significantly positive at the 5% level (0.3405). It 
means that as DT increases, the FC faced by firms also ris-
es. In column 3, the coefficient of FC is significantly neg-
ative at the 1% level (0.0103). These findings suggest that 
DT, by increasing the FC of firms, leads to a decrease in 
CFP. This finding further supports Hypothesis 3.

Moreover, Model (3) demonstrates that the estimated co-
efficient of DT on CFP is significantly negative at the 1% 
level (0.014), while the absolute value of this coefficient is 
lower than the absolute value of the coefficient in Model 
(1), implying that FC partially mediates this relationship. 
Specifically, DT influences CFP partly through the mediat-
ing role of FC and partly through direct effects.

Table 3. Mediating effect

Model (1) Model (2) Model (3)
CFP FC CFP

DT -0.0175*** 0.3405*** -0.0140***

(-4.17) (2.99) (-3.47)

FC -0.0103***

(-30.89)

Size 0.0071*** 0.1536*** 0.0087***

(5.72) (4.57) (7.28)

Age -0.0037** 0.3207*** -0.0004

(-2.09) (6.73) (-0.22)
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Model (1) Model (2) Model (3)
CFP FC CFP

Growthrate 0.0356*** -0.7747*** 0.0276***

(27.65) (-22.19) (21.87)

Lev -0.0953*** 0.3952*** -0.0912***

(-51.92) (7.93) (-51.62)

R&D 0.0003** 0.0073** 0.0004***

(2.51) (2.13) (3.23)

FA -0.0845*** 2.4960*** -0.0588***

(-12.59) (13.70) (-9.05)

SOE -0.0040 0.1339 -0.0026

(-1.29) (1.60) (-0.87)

Indep -0.0003 -0.0344 -0.0006

(-0.19) (-0.88) (-0.45)

Top1 0.0003*** -0.0130*** 0.0001*

(3.23) (-5.83) (1.67)

TobinQ 0.0022*** 0.1483*** 0.0037***

(6.61) (16.63) (11.58)

COVID-19 0.0060 -3.4629*** -0.0297*

(0.36) (-7.58) (-1.83)

Constant -0.0300 -4.8431*** -0.0799***

(-1.00) (-5.96) (-2.78)

Year FE Yes Yes Yes

Firm FE Yes Yes Yes

Observations 12,833 12,833 12,833

R-squared 0.273 0.127 0.329

Note: The T statistic is in parentheses; *, **, and *** represent significance levels of 10%, 5%, and 1%, respectively.

Moderating effect and moderated 
mediation effects analysis
Model (4) in Table 4 shows the total moderating effect of 
ESG. The coefficient of the interaction term DT×ESG is 
significantly positive at the 1% level (0.0028). This means 
that good ESG performance can significantly alleviate the 
negative impact of DT on CFP. Consequently, in firms with 
superior ESG performance, the detrimental effects of DT 
on CFP are less severe.
Figure 2 and Table 5 depict the two-way interactions. They 
demonstrate that when ESG performance is poor, the lin-
ear slope is negative (-0.123). Conversely, when ESG per-
formance is high, the slope becomes positive (0.035), indi-
cating that in the case of higher ESG scores, the negative 
impact of DT turns into a positive effect.

In Model (6) of Table 4, the interaction term DT×ESG has 
an estimated coefficient that is significantly negative at the 
5% level (-0.0376), indicating that ESG significantly mod-
erates the relationship between DT and FC. In brief, as 
ESG performance improves, the positive impact of DT on 
FC weakens, thus verifying Hypothesis 4.
The results of Model (7) in Table 4 show that the estimat-
ed coefficient of DT×ESG is significantly positive at the 
1% level (0.0024), suggesting that the moderating effect 
of ESG is not entirely mediated by FC. Moreover, the co-
efficient of DT×ESG in the direct effect is smaller than that 
in the total effect of ESG (0.0024 in Model (7) compared 
to 0.0028 in Model (4)), suggesting that the moderation 
effect of ESG is partially mediated by FC. This further 
confirms that good ESG performance can both directly 
mitigate the negative impact of DT on CFP and enhance 
CFP by reducing the increase in FC caused by DT.



