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Abstract
This paper investigates the impact of corporate social responsibility (CSR) performance by listed companies on the cost of equity capital from the
perspectives of enterprise riskmanagement and capital market risk pricing and discusses the mediating effects of operating risk. Using the causal steps
approach, we conduct an empirical testwith a sample of 7241ChineseA-share listed companies from 2013 to 2018. This paper uses the price-earnings-
growth (PEG)model and the Ohlson-Juettner (OJ)model to calculate the cost of equity capital and accounting earnings volatility tomeasure operating
risk. Our results lead to the following conclusions: First, CSR performance is significantly negatively correlatedwith the cost of equity capital; second,
CSR performance is significantly negatively correlatedwith operating risk; third, operating risk is a mediating variable betweenCSR performance and
the cost of equity capital, and the mediating effect differs between long- and short-term risks. Our conclusions are confirmed by robustness tests.
Copyright © 2021, Borsa _Istanbul Anonim Şirketi. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Corporate social responsibility (CSR) has become an
important management concern at global companies and has
been implemented widely in emerging markets such as China
(t Vermander, 2014). A high correlation is found between CSR
performance and company financing costs (Attig, Ghoul,
Guedhami, & Suh, 2013; Baker, Bergstresser, Serafeim, &
Wurgler, 2018; Goss & Roberts, 2011; Weber, 2018; Ye &
Zhang, 2011), but many disputes have been raised about the
impact of CSR performance on the cost of equity capital.
Some authors find a negative correlation between CSR per-
formance and the cost of equity capital, that is, CSR is an
important risk-pricing factor in the capital market (El Ghoul,
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Guedhami, Kwok, & Mishra, 2011). Jo and Harjoto (2015)
illustrate that CSR can reduce information asymmetry, mar-
ket risk, and transaction costs, and, in turn, the cost of equity
capital. Moreover, Girerd-Potin, Jimenez-Garc�es, and Louvet
(2014) find that investors require additional risk compensa-
tion when investing in companies with poor CSR performance.
Some studies using a sample of Chinese listed companies also
see evidence of a negative correlation. Xu, Liu, and Huang
(2015) conclude that the CSR at listed companies can
reduce the cost of equity capital, and this effect is more
obvious during an economic downturn. Chang, Hsieh, Wang,
and Hsieh (2014) confirm that CSR activities can reduce the
financing cost of bank credit and the equity market in Taiwan.
Others, however, perceive a complex relation between CSR
and the cost of equity capital and believe that a negative
correlation is established only under certain conditions.
Breuer, Müller, Rosenbach, and Salzmann (2018) reveal that
the effect of CSR on cost reduction is limited to countries with
relatively complete investor protection, however, the opposite
is the case in other countries. Matthiesen and Salzmann (2017)
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find that the relation between CSR and the cost of equity
capital is stronger in countries with lower levels of assertive-
ness and higher levels of humane orientation and institutional
collectivism. Moreover, Feng, Wang, and Huang (2015) state
that good CSR performance can reduce costs in North
American and European countries, but not Asian countries.

The absence of consensus shows that further exploration of
the correlation between CSR performance and cost of equity
capital is needed, requiring analysis of the impact mechanism
between them. However, few studies have been conducted on
the channel through which CSR performance affects the cost
of equity. Considering that the cost of equity is closely related
to the company's risk level (Botosan & Plumlee, 2011; Fu,
2009; Merton, 1987; Taylor & Verrecchia, 2015), we hy-
pothesize that operating risk might play a mediating role be-
tween CSR and the cost of equity capital. To test this
hypothesis, we use a sample of Chinese A-share listed com-
panies from 2013 to 2018 to study whether CSR performance
can significantly reduce the cost of equity capital, with oper-
ating risk as a mediating variable.

2. Data and methodology
2.1. Hypothesis
1 A-Share: RMB-denominated ordinary shares issued by companies in

China.
CSR can reduce a company's risk in many ways, which has
been widely proven. Albuquerque, Durnev, and Koskinen
(2013) point out that CSR investment by companies can
reduce systemic risk and increase firm value by widening
product differentiation. Based on the stakeholder and resource-
based theories, Luo and Bhattacharya (2009), Bouslah,
Kryzanowski, and M'zali (2013), and Chollet and Sandwidi
(2018) confirmed the role of CSR in reducing both idiosyn-
cratic and systemic risks. Some scholars also find that
engaging in CSR activities improves trust with stakeholders
and reduces firm risk. For example, CSR activities can
enhance product pricing ability by improving customer satis-
faction and loyalty and then reducing the risk of earnings
fluctuation (Ailawadi, Neslin, Luan, & Taylor, 2014;
Galbreath & Shum, 2012; Sen & Bhattacharya, 2001); by
reducing reputational risk via mitigating public information
asymmetry and creating favorable public opinion (Cui, Jo, &
Na, 2018); by improving productivity through employee in-
centives (Aguilera, Rupp, Williams, & Ganapathi, 2007),
while avoiding litigation risks caused by transgressions of
employee rights (Flammer & Luo, 2017); by obtaining sup-
pliers' trade credit support, thereby increasing stability in the
supply chain and improving operating conditions (Yawar &
Seuring, 2017; Zhang, Ma, Su, & Zhang, 2014); and by
obtaining investor preferences to receive higher market
transaction volume and asset prices, which ultimately lead to a
reduction in investment risk (Cox & Wicks, 2011).

