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Abstract: The objective of this paper is to examine the relationship between intellectual capital
(IC) and firms’ financial leverage by exploring whether firm profitability mediates this relationship,
using a dataset of Chinese agricultural listed companies during the period of 2014–2020. Financial
leverage is measured by the debt-to-asset ratio, and IC is measured via the modified value-added
intellectual coefficient (MVAIC) model. The results reveal that financial leverage is lower in firms with
higher levels of IC, and IC positively affects firm profitability. In addition, firm profitability partially
mediates the relationship between IC and financial leverage. When MVAIC is disaggregated into
its four components, firm profitability has a partially mediating effect on the relationship between
physical and human capitals and financial leverage. This paper might provide corporate managers
with a clear understanding of IC’s impact on firm indebtedness.

Keywords: intellectual capital; financial leverage; firm profitability; agricultural listed companies;
mediating effect

1. Introduction

In the knowledge era, new technology has transformed the way we live and the way
we do business. As an intangible asset, intellectual capital (IC) is a potential driver of firm
competitiveness and value growth [1–7]. According to the resource-based view (RBV) of
firms, IC is valuable, scarce, and irreplaceable. What’s more, IC has the characteristics of
high uncertainty and high firm specificity [8], which can affect firms’ financing decisions.
In recent decades, IC has been strongly debated among researchers and practitioners.

The agricultural sector makes a vital contribution to the development of China’s
national economy [9]. This sector has low knowledge intensity, and the efficiency of
IC usage is low [10]. China is experiencing a rapid economic transformation, and the
traditional pattern of agricultural development is no longer suitable for the goal of modern
agriculture. By the effective utilization of IC resources, the agriculture sector can contribute
greatly to improving overall national competitiveness [11]. At present, a wide body of
literature on IC was conducted in different industries such as manufacturing [2–4,6,12],
banking [13–16], and information technology (IT) [1,17] but little has been conducted in
the agricultural industry. What’s more, most researchers focus on the impact of IC on firm
performance, and the mechanism of the relationship between IC and financial leverage is
still ambiguous.

There is a paradox between firms’ IC investment and financial leverage. That is,
although IC discourages debt due to great risk, it generates higher returns, thus increasing
debt service capacity. Using a sample of 36 agricultural listed companies during the period
of 2014–2020, this paper intends to examine the relationship between IC and financial
leverage, and we also explore the mediating effect of firm profitability, which helps us have
a deeper understanding of this paradox. Financial leverage is measured by the debt-to-asset
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ratio, and we modified Pulic’s [18] value-added intellectual coefficient (VAIC) model by
the introduction of relational capital (RC) to measure IC.

The contributions of this paper are in three aspects. First, it is novel and among the first
studies that focus on IC and capital structure and provides new evidence by exploring the
mediating effect of firm profitability. To the best of our knowledge, very little is currently
known about this relationship. Second, there are still few studies that focus on the role of
IC in the agricultural sector. This study extends the current literature by using data from
agricultural companies in the Chinese context. Finally, this study could enable managers to
deeply understand the relationship between IC and financial leverage to strengthen firms’
capital structure with the consideration of asset characteristics.

The current paper is structured as follows. In Section 2, we review the literature
and develop the research hypotheses. Section 3 presents the methodology, and Section 4
presents the results. We then discuss the results in Section 5. Finally, Section 6 concludes
the paper.

2. Literature Review and Research Hypotheses
2.1. IC Definition and Its Elements

Edvinsson and Sullivan [19] described IC as knowledge that can be converted into
firm value. IC is a knowledge-based firm resource that is valuable, unique, and inimitable.
It is also a sort of hidden asset that has no specific shape and is difficult to quantify its
financial value [20].