Journal of Corporate Finance Research / New Research Vol. 19 | № 1 | 2025

Higher School of  Economics80

Table 4. Moderating effects and moderated mediation effects

Model (4) Model (5) Model (6) Model (7)

CFP FC FC CFP
DT -0.2253*** 0.3504*** 3.1138*** -0.1935***

(-5.84) (3.08) (2.97) (-5.22)

ESG 0.0003** -0.0103*** -0.0069** 0.0002*

(2.19) (-3.16) (-1.96) (1.71)

DT×ESG 0.0028*** -0.0376*** 0.0024***

(5.40) (-2.65) (4.86)

FC -0.0102***

(-30.69)

Size 0.0065*** 0.1634*** 0.1649*** 0.0081***

(5.21) (4.84) (4.89) (6.83)

Age -0.0042** 0.3311*** 0.3305*** -0.0008

(-2.38) (6.93) (6.92) (-0.47)

Growthrate 0.0359*** -0.7783*** -0.7804*** 0.0279***

(27.96) (-22.29) (-22.35) (22.15)

Lev -0.0950*** 0.3857*** 0.3893*** -0.0911***

(-51.79) (7.73) (7.80) (-51.51)

R&D 0.0003*** 0.0074** 0.0072** 0.0004***

(2.60) (2.16) (2.09) (3.31)

FA -0.0842*** 2.4681*** 2.4835*** -0.0588***

(-12.55) (13.54) (13.62) (-9.06)

SOE -0.0038 0.1328 0.1316 -0.0025

(-1.24) (1.59) (1.57) (-0.84)

Indep -0.0005 -0.0300 -0.0297 -0.0008

(-0.37) (-0.76) (-0.76) (-0.60)

Top1 0.0003*** -0.0128*** -0.0128*** 0.0001

(3.12) (-5.76) (-5.75) (1.58)

TobinQ 0.0022*** 0.1483*** 0.1481*** 0.0037***

(6.68) (16.64) (16.61) (11.61)

COVID-19 -0.0326 -4.3839*** -4.6700*** -0.0803***

(-1.07) (-5.32) (-5.62) (-2.73)

Constant -0.0895*** -3.3463*** -3.5837*** -0.1316***

(-2.84) (-4.02) (-4.27) (-4.39)

Year FE Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes

Observations 12,833 12,833 12,833 12,833

R-squared 0.276 0.128 0.129 0.332

Note: The T statistic is in parentheses; *, **, and *** represent significance levels of 10%, 5%, and 1%, respectively. 
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Figure 2. Two-way linear interactions

Table 5. Simple slope tests

Lower ESG High ESG

Gradient of slope -0.123 0.035

t-value of slope -6.484 3.295

p-value of slope 0.000 0.001

Robustness tests
Alternative variables
In alignment with previous studies [15; 30], this paper 
substitutes ROE for CFP to verify the findings’ robust-
ness. Column 1 of Table 6 displays that the effect of DT 
on ROE is significantly negative at the 5% level (0.0849). 
This corroborates the reliability of our findings. To address 
concerns regarding the external validity of the KZ index, 
particularly its sensitivity to the sample and specific time 
period used for its construction, we employ the WW index 
[111] as an alternative measure. A robustness check using 
the WW index confirms the consistency of our results.

PSM-DID
To effectively mitigate the policy shocks associated with the 
“Action Plan for Industrial Internet Development” policy 
introduced by the Chinese government and to prevent sys-
tematic differences in the financial performance of firms 
in pilot and non-pilot cities, we employ propensity score 
matching-difference-in-differences (PSM-DID) analysis to 
incorporate the policy shocks into the regression model.
This method allows us to redefine the control group sam-
ple to ensure a direct comparison and analysis between the 
control and treatment groups [112]. Initially, we categorize 

the overall sample based on the digitization pilot city docu-
ments issued by China, distinguishing between the exper-
imental group (enterprises located in the digitization pilot 
cities) and the control group (enterprises located outside 
the digitization pilot cities). Then, the Logit model is used 
to compute the propensity scores for DT. Third, matching 
is performed using the 1:1 nearest neighbour matching 
method. We chose all control variables for logistic regres-
sion and propensity matching scores. The outcomes of the 
balance hypothesis test are presented in Figure 3. There is 
a significant common support region for the propensity 
scores of the experimental and control groups, and most 
of the samples’ propensity scores fall within this region, in-
dicating that the propensity score distributions of the two 
groups are generally balanced. Figure 4 illustrates a notable 
decrease in the standard deviation of most variables, indi-
cating that the PSM method employed in this research ef-
fectively mitigates the sample selection bias. Figure 5 shows 
that the propensity score density curves differ significantly 
between the two groups before matching but become sim-
ilar after matching, indicating that PSM effectively reduces 
selection bias.
In the PSM-matched sample, test for consistent trends in 
the CFP between the treatment and control groups before 
the policy was implemented. Figure 6 provides strong evi-
dence supporting the parallel trend assumption. The coeffi-
cients for the pre-treatment period (time -4 to 0) are close 
to zero, with their confidence intervals including zero, sug-
gesting no systematic differences in the outcome variable 
trends between the treatment and control groups prior to 
the policy implementation. This indicates that, in the ab-
sence of treatment, the trajectories of the outcome variable 
for the two groups would have evolved similarly over time.
The model after considering policy shocks is specified as 
follows:

( )
, 0 1 , 1 2 ,

,

CFP DT DID Controls

Year Firm      8,
i t i t i t

i t

α α α α= + + + +

+∑ +∑ +ν

Here, DID represents the policy shocks, other variables are 
the same as the above model.
Column 4 of Table 6 shows that in the matched sample, 
after accounting for policy shocks, the effect of DT on CFP 
remains consistent with the results of previous studies, 
showing a negative effect at the 1% level (-0.0156).. This 
provides additional evidence of the reliability of the re-
search findings.
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Figure 3. Common value range of the propensity score

Figure 4. Standardized bias for each variable
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Figure 5. Kernel density before and after PSM

Figure 6. Parallel-trend test

Endogeneity test
Although individual and time effects were incorporated 
into the baseline regressions to manage heterogeneity in 
firms’ financial performance, endogeneity problems may 
still persist due to reverse causality. High ROA not only 
reflects strong profitability but also a higher competitive-
ness and risk tolerance, making companies more willing 
to invest in DT even if the latter causes short-term finan-
cial pressure. To address this issue, we selected the lagged 
one-period year-end ratio of mobile phone subscribers 
in the city where the company operates (MphoneUserst-1) 
[113] and the lagged one-period degree of Digital Econo-
my Index (DEIt-1) of cities as instrumental variables (IV).
The digital transformation of a firm is closely linked to 
the external digital environment of its region. The mobile 
phone penetration rate in the city where the firm’s head-
quarters is located serves as an indicator of the local digital 
infrastructure. This infrastructure influences the parent 
company’s digital adoption and its efforts to implement 

digital technologies in subsidiaries across various cities. 
Due to the differences in urban development across Chi-
na, firms based in cities with higher mobile phone pene-
tration are generally more advanced in digital transforma-
tion [114], thereby satisfying the relevance condition for 
this instrument. Additionally, the exogeneity condition is 
met, as the local mobile penetration rate is unlikely to have 
a direct impact on the company’s financial performance. 
Similarly, following Tao et al. [115], a city-level DEI index 
was constructed using data from the China Urban Statis-
tical Yearbook and Local Statistical Yearbook, applying the 
entropy weight method. The DEIt-1 reflects the overall dig-
ital infrastructure and digital economy level in a city, but 
it does not directly influence a company’s financial perfor-
mance.
The first stage in Table 6 reveals that the coefficients for 
MphoneUserst-1 and DEIt-1 are significantly positive, indicat-
ing that the IV and endogenous explanatory variables are 
highly correlated. In Column (5), the p-value of the Klei-
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bergen-Paap rk LM statistic is below 0.01, signifying that 
the null hypothesis of “under-identification of IV” is reject-
ed at the 1% level of significance. The Cragg-Donald Wald 
F statistic and the Kleibergen-Paap Wald rk F statistic both 
surpass the 10% critical threshold (19.93), rejecting the null 
hypothesis of “weak IV”. P-value for the Hansen J-test test 
is  higher than 0.1, suggesting the absence of an over-iden-

tification problem. The results of the second stage indicate 
that the impact of DT on CFP is significantly negative at the 
1% level (-0.0799). Moreover, the absolute value of the co-
efficients of DT increase compared to the two-fixed effects 
regression (-0.0175). Thus, the estimated impact of DT on 
CFP is greater after accounting for endogeneity, indicating 
that the findings derived in this paper are robust.

Table 6. Robustness test and endogeneity test results

Alternative variable PSM-DID TSLS-First stage TSLS-Second 
stage

ROE WW CFP CFP DT DT CFP

DT -0.0849** 0.0947*** -0.0170*** -0.0156*** -0.0799***

(-2.27) (4.09) (-4.06) (-3.85) (-3.48)

WW -0.0049***

(-2.89)

DID 0.0110**

(2.02)

Mphone 
Userst-1

0.1637***

(4.07)

DEIt-1 0.0965***

(4.21)

Size 0.0376*** -0.1295*** 0.0065*** 0.0122*** -0.0063** -0.0186*** 0.0140***

(3.42) (-18.95) (5.13) (9.20) (-2.27) (-6.92) (13.44)

Age -0.0055 -0.0052 -0.0037** -0.0034** 0.0023 0.0035 -0.0009***

(-0.35) (-0.53) (-2.11) (-2.07) (0.58) (0.91) (-6.72)