El Ghoul et al. (2011) argue that companies with poor CSR
performance have higher perceived risk, leading investors to
seek compensation for it. This means that CSR can affect the
company's cost of equity capital by affecting operating risk,
that is, operating risk plays an intermediary role. Moreover,
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operating risk can be divided into long-term risks and short-
term risks: some factors may influence long-term business
operations, such as consumer loyalty, reputation, and supplier
relationships; however, other factors affect short-term perfor-
mance, such as employee incentives, litigation risk, and
investor preferences. Compared to short-term performance,
long-term business operations can provide more information
to investors in risk assessment, which, in turn, affects risk
compensation and the cost of equity capital required.
Accordingly, we posit the following hypotheses regarding the
relationship among CSR performance, operating risk, and the
cost of equity capital:

Hypothesis 1. There is a significant negative correlation be-
tween CSR performance and the cost of equity capital.

Hypothesis 2. There is a significant negative correlation be-
tween CSR performance and a company's operating risk.

Hypothesis 3. Operating risk is a mediating variable between
CSR performance and the cost of equity capital, and the
mediating effect differs between long- and short-term risks.
2.2. Methodology

2.2.1. Data sources
The sample comprises A-share1 listed companies in China

from 2013 to 2018 with data from three databases: CSR data
come from the Hexun Listed Company Social Responsibility
Report Evaluation System (http://stockdata.stock.hexun.com/
zrbg/); the analyst's earnings forecast data required for
measuring the cost of equity capital come from the RESSET
financial research database (http://www.resset.cn); listed
company financial data and stock return data come from the
CSMAR (China Stock Market Accounting Research) database
(http://www.gtarsc.com/). After we delete samples with
abnormal financial conditions and stock market transactions
and those with missing data and outliers, we obtain a total of
7241 observations. The sample period is 2013e2018, with the
sample number as follows: 1201 in 2012, 1110 in 2013, 1137
in 2014, 1228 in 2015, 1250 in 2016, and 1315 in 2017. To
avoid the influence of extreme values, all continuous variables
are winsorized at the 1 percent level.

2.2.2. Regression variables

2.2.2.1. Cost of equity capital (RE). The cost of equity capital
can be divided into ex-post and ex-ante. Research on China's
capital market shows that the ex-ante cost of equity capital
does not accurately estimate the level of risk premium (Mao,
2012). Therefore, we adopt the ex-post cost of equity

http://stockdata.stock.hexun.com/zrbg/
http://stockdata.stock.hexun.com/zrbg/
http://www.resset.cn
http://www.gtarsc.com/
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capital. Further, considering the dependence of each model on
the earnings forecasts assumption, the sensitivity to risk fac-
tors, and the condition of Chinese earnings forecasts over a
short horizon, we use the price-earnings-growth (PEG) model
(Easton, 2004) and the OhlsoneJuettner (OJ) model (Ohlson
& Juettner-Nauroth, 2005) to measure the cost of equity
capital. As abnormal earnings growth models, these two
measurement methods not only are better for revealing the risk
characteristics of China's capital market but also retain valid
samples to the maximum extent.

PEG model:

REpeg¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
eps2 � eps1

p0

r

REpeg is the cost of equity capital; eps1 and eps2 are the
forecasted earnings per share for the first and second years,
respectively; and p0 is the market price of the company's
shares at the end of the current period.

OJ model:

REoj¼Aþ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
A2 þ eps1

P0

�
eps2 � eps1

eps1
� ðg� 1Þ

�s

A≡
1

2

�
ðg�1Þþd,eps1

P0

�

g¼ lim
t/∞

epstþ1

epst
¼ gp þ 1

REoj is the cost of equity capital measured using the OJ model;
d is the average dividend payment rate of the company in the
prior three years; gp is the long-term growth rate of earnings.
Following previous research in China (Shen, 2007; Xiao,
2016), we set gp at 5 percent. The OJ model assumes that
stock prices are related to expected earnings per share for the
next year, long- and short-term growth rates of earnings per
share, and the cost of capital. The advantage of this model is
that it only needs to predict future earnings and does not need
to estimate the book value and return on equity.

Following Dhaliwal, Li, Tsang, and Yang (2011) and El
Ghoul et al. (2011), we estimate the cost of equity capital
using stock prices and analysts’ earnings forecast data at the
end of June calculated over sixty days, considering the
disclosure time of CSR information and analyst delays.
Moreover, we set a one-stage lag for the explanatory variables
to match the assumption of a time lag, which helps reduce the
endogenous interference with the regression results.

