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Abstract: The purpose of this study is to examine the relationship between credit rating scales
and debt maturity choices. A liquidity hypothesis is used to formulate the testable proposition
and conceptual framework. Generalized linear model (GLM) and pooled ordinary least square
(OLS) are utilized by SAS programming to test the proposed hypothesis. Other different estimation
techniques are also used for robust evidence. Results suggest that companies with high and low
ratings have a shorter debt maturity. Companies with medium ratings have longer debt maturity
structure. Liquidity shows a negative association with longer debt maturity structure. It is evident
that at high rating scale with high liquidity, and at lower rating scales with lower liquidity firms
have a shorter debt maturity. Mid rated firms with a low probability of refinancing risk show longer
debt maturity structure. Considering refinancing risk by Asian companies make the nonlinear
relationship between credit ratings and debt maturity choices. Results suggest the importance of
credit ratings for the optimization of debt maturity structure of Asian firms, which was totally
overlooked by the past studies. The findings of this study are consistent with the liquidity hypothesis.
The findings also motivating financial managers and investors to consider credit ratings as a measure
of financial constraints.
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1. Introduction

There are several studies in the finance discipline that are mostly concentrated on the choice
between debt and equity in the Asian markets, but there is another area of interest that is debt maturity
structure, which can be of the same importance but is generally not a focus of financial research. There
is rather little empirical evidence on the determinants of debt maturity structure of Asian firms.

The failure of non-financial institutions such as Lehman Brothers and the Bear Stearns during the
recent financial crisis once again focused attention on the risk arising from short-term debts. It is now
consistently recognized that the adjacent cause for the collapse of such institutions was their refinancing
risk due to larger dependability on short-term debts, (Chen et al. 2013). The theoretical literature
has acknowledged the refinancing risk arising from the short-term debt, (Dang and Phan 2016;
Parise 2017). Optimal debt maturity choices play a vital role in the firm’s financial structure. It is
assumed from previous studies that right proportion of short-term debt and long-term debt can
decrease the cost of financing, (Fan et al. 2012; He and Milbradt 2016; Khurana and Wang 2015), agency
cost (Flannery 1986), and information asymmetry, (Diamond 1991). (Diamond 1991) shows that in
the “presence of credit market frictions, firms may face difficulty in rolling over short-term debt,
especially if refinancing coincides with a deterioration in either firm fundamentals or credit market
conditions”. The contemporary theoretical literature argues that refinancing or liquidity risk may itself
be an additional source of credit risk because short-term debt increases the possibility of a run on the
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firm and worsen the conflict of interest between debt holders and shareholders, (Dimitrov et al. 2015;
He et al. 2017; Wang and Zhang 2017).

Others have argued (Antoniou et al. 2006; Valta 2016) that the optimal debt maturity structure
also reduces the cost of capital and bankruptcy risk. Some research (Wang and Zhang 2017) argues
that even when there is an equal value of short-term debt and long-term debt, there is still a need for
the right decision about the maturity of debt financing to avoid liquidity risk.

The selection of debt financing is dependent on the private information in which the management
is concerned about the quality of the firm, (Öztekin and Flannery 2012). This fact can be related to
the credit ratings that portray the quality of firms and reduces the information asymmetry between
investors and borrowers. There is very little research on the importance of credit ratings in debt
maturity choices, (Diamond 1991; Guedes and Opler 1996; Naeem 2012). The study of (Flannery 1986),
on debt financing choices, is considered as one of the pioneering studies that put the focus on the
importance of signaling in the debt maturity structure.

Credit rating agencies also obtain information from the public and private sectors which is crucial
for firms so that they know about current and future economic trends. To be precise, to meet issuers’
demand for financial information, the credit rating agencies provide a clear and realistic financial
picture of firms in terms of codes and symbols that fulfill the demands of the issuer. Moreover, credit
rating provides accurate pricing of securities, and visibly reduces the cost of each transaction due
to use of shortcodes. Therefore, it is expected that rated firms would gain the assistance of credit
rating agencies to grab attention from investors. Credit ratings also provide perks of giving financial
flexibility, decreasing the chances of incorrect and asymmetric information in the market (Lok and
Richardson 2011).

In addition, credit ratings give encouragement to firms to sustain a good level of ratings in
the market. Today, credit ratings are used by banks, plan sponsors, fund managers and trustees
of financial firms not only in the US but also across the globe for financial portfolio management
(Cantor 2004). The stature, pertinence, and value of credit rating agencies have ascended with the
passage of time as it is clearly observed that investors and firms depend on these agencies for their
output and performance. The inspiration for this investigation started with the perception that an
organization’s financial managers, regulatory authorities, investors, and speculators are concerned
about credit ratings when making their investment and financing choices. Credit ratings can also
helpful for optimal debt maturity choices.