Most scholars [3,21–27] stated that IC can be categorized into human capital (HC),
structural capital (SC), and RC. HC is embedded in people, including the combination
of knowledge, skills, expertise, and capabilities of employees [28]. As the central source
of IC, it can help to enhance firm performance [29]. SC denotes organizational structure,
processes, and procedures that enable employees to utilize their intellectual resources [30].
RC is linked with the relationships with various stakeholders (e.g., government, customers,
suppliers, distributors, and competitors) [31]. Following this, this study adopts the triadic
classification of IC.

2.2. IC and Financial Leverage

The financing decisions of firms have caught the eye of scholars in the corporate
finance literature. In the knowledge economy, firms’ production patterns shift from capital-
intensive to knowledge-intensive [3,32,33]. Under such circumstance, this issue acquires
even more relevance.

A firm with more tangible assets such as property, plant, and equipment is likely
to hold more debt [34]. If a firm invests more in intangible assets, the amount of risky
debt should be limited [35–38]. The findings could be explained in several ways. On the
one hand, intangibles are not used as collateral for debt because they are not redeployed
at relatively low transaction costs when the borrowers bear financial burden. On the
other hand, intangibles are generally risky and difficult to value. These reasons cause a
negative relationship between asset intangibility and financial leverage. Fu [39] found
that considering the incentive of IC, managers can optimize firms’ capital structure by
restructuring assets and liabilities. Based on U.S. public firms, Lim et al. [40] concluded that
some intangible assets with high valuation risk and poor collateralizability discourage debt
financing while identifiable intangible assets support debt. The findings of D’Amato [41]
revealed that firms with more IC resources have lower financial leverage in Italy. However,
for tourism companies, Dalwai and Sewpersadh [42] found that aggregated IC has no
impact on total debt.

There is an increasing demand to identify and evaluate firms’ IC resources. IC as a
type of intangible asset is expected to negatively influence financial leverage. Therefore,
we propose the first hypothesis:

Hypothesis 1 (H1). IC is negatively related to firms’ financial leverage.
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2.3. IC, Firm Profitability, and Financial Leverage

Any resources possessed by a firm are considered to have value for financial account-
ing. As per the RBV, knowledge is one of the important firm resources [43]. The utilization
efficiency of knowledge resources, especially IC resources, directly affect firms’ competitive
advantage and economic performance [2,3,44,45].

The effect of IC on financial performance has the focus of recent research, particularly
in developing economies [3]. A large amount of research has been conducted to investigate
the impact of IC investment on firms’ financial results and most research demonstrates a
positive and significant relationship between them. Specifically, Sydler et al. [46] carried
out their study in pharmaceutical and biotechnology firms and found that an increase in
IC can result in a higher return over time. Asare et al. [47] pointed out that investment in
IC positively influences profitability of insurers in Ghana. Employing the VAIC model,
Gupta et al. [48] argued that IC has a positive effect on firm profitability in India. In a
study by Haris et al. [49], it was shown that IC can stimulate profitability in Pakistan’s
banking sector. Weqar et al. [25] concluded that IC, as measured with the modified value-
added intellectual coefficient (MVAIC) model, is positively related to firm profitability.
Using data from pharmaceutical listed companies, Ge and Xu [5] empirically demonstrated
the existence of a positive relationship between IC and firm profitability. Liu et al. [50]
concluded that a 1% increase in IC results in a 0.208% increase in financial competitiveness
of renewable energy companies in China. Using a sample of 56 general insurance companies
during the period of 2008–2019, Olarewaju and Msomi [51] highlighted that IC helps to
improve firm profitability. Xu and Liu [6], Neves and Proença [52], and Ren et al. [53]
also found the same results. However, according to Firer and Williams [54], there is no
relationship between IC and financial performance. Qomariah et al. [55] also found that IC
has no significant impact on the profitability of pharmaceutical companies in Indonesia.
Therefore, we propose the second hypothesis:

Hypothesis 2 (H2). IC is positively related to firm profitability.