Growthrate 0.0911*** -0.0716*** 0.0352*** 0.0330*** -0.0006*** -0.0005*** 0.0003

(7.96) (-10.09) (27.26) (27.01) (-2.94) (-3.09) (1.16)

Lev -0.0979*** -0.0550*** -0.0955*** -0.1665*** 0.0001 0.0436*** -0.1356***

(-6.00) (-5.43) (-52.02) (-33.94) (0.02) (4.44) (-19.28)

R&D -0.0004 -0.0011 0.0003** 0.0000 -0.0015*** -0.0007*** -0.0001

(-0.40) (-1.52) (2.47) (0.04) (-5.46) (-2.95) (-0.25)

FA -0.1909*** -0.1646*** -0.0853*** -0.0489*** -0.1048*** -0.0674*** -0.0381***

(-3.20) (-4.45) (-12.71) (-7.04) (-6.98) (-5.04) (-4.92)

SOE -0.0286 -0.0228 -0.0041 0.0006 0.0194*** 0.0044 -0.0082***

(-1.04) (-1.34) (-1.32) (0.21) (2.80) (0.74) (-3.42)
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Alternative variable PSM-DID TSLS-First stage TSLS-Second 
stage

ROE WW CFP CFP DT DT CFP

Indep -0.0077 -0.0000 -0.0003 -0.0001 0.0001 -0.0020 -0.0006

(-0.60) (-0.01) (-0.19) (-0.05) (0.02) (-0.71) (-0.35)

Top1 0.0006 0.0003 0.0003*** 0.0003*** 0.0005*** 0.0003* 0.0003***

(0.80) (0.67) (3.25) (4.16) (2.76) (1.69) (4.04)

TobinQ 0.0092*** -0.0003 0.0022*** 0.0029*** -0.0015** -0.0008 0.0048***

(3.16) (-0.18) (6.60) (7.69) (-2.10) (-1.26) (3.24)

COVID-19 0.0054 0.1213 0.0066 0.0021 0.0421 0.0212 -0.0041*

(0.04) (1.31) (0.39) (0.13) (1.12) (0.66) (-2.00)

Constant -0.6354** 2.0176*** -0.0201 -0.1250*** 0.2574*** 0.2139*** -0.2022***

(-2.39) (12.22) (-0.67) (-3.91) (2.81) (3.24) (-9.17)

Year FE Yes Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes Yes

Observations 12.833 12.833 12.833 9.898 10.439 10.439 10.439

R-squared 0.013 0.196 0.273 0.215 0.027 0.054 0.2305

Kleibergen-
Paap rk LM 
statistic

105.696 
[0.0000]

Kleibergen-
Paap rk Wald F 
statistic

68.994

Cragg-Donald 
Wald F statistic 408.492

Hansen J test 0.049 [0.8254]

Note: The T statistic is in parentheses; *, **, and *** represent significance levels of 10%, 5%, and 1%, respectively; the P 
value is in brackets.

Dynamic Analysis
Building upon our baseline findings which consistently in-
dicated a negative contemporaneous association between 
digital transformation and firm performance, we further 
investigate the temporal dynamics of this relationship. 
Recognizing that the impacts of strategic investments like 
DT often unfold over time and may involve initial costs 
followed by eventual benefits, we employ a distributed lag 
model (DLM). This allows us to disentangle the immedi-
ate versus lagged effects of DT on ROA, while controlling 
for performance persistence (ROAt-1). The model takes the 
form:

( )
i,t 0 1 i,t 2 i,t 1 3 i,t 1

4 i,t i,t

CFP DT DT ROA

Controls Year Firm      9,

α α α α

α
− −= + + + +

+ + ∑ +∑ +ν

In Table 7, the DLM estimation yields nuanced insights 
that refine our initial baseline interpretation. First, the co-
efficient on lagged ROA is significantly positive at the 1% 
level, confirming the expected performance persistence. 
Second, consistent with our baseline static models, the 
coefficient on contemporaneous DT remains significant-
ly negative. This reinforces the finding that, in the short 
term, engaging in DT is associated with lower ROA, likely 
reflecting the significant upfront investments, implemen-
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tation challenges, and potential operational disruptions 
inherent in these initiatives. Crucially, however, the dy-
namic analysis reveals a contrasting picture over a slight-
ly longer horizon. The coefficient on the first lag of DT is 
significantly positive. This suggests that the performance 
benefits derived from digital transformation—such as en-
hanced efficiency, improved innovation, or better market 
positioning—begin to materialize and outweigh the initial 
costs in the period following the primary investment and 
implementation phase.