2.2.2.2 CSR performance (CSRP). Considering the coverage,
availability, and transparency of the data, we proxy CSRP
with Hexun CSR rating data. Hexun released a third-party
evaluation system for the CSR reports of listed companies
in 2010 along five dimensions: shareholders (30%), em-
ployees (15%), supplier and consumer rights (15%), envi-
ronment (20%), and social responsibilities (20%), including
thirteen secondary indicators and thirty-seven tertiary
S40
indicators for every dimension. The weights for the
manufacturing, consumer, and service industries are adjusted
based on these defaults.

2.2.2.3 Operating risk (OR). Because we are mainly exam-
ining operating risks, rather than stock market risks, including
uncertainty in future earnings due to production, sales, in-
vestment, and other operation activities, we measure operating
risk by volatility in accounting earnings, instead of volatility in
market returns. Operating risk is measured by the volatility in
the prior twelve-month return on assets (ROA_TTM ), which
helps reduce the impact of seasonal factors on earnings in-
dicators. To analyze the difference between the short- and
long-term effects of operating risk, short-term operating risk
(OR_s) is measured using the standard deviation of eight
quarters of ROA_TTM, covering the current year and the next
year, whereas long-term operating risk (OR_l ) is measured
using the standard deviation of sixteen quarters of ROA_TTM,
covering the prior two years, the current year, and the next
year. Using two indicators helps increase the reliability of the
empirical results, because data on long-term yield fluctuation
can be affected by many external macrofactors, whereas data
on short-term yield fluctuation could have measurement bias
due to insufficient sample size.

2.2.2.4 Control variables (Controls). Control variables
include company characteristics related to CSRP and RE,
including the firm size (Size) measured as the natural loga-
rithm of market value, the book-to-market ratio (BM ) defined
as the ratio of net assets to the market value of tradable shares,
the return on net assets (ROE ), firm leverage (DTA) defined as
the ratio of total debt to common equity, market risk (Beta)
estimated by Beta coefficients in the capital asset pricing
model (CAPM), the turnover rate (Turn) estimated by the
average daily turnover rate of tradable shares, and R&D (RD)
estimated by the ratio of R&D expenditure to gross revenue
(McWilliams & Siegel, 2001). The R&D expenditure data on
913 samples are missing. Following Zhang (2017), we assign
to R&D (RD) a null value of 0.

Descriptive statistics for the variables are listed in Table 1.
The mean values and variances of the cost of equity capital
calculated based on PEG and OJ models are relatively close.
The mean, minimum, median, and maximum values and the
variance in CSRP are 0.3, �0.08, 0.25, 0.91, and 0.17,
respectively. This shows that the overall level of CSRP in
China is not high, and the distribution among listed companies
is significantly uneven. Short- and long-term operating risk are
highly volatile, indicating potential significant individual dif-
ferences in operating risk. The mean value is lower for short-
term operating risk than for long-term operating risk, indi-
cating that companies face greater uncertainty in the long run.

This table presents descriptive statistics for the regression
variables of the 7241 firm-year sample observations between
2013 and 2018, providing the mean, the first quartile, the
median, the third quartile, the maximum and standard devia-
tion of operating risk proxies, the CSR performance variable,
and the firm-level control variables. Additionally, CSRP and



Table 1

Descriptive statistics for regression variables.

Mean Min Q1 Median Q3 Max St. dev.

RE_peg 0.1 0.02 0.08 0.1 0.12 0.25 0.04

RE_oj 0.12 0.03 0.1 0.12 0.14 0.37 0.04

CSRP 0.3 �0.08 0.2 0.25 0.3 0.91 0.17

OR_l 2.5 0.08 1.03 1.72 3 49.89 2.71

OR_s 1.6 0.03 0.59 1.02 1.79 63.98 2.42

Size 0.16 0.14 0.15 0.16 0.16 0.21 0.01

BM 3.89 0.24 2.05 3.26 4.95 32.57 2.65

Beta 1.11 �2.06 0.94 1.11 1.28 4.09 0.32

DTA 0.4 0.01 0.24 0.39 0.55 0.98 0.2

ROE 0.1 �0.66 0.06 0.09 0.14 0.93 0.08

Turn 2.83 0.01 1.08 1.91 3.45 30.47 2.91

RD 4.12 0 0.77 3.24 5.06 72.75 5.23

Table 2

Pearson correlation coefficients between regression variables.

RE_peg RE_oj CSRP OR_l

RE_oj 0.9739*
CSRP 0.0883* 0.0301*
OR_l 0.0047 0.0168 �0.0396*
OR_s �0.0191 �0.0116 �0.0545* 0.7027*
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Size are divided by 100 in the table to facilitate the comparison
of regression results.

2.2.3. Model
This paper uses the causal-steps approach (Baron & Kenny,

1986) to test our three hypotheses: H1 is tested with model (1);
H2 tested with model (2); and H3 tested with models (2) and
(3). The causal steps are as follows.

