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Abstract. As the Chinese economy shifts from a rapid growth phase to a stage 

of high-quality development, Environmental, Social, and Governance (ESG) 

concepts have increasingly become critical indicators for assessing the sustaina-

ble development of enterprises, directly influencing the efficacy of investment 

decisions. Utilizing data from A-share listed companies in Shanghai, Shenzhen, 

and Beijing from 2011 to 2024, this study empirically examines the relationship 

between corporate ESG performance and investment inefficiency, while explor-

ing the heterogeneous impacts of the corporate lifecycle and the moderating ef-

fect of cost of debt. Findings indicate the presence of a non-linear, inverted U-

shaped relationship between ESG performance and investment inefficiency, pre-

dominantly driven by firms in the growth stage. Furthermore, the cost of debt 

financing serves as a negative moderating factor in this relationship. This re-

search provides a theoretical foundation for optimizing ESG resource allocation 

across enterprises at various developmental stages and offers practical insights 

for policymakers aiming to enhance ESG incentive mechanisms and financing 

support policies. Additionally, it contributes to the broader discourse on ESG and 

corporate investment efficiency. 

Keywords: ESG Performance, Investment Inefficiency, Inverted U-shaped Re-

lationship, Cost of Debt. 

1 Introduction 

Following decades of rapid economic growth, China has entered a phase of high-quality 

development [1]. Corporate sustainability, a critical determinant of long-term success, 

has elevated the importance of Environment, Social, and Governance (ESG) principles 

as a key performance indicator. ESG disclosure and practices not only impact corporate 

performance and social influence but also directly affect its investment efficiency [2]. 

With the introduction of the “Guidelines for Sustainable Development Reporting of 

Listed Companies” and the “Corporate Sustainability Disclosure Standards” by the 
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Ministry of Finance, ESG disclosure requirements for Chinese firms have become in-
creasingly strict, enhancing the validity of sustainability data [3]. How to alleviate in-
efficiency and strike a balance between ESG investments and investment efficiency has 
emerged as a pressing issue for both corporate managers and academia.    

Existing research has preliminarily explored the relationship between ESG and cor-
porate governance. However, China’s ESG evaluation system remains underdeveloped. 
Most studies focus on the linear impact of ESG performance on financial outcomes, 
with limited attention to investment efficiency [4]. Therefore, it is of great theoretical 
value and practical significance to analyze the  ESG’s impact on Chinese enterprises’ 
investment inefficiency and its inner pattern. Especially under the circumstances of in-
creasingly strict requirements on environmental and social responsibility, understand-
ing how to increase investment efficiency by optimizing ESG’s strategies is of great 
significance for enterprises to drive business success in a sustainable economy.  

By analyzing the panel data from A-share listed companies in China (2011–2024), 
this study probes the nonlinear relationship between ESG performance and investment 
inefficiency, as well as the moderating role of cost of debt. The contributions of this 
study are listed as follows. Firstly, it identifies an inverted U-shaped relationship be-
tween the two subjects. Secondly, it explores the heterogeneous impacts across differ-
ent stages of a firm’s lifecycle, highlighting the disparate ESG investment strategies 
employed by enterprises in their growth versus maturity phases. Additionally, the re-
search examines the negative moderating effect of elevated cost of debt on the ESG-
investment inefficiency relationship, offering strategic insights for optimizing ESG in-
vestments at various lifecycle stages. These findings not only augment the theoretical 
framework concerning ESG and investment efficiency but also provide localized em-
pirical evidence to inform policymakers and corporate managers in developing tailored 
ESG strategies for practical implementation. 

2 Theoretical Basis and Research Hypotheses 

2.1 The Relationship Between ESG Performance and Investment Inefficiency 

Freeman’s Stakeholder Theory points out that corporate development relies on the input 
and participation of various stakeholders, with firms pursuing collective rather than in-
dividual interests [5]. Combined with Corporate Life Cycle Theory, the capacity and 
demand for ESG investments vary across growth stages [6]. Under current policies, 
strong ESG performance can yield benefits such as policy incentives and stakeholder 
support (e.g., green credit policies, enhanced social recognition), improving investment 
efficiency. However, conflicts among stakeholders and divergent ESG demands may 
lead to excessive resource allocation, increasing inefficiency.    