Generally, studies on debt maturity structures are based on the U.S. and European market, among
those first papers is that of Morris (1976), which focused on U.S. companies. Moreover, other researchers
also cover mainly U.S. firms (CScherr and Hulburt 2001; Mark Hoven Stohs 2002), and there is only a
restricted list of studies focused on cross-country comparisons (Antoniou et al. 2006; Fan et al. 2012).
In the emerging economies, there are limited studies on the corporate debt maturity structure, even
there is no evidence on the relationship between credit ratings and the debt maturity structure of
Asian firms. The aforementioned scenario also highlights the need for a considered approach towards
financial risk management that would support firms in a changing financial environment. Asian
financial markets, like other regions, have also observed a remarkable growth in the development of
credit rating agencies. Therefore, a comprehensive study to examine the effect of credit ratings on the
debt maturity structure of Asian firms is required. The main objective of this research is to “examine
the relationship between credit ratings and the debt maturity structure of Asian firms”.

Moreover, this study is the first attempt to empirically examines the Diamond (1991) framework
to elaborate the influence of each rating scale on the debt maturity choices and further complements it
by assuming the importance of refinancing risk. Although there is a big lapse of academic literature
on debt maturity structure for the Asian market, it is understood from the previous discussion that
a different and distinct setting is presented by Asian markets providing an opportunity to analyze
this issue with more elaboration. Therefore, in this context, the key research question of this study is
as below:
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Do credit rating scales have any explanatory power for the debt maturity structure of Asian
companies? Or is there any relevance of the debt maturity structure of firms for credit ratings?

The paper is structured as follows. After the introduction, a literature review and theoretical
framework are presented in Section 2. The Section 3 presents an explanation of research methodology
and estimation procedure. Section 4 consists of the empirical results and interpretations. The Section 5
presents the conclusion of the paper.

2. Literature Review

Theoretical debate on debt maturity structure started from the proposition of (Stiglitz 1988), that
the debt maturity structure of firms is irrelevant to their value in perfect capital markets; a rationale
like the irrelevance proposition for capital structure of firms presented by (Modigliani and Miller 1958).
As it is evident to understand that none of the capital markets is perfect, due to taxation, cash inflows,
and outflows, information asymmetry, agency cost, and interest rate etc. Therefore, there are numerous
empirical as well as theoretical studies that negate and challenge the idea of irrelevance propositions
for determination of maturity structure of debt. Four theories have been established for studying the
irrelevance proposition for debt maturity structure: (i) the hypothesis of agency costs; (ii) the asset
maturity hypothesis; (iii) tax liabilities in debt maturity structures; (iv) signaling theories for debt
maturity structure as well as information asymmetry.

Agency cost theory stated that the potential or absolute conflict between bondholders and
shareholders can be reduced with the help of debt maturity structure (Jensen and Meckling 1976).
The conflict can also originate when the firm’s capital structure has a risky debt inclusion to execute
positive NPV (net present value) projects. These profits should be shared between bondholders and
shareholders (Ataullah et al. 2018; Khurana and Wang 2015). There are some other ways argued by
(Myers 1977), that the maturity debt reduction also reduces the underinvestment problems despite
having other means of conflict resolution e.g., including restrictive covenants to debt contracts. Asset
maturity hypothesis proposed that debt maturity has a risk of being unable to process fixed outflows
of cash along with inflows that are generated by business processes. This risk can be mitigated with
the matching of cash inflows and outflows (Myers and Majluf 1984). This can be a prevaricating policy
for firms so that the maturity of the asset can be compatible with the debt maturity. In such cases, firms
should have sufficient funds that are generated from assets.

(Brick and Ravid 1985) argued that a positive relationship is already established between the
debt maturity structure and taxation, and the optimal strategy to work on the firms is to increase the
long-term debt.

Signaling theory stated that the selection of debt maturity structure is dependent on the private
information by which management is concerned about the quality of the firm. (Flannery 1986) are
considered as pioneering studies that put the focus on the signaling of debt maturity structure.
(Flannery 1986) proposed an argument that debt maturity structure of firms can indicate a firm’s
quality to outsiders and can impact an investor’s decision. The model of Flannery proposes the
assumption that the short-term debt is issued frequently for a long term can raise the fixed transaction
cost of firms as compared to long-term debt.

There are numerous research studies that present an empirical view, specifying important factors
established on theoretical models. The research design of many past studies relies on the firm’s
level measures such as growth opportunities, size, matching for the maturity of assets, interest ratio,
firm’s quality, liquidity etc. (Ataullah et al. 2018; Dang and Phan 2016; Katper et al. 2017). Moreover,
some studies have been more focused on institutional or industrial classification, (Debortoli et al. 2017;
Fan et al. 2012; Jõeveer 2013; Martins et al. 2017; Naeem 2012).