The first step is to test the relation between CSRP and RE:

REiðtþ1Þ¼b0þa1CSRPitþ
X

Controlsþ
X

Indþ
X

Yearþεi

ð1Þ
The second step is to test the relation between CSRP and

the mediating variable OR:

ORit¼b0 þ b1CSRPit þ
X

Controlsþ
X

Indþ
X

Yearþ εi

ð2Þ
The third step is to test the joint relation between CSRP,

OR, and RE:

REiðtþ1Þ ¼b0 þ g1ORit þ g2CSRPit þ
X

Controlsþ
X

Ind

þ
X

Yearþ εi

ð3Þ
where REiðtþ1Þ is the cost of equity capital; REpeg and REoj,
respectively, are REiðtþ1Þ measured using PEG and OJ
models. CSRPit is CSR performance. ORit is operating
risk, including long-term operating risk (OR l) and short-
term operating risk (OR s).

P
Controls Represents the

control variables. To exclude the impacts of industry char-
acteristics and macroeconomic changes on the cost of equity
capital, Ind and Year are used to control for the fixed effects
of the industry and year.

H1 is confirmed if the coefficient a1 is significantly nega-
tive; H2 is confirmed if the coefficient b1 is significantly
negative. The test of H3 is as follows: if b1, g1, and g2 are all
significant, the mediating variable has a partial mediating ef-
fect; if b1 and g1 are significant but g2 is not, the mediating
variable has a full mediating effect.
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3. Results
3.1. Bivariate correlations
The Pearson bivariate correlation matrix for the focal var-
iables is in Table 2, showing that CSRP is positively correlated
(at a significance level of 1%) with RE and negatively corre-
lated (at a significance level of 1%) with operating risk (OR);
however, the correlation between OR and RE is not significant.
Additionally, the correlation coefficients of these variables are
relatively low, and the value of the variance inflation factor
(VIF) of the primary variables is lower than 5, suggesting the
absence of multicollinearity.
3.2. Regression results
In our regression analysis, the primary variables (OR,
CSRP, and RE ) are standardized to facilitate comparison of
the coefficients and analysis of the mediating effects. More-
over, we use clustered robust standard errors at the individual
level to reduce the impact of heteroskedasticity.

Table 3 lists the regression results of the causal-steps
approach. The results of model (1) indicate a significantly
negative correlation ( p < 0.05) between CSRP and RE (both
RE_peg and RE_oj ), confirming H1. The results of model (2)
reveal a significantly negative correlation ( p < 0.01) between
CSR, OR_l and OR_s, and the coefficient of OR_l is larger than
that of OR_s, confirming H2. The results of model (3) show
that the coefficients of CSRP, OR_l, and OR_s are all signifi-
cant ( p < 0.05), but OR_l ( p < 0.01) is more significant than
OR_s ( p < 0.05). Based on the mediating effect discrimination
method in Section 2.2.3, the regression results of models (2)
and (3) confirm H3, indicating that good CSR performance can
reduce the cost of equity capital by reducing operating risks,
and operating risk plays a partial mediating role.

Furthermore, the results of the control variables show that
Size and Turn are significantly negatively correlated with RE, but
BM, Beta, and DTA are significantly positively correlated with
RE. This indicates that firms that are larger and have high stock
liquidity, a lower book-to-market ratio, lower market risk, and
lower leverage have a lower cost of equity capital. These results
are consistent with those in previous studies (El Ghoul et al.,
2011; Xu et al., 2015) and are in line with our expectations.
3.3. Mediating effect analysis
To explore the path of the impact of “CSR
performanceeoperating riskecost of equity capital,” we
* p < 0.10; ** p < 0.05; *** p < 0.01.



Table 3

Regression results of the causal steps approach.

Model (1) Model (2) Model (3)

RE_peg RE_oj OR_l OR_s RE_peg RE_oj

CSRP �0.031** �0.035** �0.056*** �0.052*** �0.029** �0.030** �0.032** �0.033**
(0.014) (0.015) (0.015) (0.015) (0.014) (0.014) (0.015) (0.015)

OR_l 0.044*** 0.052***
(0.014) (0.015)

OR_s 0.028** 0.030**
(0.013) (0.013)

Size �4.056* �5.008** 5.607** 2.407 �4.303** �4.123* �5.301** �5.080**
(2.102) (2.146) (2.302) (2.075) (2.097) (2.103) (2.136) (2.144)

BM 0.048*** 0.010 �0.013* �0.029*** 0.048*** 0.049*** 0.010 0.010

(0.008) (0.008) (0.007) (0.007) (0.008) (0.008) (0.008) (0.008)

Beta 0.126*** 0.104** �0.060 �0.007 0.129*** 0.127*** 0.107** 0.104**
(0.042) (0.045) (0.049) (0.055) (0.042) (0.042) (0.045) (0.045)

DTA 0.859*** 0.910*** �0.948*** �0.370*** 0.900*** 0.869*** 0.959*** 0.921***
(0.082) (0.085) (0.095) (0.090) (0.083) (0.082) (0.086) (0.085)

ROE 2.277*** 0.925*** 1.107*** 0.909*** 2.228*** 2.252*** 0.867*** 0.898***
(0.237) (0.241) (0.293) (0.317) (0.238) (0.237) (0.242) (0.242)