For growth-stage firms, investment inefficiency rises with ESG performance due to 
limited resources and immature management structures [7]. On approaching a break-
point, inefficiency declines as mature firms leverage ESG initiatives to create synergies, 
optimize resource allocation, and gain policy advantages (Ibid). Based on the former 
analysis, the first hypothesis is raised. 
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H1: ESG performance exhibits an inverted U-shaped relationship with corporate in-
vestment inefficiency. 

2.2 The Moderating Role of Cost of Debt in the ESG-Investment Inefficiency 
Relationship 

The Information Asymmetry Theory suggests that sellers possess more information 
than buyers, enabling them to benefit by conveying reliable signals [8]. On the one 
hand, high cost of debt curbs inefficiency when ESG performance is at a low level. 
Poor ESG disclosure amplifies information asymmetry, leading creditors to demand 
higher risk premiums, which tightens the financing constraints, forcing firms to aban-
don inefficient projects. On the other hand, high debt cost limits effective investments 
when ESG performance is at a high level. ESG projects, characterized by long-term 
payoffs, contract short-term solvency, prompting cuts to ESG budgets. This undermines 
long-term benefits, causing underinvestment in innovation or short-term overinvest-
ment [9]. Therefore, the second hypothesis is raised as follows. 

H2: Corporate cost of debt negatively moderates the relationship between ESG per-
formance and investment inefficiency.  

3 Empirical Testing 

3.1 Sample Selection and Data Sources 

This study utilizes annual data from A-share listed companies in Shanghai, Shenzhen, 
and Beijing, spanning from 2011 to 2024, as the initial sample. The data was primarily 
sourced from the Choice financial database, while ESG data was obtained from the 
Huazheng ESG rating system. To enhance the reliability of the research findings, the 
initial sample underwent rigorous screening based on the following criteria: (1) exclu-
sion of samples with missing variable data; (2) exclusion of financial sector companies; 
(3) removal of anomalous companies designated as ST and *ST during the sample pe-
riod; (4) exclusion of outliers, specifically data falling outside the 1st and 99th percen-
tiles. Following this screening process, a final dataset comprising 20,521 sample com-
pany observations was obtained for analysis.  

3.2 Variable Definition and Measurement 

3.2.1 Explained Variable – Investment Inefficiency (𝑰𝒏𝒆𝒇𝒇_𝑰𝒏𝒗). Investment ineffi-
ciency indicates the deviation of firms’ investment from the optimal level. Following 
Richardson (2006) and Biddle et al. (2009), the paper constructs models to conduct the 
regression analysis of sample data, while investment inefficiency is measured as the 
absolute residual from the investment model estimation, since positive residuals indi-
cate over-investment, and negative residuals signify under-investment [10-11]. The cal-
culation formulas are as follows.  
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𝐼𝑛𝑣 ,  𝛼  𝛼 𝐷𝑒𝑏𝑡_𝑐𝑜𝑠𝑡 ,    𝛼 𝐶𝑎𝑠ℎ ,    𝛼 𝐿𝑒𝑣 ,    𝛼 𝑆𝑖𝑧𝑒 ,    
   𝛼 𝐴𝑔𝑒 ,    𝛼 𝑀𝑎𝑛𝑎𝑔𝑒𝑟 ,    𝛼 𝐼𝑛𝑣 ,    ∑ 𝑌𝑒𝑎𝑟  ∑ 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦  𝜀 ,   (1) 

 𝐼𝑛𝑒𝑓𝑓_𝐼𝑛𝑣 ,   𝐴𝑐𝑡𝑢𝑎𝑙_𝐼𝑛𝑣 ,  𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑_𝐼𝑛𝑣 ,   𝜀 ,  (2)

In the formula 1, the variable 𝐼𝑛𝑣 is calculated by dividing the net cash outflow for 
the acquisition of fixed assets, intangible assets, and other long-term assets (i.e., cash 
expended minus cash received from their disposal) by the total assets at the start of the 
fiscal year. The control variable is delineated in Section 3.2.4. A higher value of
𝐼𝑛𝑒𝑓𝑓_𝐼𝑛𝑣 indicates a greater degree of investment inefficiency within the company. 