A firm’s financing decision is significantly affected by the economic environment of the country,
particularly in the case of developing countries. Very few studies incorporate macroeconomic factors
in financing decisions (Chen et al. 2013; Debortoli et al. 2017; Deesomsak et al. 2004; He et al. 2017;
Wang and Zhang 2017; Faiza Sajjad 2018).
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In advanced and third wave literature is an increasing number of studies investigating whether
credit ratings issued by external credit rating agencies, such as Moody’s or Standard and Poor’s,
are helpful in explaining firms’ financial structure behaviour (Chen et al. 2013; Chong et al. 2015;
De Haan 2017; Efing and Hau 2015; Fracassi et al. 2016; Gopalan et al. 2014; Gul and Goodwin 2010;
Naeem 2012; Faiza Sajjad 2018).

Since the complexity of financial markets and borrowers’ and lenders’ diversity is increasing,
credit rating has now become a reliable parameter to assess the creditworthiness of firms, regulators,
and investors (Kedia et al. 2017). The perceptional changes of market participants are mainly influenced
by credit ratings issued by rating agencies. After that, numerous borrowers and different financial
institutions have settled certain credit standards in the market and has successfully achieved the
attention of regulatory bodies in various countries (Wojewodzki et al. 2017). To be precise, the 2008
financial crisis has made it important to search more into the importance of financial decision-making
process for firm’s productivity. There are numerous advantages of rated firms i.e., extending the base
of investors, accurate security pricing, and reduction of dependence on conventional funding sources
e.g., debt markets. It is contended by (Bolton et al. 2012; CFR.org 2015; Chava et al. 2014) that even in
the state of financial crises, firms with ratings are not facing any major issue in raising funds.

Two survey-based studies (Graham and Harvey 2000; Mittoo and Zhang 2008), on firms in US
and European markets, claim that refinancing risk is another subsequent element which is considered
by firms while making debt maturity structure decisions. Liquidity risk is also explored by past studies
as an important determinant of debt maturity structure. Firms are likely to get liquidation and more
costly financing if they become incapable of rolling over debt to the next period. In these cases, the
costs and advantages of selecting a certain level of maturity in the financial structure can be evaluated
from the prospect of liquidity risk. (Bancel and Mittoo 2004) show that 70% of a sample consider
liquidity risk as the second major factor for debt maturity decisions. The increased liquidity risk of
firms is also raised by the intensity of information asymmetry between lenders and borrowers (Bruche
and Segura 2015; Chen et al. 2013; Mian and Santos 2017).

Diamond’s model suggests that short-term debt is not the priority of all firms. This fact can
be related to the credit ratings that portray the quality of firms when the information is updated in
a systematic manner for investors so that the issue of information asymmetry between investors and
insiders can be resolved. (Diamond 1991) defines the liquidity risk as ‘... a solvent risk due to which
the illiquid borrower becomes unable to attain an interest in refinancing parties’ (p. 710). After that,
firms prefer to do trade off costs between the benefits of choosing short-term debt and the cost of
liquidity risk. (Diamond 1991), stated that a non-monotonic relationship exists between debt maturity
structure and liquidity risk as it is assessed by credit ratings. Low risk and high rated firms, and high
risk and low rated firms tend to issue high debt for the short-term and intermediate firms having more
issuance of long-term debt.

Numerous empirical studies test the non-monotonicity between credit ratings and financial
structure based on the U.S. market. However, a mixed relationship is found. For example, (Barclay and
Smith 1995) a study on U.S. firms is inconsistent with the non-monotonic relationship and (Naeem 2012;
Mark Hoven Stohs 2002) find strong evidence of non-monotonicity between debt maturity structure
and credit ratings by assuming liquidity risk.

Several studies in the literature have been conducted to determine the optimal debt maturity
structure as well as the importance of credit ratings, but no empirical study has been conducted on the
relevance of each credit rating scale for the optimization of debt maturity structure in Asian markets.
The aforementioned research gaps leave some room for additional research. Hence, the purpose of this
research is to investigate the importance of each rating scale for the optimal debt maturity structure of
Asian firms. Country factors, firms’ factors, and industry dummies are also used as proxy measures
for robust evidence. Therefore, by following the argument made by Diamond (1991), a hypothesis for
the present study is suggested as follows:



J. Risk Financial Manag. 2018, 11, 24 5 of 16

Hypothesis (H1). There is a non-linear (inverted U-shaped) relationship between rating scales and debt
maturity choices by assuming liquidity risk, with other factors being steady.

Through a literature review, the following variables are identified for the theoretical framework
of the present study. The dependent variable is longer debt maturity (DML), the independent variable
is individual credit ratings (ICR) because this paper tests the explanatory power of each rating scale on
the maturity structure of debts.