Taken together, the DLM results reconcile the negative 
finding from the static baseline model with the strategic 
imperative often ascribed to digitalization. The negative 
contemporaneous effect primarily captures the initial in-
vestment phase and adjustment costs, while the positive 
lagged effect signals the eventual realization of benefits. 
This pattern strongly suggests a J-curve dynamic, where 
performance initially dips due to DT implementation be-
fore subsequently improving as the transformation ma-
tures and yields returns.

Table 7. Dynamic Analysis

Model (9)

CFP CFP CFP CFP

DT -0.0288*** -0.0179*** -0.0188*** -0.0128**

(-4.93) (-2.91) (-3.38) (-2.22)

ROAt-1 0.5505*** 0.1967*** 0.3638*** 0.0968***

(73.39) (20.78) (43.10) (10.34)

DTt-1 0.0123** 0.0166*** 0.0143** 0.0142**

(2.10) (2.72) (2.57) (2.47)

Size 0.0094*** 0.0206***

(19.30) (14.42)

Age -0.0005*** -0.0037**

(-6.17) (-2.24)

Growthrate 0.0011*** 0.0010***

(6.58) (6.58)

Lev -0.0931*** -0.1756***

(-29.19) (-32.86)

R&D -0.0000 0.0002

(-0.15) (1.56)

FA -0.0285*** -0.0598***

(-7.15) (-8.45)

SOE -0.0023* -0.0015

(-1.77) (-0.47)

Indep 0.0002 -0.0009

(0.20) (-0.60)

Top1 0.0002*** 0.0004***

(5.56) (4.26)

TobinQ 0.0026*** 0.0025***

(9.90) (7.64)
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Model (9)

CFP CFP CFP CFP

COVID-19 -0.0067** 0.0025

(-2.37) (0.18)

Constant 0.0168*** 0.0307*** -0.1696*** -0.3089***

(26.83) (17.07) (-8.65) (-9.26)

Year FE No Yes Yes Yes

Industry  FE No No Yes No

City FE No No Yes No

Firm FE No Yes No Yes

Observations 11,131 11,131 11,131 11,131

R-squared 0.332 0.058 0.436 0.171

Note: The T statistic is in parentheses; *, **, and *** represent significance levels of 10%, 5%, and 1%, respectively.

Heterogeneity analysis

Heterogeneity in shareholdings
According to the resource-based view (RBV), state-owned 
enterprises (SOEs) benefit from unique resource endow-
ments that enable them to secure government funding and 
policy advantages [117; 118]. This support allows SOEs to 
more effectively manage the high costs and inherent risks 
of digital transformation. These enterprises can not only 
leverage government-provided resources and policies to 
alleviate financial pressures during the initial stages of 
digital transformation but also fulfil public policy objec-
tives [119] and social responsibilities, thereby enhancing 
the drive for long-term sustainable development through 
digital transformation [120]. This approach strengthens 
relationships with stakeholders, allowing SOEs to gain 
more social capital and market trust and mitigating the 
short-term negative impacts of transformation on finan-
cial performance. In contrast, private enterprises often 
face greater challenges in the process of digital transfor-
mation, especially in the context of “ownership discrim-
ination” in China, where they struggle to obtain credit 
support comparable to that of SOEs [113]. Financing con-
straints impose greater financial pressure on private en-
terprises, making it difficult for them to advance digital 
agendas smoothly, which may lead to a deterioration in 
financial performance. We conduct heterogeneity analy-
sis to verify the differences between firms with different 
equity natures. We set SOE = 1 if the enterprise is an SOE, 
and SOE=0 otherwise. The results in Table 8 show that the 
effect of digital transformation on financial performance 

is significantly negative (-0.0317) at the 1% level in private 
enterprises and that the effect is not significant in SOEs. 
This confirms our view above.

Heterogeneity of the competitive market 
environment
The intensity of market competition may directly influence 
firms’ resource allocation and strategic choices regarding 
digital transformation, leading to potential variations in 
the latter’s impact on financial performance across differ-
ent competitive environments. In this study, the Herfin-
dahl-Hirschman Index (HHI) is used as a proxy variable 
for the degree of market competition, and heterogeneity 
is analysed based on the median split of HHI. HHI = 0 if 
HHI is greater than the median, and HHI = 1 otherwise. 
Typically, industries with lower HHI values experience 
more intense competition. The results in Table 8 indicate 
that in highly competitive environments (HHI = 1), the 
coefficient for digital transformation is negative at the 1% 
significance level (-0.0293), whereas in less competitive 
environments (HHI = 0), the relationship is not statisti-
cally significant. 
Overall, intense market competition challenges firms’ 
profitability [121]. It also necessitates substantial resource 
allocation across multiple domains, including product 
development, marketing, and digital infrastructure. On 
account of limited resources, firms may struggle to bal-
ance these investments, constraining the depth and effi-
ciency of their transformation efforts [122]. This directly 
impacts internal management decisions and resource al-
location efficiency, hindering the ability to rapidly achieve 
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profitability through digital transformation and negatively 
affecting financial performance. Conversely, in less com-
petitive markets, firms face reduced external pressures and 
are less disrupted by competitors with regard to resources 
and financing channels [123]. This allows for more delib-
erate planning and implementation of digital transfor-
mation. Such firms have sufficient time and resources to 
integrate digital technologies with existing business mod-
els, enhancing operational efficiency without significantly 
increasing costs. Therefore, in less competitive markets, 
digital transformation is unlikely to negatively impact 
financial performance and may even contribute to long-
term financial gain, though this result is not statistically 
significant.

