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A B S T R A C T

This study aims to examine the country-level financial immunity and vulnerability due to the multidimensional
impact of the US-China trade war by using potential driving factors, namely financial and market performance,
economic conditions, and government interventions. This study uses financial distress as a moderating variable to
examine the relationship between financial immunity and stock returns of companies listed on the Indonesia
Stock Exchange and the Shanghai Stock Exchange, which have different characteristics. The research samples
were companies listed on the Indonesia stock exchange and the Shanghai stock exchange with 767 and 736
observations, respectively, in 2016–2019. The first-stage test method uses balanced data panel regression to test
individual interactions as a sufficient condition. Regression model specification of the response variable for the
fixed effects model can overcome the common effects model limitations. The second stage is a matched test or
Paired Samples T-Test for hypothesis testing after testing each individual interaction for each country. The results
of this study show that financial immunity has a positive effect on stock returns in two countries: Indonesia and
China. Meanwhile, the financial distress of the US-China Trade War for Indonesia and Shanghai shows different
results. Financial distress significantly reduces stock returns on the Indonesian Stock Exchange, while the distress
does not affect stock returns on the Shanghai Stock Exchange. During the US-China trade war, trade policy un-
certainty has caused economic policy uncertainty, thus triggering systemic risks in ASEAN markets, including
Indonesia.
1. Introduction

The US-China trade war is the biggest challenge for the global
economy because this trade war involves the world's two economic gi-
ants. The war began with the actions of former US President Donald
Trump that imposed a 30–50% tariff on solar panel imports on January
22, 2018 (Costa and Sukartha, 2020). The situation got worse when the
US imposed an additional 25% tariff on imported steel and an additional
10% tariff on imported aluminum for most major countries, including
China (Wu and Turvey, 2021). On March 22, 2018, China responded by
imposing additional tariffs of up to 25% on 128 US products (WTO,
2020). Comparing shipments in 2016–2017 to 2018–2019, US exports to
China dropped by 15–27%, while US imports from China dropped by
14–23% (C. He et al., 2021). Since then, the two countries have retaliated
against each other to raise tariffs for various goods imported from each
other. As a result, there have been severe disruptions to the aggregate
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trade flows worldwide, such as crisis and business bankruptcy. While
affected exporting firms have to cope with an increase in their product
selling price, importers need to pay more for their purchases or find new
suppliers. These things erode firms' competitiveness and reduce sales and
profits, thus forcing them to form corporate immunity to withstand the
crisis. To investigate the country-level financial immunity to the
US-China trade war, this study raises three major categories: financial,
economic stability, and government interventions variables (Ding et al.,
2021; Zaremba et al., 2021).

The present study aims to examine the country-level financial im-
munity and vulnerability to stock returns due to the US-China trade war.
The research design used is to collect all the potential driving factors
multidimensionally, namely financial and market performance, eco-
nomic conditions, and government interventions due to the US-China
trade war. Previous studies on the trade war tend to focus on aspects of
who wins and who loses the war (An et al., 2020; Nugroho et al., 2021)
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and the impact of the war on poverty, bankruptcy, and crises (Cui and Li,
2021; Shi et al., 2021; Wu and Turvey, 2021; Xu and Lien, 2020). The
impact of country-level financial immunity on the US-China trade war
has never been studied, especially in developing countries like Indonesia.
This study uses a multi-country analysis where the results of this study
show that financial immunity to overcome the US-China trade war varies
between countries. This study focuses on financial immunity in Indonesia
and China (Shanghai). The reason for choosing China is that in global
competition, China is considered one of the Asian countries that has been
significantly progressing, and what makes it even more interesting is that
the US administration considers China's trade practices to be unfair in
bilateral trade (Adekola, 2019; Lai, 2019). China's export value beats the
US, making China the second-largest exporter of goods globally. This
makes the US deficit larger because the US only exports a quarter of
China's exports (Steinbock, 2018). Meanwhile, the reason for choosing
Indonesia is that the US-China trade war negatively affects Indonesia
because the two countries are Indonesia's largest export destination
countries (BPS, 2020). The trade war makes Indonesia experience a
significant economic impact, where Indonesia's trade balance is still in a
deficit against China. When seeing Indonesia's non-oil and gas export
market data, China ranks first while the US ranks third after Japan.
Meanwhile, Indonesia is not overly dependent on imports from the US
because Indonesia's largest non-oil and gas import market is China
(Wulandari and Inayah, 2021).