Control variables include a firm’s factors such as tangibility (FAR), interest coverage ratio (IR),
quality (AR), liquidity (LIR), profitability (PR), size (SIZ). Industry dummies (ID) consist of nine
industries classified by DataStream, (Basic material (BMD), consumer goods (CGD), consumer services
(CSD), industrial (INDSD), technology (TECD), telecommunication (TELD), utility (UTILD), healthcare
(HCD), oil and gas (OGD). Country factors are GDP growth (GD), domestic stock market (SM), real
interest rate (RI), inflation rate (INF) (World bank database). Figure 1 shows the conceptual framework
of the study.
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Figure 1. A conceptual framework.

This study is expected to contribute to both the literature on the maturity structure of debts
and on credit ratings by presenting empirical evidence to the formulated theoretical framework, that
refinancing risk induces a non-linear inverted u-shaped relationship between each rating scale and the
maturity structure of debt.

Although the theoretical and empirical literature identifies liquidity risk as an important
determinant of debt maturity structure, (He and Xiong 2012; Parise 2017) but credit rating is totally
ignored as an important determinant of debt maturity structure by past studies. Therefore, this study
is unique in this context and expected to present novel findings of the non-linear relationship between
rating scales and the maturity structure of debt for Asian firms by assuming liquidity risk.
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3. Research Methodology

3.1. Model Specification and Data Selection

The research sample consists of non-financial listed Asian companies that are rated by Standard
and Poor’s rating agency. A sample of Asian rated firms by Standard and Poor’s are small as compared
to non-rated firms and the main objective of the study is to determine the optimal debt maturity
structure of rated firms and their behavior according to each rating scale. Therefore, that sample is
important to draw an accurate conclusion for a special group of rated firms and their behavior.

Non-financial companies are chosen from eight selected Asian regions (Japan, South Korea,
Singapore, China, Hong Kong, Indonesia, Malaysia, India, (JSSCHIMI)). The financial data was
extracted from DataStream based on nine industrial classifications. Long-term issuer credit ratings
by Standard and Poor’s are used. Macroeconomic data are extracted from the World Bank database.
Financial firms and firms with missing observations during sample years are excluded. For the
empirical evidence the data set employed consists of the balanced panel data of 137 rated firms;
for 17 years (2000–2016), resulting in 2329 observations.

The theoretical framework for this study comprised two aspects i.e., First the research studies on
credit ratings and debt maturity structure. Second control variables include a firm’s factors, country
factors, and industry dummies. A coding methodology is used to measure the credit ratings of
each company and test the influence of credit assessment on debt maturity structure. According to
(Kisgen 2006, 2009), coding schemes are established by the actual credit ratings given by Standard and
Poor’s rating agency. A numerical code of 1 to 16 is allocated to each rating level or individual rating
category (See Table 1).

Table 1. Long-term issuer ratings and assigned numerical coding.

Credit Ratings Individual Rating Coding

AA+ 1
AA 2

AA− 2
A+ 4
A 5

A− 6
BBB+ 7
BBB 8

BBB− 9
BB+ 10
BB 11

BB− 12
B+ 13
B 14

B− 15
CCC+ 16

The theoretical framework is formulated from the extensive literature review and from Diamond’s
1991 liquidity hypothesis. Table 2 shows the selected variables of the current study, such as debt
maturity ratio (longer debt maturity) as a dependent variable, credit ratings as an independent
variable, control variables, (a firms’ factors, country factors, and industry dummies).
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Table 2. The theoretical framework.

Dependent Variable Symbol Formula

Debt maturity ratio DML Long-term debts/total debts

Independent Variable

Credit rating scales ICR
Credit ratings issued by Standard and Poor‘s
(long-term issuer) and measured by ordinal

numbering or codes

Control Variables

Firms factors
Profitability PR Return on assets

Interest coverage ratio IR EBIT/total interest
Tangibility FAR Fixed assets/total assets

Size SIZ Log of sales
Liquidity LIR Current assets/total assets
Quality AR Total assets turnover ratio (activity ratio)

Country factors

GDP Growth GDP World Bank database
Domestic stock market SM Percentage of market capitalization to GDP growth

Inflation rate INF Inflation deflators (World Bank database)
Real interest rate RI World Bank database

Industry dummies ID Nine industries from DataStream

3.2. Model for Maturity Structure of Debt and Credit Ratings

To empirically test the relevance of each rating scales and the debt maturity structure, following
equation is specified. ICR2 is used to test the non-monotonic relationship between DML and ICR.

DML = α0 + α1 ICRit + α2 ICR2
it + Φ3 IRit + Φ4 ARit + Φ5FARit + Φ6LIRit

+Φ7PRit + Φ8SIZit + Φ9 IDit + Φ10GDPit + Φ11SMit

+Φ12RIit + Φ13 INFit + εit

(1)

DML = Debt maturity structure
ICR = each rating scale/ individual credit rating
ICR2 = Square of individual credit ratings

All other are control variables such as firm factors (IR, AR, FAR, LIR, PR, SIZ), Industry dummies
(ID) and Country factors (GDP, SM, RI, INF).