Heterogeneity of firm age
We further categorized enterprises by the number of 
years since IPO, using the sample median. Enterprises 
with an IPO age greater than 13 years were assigned 
Age = 1, while those with an IPO age of 13 years or less 
were assigned Age = 0. The results in Table 8 indicate 
that digital transformation has a significantly negative 
impact on financial performance for long-listed enter-
prises, while the impact is not significant for younger 
enterprises.

Long-listed enterprises typically possess substantial indus-
try experience and resource accumulation, but they also 
face significant challenges related to organizational inertia 
and structural change [12]. During the digital transforma-
tion process, these well-established firms often need to in-
vest heavily in system upgrades and process reengineering, 
which not only incurs financial costs but may also disrupt 
existing business models and competitive advantages [59]. 
According to the resource-based view (RBV), this process 
of reconfiguring resource allocation can lead to a short-
term decline in financial performance, posing a threat to 
the survival of large, well-established firms that were suc-
cessful during the pre-digital economy era [60], especially 
if they fail to effectively manage organizational changes 
during the transformation. In contrast, younger enterpris-
es are typically more flexible and adaptable, allowing them 
to swiftly adjust their business models and integrate new 
technologies with existing resources during digital trans-
formation. Although younger firms also face the challenge 
of resource consumption during the transformation, their 
lower organizational inertia and higher innovation capac-
ity result in a smaller negative impact on financial perfor-
mance, and they may even benefit from the transforma-
tion. The results of this heterogeneity test further validate 
the findings in our benchmark regression.

Table 8. Heterogeneity test of shareholdings, competitive market environment, and firm age

SOE = 0 SOE = 1 HHI = 0 HHI = 1 Age = 0 Age = 1

CFP CFP CFP CFP CFP CFP

DT -0.0317*** -0.0044 0.0026 -0.0293*** 0.0096 -0.0258***

(-4.70) (-0.85) (0.40) (-4.88) (1.39) (-4.31)

Size 0.0060*** 0.0157*** 0.0059*** 0.0104*** 0.0247*** 0.0096***

(2.90) (9.46) (3.03) (5.22) (9.95) (5.32)

Age -0.0050* -0.0024 -0.0010 -0.0057** -0.0064*** -0.0031

(-1.94) (-1.02) (-0.38) (-2.33) (-3.10) (-1.10)

Growthrate 0.0477*** 0.0245*** 0.0389*** 0.0348*** 0.0482*** 0.0287***

(23.33) (15.50) (21.20) (18.17) (24.32) (15.92)

Lev -0.0916*** -0.1784*** -0.0911*** -0.1550*** -0.1812*** -0.0893***

(-42.05) (-27.85) (-43.04) (-20.46) (-23.08) (-39.77)

R&D 0.0003 0.0005*** 0.0003 0.0003* 0.0002 0.0003*

(1.44) (3.29) (1.37) (1.83) (0.71) (1.69)

FA -0.1080*** -0.0509*** -0.0654*** -0.0892*** -0.0990*** -0.0777***

(-9.54) (-6.21) (-7.09) (-8.47) (-9.76) (-7.65)

SOE 0.0026 -0.0058 -0.0003 -0.0004

(0.53) (-1.34) (-0.06) (-0.09)

Indep 0.0039 -0.0024 -0.0020 0.0014 -0.0011 0.0003

(1.34) (-1.50) (-1.02) (0.61) (-0.47) (0.12)
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SOE = 0 SOE = 1 HHI = 0 HHI = 1 Age = 0 Age = 1

CFP CFP CFP CFP CFP CFP

Top1 0.0000 0.0003*** 0.0005*** -0.0000 0.0001 0.0003*

(0.30) (3.26) (3.89) (-0.08) (1.09) (1.94)

TobinQ 0.0026*** 0.0006 0.0025*** -0.0011** 0.0030*** 0.0014***

(5.87) (1.22) (5.85) (-1.98) (5.57) (2.73)

COVID-19 0.0046 -0.0085 -0.0144 0.0182 0.0087 0.0015

(0.19) (-0.37) (-0.59) (0.78) (0.43) (0.06)

Constant -0.0050 -0.1955*** -0.0423 -0.0397 -0.3997*** -0.0766

(-0.11) (-4.40) (-0.90) (-0.86) (-7.24) (-1.32)

Year FE Yes Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes Yes

Observations 6,247 6,586 6,500 6,333 5,757 6,383

R-squared 0.367 0.172 0.345 0.163 0.282 0.307

Note: The T statistic is in parentheses; *, **, and *** represent significance levels of 10%, 5%, and 1%, respectively.