3.2.2 Explanatory Variable – ESG Performance (𝑬𝑺𝑮_𝒔𝒄𝒐𝒓𝒆). This study utilizes the 
Huazheng ESG rating methods to measure corporate ESG performance. The Huazheng 
ESG rating system draws upon internationally recognized ESG evaluation frameworks 
while adapting to the unique characteristics of China’s capital markets [12]. Among 
domestic ESG rating systems for listed companies, the Huazheng system demonstrates 
superior performance in terms of evaluation width and depth. It establishes 26 key in-
dicators, which are evaluated using an industry-weighted averaging method, with quar-
terly updates covering all listed companies (Ibid).  

According to the Huazheng ESG rating methodology, the composite ESG score is 
calculated through a bottom-up weighted aggregation of the indicator system. Follow-
ing Li & Yuan (2024), the study employs a 0-100 scoring scale to measure ESG per-
formance, where scores below 60 represent the lowest rating and scores of 95 or above 
represent the highest rating, with 5-point intervals between rating tiers. Higher ESG 
scores indicate better corporate ESG performance [13]. To test the inverted U-shaped 
relationship, the model includes both the linear 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒 term and its squared term 
(𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒_𝑠𝑞). 

3.2.3 Moderator Variable – Cost of Debt (𝑫𝒆𝒃𝒕_𝒄𝒐𝒔𝒕). To examine the moderating 
role of cost of debt in the relationship between ESG and investment inefficiency, this 
study follows Mei & Zhang (2023) to measure the 𝐷𝑒𝑏𝑡_𝑐𝑜𝑠𝑡 as financial expenses 
divided by total liabilities [14]. This variable reflects the interest rate level of corporate 
debt financing, with higher values indicating greater financing costs. 

3.2.4 Control Variables. The specific control variables selected for the study include 
cash holdings (𝐶𝑎𝑠ℎ, defined as the ratio of cash and cash equivalents to total assets), 
leverage ratio (𝐿𝑒𝑣, defined as the ratio of total liabilities to total assets), enterprise size 
(logarithm of total operating revenue, denoted as 𝑆𝑖𝑧𝑒), firm age (𝐴𝑔𝑒), and executive 
shareholding ratio (𝑀𝑎𝑛𝑎𝑔𝑒𝑟). 

3.3 Empirical Model 

Based on the research hypotheses, the study employs regression analysis to examine 
the impact of corporate ESG performance on investment inefficiency, with investment 
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inefficiency as the dependent variable and ESG performance as the independent varia-
ble. The baseline model (equation 3) is specified as: 

𝐼𝑛𝑒𝑓𝑓_𝐼𝑛𝑣 ,  𝜇  𝜇 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒 ,    𝜇 𝐸𝑆𝐺_𝑠𝑞_𝑠𝑐𝑜𝑟𝑒 ,    
                             𝜇 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑉𝑎𝑟 ,    𝛾  𝜆  𝜀 ,  (3)

In the equation, 𝐼𝑛𝑒𝑓𝑓_𝐼𝑛𝑣 represents investment inefficiency, 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒 denotes 
corporate ESG performance, 𝛾  represents time fixed effects, 𝜆  represents entity fixed 
effects, which provide better control for endogeneity compared to industry fixed effects 
and are therefore included in the main model. 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑉𝑎𝑟 includes all control varia-
bles. 𝜇  is the constant term, 𝜇  and 𝜇  are regression coefficients to be estimated, and 
𝜀 is the random error term.  Hypothesis 1 is supported if  𝜇  is significantly positive 
and  𝜇  is significantly negative, indicating an inverted U-shaped relationship. 