3.3. Estimation Techniques

Generally, past studies on the corporate debt maturity structure were using pooled OLS.
The present study is using a new technique that is a generalized linear model (GLM) along with
pooled OLS for strong evidence. GLM represent a class of regression models that allow generalizing
the linear regression to adjust many types of response variables including binary, count, continuous,
positive and proportion distributions, (Fox 2008; Wulff 2007). It is considered a valuable statistical
technique due to its flexibility in solving different statistical complication and is widely used. According
to (Fox 2008), in the past twenty years, GLM has been referred as the most substantial development in
regression analysis. GLM has “the ability to handle a larger class of error distributions and data types
and this is the key improvement of GLMs over linear models”.

Moreover, for robust evidence and solving the different problems of data, such as endogeneity,
autocorrelation and heteroskedasticity, estimation techniques such as fixed effect (FE), heteroskedastic
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consistent variance (HCV) and generalized method of moment (GMM) are employed to examine the
influence of each rating scale on the debt maturity structure.

According to prior studies, dynamic panel models play a significant role in corporate finance
research. Currently, GMM is extensively used for estimating dynamic financial structure decision,
(Antoniou et al. 2008; Cheng 2014; Lu et al. 2015; Öztekin and Flannery 2012). The two-step GMM
is employed in this study. For dynamic panel data, GMM is generally used in situations like
heteroskedasticity, autocorrelation, fixed individual effect, endogeneity and if the data sample has
small T time period and large individuals N”, (Cheng 2014; Faiza Sajjad 2018).

4. Results and Discussion

Descriptive statistics are presented before properly examining the link between the debt maturity
structures and credit ratings. Table 3 shows the statistical summary of all variables including the
dependent, independent, and control variables.

Table 3. Descriptive statistics.

Var N Mean Std Dev Minimum Maximum

DMS 2329 0.499 0.295 0.000 0.99
DML 2329 0.500 0.295 0.000 0.99
ICR 2329 6.87 3.065 1.00 15.00
IR 2329 30.60 177.47 −234.1 7654
AR 2329 0.88 0.797 0.010 12.30
LIR 2329 1.764 1.610 0.048 21.84
PR 2329 3.544 7.323 −94.03 52.25

FAR 2329 2.74 25.47 −0.024 653.42
SIZ 2329 8.315 10.81 1.053 428.35
GD 2329 4.419 3.59 −5.41 17.29
SM 2329 252.11 367.73 14.33 2595
INF 2329 1.892 3.61 −6.00 20.44
RI 2329 3.916 2.927 −3.852 13.347

It is shown that the average longer debt maturity (DML) of the Asian companies is 0.510,
and shorter debt maturity is 0.499. It is evident that the firms on average have a slightly higher amount
of long-term debt. The deviations within the sample are considerable (standard deviation = 0.29).
The result indicates that mainly companies wanted longer maturity in their debt maturity structure,
which could be due to avoiding liquidity risk and underdeveloped bond market in Asia. Control
variables also show some differences in the debt maturity structure of the Asian firms. In particular,
the standard deviation is too much high in the interest coverage ratio (IR) = 177.4, and in the domestic
stock market (SM) = 367.7. This could be due to firms being selected from heterogeneous markets from
highly developed markets like Korea, Japan to less developed such as Indonesia and India etc.

Table 4 displays the mean of the shorter debt maturity and the longer debt maturity of the sample
with respect to each credit rating scale. The higher-rated firms show mixed evidence for debt maturity
structure. At AA+ rating with 1 coding number shows more short-term debts 0.53 (SM), and at code 1,
and 2 with AA, AA− credit rating scales, long-term debts are higher in the debt maturity structure
of firms, 0.542, 0.542, respectively. The average short-term debts are high at the top rating scales
A+, A, A–. Moreover, at the lowest rating scale from BB+ to B–, firms show high short-term debt as
compared to long-term debts, while BBB+, BBB, BBB– category of firms have the highest average longer
debt maturity. The distribution of average short-term debt and long-term debt ratios provides initial
evidence of being consistent with the theory of Diamond (1991), and with the intended hypotheses that
suggested a non-linear association of credit rating scales and the debt maturity structure of Asian firms.
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Table 4. Mean of shorter and longer debt maturity at each rating scale.