The pecking order theory (POT) suggests a negative relationship between prof-
itability and financial leverage because profitable firms can generate cash internally and
borrow less [56,57]. Singh and Singh [58], Nguyen and Nguyen [59], Ullah et al. [60],
Mathur et al. [61], and Thi and Phung [62] also confirmed this negative relationship. Frank
and Goyal [63] found that profitable firms are more likely to have low levels of financial
leverage. We can predict that firms with more investment in IC have lower leverage due to
their high profitability. Therefore, the third hypothesis is as follows:

Hypothesis 3 (H3). Firm profitability mediates the relationship between IC and firms’ financial leverage.

3. Methods
3.1. Sample and Data Collection

We used an unbalanced panel data approach to investigate a sample of agricultural
companies listed on the Shanghai and Shenzhen stock exchanges during the 2014–2020 period.
Our initial sample consists of 55 agricultural listed companies. We exclude companies with
missing information, delisted companies, special treatment (ST) companies, and companies
issuing other kinds of shares. Finally, 36 agricultural listed companies with 202 observations
are left for the analysis. We winsorized all variables at the 1% and 99% levels to reduce the
influence of outliers. The data are sourced from the China Stock Market Accounting Research
(CSMAR) database.

3.2. Variables

(1) In terms of financial leverage as dependent variable, the debt-to-asset ratio (DAR)
is used, which is in line with Xu et al. [57], Duan et al. [64], Guo et al. [65], Nguyen
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et al. [66], Obeidat et al. [67], Pernamasari and Sugiyanto [68], Zhou et al. [69], and
Iqbal et al. [70].

(2) Regarding independent variables, the MVAIC model is used to assess the contribution
of integrated elements of IC to value creation [71]. Pulic’s [18] VAIC model can be
easily calculated and provides a standardized measure that allows comparison across
firms and countries [54]. Furthermore, it is reliable and verifiable using the infor-
mation retrieved from audited financial statements [54]. However, some researchers
argued that the VAIC method is not a proper tool for evaluating firms’ future value
because of the historical data from annual financial reports. This method is incapable
of measuring IC value for organizations with a negative book value of equity [72].
Pulic [18] did not value IC directly, but he proposed measuring its efficiency [73]. In
addition, some elements of IC (e.g., RC) are missing in this model [71,72]. Therefore,
the MVAIC model indirectly measures IC as the sum of capital employed efficiency
(CEE), human capital efficiency (HCE), structural capital efficiency (SCE), and re-
lational capital efficiency (RCE). CEE measures how much value has been created
per dollar of capital employed. HCE measures how much value has been created
by one invested unit of HC, SCE shows how much capital has been created by SC,
and RCE measures how much capital has been created by RC. This method provides
information about the efficiency of both tangible and intangible assets of a firm. To
calculate MVAIC, in accordance with Xu and Wang [23] and Xu et al. [74], we define
value added (VA) as the sum of net income, interest, tax, and employee expenditure.
HC is measured by total employee expenditure, SC is measured by the difference
between VA and HC, and RC is measured through marketing, selling, and advertising
expenses. The calculation processes are as follows:

CEE = VA/book value of net assets (1)

HCE = VA/total employee expenditure (2)

SCE = (VA − total employee expenditure)/VA (3)

RCE = Marketing, selling, and advertising expenses/VA (4)

MVAIC = CEE + HCE + SCE + RCE (5)

(3) The mediator of the current study is firm profitability, which is measured by the ratio
of net income to average total assets [3,7,14,24,75].

(4) As for control variables, guided by D’Amato [41], Nguyen et al. [66], Sharma [76],
Dakua [77], Ibrahim and Lau [78], and Van Hung and Nhung [79], we consider a set of
variables that might determine firms’ financial leverage. Firm size (SIZE), tangibility
(FIX), sales growth rate (SALES), current ratio (CR), and non-debt tax shields (NDTS)
are chosen. In addition, a year dummy (YEAR) is included in our models.

Table 1 lists the definition of all variables.

3.3. Models

To test H1, we use Model (1) (Equation (6)).