To investigate the moderating mechanism of corporate cost of debt, the study con-
structs the equation 4 to test the moderating effect. In this equation, if 𝛽  is significantly 
negative, it indicates that higher cost of debt financing weakens the initial positive re-
lation between ESG and investment inefficiency. If 𝛽  is significantly positive, it sug-
gests that higher cost of debt financing attenuates the subsequent negative relation be-
tween ESG and investment inefficiency after the inflection point. The confirmation of 
𝛽  > 0 would support Hypothesis 2. 

𝐼𝑛𝑒𝑓𝑓_𝐼𝑛𝑣 ,  𝛽  𝛽 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒 ,    𝛽 𝐸𝑆𝐺_𝑠𝑞_𝑠𝑐𝑜𝑟𝑒 ,    
𝛽  𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒 ,   ∗ 𝐷𝑒𝑏𝑡_𝑐𝑜𝑠𝑡 ,     𝛽  𝐸𝑆𝐺_𝑠𝑞_𝑠𝑐𝑜𝑟𝑒 ,   ∗ 𝐷𝑒𝑏𝑡_𝑐𝑜𝑠𝑡 ,     

                       𝛽 𝐷𝑒𝑏𝑡_𝑐𝑜𝑠𝑡 ,    𝛽 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑉𝑎𝑟 ,    𝛾  𝜆  𝜀 ,  (4)

4 Research Results and Analysis 

4.1 Descriptive Analysis 

To examine the basic characteristics of the variables, descriptive statistical analysis was 
conducted. Table 1 presents the descriptive results of the main variables.  Firstly, for 
the ESG performance measure (𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒), its mean value is 73.3963 with a standard 
deviation of 4.8863, which indicates that the majority of firms demonstrate good ESG 
performance, with scores clustering around the mean. Nevertheless, there exists a sub-
stantial gap of nearly 30 points between the highest and lowest performing firms. Sec-
ondly, for the 𝐼𝑛𝑒𝑓𝑓_𝐼𝑛𝑣, the mean value is 0.0253 with a standard deviation of 0.0293 
and a median of 0.0168, which suggest that most firms maintain relatively low levels 
of investment inefficiency, while some extreme values increasing the overall mean. The 
standard deviation (0.0293) is 1.74 times the median value and the maximum value 
(0.1737) is 579 times the minimum value (0.0003). Such significant dispersion reflects 
the phenomenon of polarization in investment efficiency among the sample firms. The 
distributions of other variables are within reasonable ranges. 
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Table 1. Descriptive statistical results. 

Variable 
Sample

Size 
Average

Value 
 Standard 

Deviation 
 

Minimum Median Maximum

ESG_score 20521 73.3963 4.8863 58.3700 73.5400 84.4400

Ineff_Inv 20521 0.0253 0.0293 0.0003 0.0168 0.1737

Debt_Cost 20521 0.0064 0.0283 -0.1254 0.0103 0.0587

Cash 20521 0.1425 0.0973 0.0156 0.1178 0.4997

Lev 20521 0.4224 0.1919 0.0676 0.4158 0.8665

Size 20521 21.7078 1.3810 18.9864 21.5576 25.6758

Age 20521 20.6971 5.7069 10.0000 20.0000 38.0000

Manager 20521 0.1582 0.1891 0.0001 0.0616 0.6699

4.2 Multicollinearity Test 

To preliminarily assess potential collinearity among variables, a multicollinearity test 
was conducted. The Variance Inflation Factor (VIF) method was employed to detect 
multicollinearity in the regression model, which examines whether high correlations 
exist between variables. Excessive VIF values for certain variables may lead to model 
estimation distortions, including unstable regression coefficients and invalid signifi-
cance tests [15].  