Heterogeneity in environmental, social, 
and governance performance

Given the distinct characteristics of the three ESG dimen-
sions, this study groups firms by their average environmen-
tal, social, and governance scores to investigate the effect of 
these differences on the relationship between digital trans-
formation and financial performance. The findings in Ta-
ble 9 show that variations in environmental performance 
have little effect on this relationship: digital transformation 
negatively impacts financial performance regardless of en-
vironmental performance. However, differences in social 
responsibility and governance performance significantly 
influence this relationship. When social responsibility and 
governance are weak, digital transformation notably harms 
financial performance, but when they are strong, this nega-
tive impact becomes insignificant.

Further analysis reveals that strong social responsibility and 
governance performance send positive signals to the market, 
boosting investor confidence and support [65], attracting 
government policy support and financial subsidies [84], and 
increasing opportunities for credit financing within the sup-
ply chain [83]. These factors alleviate the financial pressures 
associated with the significant investments required for dig-
ital transformation [78], thereby improving financial perfor-
mance. Additionally, high levels of social responsibility and 
internal governance can attract top-tier human resources 
[70], providing sustained momentum for digital transforma-
tion, increasing its efficiency, and mitigating the negative im-
pacts of initial cost increases and profitability declines. This 
helps buffer the risk of deteriorating financial performance. 
These findings offer a deeper analysis of the moderating role 
of ESG performance and further clarify how each dimension 
individually influences this relationship.

Table 9. Heterogeneity test of environmental, social, and governance performance

E_high E_low S_high S_low G_high G_low

CFP CFP CFP CFP CFP CFP
DT -0.0226*** -0.0157*** 0.0014 -0.0332*** -0.0057 -0.0221***

(-3.28) (-2.59) (0.26) (-4.53) (-1.16) (-2.91)
Size 0.0144*** 0.0088*** 0.0209*** 0.0027 0.0106*** 0.0051**

(7.08) (4.63) (11.45) (1.27) (6.60) (2.17)
Age -0.0043** -0.0030 -0.0041** -0.0029 -0.0046** -0.0033

(-2.08) (-1.02) (-2.16) (-0.79) (-2.47) (-0.98)
Growthrate 0.0399*** 0.0325*** 0.0357*** 0.0352*** 0.0388*** 0.0315***

(21.30) (17.45) (20.75) (17.04) (25.34) (13.82)
Lev -0.1987*** -0.0861*** -0.1881*** -0.0841*** -0.1493*** -0.0874***

(-26.55) (-40.92) (-26.50) (-37.95) (-25.07) (-34.20)
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E_high E_low S_high S_low G_high G_low

CFP CFP CFP CFP CFP CFP
R&D -0.0001 0.0004* -0.0000 0.0007*** -0.0000 0.0008***

(-0.54) (1.91) (-0.17) (2.93) (-0.25) (3.07)
FA -0.0851*** -0.0710*** -0.0728*** -0.0789*** -0.0697*** -0.0925***

(-8.68) (-6.76) (-7.07) (-7.61) (-9.53) (-6.92)
SOE -0.0043 -0.0075 -0.0004 -0.0066 -0.0037 -0.0064

(-0.95) (-1.59) (-0.10) (-1.26) (-1.01) (-1.16)
Indep 0.0002 -0.0016 -0.0005 -0.0014 0.0002 -0.0021

(0.10) (-0.70) (-0.28) (-0.52) (0.11) (-0.65)
Top1 0.0003** 0.0003** 0.0004*** 0.0003** 0.0004*** 0.0002

(2.52) (2.41) (3.29) (2.01) (4.59) (1.42)
TobinQ 0.0046*** 0.0009** 0.0069*** -0.0001 0.0050*** 0.0006

(6.10) (2.22) (11.17) (-0.17) (10.96) (1.12)
COVID-19 0.0142 -0.0079 0.0045 -0.0031 0.0195 -0.0012

(0.70) (-0.28) (0.25) (-0.09) (1.10) (-0.04)
Constant -0.1467*** -0.0703 -0.3099*** 0.0660 -0.0963*** 0.0190

(-3.10) (-1.53) (-7.52) (1.17) (-2.64) (0.33)
Year FE Yes Yes Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes Yes Yes
Observations 6,059 6,774 7,014 5,819 7,602 5,231
R-squared 0.234 0.322 0.212 0.340 0.224 0.317

Note: The T statistic is in parentheses; *, **, and *** represent significance levels of 10%, 5%, and 1%, respectively.