DARi,t = β0 + β1MVAICi,t + β2SIZEi,t + β3FIXi,t + β4SALESi,t + β5CRi,t + β6NDTSi,t + YEARi + εi,t (6)

Model (2) (Equation (7)) is employed to test whether IC positively affects firm profitability.

ROAi,t = β0 + β1MVAICi,t + β2LEVi,t + β3SIZEi,t + β4FIXi,t + β5SALESi,t + β6CRi,t + β7NDTSi,t + YEARi + εi,t (7)

Following Baron and Kenny [80], we performed a mediation analysis to test H3 using
Models (1), (2), and (3) (Equations (6)–(8)).

DARi,t = β0 + β1MVAICi,t + β2ROAi,t + β3SIZEi,t + β3FIXi,t + β4SALESi,t + β5CRi,t + β6NDTSi,t + YEARi + εi,t (8)
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Given that MVAIC is the sum of CEE, HCE, SCE, and RCE, we also test the mediating
effect of firm profitability on the relationship between IC components and financial leverage
by using Models (4)–(6) (Equations (9)–(11)).

DARi,t = β0 + β1CEEi,t + β2HCEi,t + β3SCEi,t + β4RCEi,t + β5SIZEi,t + β6FIXi,t + β7SALESi,t + β8CRi,t + β9NDTSi,t + YEARi + εi,t (9)

ROAi,t = β0 + β1CEEi,t + β2HCEi,t + β3SCEi,t + β4RCEi,t + β5LEVi,t + β6SIZEi,t + β7FIXi,t + β8SALESi,t + β9CRi,t + β10NDTSi,t + YEARi + εi,t (10)

DARi,t = β0 + β1CEEi,t + β2HCEi,t + β3SCEi,t + β4RCEi,t + β5ROAi,t + β6SIZEi,t + β7FIXi,t + β8SALESi,t + β9CRi,t + β10NDTSi,t + YEARi + εi,t (11)

where i is the firm; t is the year; β is the presumed parameter; and ε is the error term.

Table 1. Variable definition.

Variable Symbol Description

Financial leverage DAR Total debts/total assets

Modified value-added intellectual coefficient MVAIC CEE + HCE + SCE + RCE

Capital employed efficiency CEE VA/book value of net assets

Human capital efficiency HCE VA/total employee expenditure

Structural capital efficiency SCE (VA—total employee expenditure)/VA

Relational capital efficiency RCE Marketing, selling, and advertising expenses/VA

Firm profitability ROA Net income/average total assets

Firm size SIZE Natural logarithm of total assets

Tangibility FIX Fixed assets/total assets

Sales growth rate SALES (Current year’s sales—last year’s sales)/last year’s sales

Current ratio CR Current assets/current liabilities

Non-debt tax shields NDTS Total depreciation expenses/total assets

Year dummy YEAR Dummy variable that takes 1 for the test year, 0 otherwise

4. Results
4.1. Descriptive Statistics

Table 2 shows the descriptive statistics for our sample. The mean value of DAR (0.4234)
suggests approximately 42% of the total financing is debt, consistent with the findings of
Xu and Wang [9], Xu et al. [57], and Xu and Zhang [75]. Agricultural listed companies have
an average profitability of 3.61% with a standard deviation of 0.0757. Xu and Wang [9]
and Liu et al. [81] found that the profitability of these companies is relatively lower. In
our sampled companies, MVACI is 2.6974 on average, which suggests that agricultural
companies create RMB 2.6974 by every RMB 1.00 investment in IC resources. We note
that the sum of HCE, SCE, and RCE (2.5105) is about 13 times as much as the mean
CEE (0.1869). In the knowledge society, intangibles play an increasingly more important
role than tangibles [82].

In addition, SIZE has a mean value of 22.0899 with a minimum of 20.4336 and a
maximum of 24.9065. The mean FIX (0.2863) suggests that fixed assets occupy about
29 percent of total assets of agricultural listed companies. SALES has a mean value of
0.1173, which implies that agricultural listed companies experience an annual sales growth
rate of 11.73%. The mean value of CR is 1.9216, indicating that such companies have ample
liquidity to pay off their debt. The mean value of NDTS is 0.0313, which means that the
existing fixed assets within companies are only worth around 97% of their original value.