For a given variable 𝑋 , its VIF value is calculated using the following formula 

 𝑉𝐼𝐹  
 

    
  (5)

In the formula, 𝑅 
  represents the coefficient of determination between  𝑋  and other 

variables. As the correlation between  𝑋  and other variables increases, 𝑅 
  becomes 

larger, resulting in higher 𝑉𝐼𝐹  value and greater likelihood of multicollinearity [15]. 
According to multicollinearity diagnostic criteria, VIF values below 10 are considered 
acceptable, indicating no severe multicollinearity among variables. Table 2 presents the 
multicollinearity test results for major variables. The findings demonstrate that all var-
iables’ VIF values are below 10, hence, all of them can be retained for the analysis. 

Table 2. Results of multicollinearity test. 

 Feature VIF 

1 ESG_score 1.1292 

2 Debt_cost 1.6518 

3 Cash 1.4315 

4 Lev 1.7898 

5 Size 1.5627 

6 Age 1.0802 

7 Manager 1.1824 
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4.3 Panel Regression Analysis 

4.3.1 Result of Hypothesis 1. Based on the research hypothesis H1, the full sample was 
tested, with Table 3 presenting the key multivariate regression results. The regression 
results for the full sample column demonstrate that the linear term coefficient of
𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒 is positive and the quadratic term coefficient is negative. Both coefficients 
are statistically significant at the 5% level. These findings confirm the validity of H1, 
indicating an inverted U-shaped nonlinear relationship between corporate ESG perfor-
mance and investment inefficiency. Specifically, corporate inefficient investment be-
haviors initially increase with improving ESG performance. Upon reaching a certain 
breakpoint, they begin to show a declining trend. To further verify this inverted U-
shaped relationship, the study conducted a breakpoint regression test. The breakpoint 
is defined as the threshold on the x-axis where the inverted U-shape reaches its peak, 
which is determined using the statistically significant and distinct coefficients of the 
linear and quadratic terms of the 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒 in regression model (3) [16]. Specifically, 
this breakpoint is calculated using the formula  𝑎/2𝑏, where 𝑎 represents the linear 
coefficient and 𝑏 denotes the quadratic coefficient of the 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒. In this study, a 
breakpoint value of 70.0559 was calculated. Additionally, a segmented linear regres-
sion model was developed based on this breakpoint to capture the differential effects 
on either side of the threshold, facilitating the creation of new variables. 

  
𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒_𝑙𝑜𝑤  𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒  70.0559, 𝑖𝑓 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒  70.0559
𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒_ℎ𝑖𝑔ℎ  𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒  70.0559, 𝑖𝑓 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒  70.0559 (6)

The regression results show that 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒_𝑙𝑜𝑤 has a positive coefficient (0.0003), 
and is significant at the 10% level, while 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒_ℎ𝑖𝑔ℎ has a negative coefficient 
(-0.0003), with significance level of 1%. These results confirm the inverted U-shaped 
relationship. Specifically, investment inefficiency increases with better ESG perfor-
mance when the score is below the breakpoint, and decreases with higher ESG inputs 
when the score is upon the breakpoint. Thus, Hypothesis 1 is fully supported. 

Table 3. Regression results for Hypothesis 1. 

 Full Sample 
Growth-stage 

Firm Subsample 
Mature-stage 

Firm Subsample 

ESG_score 0.0025** 0.0041** 0.0016

ESG_score_sq -0.0001** -0.0002** -0.0001

Debt_cost -0.0129 -0.0276 -0.0057

Cash 0.0216*** 0.0155** 0.0276***

Lev -0.0090** -0.0102** -0.0080

Size -0.0029*** -0.0024** -0.0033***

Age -0.0018*** -0.0023*** -0.0012

Manager 0.0114*** 0.0111** 0.0028

Year Yes Yes Yes
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Entity Yes Yes Yes

F 23.6650 11.5470 10.1400

R-squared 0.0110 0.0104 0.0104

N 20521 11126 9395

Note: The data in the table are regression coefficients of each variable, and ***, **, and * are significant at 

the significance level of 1%, 5% and 10% respectively. 