Conclusion and discussion
Our results show that digital transformation as a means of 
innovation policy has a complex dynamic effect on the fi-
nancial performance of mature, large-cap Chinese firms. 
Specifically, we observe an initial detrimental impact, con-
trasting with some prior studies [2; 47; 48].This research 
focuses on Chinese enterprises characterized by organiza-
tional inertia, extensive infrastructure, and heavy reliance 
on traditional business models. Moreover, unlike previous 
scholars who measure digital transformation using words 
frequency [86] or a dummy variable [48], we adopt digi-
tal assets as an indicator of the digital transformation lev-
el. Digital assets serve as a better explanatory variable for 
studying the effect of digital transformation on return on 
assets, providing a more accurate reflection of a firm’s in-
volvement in digital innovation. Our findings offer a new 
perspective by highlighting that, for mature enterprises, 
digital transformation is still largely at the digital equip-
ment and technology application stage, which requires 
substantial initial investments. This upfront investment 
explains the initial negative impact on ROA. However, 
consistent with a J-curve dynamic often seen in large-scale 
investments, the benefits of digital transformation are not 
immediate but manifest later,, leading to disproportionate 
increases in operational costs relative to revenue and, con-
sequently, a short-term decline in return on assets. Addi-
tionally, this study examines the considerable failure rate 

of digital transformation and the resulting operational un-
certainties, particularly with regard to traditional business 
model changes and the impact on the core business. These 
circumstances support the digitalization paradox theory 
[8], which links digital investments to challenges in rev-
enue growth. Our study goes further by providing a more 
comprehensive analysis of how these digital investments 
lead to imbalanced costs and returns over time, negatively 
impacting overall financial performanceinitially, and iden-
tifying the mediating role of financing constraints in this 
process.
In light of these findings highlighting the dynamic, J-curve-
like nature of returns, it is essential for firms to recognize 
the potential for temporary financial setbacks during the 
initial phases of digital technology adoption. These chal-
lenges largely stem from increased capital expenditures, 
heightened operational costs, and the complexities of inte-
grating digital technologies into existing business process-
es before the longer-term benefits materialize. To mitigate 
these risks, companies must adopt a strategic approach that 
carefully aligns digital transformation initiatives with their 
core business objectives. A targeted, phased implementa-
tion strategy, where key business functions are prioritized 
for digital integration, can help minimize operational dis-
ruptions and optimize resource allocation. Furthermore, 
firms must enhance their risk assessment and management 
frameworks to better navigate the uncertainties inherent in 
digital transformation. By refining their digital strategies 
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and improving risk management practices, firms can bet-
ter balance the initial costs inherent in this dynamic effect 
with the long-term benefits of digital transformation.
Furthermore, this research highlights the crucial synergy 
between digital innovation and ESG management inno-
vation in improving the financial performance of large, 
mature firms from a sustainable development perspective. 
It underscores the importance for companies to integrate 
sustainability principles into their digital transformation 
initiatives. The findings show that ESG effectively alleviates 
the adverse effects of digital transformation (particularly 
the initial downturn) by reducing financing constraints. 
Strong ESG performance enhances stakeholder tolerance 
for financial performance declines during digital trans-
formation and raises expectations for its eventual success. 
Strong ESG practices also help to address challenges in 
human capital, facilitate the smoother integration of dig-
ital technologies, improve risk management, and reduce 
uncertainties associated with the transformation’s dynam-
ic payoff structure. From a signalling theory perspective, 
ESG sends positive signals to capital markets about a firm’s 
long-term sustainable development goals, countering po-
tential negative signals of digital transformation failures 
and slow returns and easing financing constraints. More-
over, ESG strengthens trust with suppliers, customers, and 
regulators, expanding financing channels. It further sup-
ports Yin’s [124] argument that integrating digital technol-
ogies with green activities is a crucial factor in boosting 
digital competitiveness.
Our research findings provide new strategic ideas for firms 
on advancing digital transformation agendas and offset-
ting the dynamic short-term financial pressures brought 
by digital transformation through an improvement of ESG 
performance, ultimately promoting long-term sustain-
able development. At the same time, enhanced ESG per-
formance is a focus for companies aiming to bolster their 
market reputation and financing capacity.
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