Turn �0.018*** �0.014*** 0.068*** 0.038*** �0.021*** �0.019*** �0.018*** �0.015***
(0.005) (0.005) (0.006) (0.006) (0.005) (0.005) (0.005) (0.005)

RD �0.004 �0.002 0.014*** 0.005 �0.005 �0.004 �0.003 �0.002

(0.003) (0.003) (0.005) (0.005) (0.003) (0.003) (0.003) (0.003)

INTERCEPT 0.166 0.572* �0.420 �0.280 0.184 0.173 0.594* 0.580*
(0.324) (0.332) (0.349) (0.315) (0.323) (0.324) (0.331) (0.332)

Year effect YES YES YES YES YES YES YES YES

Industry effect YES YES YES YES YES YES YES YES

Adj. R2 0.230 0.163 0.149 0.070 0.231 0.230 0.166 0.164

F 129.529 83.666 43.137 20.122 120.193 120.150 78.119 77.892

N 7241 7241 7241 7241 7241 7241 7241 7241

This table reports results of the causal steps approach. Unreported industry controls are based on the industry classification of CSRC (2012). Robust t-statistics

adjusted for clustering by firm are reported inside the parentheses.

* p < 0.10; ** p < 0.05; *** p < 0.01.
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summarize these regression results and calculate the mediating
effect ratio to analyze the intensity of the mediating effect.
Table 4 lists the results, and Fig. 1 presents a diagram of the
mediating effect. a1 represents the coefficient of CSRP in
model (1), indicating the effect of CSRP on RE. The indirect
effects are calculated with b1g1 =ðb1g1 þ g2Þ, in which b1
represents the coefficient of CSRP in model (2) (indicating the
effect of CSRP on OR), g1 denotes the coefficient of OR in
model (3) (indicating the mediating effect), and g2 represents
the coefficient of CSRP in model (3) (indicating the direct
effect).

In Table 4, the CSRP coefficient (a1) of model (1), CSRP
coefficient (b1) of model (2), and OR coefficient (g1) of model
(3) are significantly positive, proving that the mediating effect
of operating risk is significant. The CSRP coefficient (g2) in
Table 4

Regression results summary in Table 3.

Variables proxies RE-CSRP OR-CSR

Model (1) Model (2)

a1 b1

OR_l-RE_peg �0.031** �0.056***
OR_s-RE_peg �0.031** �0.052***
OR_l-RE_oj �0.035** �0.056***
OR_s-RE_oj �0.035** �0.052***

* p < 0.10; ** p < 0.05; *** p < 0.01.
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model (3) is significantly negative, indicating that operating
risk plays a partially mediating role.

The mediating effect ratio of OR_l and OR_s is approxi-
mately 8 percent and 5 percent respectively, which shows that
the mediating path of operating risk is significant. However,
the mediating effect of long-term operating risk is stronger and
more significant than that of short-term risk, for potential two
reasons, of which the second is more important. First, the
regression coefficient (b1) of CSRP in the model (2) shows
that CSR performance has a larger impact on long-term
operating risk (OR_l ). Second, the regression coefficient
(g1) of operating risk in model (3) indicates that the positive
correlation between long-term operating risk (OR_l ) and the
cost of equity capital is stronger. This means that, in China,
long-term operating risk is more important in investors'
RE-OR-CSRP Mediating effect ratio

Model (3) Model (3)

g1 g2

0.044*** �0.029** 7.83%

0.028** �0.030** 4.63%

0.052*** �0.032** 8.34%

0.030** �0.033** 4.51%
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perceived risk, that is, investors make decisions about capital
market pricing based on a firm's long-term performance more
than on short-term performance.

This figure displays the mediating effect between CSRP,
OR, and RE. The correlation coefficients displayed in the
figure are regression results of the cost of equity capital
measured using the PEG model.
3.4. Robustness tests

3.4.1. Instrumental variable (IV) estimation
The Chinese CSR system is not mature, which affects the

availability and reliability of data. Although we add several
important factors influencing the cost of equity capital to our
regression models, the empirical tests related to CSR and the
cost of equity capital often have endogeneity problems, such
as having omitted variables and self-selection bias, which
affect the robustness of the results. To mitigate this problem,
we use an instrumental variable (IV) estimation.

Lin, Ma, Malatesta, and Xuan (2012) state that if endoge-
neity problems exist only at the firm level, industry/regional
averages can be used as IVs for firm-level explanatory vari-
ables. Based on the secondary industrial classification of the
China Securities Regulatory Commission (CSRC; 2012), we
use the mean value of annual CSR scores of companies
registered in the same location (CSR_city) and the mean value
of annual CSR scores within the same industry (CSR_ind ) as
IVs. CSR activities in the same industry or same location of
registration are affected by some common factors (e.g.,
competitive environment, degree of marketization, and stake-
holder attention) and unaffected by the decisions of a single
company. Therefore, these IVs satisfy the two conditions for
IV selection: correlation and exogeneity.