Furtherly, heterogeneity tests were conducted on the full sample. The study com-
pares firms’ ages with the industry-year median of 𝐴𝑔𝑒, those who were smaller than 
the median were classified as growth-stage enterprises, while bigger ones were catego-
rized as mature-stage enterprises. Separate regression analyses were performed for the 
two subsamples. The regression results in Table 4 reveal that growth-stage firms’ linear 
coefficient of 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒 is significantly positive (p=0.0140) and the quadratic coeffi-
cient is significantly negative (p=0.0144). These findings are consistent with the main 
hypothesis. However, both the linear and quadratic coefficients of 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒 are sta-
tistically insignificant in mature-stage firm subsample, which indicates that the inverted 
U-shaped relationship of H1 is primarily driven by growth-stage firms.  

The underlying mechanisms can be explained as follows. Growth-stage enterprises 
are characterized by market expansion and rapid scale growth, albeit with significant 
volatility. These entities often face heightened investment demands, yet their manage-
ment structures are not fully developed [17]. Therefore, during low ESG level, these 
firms require well ESG performance to raise firm’s reputation and take in capital. How-
ever, with limited resources, ESG investments will take the place of core business re-
sources, such crowding-out effect increases investment inefficiency. Upon reaching 
high ESG level, strong ESG performance raises revenue and reduce financing costs. 
Consequently, investment inefficiency decreases. When it comes to mature-stage firms, 
their stable market positions bring slower growth rates. Cash flows are more abundant 
with established investment patterns, lowering agency costs [17]. Therefore, ESG in-
vestment motivations focus on maintaining corporate image and meeting compliance 
requirements, which do not significantly crowd out other business areas. Hence, ESG 
shows no significant impact on investment inefficiency in these firms. 

4.3.2 Result of Hypothesis 2. To examine the moderating effect proposed in Hypothesis 
2, the study constructed a moderation model and tested it using the full sample. Table 
4 presents the key multivariate regression results. Firstly, the results in column (a) show 
that the interaction term between 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒 and the moderator variable 𝐷𝑒𝑏𝑡_𝑐𝑜𝑠𝑡 
(𝐸𝑆𝐺_𝐷𝑒𝑏𝑡) has a significantly negative coefficient at the 5% level, while the interac-
tion term between 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒_𝑠𝑞 and 𝐷𝑒𝑏𝑡_𝑐𝑜𝑠𝑡 (𝐸𝑆𝐺_𝑠𝑞_𝐷𝑒𝑏𝑡) has a positive coef-
ficient at the 5% significance level. These results demonstrate that cost of debt financ-
ing exerts a negative moderating effect on the relationship between ESG and investment 
inefficiency. Specifically, cost of debt weakens the initial positive correlation between 
ESG and investment inefficiency, making the ascending part of the inverted U-curve 
becomes flatter. At lower ESG performance levels, higher cost of debt could effectively 
curb over-investment. Compared to firms with lower financing costs, those with higher 
costs exhibit less investment inefficiency. According to Financing Constraints Theory, 
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firms facing higher cost of debt has stronger constraints on financing and over-invest-
ment behaviors [18]. Consequently, initial positive correlation between ESG and in-
vestment inefficiency is weakened.  

Furthermore, cost of debt financing weakens the effect of ESG in reducing invest-
ment inefficiency after the breakpoint, making the descending part of the inverted U-
curve becomes flatter. At higher ESG performance levels, high financing costs limit 
firms’ capacity for effective ESG investments, thus diminishing the magnitude of re-
duction in investment inefficiency. Due to financial risks, firms with higher financing 
costs prioritize paying short-term debt over long-term ESG projects, which undermines 
the long-term improvement effect of ESG on investment efficiency. Secondly, column 
(b) shows the results with addition of control variables. 𝐸𝑆𝐺_𝐷𝑒𝑏𝑡 maintains its signif-
icantly negative coefficient at the 5% level and 𝐸𝑆𝐺_𝑠𝑞_𝐷𝑒𝑏𝑡 has a positive coefficient 
at the 5% significance level, either. These robust results provide conclusive evidence 
supporting Hypothesis 2. 

Table 4. Regression results for Hypothesis 2. 