ICR Variable N Mean Std Dev Minimum Maximum

1 (AA+)
DMS 67 0.537 0.28 0.0034 0.98
DML 67 0.462 0.285 0.016 0.996

2 (AA)
DMS 90 0.457 0.25 0.008 0.9817
DML 90 0.542 0.25 0.018 0.991

3 (AA−)
DMS 90 0.457 0.257 0.008 0.981
DML 90 0.544 0.257 0.018 0.991

4 (A+)
DMS 318 0.544 0.285 0.003 0.999
DML 318 0.455 0.283 0.0002 0.996

5 (A)
DMS 110 0.515 0.272 0.0112 0.999
DML 110 0.484 0.270 0.0006 0.9887

6 (A−)
DMS 345 0.566 0.294 0.0046 0.999
DML 345 0.432 0.295 0.0003 0.995

7 (BBB+)
DMS 524 0.422 0.28 0.000 0.999
DML 524 0.574 0.28 0.000 0.999

8 (BBB)
DMS 277 0.418 0.29 0.002 0.999
DML 277 0.581 0.299 0.000 0.997

9 (BBB−)
DMS 134 0.376 0.264 0.00395 0.998
DML 134 0.622 0.265 0.0016 0.996

10 (BB+)
DMS 105 0.574 0.266 0.0031 0.999
DML 105 0.439 0.272 0.0004 0.996

11 (BB)
DMS 50 0.506 0.278 0.018 0.999
DML 50 0.493 0.278 0.0004 0.981

12 (BB−)
DMS 70 0.573 0.3305 0.007 0.99
DML 70 0.4250 0.330 0.001 0.992

13 (B+)
DMS 37 0.562 0.304 0.018 0.982
DML 37 0.438 0.301 0.017 0.963

14 (B)
DMS 24 0.741 0.226 0.112 0.964
DML 24 0.258 0.226 0.035 0.887

15 (B−)
DMS 82 0.779 0.243 0.096 0.9977
DML 82 0.218 0.242 0.002 0.9031

Figure 2 illustrates the maturity structure of debt (DML) of the Asian firms with respect to
each rating scale (ICR). Consistent with the results in Table 3, the maturity structure of debt shows
a non-linear association with credit-rating scales.
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Proc Panel was used for pooled OLS, FE and GMM estimations, and Proc Genmod was used for
the GLM technique in SAS programming.

Table 5 shows the findings of pooled OLS and generalized linear model (GLM). The individual
credit rating ICR and its square ICR2 both are significant at a coefficient estimate of 0.039 *** and
−0.0031 *** in the GLM. Results of pooled OLS also show that each credit rating (ICR) and its square
ICR2 are significantly related to debt maturity structure (DML) at a coefficient estimate of 0.0392 ***
and −0.0030 *** respectively. Moreover, a negative sign with ICR2 shows that with increasing rating
scales longer debt maturity is decreasing. Results indicate that the longer-term debt maturity structure
of firms in Asia varies with their credit ratings.

Table 5. Influence of rating scales on the debt maturity structure.

Generalized Linear Model (GLM) Pooled OLS

Parameter Estimate Wald Chi-Square Estimate t Value

Intercept 0.2622 (42.36) *** 0.262247 (6.48) ***
ICR 0.0392 (29.45) *** 0.039222 (5.40) ***
ICR2 −0.0031 (48.79) *** −0.00306 (−6.95) ***

IR −0.0001 (4.90) ** −0.00007 (−2.20) ***
AR −0.0199 (6.45) ** −0.01991 (−2.53) ***
FAR 0.0006 (7.02) *** 0.000618 (2.64) ***
LIR −0.0115 (9.08) *** −0.01149 (−3.00) ***
PR 0.0005 0.33 0.000492 0.57
SIZ 0.0008 (2.32) * 0.000834 (1.52) *

BMD 0.1341 (20.55) *** 0.134066 (4.51) ***
CGD 0.1466 (23.03) *** 0.146582 (4.78) ***
CSD 0.2753 (51.34) *** 0.275252 (7.13) ***

INDSD 0.1453 (25.24) *** 0.145308 (5.00) ***
TECD 0.1531 (25.08) *** 0.153106 (4.98) ***
TELD 0.1894 (36.00) *** 0.189438 (5.97) ***

UTILD 0.3308 (88.55) *** 0.330808 (9.37) ***
OGD 0.3191 (61.67) *** 0.319068 (7.82) ***
HCD 0.0149 0.04 0.014868 0.20
GD −0.0034 (3.34) * −0.00338 (−1.82) **
SM −0.0001 (42.96) *** −0.00011 (−6.52) ***
INF 0.0076 (11.66) *** 0.007584 (3.40) ***
RI 0.0090 (12.79) *** 0.00897 (3.56) ***

Scale 0.2752 R2 0.13

Note: Values in parenthesis are Wald chi-square and t-values. ***, ** and * indicates that value is statistically
significant at 1%, 5% and 10% level of significance, respectively.

It is evident that there is a non-linear association of credit rating scale with debt maturity structure
of Asian firms. The coefficient estimates show that the debt maturity ratio increases by 3.9 percentage
points with the exacerbation of each credit rating levels, but this rise has a declining rate of 0.31
percentage points with every squared individual credit rating level in both GLM and pooled OLS.
The findings of the study supported the formulated hypothesis that “There is a non-linear (inverted
U-shaped) relationship between rating scales and debt maturity choices by assuming liquidity risk,
with other factors being steady”. It is also evident that at each rating scale the behavior of firm toward
debt maturity choices is different and consideration of liquidity risk at different rating scale induces
non-linear inverted u-shaped relationship between credit ratings and maturity choices of debt.