Based on the median of MVAIC, the full sample is divided into two groups, namely,
high-IC-level group and low-IC-level group. Table 3 shows the descriptive statistics by
IC level. It is observed that companies with high levels of IC have lower debt ratio. In the
high-IC-level group, companies significantly outperform their counterparts. In addition,
there are significant differences in DAR, HCE, SCE, RCE, ROA, and SIZE. These provide
evidence for H1 and H2.
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Table 2. Descriptive statistics of full sample.

Variable N Mean Median Maximum Minimum Std. Dev.

DAR 202 0.4234 0.4030 0.8978 0.0930 0.1639

MVAIC 202 2.6974 2.5296 7.6159 −7.7169 1.6336

CEE 202 0.1869 0.1655 0.6384 −0.3082 0.1412

HCE 202 1.8165 1.6560 6.2986 −2.2711 1.3016

SCE 202 0.4013 0.4258 3.2326 −9.9047 1.0308

RCE 202 0.2927 0.1924 4.3859 −1.7968 0.5190

ROA 202 0.0361 0.0213 0.3300 −0.1578 0.0757

SIZE 202 22.0899 21.9860 24.9065 20.4336 0.9275

FIX 202 0.2863 0.2753 0.6948 0.0121 0.1531

SALES 202 0.1173 0.0771 1.6662 −0.5926 0.3346

CR 202 1.9216 1.5240 7.6673 0.3726 1.3689

NDTS 202 0.0313 0.0293 0.0725 0.0024 0.0142

Table 3. Descriptive statistics by IC level.

Variable (Mean) High IC Level Low IC Level Difference t-Statistics

DAR 0.3991 0.4477 −2.127 *

MVAIC 3.7438 1.6511 11.845

CEE 0.2381 0.1357 5.515

HCE 2.6297 1.0032 11.364 **

SCE 0.5661 0.2366 2.295 ***

RCE 0.3099 0.2756 0.468 *

ROA 0.0799 −0.0078 10.089 ***

SIZE 22.1376 22.0423 0.729 ***

FIX 0.2748 0.2977 −1.065

SALES 0.1664 0.0681 2.105

CR 2.0963 1.3245 1.825

NDTS 0.0313 0.0312 0.048
Notes: * p < 0.10, ** p < 0.05, *** p < 0.01.

Table 4 shows the results of the Shapiro–Wilk test, suggesting that all variables do not
have a normal data distribution (p < 0.05).

Table 4. Results of normality test.

Variable Statistic Dif Sig.

DAR 0.983 202 0.017

MVAIC 0.880 202 0.000

CEE 0.967 202 0.000

HCE 0.901 202 0.000

SCE 0.459 202 0.000

RCE 0.747 202 0.000

ROA 0.887 202 0.000

SIZE 0.957 202 0.000

FIX 0.966 202 0.000

SALES 0.875 202 0.000

CR 0.820 202 0.000

NDTS 0.978 202 0.003
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4.2. Correlation Analysis

The results of correlation analysis are presented in Table 5. MVAIC is negatively
associated with DAR and positively associated with ROA. In terms of IC components, CEE
correlates with DAR and ROA. HCE negatively correlates with DAR while it positively
correlates with ROA. SCE positively correlates with ROA, whereas RCE does not correlate
with DAR and ROA. Additionally, all values of variance inflation factor (VIF) are between
1.10 and 4.81, suggesting that multi-collinearity is not a serious problem in our models.

Table 5. Pearson correlation matrix.