Full Sample 

(a) (b)

ESG_score 0.0027** 0.0031***

ESG_score_sq -0.0001*** -0.0002***

Debt_cost 2.4318* 2.6468**

ESG_Debt -0.0715** -0.0765** 

ESG _sq_Debt 0.0005** 0.0005** 

Cash  0.0219 

Lev  -0.0091** 

Size  -0.0029*** 

Age  -0.0018*** 

Manager  0.0114*** 

Year Yes Yes 

Entity Yes Yes

F 8.2725 19.7200

R-squared 0.0024 0.0115

N 20521 20521

Note: The data in the table are regression coefficients of each variable, and ***, **, and * are significant at 

the significance level of 1%, 5% and 10% respectively. 

4.4 Robustness Test 

This study employs a variable substitution approach to conduct robustness checks. The 
core variable 𝐸𝑆𝐺_𝑠𝑐𝑜𝑟𝑒 was replaced with 𝐸𝑆𝐺_𝑔𝑟𝑎𝑑𝑒 data from the same Huazheng 
rating system. The 𝐸𝑆𝐺_𝑔𝑟𝑎𝑑𝑒 metric classifies corporate ESG performance into nine 
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tiers from lowest to highest: C, CC, CCC, B, BB, BBB, A, AA, and AAA, and numer-
ically assigns values ranging from 1 to 9 [13]. Regression analysis using this alternative 
measure yields the following results: (1) The linear term coefficient of 𝐸𝑆𝐺_𝑔𝑟𝑎𝑑𝑒 is 
0.0026, significant at the 10% level (p=0.0897); (2) The quadratic term 𝐸𝑆𝐺_𝑔𝑟𝑎𝑑𝑒_𝑠𝑞 
shows a coefficient of -0.0004, also significant at the 10% level (p=0.0526). These 
findings are consistent with the main hypothesis, confirming the robustness of the
model results. 

5 Conclusion 

Based on data from A-share listed companies in Shanghai, Shenzhen, and Beijing span-
ning from 2011 to2024, this study sees through the impact of corporate ESG perfor-
mance on investment inefficiency, while investigating the moderating role of cost of 
debt and heterogeneous effects across corporate life cycles. Findings are summarized 
as follows. (1) An inverted U-shaped relationship exists between corporate ESG per-
formance and investment inefficiency. Investment inefficiency initially increases with 
improving ESG performance until reaching the breakpoint and then declines. Further-
more, life cycle heterogeneity is observed. Growth-stage firms exhibit significant in-
verted U-shaped patterns, while mature-stage firms show insignificant effects. Possible 
reasons include resource constraints and immature governance structures for growth-
stage firms. Mature enterprises have abundant cash flow, and the marginal impact of 
ESG on investment efficiency is relatively small. This indicates that enterprises need 
to consider their own life cycle when engaging in ESG practices, and reasonably en-
hance their ESG performance to increase investment efficiency.  

(2) Cost of debt demonstrate negative moderating effects. Higher financing costs 
weaken the initial positive correlation between ESG and investment inefficiency while 
also constraining ESG’s long-term improvement effect on investment efficiency. Such 
conclusions reflect underlying financial distress. Firms must strike the balance between 
short-term costs and long-term ESG benefits while optimizing capital structures.  

Combined the research conclusions with the reality of China’s economy, the study 
comes up with the following policy implications: (1) For the sake of investment effi-
ciency, enterprises should develop characterized ESG resource allocation strategies ac-
cording to their life-circles. For instance, growth-stage firms should balance ESG prac-
tices with core business development, preventing themselves from resource misalloca-
tion. Mature-stage firms can enhance the disclosure quality and transparency, strength-
ening market monitoring mechanisms.  

(2) In terms of policies, governments should improve ESG incentive systems and 
reduce debt cost. For example, introducing green credit programs and providing tax 
incentives can alleviate short-term financial risks, which can continuously motivate en-
terprises into investing ESG projects, accomplishing a win-win relationships between 
sustainability and investment efficiency. 
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