High-rated firms possess shorter maturity as compared to mid-level rating firms due to lower
concerns about liquidity risk. Low-rated firms, even when they are prone to high liquidity risk,
have shorter maturity. This is because of limited accessibility to the long-term debt market. This
is an important piece of evidence and it has practical implications for the optimization of the debt
maturity structure of Asian firms. The evidence is also supported by Diamond (1991) and is consistent
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with the U.S.-based studies (Barclay and Smith 1995; Mark Hoven Stohs 2002) and U.K. based studies
(Naeem 2012).

Liquidity (LIR), shows a negative and significant relationship with longer debt maturity structure
with coefficient estimates of −0.011***, and it is approximately the same in both the estimation
techniques. The findings clearly show that when there is higher liquidity ratio, firms are inclined
toward shorter debt financing into the firm’s financial structure. When there is a lower liquidity ratio or
a higher rollover risk, then firms will prefer long-term debt financing in their debt maturity structure.
Results also indicate that among the firm’s factors liquidity has larger and significant Wald-chi square
(9.08) in GLM and (−3.0) in pooled OLS as compared to the firm’s other variables.

Interest coverage ratio (IR) and total assets turnover ratio (AR) show a negative and significant
relationship with a longer debt maturity structure by both GLM and pooled OLS estimations.
The tangibility ratio (FAR), shows a positive and significant relationship with longer debt maturity.
Size (SIZ) shows a positive and less significant association with debt maturity structure. Profitability
ratio (PR), shows a positive but insignificant relationship with the longer debt maturity structure.

Macroeconomic factors show mixed evidence in the current study. GDP growth (GD), shows
negative and less significant association with a longer debt maturity of companies. Domestic stock
market (SM,) shows a negative and significant relationship with longer debt maturity ratios. Inflation
(INF), and real interest ratios (RI) show positive and significant association with longer debt maturity
structure by both GLM and pooled OLS estimations.

All industrial dummies show a positive and significant relationship with longer debt maturity
structure of Asian firms except the healthcare industry, which shows a positive and insignificant
relationship with the longer debt maturity structure of Asian firms. It is evident that it is mainly
industries in Asia that have longer debt maturity structure. This could be one of the reasons for
avoiding liquidity or rollover risk in their corporate financial decisions.

Robust Check by Other Estimation Techniques

Table 6 shows the impact of each rating scale on the debt maturity structure by the fixed effect
method (FE), heteroskedastic consistent variance (HCV), and generalized method of moment (GMM).
The evidence is consistent with the findings of the generalized linear model (GLM) and pooled
OLS estimations.

Longer debt maturity shows a positive and significant relationship with each rating scale at
0.0692 ***, 0.03922 ***, 0.22130 *** coefficient estimates respectively by all three estimation techniques.
Moreover, ICR2 shows a negative and significant relationship with longer debt maturity structure at
−0.0045 ***, −0.003 ***, and −0.012 *** respectively, by fixed effect (FE), heteroskedastic consistent
variance (HCV) and generalized method of moment (GMM). It is evident that the impact of each
rating scale on the debt maturity structure is non-linear and inverted U-shaped. FAR and SM are
used as an exogenous instrument. The Sargan test statistic 50.67 (PR = 0.168) shows that the selected
instrumental variables are valid and does not show any over-identification problem in the GMM
estimation. All variables jointly explain 13% variation within the debt maturity structure by the
heteroskedastic consistent variance (HCV) estimation. R2 by fixed effect (FE) increased and explains
48% variation in debt maturity structure by all variables. Control variables show mixed evidence.
Liquidity (LIR) shows a negative and significant relationship with longer debt maturity structure
by HCV and GMM estimations but shows a positive and insignificant relationship with longer debt
maturity structure by the fixed effect (FE) model.
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Table 6. Credit ratings and maturity structure of debt.

Variable
Fixed Effect Heteroskedastic Consistent Variance Generalized Method of Moment (GMM)

DML DML DML

Intercept 0.174178 0.26225 −0.18285
(2.17) ** (6.96) *** (−0.51)

ICR
0.069224 0.03922 0.221305
(7.37) *** (5.59) *** (11.60) ***

ICR2 −0.00452 −0.00306 −0.01239
(−7.97) *** (−7.35) *** (−14.09) ***

IR
−0.00004 −7.3E−05 0.000027
(−1.43) (−1.72) * −0.19

AR
−0.01381 −0.01991 −0.07291
(−1.01) (−2.34) ** (−1.55) *

FAR
0.000677 0.000618 −0.00007
(2.79) *** (3.06) *** (−0.35)

LIR
0.004518 −0.01149 −0.02113
−1.11 (−2.63) *** (−2.89) ***

PR
−0.00072 0.000492 −0.00261
(−0.81) −0.61 (−11.63) ***

SIZ
0.000076 0.000834 0.038683
−0.15 (3.80) *** (9.23) ***

BMD
0 0.13407 −0.51494

(5.07) *** (−1.40)