Table S1 available online shows the results of the two-stage
least squares (2SLS) regression of model (3). The regression
of the first stage is in the first column, showing that CSR_city
and CSR_ind are significantly positively correlated with CSRP.
This indicates that the IVs have good explanatory power for
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the endogenous variable of CSRP. The regression of the sec-
ond stage is in the last four columns. As shown in Table S1
available online, RE is negatively correlated ( p < 0.01) with
the predicted value of CSR performance (P_CSRP) and has a
positive correlation ( p < 0.01) with OR_l and OR_s. This
shows that, after the problems of omitted variables and two-
way causality are mitigated, the partially mediating effect of
operating risk is still significant.

Table S1 available online also provide the results of the IV
validity test. First, the p-value of the weak IV test is higher
than 0.1, indicating the absence of a weak IV. Second, the p-
value of the overidentification test is not significant. These
results indicate that the selected IVs (CSR_city and CSR_ind)
are valid. For details about Table S1, see the Supplementary
Material, available online.

3.4.2. Alternative measures
We use industry-adjusted ROA volatility as a proxy for

operating risk. Based on the secondary industrial classification
of the CSRC (2012), we calculate this variable by subtracting
the mean value of ROA in the same industry from ROA and
then calculate its short- and long-term standard deviations.
These standard deviations are used as an alternative variable
for operating risk (OR_Adjs and OR_Adjl ). We also use
industry-adjusted CSR performance (CSRP_Adj ) as a proxy
for CSRP, with the same calculation method. In this section,
we use only the PEG model (RE_peg) to calculate the cost of
equity capital, controlling for the industry-fixed effect using
the secondary industrial classification of the CSRC (2012).
The results are summarized in Table S2 available online.

In Table S2 available online, the regression of model (1) is
the first column, the regression of model (2) is in the second
and third columns, and the regression of model (3) is in the last
two columns. The results show that CSRP_Adj is negatively
correlated with RE_peg at the significance level of 5 percent,
confirming H1. The coefficients of OR_Adjl and OR_Adjs are
consistent with Table 3, confirming H2 and H3. In general, the
results of testing the alternative measures prove the robustness
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of the previous results. For details about Table S2, see the
Supplementary Material, available online.

4. Conclusions

The study reveals that CSR performance has a significantly
negative correlation with the cost of equity capital; accordingly,
actively engaging in social responsibility activities can help
reduce the cost of equity capital. We also find that CSR per-
formance is negatively related to operating risk, and operating
risk is the mediating variable between CSR performance and the
cost of equity capital. This suggests that good CSR performance
can influence the risk expectation of investors and ultimately
reduce the cost of equity capital by decreasing operating risk. In
particular, the mediating effect is stronger and more significant
for long-term operating risk than short-term operating risk.

CSR is a potential risk pricing factor in China's capital
market, and operating risk is the internal mechanism of CSR that
affects capital market pricing. Investors pay more attention to
the company's long-term operating performance, so an active
CSR strategy is more likely to affect investors' risk expectations
and capital market pricing through long-term operating risks.
The results confirm the positive effects of CSR on equity
financing, which support the positive view of CSR in the liter-
ature (Bouslah et al., 2013; Chollet & Sandwidi, 2018; El Ghoul
et al., 2011; Luo & Bhattacharya, 2009; Xu et al., 2015). We
confirm not only the correlation between CSR and cost of equity
capital but also the mediating effect of operating risk. This study
extends the research on CSR's impacts on risk pricing, which not
only provides support for companies that wish to implement
long-term CSR strategies but also offers a reference for investors
in evaluating corporate CSR performance.

The paper has the following limitations. First, it uses a
sample of listed companies in China, however, the relation
between CSR, operating risk, and the cost of equity capital
may differ across regulatory systems and cultural environ-
ments. Therefore, a cross-cultural comparison is necessary,
which offers an avenue for further research. Second, the data
used to measure CSR performance in this paper come from a
third-party public database. Although this source of data has
been widely used in other research, its rating method might
have limitations, so others should be used to verify our results.
Third, these findings only illustrate the correlation between
CSR performance, operating risk, and the cost of equity cap-
ital, however, interviews and other research work need to be
conducted in order to look at the causality involved.

Funding

This research was funded by the Beijing Social Science
Fund (No. 19JDLJB001).

Declaration of competing interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.
S44
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.bir.2021.01.005.
References

Aguilera, R. V., Rupp, D. E., Williams, C. A., & Ganapathi, J. (2007). Putting

the S back in corporate social responsibility: A multilevel theory of social

change in organizations. Academy of Management Review, 32(3),

836e863.

Ailawadi, K. L., Neslin, S. A., Luan, Y. J., & Taylor, G. A. (2014). Does

retailer CSR enhance behavioral loyalty? A case for benefit segmentation.

International Journal of Research in Marketing, 31(2), 156e167.

Albuquerque, R., Durnev, A., & Koskinen, Y. (2013). Corporate social re-

sponsibility and firm risk: Theory and empirical evidence. CEPR discus-

sion papers.

Attig, N., Ghoul, S. E., Guedhami, O., & Suh, J. (2013). Corporate social

responsibility and credit ratings. Journal of Business Ethics, 117(4),

679e694.
Baker, M. P., Bergstresser, D., Serafeim, G., & Wurgler, J. (2018). Financing

the response to climate change: The pricing and ownership of U.S. Green

bonds. National Bureau of Economic Research.