Variable 1 2 3 4 5 6 7 8 9 10 11 12

1 DAR 1

2 MVAIC −0.187 *** 1

3 CEE 0.134 * 0.525 *** 1

4 HCE −0.174 ** 0.890 *** 0.581 *** 1

5 SCE −0.090 0.453 *** −0.048 0.066 1

6 RCE −0.012 −0.127 * 0.018 0.004 −0.711 *** 1

7 ROA −0.359 *** 0.756 *** 0.721 *** 0.797 *** 0.142 ** −0.096 1

8 SIZE 0.024 0.107 0.293 *** 0.165 ** 0.015 −0.187 *** 0.296 *** 1

9 FIX 0.152 ** −0.089 0.345 *** −0.050 −0.077 −0.097 0.154 ** 0.238 *** 1

10 SALES 0.051 0.210 *** 0.280 *** 0.224 *** 0.010 0.005 0.341 0.130 * 0.158 ** 1

11 CR −0.594 *** 0.164 ** −0.268 *** 0.162 ** 0.053 0.078 0.070 −0.195 *** −0.459 *** −0.138 * 1

12 NDTS 0.120 * −0.061 0.426 *** −0.057 −0.085 0.006 0.208 *** 0.211 *** 0.779 *** 0.180 ** −0.385 *** 1

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01.

4.3. Regression Results

Table 6 presents the results of Models (1)–(3). Our six models are significant at the
1% level. In Model (1), the estimated coefficient of MVAIC indicates that it has a significant
and negative impact on financial leverage (β = −0.009, p < 0.01). Therefore, H1 is not
rejected. Model (2) tests the impact of IC on firm profitability. The results show that MVAIC
has a significant and positive impact on the ROA indicator (β = 0.031, p < 0.01). Therefore,
we conclude that H2 cannot be rejected. When ROA is added to Model (3), the coefficient
of ROA is negative and significant (β = −1.450, p < 0.01), and the coefficient of MVAIC
remains significant, but its effect increases from −0.009 to 0.038. Therefore, we confirm that
firm profitability serves as a channel through which IC affects financial leverage, which
suggests that H3 cannot be rejected.

Table 7 presents the results of Models (4)–(6). In Model (4), we show that CEE positively
affects DAR while HCE exerts a negative impact. In Model (5), we highlight that physical
and human capitals have a positive and significant impact on firm profitability. This is in
line with Xu and Wang [9] and Xu and Zhang [75]. SCE is also observed to have a positive
impact on the ROA indicator. It is worth noticing that firm profitability partially mediates
the relationship between CEE and HCE and financial leverage. The coefficient of CEE is
increased in its effect from 0.185 in Model (4) to 0.667 in Model (6). The coefficient of HCE
is reduced in its effect from −0.021 in Model (4) to 0.058 in Model (6) when ROA is added.
In addition, the negative relationship between ROA and DAR supports the POT, consistent
with the findings of Xu et al. [57].

4.4. Robustness Checks

We re-estimate all models with independent and control variables lagged one year
and exclude the year 2020 because of the COVID-19 pandemic. The results are shown in
Table 8, which is similar to the findings of Table 6. We also use the debt-to-equity ratio
and return on equity (measured through the ratio of net income to average shareholders’
equity) to replace DAR and ROA and re-estimate Models (1)–(3). The results are similar to
those shown in Table 5.
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Table 6. Regression results of Models (1)–(3).

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

DAR ROA DAR

Constant 0.850 ***
(3.65)

−0.265 ***
(−3.85)

0.280
(1.22)

MVAIC −0.009 *
(−1.65)

0.031 ***
(17.92)

0.038 ***
(4.48)

ROA −1.450 ***
(−7.25)

DAR −0.151 ***
(−7.25)

SIZE −0.009
(−0.82)

0.011 ***
(3.73)

0.010
(0.99)

FIX −0.141
(−1.38)

0.015
(0.51)

−0.089
(−0.98)

SALES 0.013
(0.45)

0.028 ***
(3.32)

0.052 *
(1.91)

CR −0.078 ***
(−9.82)

−0.007 **
(−2.42)

−0.070 ***
(−9.95)

NDTS −0.208
(−0.19)

0.879 ***
(2.88)

1.112
(1.15)

YEAR Yes Yes Yes

R2 0.3914 0.7686 0.5244

Adj. R2 0.3528 0.7526 0.4915

F 10.13 *** 48.03 *** 15.94 ***

N 202 202 202
Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. t-values are in parentheses.