CGD
−40.4352 0.14658 −0.85954

0 (5.44) *** (−2.05) **

CSD
38.55667 0.27525 0.831662

0 (8.02) *** −1.49

INDSD
0.499514 0.14531 −0.13095
(2.19) ** (5.77) *** (−0.36)

TECD 0
0.15311 −0.17543

(5.31) *** (−0.46)

TELD
77.86987 0.18944 −0.866

0 (6.27) *** (−1.93) **

UTILD
0.635812 0.33081 −1.20083
(1.96) ** (10.21) *** (−2.23) **

OGD
44.49687 0.31907 −0.43596

0 (9.24) *** (−0.98)

HCD
230.6575 0.01487 12.02196

0 −0.16 −0.47

GD
−0.00016 −0.00338 0.003053
(−0.05) (−1.79) (3.28) ***

SM
−0.00002 −0.00011 0.000065
(−0.53) (−5.85) *** (3,27) ***

INF
0.001257 0.00758 −0.01216
−0.35 (3.19) *** (−2.20) **

RI
0.005664 0.00897 −0.00561
(1.59) * (3.39) *** (−1.24)

R2 0.48 0.13

Sargan test 50.67
−0.1687

ARtest(m1) −1.83
−0.067
−0.17

(m2) −0.864

Note: Values in parenthesis are t-values. ***, ** and * indicates that value is statistically significant at 1%, 5% and
10% level of significance, respectively.
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5. Conclusions

The purpose of the study is to examine the impact of each rating scale on debt maturity structure.
The study proposed a conceptual framework of credit ratings (ICR) and debt maturity structure
(DML) with control variables such as firms’ factors, industry dummies, and macroeconomic variables.
The study also empirically tested Diamond’s liquidity hypothesis, which gives the theoretical basis
for two variables DMT and ICR. Estimation techniques such as the generalized linear model (GLM),
pooled OLS, fixed effect (FE), heteroskedastic consistent variance (HCV) and generalized method of
moment (GMM) were used. The findings of the study indicate that high-rated firms show mixed
evidence and have slightly more short-term debt, but long-term debts are also not too low that can
be due to less information asymmetry which decreases the liquidity risk and easy access to financial
markets. Low-rated firms face high refinancing risk due to the deterioration in credit ratings and
consequently face restricted access to long-term debt markets, and so they have short-term debt in their
debt maturity structure. Only mid-rated firms prefer more long-term debt because they have an option
for long-term debt maturity and they also have a certain amount of liquidity risk, which stops them
from increasing shorter maturity in their debt maturity structures. Results also indicate that maximum
industry dummies show a positive and significant association with the longer debt maturity structure
of Asian companies. Among financial variables of firms, liquidity shows a significant and negative
association with longer debt maturity structure. Macroeconomic factors also show a substantial effect
on the debt maturity structure of Asian companies.

The findings of the study have answered the main research question and proved the hypothesis
that there is a non-monotonic relationship between the credit-rating scales and debt maturity choices
of Asian firms. The evidence is also supported by Diamond’s (1991) theoretical framework and is
consistent with U.S.-based studies (Barclay and Smith 1995; Mark Hoven Stohs 2002) and U.K. based
studies (Naeem 2012), Moreover, the importance of credit ratings in the financial structure is also
supported by previous studies (Bedendo and Siming 2016; Daniels et al. 2010; Gul and Goodwin 2010;
Lütkebohmert et al. 2017; Naeem 2012). The study also reveals that credit rating has a substantial effect
on the optimization of debt maturity structure of Asian companies.

Credit ratings should be considered as a key determinant for making financing decisions. Credit
rating agency assigns credit rating codes after analyzing internal and external factors of firms that
help to reduce information asymmetry. Findings also suggested that credit ratings have significant
explanatory power for debt maturity structure and gives unique insight to capture the behavior of
firms toward debt financing choices by considering the cost and benefits of credit ratings such as,
liquidity risk, creditworthiness of firms, the loyalty of customers and suppliers, restriction to enter into
debt market, costly covenants, access to commercial paper market etc.

This study is useful for chief financial officers (CFOs) in firms wishing to make optimal financing
decisions. Regulatory bodies and policymakers can benefit by considering credit ratings as a regulatory
tool in financial market development and should monitor and regulate credit-rating agencies for
transparent credit-rating outcomes.

Like most research studies, this study also has some limitations. This study has a limited number
of rated Asian firms from Standard and Poor’s rating agency. Thus, it cannot investigate the impact
on a broader range of data. Future studies on the debt maturity structure may also employ different
financial and macroeconomic ratios. Different rating categories and rating indexes can also be implied
in future research. Data from local and other international rating agencies can also be used for
further research.
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