Baron, R. M., & Kenny, D. A. (1986). The moderator-mediator variable

distinction in social psychological research: Conceptual, strategic, and

statistical considerations. Journal of Personality and Social Psychology,

51(6), 1173.

Botosan, C. A., Plumlee, M. A., & Wen, H. (2011). The relation between

expected returns, realized returns, and firm risk characteristics. Contem-

porary Accounting Research, 28(4), 1085e1122.

Bouslah, K., Kryzanowski, L., & M’zali, B. (2013). The impact of the di-

mensions of social performance on firm risk. Journal of Banking &
Finance, 37(4), 1258e1273.

Breuer, W., Müller, T., Rosenbach, D., & Salzmann, A. (2018). Corporate

social responsibility, investor protection, and cost of equity: A cross-

country comparison. Journal of Banking & Finance, 96, 34e55.

Chang, Y., Hsieh, C. H., Wang, T. C., & Hsieh, T. Y. (2014). Corporate social

responsibility, cost of equity and cost of bank loans (Vol. 6). International

Review of Accounting, Banking & Finance.

China Securities Regulatory Commission. (2012). Guidelines for the industry

classification of listed companies (2012 revision).

Chollet, P., & Sandwidi, B. W. (2018). CSR engagement and financial risk: A

virtuous circle? International evidence. Global Finance Journal, 38,

65e81.

Cox, P., & Wicks, P. G. (2011). Institutional interest in corporate re-

sponsibility: Portfolio evidence and ethical explanation. Journal of Busi-

ness Ethics, 103(1), 143e165.

Cui, J., Jo, H., & Na, H. (2018). Does corporate social responsibility affect

information asymmetry? Journal of Business Ethics, 148(3), 549e572.

Dhaliwal, D. S., Li, O. Z., Tsang, A., & Yang, Y. G. (2011). Voluntary nonfi-

nancial disclosure and the cost of equity capital: The initiation of corporate

social responsibility reporting. The Accounting Review, 86(1), 59e100.

Easton, P. D. (2004). PE ratios, PEG ratios, and estimating the implied ex-

pected rate of return on equity capital. The Accounting Review, 79(1),

73e95.

El Ghoul, S., Guedhami, O., Kwok, C. C., & Mishra, D. R. (2011). Does

corporate social responsibility affect the cost of capital? Journal of

Banking & Finance, 35(9), 2388e2406.

Feng, Z. Y., Wang, M. L., & Huang, H. W. (2015). Equity financing and social

responsibility: Further international evidence. The International Journal of

Accounting, 50(3), 247e280.
Flammer, C., & Luo, J. (2017). Corporate social responsibility as an employee

governance tool: Evidence from a quasi-experiment. Strategic Manage-

ment Journal, 38(2), 163e183.

Fu, F. (2009). Idiosyncratic risk and the cross-section of expected stock

returns. CFA Digest, 91(1), 24e37.

https://doi.org/10.1016/j.bir.2021.01.005
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref1
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref1
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref1
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref1
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref1
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref2
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref2
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref2
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref2
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref3
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref3
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref3
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref4
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref4
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref4
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref4
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref5
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref5
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref5
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref6
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref6
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref6
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref6
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref7
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref7
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref7
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref7
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref8
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref8
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref8
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref8
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref9
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref9
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref9
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref9
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref9
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref10
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref10
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref10
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref10
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref11
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref11
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref12
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref12
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref12
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref12
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref13
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref13
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref13
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref13
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref14
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref14
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref14
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref15
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref15
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref15
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref15
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref16
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref16
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref16
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref16
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref17
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref17
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref17
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref17
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref17
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref18
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref18
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref18
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref18
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref19
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref19
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref19
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref19
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref20
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref20
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref20


B. Chen, A. Zhang Borsa _Istanbul Review 21-S1 (2021) S38eS45
Galbreath, J., & Shum, P. (2012). Do customer satisfaction and reputation

mediate the CSReFP link? Evidence from Australia. Australian Journal of

Management, 37(2), 211e229.

Girerd-Potin, I., Jimenez-Garc�es, S., & Louvet, P. (2014). Which dimensions

of social responsibility concern financial investors? Journal of Business

Ethics, 121(4), 559e576.

Goss, A., & Roberts, G. S. (2011). The impact of corporate social re-

sponsibility on the cost of bank loans. Journal of Banking & Finance,

35(7), 1794e1810.

Harjoto, M. A., & Jo, H. (2015). Legal vs. normative CSR: Differential impact

on analyst dispersion, stock return volatility, cost of capital, and firm value.

Journal of Business Ethics, 128(1), 1e20.
Lin, C., Ma, Y., Malatesta, P., & Xuan, Y. (2012). Corporate ownership

structure and bank loan syndicate structure. Journal of Financial Eco-

nomics, 104(1), 1e22.