Table 7. Regression results of Models (4)–(6).

Variable
Model (4) Model (5) Model (6)

DAR ROA DAR

Constant 0.931 ***
(3.80)

−0.070
(−1.40)

0.339 *
(1.79)

CEE 0.185 *
(1.77)

0.223 ***
(10.73)

0.667 ***
(7.62)

HCE −0.021 **
(−1.98)

0.027 ***
(13.20)

0.058 ***
(5.73)

SCE −0.016
(−1.19)

0.005 *
(1.92)

0.004
(0.40)

RCE −0.020
(−0.73)

−0.007
(−1.39)

−0.030
(−1.47)

DAR −0.176 ***
(−12.20)

ROA −2.536 ***
(−12.20)

SIZE −0.012
(−1.11)

0.004
(1.64)

0.002
(0.27)
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Table 7. Cont.

Variable
Model (4) Model (5) Model (6)

DAR ROA DAR

FIX −0.137
(−1.32)

−0.009
(−0.45)

−0.100
(−1.28)

SALES 0.010
(0.33)

0.022 ***
(3.68)

0.060 ***
(2.66)

CR −0.073 ***
(−8.83)

−0.005 **
(−2.54)

−0.053 ***
(−8.29)

NDTS −0.948
(−0.82)

0.314
(1.37)

0.270
(0.31)

YEAR Yes Yes Yes

R2 0.4037 0.8927 0.6695

Adj. R2 0.3556 0.8835 0.6409

F 8.39 *** 96.23 *** 23.42 ***

N 202 202 202
Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. t-values are in parentheses.

Table 8. Regression results of one-year lagged effect.

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

DAR ROA DAR

Constant 0.035
(0.09)

−0.166
(−0.91)

−0.176
(−0.50)

MVAIC −0.015 *
(−1.86)

0.011 ***
(2.74)

0.039 ***
(3.07)

DAR 0.047
(1.25)

ROA −1.668 ***
(−5.29)

SIZE 0.029 *
(1.75)

0.003
(0.41)

0.031 *
(1.91)

FIX −0.187
(−1.22)

0.085
(1.13)

−0.057
(−0.39)

SALES 0.055
(1.24)

−0.025
(−1.14)

0.109 **
(2.62)

CR −0.061 ***
(−6.00)

0.007
(1.35)

−0.053 ***
(−5.70)

NDTS −0.902
(−0.54)

1.113
(1.35)

−0.314
(−0.20)

YEAR Yes Yes Yes

R2 0.2820 0.1662 0.4025

Adj. R2 0.2303 0.0997 0.3539

F 5.46 *** 2.50 *** 8.27 ***

N 150 150 150
Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. t-values are in parentheses.
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5. Discussion

Our findings show that IC-intensive agricultural companies have low levels of fi-
nancial leverage. That is, firms with high levels of IC tend to borrow less. This study
corroborates the hypothesis in the capital structure literature that intangible-intensive firms
have low firm leverage due to high bankruptcy cost [36,83,84]. IC could become an impor-
tant determinant when making capital structure decisions. However, Liu and Wong [85]
reported a positive relationship between IC measured by three patent-based variables and
debt in high-tech firms. The findings of Sardo and Serrasqueiro [86] also revealed that
European high-tech firms rely more on internal finance to fund IC assets instead of debt.

We find that an increase in IC can lead to high profitability of Chinese agricultural
listed companies. Xu and Wang [9] and Xu and Zhang [75] also found the same results.
Kozera [87] claimed that IC is important to generate value in the Polish agricultural sector.
Modern agriculture needs to utilize the wealth of IC and manage knowledge bases to
improve productivity and efficiency [88].