Luo, X., & Bhattacharya, C. B. (2009). The debate over doing good: Corporate

social performance, strategic marketing levers, and firm-idiosyncratic risk.

Journal of Marketing, 73(6), 198e213.

Mao, X. S. (2012). Measuring and evaluating cost of equity capital: Evidence

from Chinese stock markets. Accounting Research, (11), 12e22þ94.

Matthiesen, M. L., & Salzmann, A. J. (2017). Corporate social responsibility

and firms' cost of equity: How does culture matter? Cross Cultural &
Strategic Management, 24(1), 105e124.

McWilliams, A., & Siegel, D. (2001). Profit maximizing corporate social re-

sponsibility. Academy of Management Review, 26(4), 504e505.

Merton, R. C. (1987). A simple model of capital market equilibrium

with incomplete information. The Journal of Finance, 42(3),

483e510.

Ohlson, J. A., & Juettner-Nauroth, B. E. (2005). Expected EPS and EPS

growth as determinants of value. Review of Accounting Studies, 10(2e3),
349e365.
S45
Sen, S., & Bhattacharya, C. B. (2001). Does doing good always lead to doing

better? Consumer reactions to corporate social responsibility. Journal of

Marketing Research, 38(2), 225e243.

Shen, H. B. (2007). Market segmentation, cross-listing and expected capital

cost. Journal of Financial Research, 52(2), 146e155.

Taylor, D. J., & Verrecchia, R. E. (2015). Delegated trade and the pricing of

public and private information. Journal of Accounting and Economics,

60(2), 8e32.
t Vermander, B. (2014). Corporate social responsibility in China: A vision, an

assessment and a blueprint. World Scientific.

Weber, J. L. (2018). Corporate social responsibility disclosure level, external

assurance and cost of equity capital. Journal of Financial Reporting &
Accounting, 16(4), 694e724.

Xiao, Z. P. (2016). The effect of ultimate ownership structure on cost of equity

capital: Empirical evidence from Chinese listed companies. Journal of

Management Science and Engineering, 19(1), 72e86.

Xu, S., Liu, D., & Huang, J. (2015). Corporate social responsibility, the cost of

equity capital and ownership structure: An analysis of Chinese listed firms.

Australian Journal of Management, 40(2), 245e276.
Yawar, S. A., & Seuring, S. (2017). Management of social issues in supply

chains: A literature review exploring social issues, actions and perfor-

mance outcomes. Journal of Business Ethics, 141(3), 621e643.

Ye, K., & Zhang, R. (2011). Do lenders value corporate social responsibility?

Evidence from China. Journal of Business Ethics, 104(2), 197.

Zhang, L. (2017). Ceos' early-life experiences and corporate policy: Evi-

dence from China's great famine. Pacific-Basin Finance Journal,

46(dec), 57e77.
Zhang, M., Ma, L., Su, J., & Zhang, W. (2014). Do suppliers applaud corporate

social performance? Journal of Business Ethics, 121(4), 543e557.

http://refhub.elsevier.com/S2214-8450(21)00005-3/sref21
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref21
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref21
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref21
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref21
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref22
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref22
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref22
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref22
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref22
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref23
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref23
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref23
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref23
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref23
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref24
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref24
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref24
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref24
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref25
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref25
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref25
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref25
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref26
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref26
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref26
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref26
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref27
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref27
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref27
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref27
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref28
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref28
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref28
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref28
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref33
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref33
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref33
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref29
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref29
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref29
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref29
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref30
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref30
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref30
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref30
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref30
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref31
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref31
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref31
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref31
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref32
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref32
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref32
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref34
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref34
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref34
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref34
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref35
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref35
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref36
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref36
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref36
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref36
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref37
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref37
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref37
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref37
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref38
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref38
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref38
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref38
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref39
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref39
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref39
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref39
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref40
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref40
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref41
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref41
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref41
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref41
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref42
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref42
http://refhub.elsevier.com/S2214-8450(21)00005-3/sref42

	How does corporate social responsibility affect the cost of equity capital through operating risk?
	1. Introduction
	2. Data and methodology
	2.1. Hypothesis
	2.2. Methodology
	2.2.1. Data sources
	2.2.2. Regression variables
	2.2.2.1. Cost of equity capital (RE)
	2.2.2.2 CSR performance (CSRP)
	2.2.2.3 Operating risk (OR)
	2.2.2.4 Control variables (Controls)

	2.2.3. Model


	3. Results
	3.1. Bivariate correlations
	3.2. Regression results
	3.3. Mediating effect analysis
	3.4. Robustness tests
	3.4.1. Instrumental variable (IV) estimation
	3.4.2. Alternative measures


	4. Conclusions
	Funding
	Declaration of competing interest
	Declaration of competing interest
	Appendix A. Supplementary data
	References