Firm profitability is found to partially mediate the relationship between IC and finan-
cial leverage. For Italian firms, D’Amato [41] also confirmed the mediating role of firm
profitability between them. Based on the POT, profitable firms are more likely to use equity
to finance their IC investment. This study provides empirical evidence in the mechanism
of IC and financial leverage.

When dividing MVAIC into its four components, investment in HC can lower firms’
financial leverage, while physical capital is found to have an opposite impact, consistent
with Dalwai and Sewpersadh [42]. SC and RC have a negative but non-significant impact
on financial leverage. Modern agriculture needs smart devices to improve production
efficiency, and these expenses might result in the financial burden of agricultural companies.
For employees, although employee training causes expenses, efficient working methods
and skills can reduce production costs, thus improving firm profits [89,90]. By analyzing
Russian companies, Teplova et al. [91] pointed out that increasing IC elements can reduce
the cost of debt. A recent study by D’Amato [41] revealed that CEE, HCE, and SCE have a
significant and negative impact on financial leverage.

Regarding the impact of IC elements on firm profitability, our results show that
human and structural capitals can enhance the ROA indicator in agribusinesses. RC is not
related to firm profitability, which is consistent with Xu et al. [27], Xu and Zhang [75], and
Zhang et al. [92]. According to Xu and Wang [9] and Xu and Zhang [75], the profitability of
Chinese agricultural companies is determined by physical capital and HC. Employing the
original VAIC model, Lee and Mohammed [93] found that physical assets and SC have a
positive impact on agricultural firms’ profitability in Malaysia. Ovechkin et al. [94] used
their own method to estimate IC and found that the utilization efficiency of SC and the stock
of HC have the biggest impact on the profitability of firms operating in the agribusiness
industry. However, Ivanovic et al. [95] argued that physical capital is the most important
element of IC, and that SC has a negative influence on the ROA of agricultural firms in
West Balkan countries. From the prospect of RC, agricultural development depends on
new economic growth drivers and investment promotion [96].

6. Conclusions

Based on a dataset of 36 Chinese agricultural listed companies during the 2014–2020 period,
this study examines the relationship between IC on financial leverage and the mediating role of
firm profitability on this relationship. Financial leverage is measured by the debt-to-asset ratio,
and IC is measured via the MVAIC model. The main conclusions are summarized as follows:

(1) Companies with a high level of IC are less leveraged in China’s agricultural sector.
(2) IC investment can enhance the profitability of Chinese agricultural listed companies.

Regarding IC components, HC and SC positively affect firm profitability.
(3) Firm profitability partially mediates the relationship between IC and firms’

financial leverage.
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The theoretical contributions of this paper are two-fold. First, in our study, new
evidence is provided on the relationship between IC and financial leverage with the
introduction of firm profitability as the mediator. Researchers could benefit from exploring
potential mediating factors between IC and financial leverage. Second, managers could
have a deeper understanding of the channels through which this relationship operates
when making financing decisions.

The findings also provide practical implications and useful advice for agricultural
businesses. Firstly, agricultural listed companies should increase investment in IC resources
and estimate the impact of these resources on financial leverage in order to maintain a rea-
sonable debt structure. Because intellectual assets generally have higher risk than physical
assets, such companies would be advised not to finance them with much debt. Secondly,
the results show that IC improves firms’ profitability, which could make companies more in-
dependent from external financing. Therefore, corporate managers should utilize leverage
in such a positive way. Thirdly, corporate managers should emphasize the important role
of HC, strengthen the training of employees, and make an incentive mechanism to motivate
their employees. Finally, agricultural listed companies should disclose information on IC
management so that bankers can make rational decisions on the supply of debt capital.

There are some limitations in this paper. First, our sample is only limited to agri-
cultural listed companies and further studies should include other industries. Second,
other potential mediators are needed to explore the mechanism between IC and financial
leverage in more detail. In addition, other IC components (e.g., innovation capital and
process capital) could be included in the further studies.
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