This study contributes to the existing literature as follows. First, this
study provides an analysis in overcoming the impact of the US-China
trade war, namely the issue of financial immunity. Additionally, this is
the first scholarly paper to analyze the vulnerability aspect to the crisis as
an aspect that strengthens (or weakens) financial immunity in the US-
China trade war as there has been no research analyzing this so far.
Second, this study uses two contrasting points of view: the largest
exporting country to Indonesia (China) and the developing country with
the highest import value from China (Indonesia). Both points of view are
very relevant to be analyzed as this study investigates financial immunity
during the US-China trade war. Third, related to the methodological
aspect, this study integrates financial immunity, trade war settlement,
and multi-country analysis. This study uses an agnostic approach un-
dertaking a series of methods arranged in several stages. The first stage is
a series of panel data regressions that examine individual interactions.
The next stage is to test dimensions for the financial and market, country
characteristics, and policy responses aspects. However, Zaremba et al.
(2021) postulate that a multidimensional information set has a weakness
because it may potentially feature overlapping information contents and
makes it irrelevant to use for decision making. Therefore, to overcome
the overlapping information contents, this study applies a new approach
with the features or dimensions of financial immunity, which are broken
down into three major aspects, namely accounting and market financial,
state economic conditions, and government interventions which will
later be analyzed using the matched test or Paired Samples T-Test for
hypothesis testing after testing each individual interaction for each
country.

The remainder of the paper is organized as follows. Section 2 reviews
the extant literature and develops some hypotheses of this research.
Section 3 describes the construction of the sample and research model as
well as statistical testing. Sections 4 and 5 outline the empirical strategies
and discuss the research results. Finally, Section 6 presents conclusions,
suggestions, and implications.

2. Literature review and theoretical basis

2.1. The US-China trade war

Interactions among nations have become very active globally, espe-
cially in international trade transactions. This condition triggers a high
competition level to reach the best market from each country. The US-
China trade war can become very damaging to the global economy.
2

The war between the two countries disrupts the stabilization of inter-
national trade policies, which impacts not only on the two countries but
also on other countries, including their trading partners. In the Shanghai
Stock Exchange, there was a sharp decline in the index in early 2018 until
the end of 2019, but after that, the Shanghai Stock Exchange condition
gradually began to recover as indicated by an increase in the index to
almost the same point as before the trade war (Hu and Wang, 2018). For
LQ-45, the decline also occurred in 2018–2019 and began to recover after
the trade war ended, although the conditions were not as good as before
the trade war (Hu and Wang, 2018).

The theory of globalization is based on the problem of the global
economy's structure that determines the processes of social development
in every sector of the economy (An et al., 2020). International trade
becomes an essential reference in encouraging economic development in
a country. Every trade policy, both domestic and foreign, has the same
goal: to increase state revenue in order to improve the nation's welfare.

From the economic aspect, a trade war is an economic conflict
manifested by imposing restrictions on imports and exports between
countries, such as import tariffs on goods, import bans on certain goods,
and setting high standards on imported goods. The main determinant of
the trade war was the high US trade deficit contributed by China, fol-
lowed by the action of imposing each country's respective import-export
policies (Nugroho et al., 2021; Shi et al., 2021). This trade war had a
negative impact on the Chinese economy; retail sales in July 2019
decreased to 7.6%, lower than expectation of 8.6%, while the unem-
ployment rate increased to 5.3% compared to June, which was only 5.1
% (Cui and Li, 2021; Nugroho et al., 2021; Shi et al., 2021; Xu and Lien,
2020). It is undeniable that the US-China are two countries with the
largest economies in the world, so the dispute between the two affects the
economic conditions of other countries, especially their main trading
partner countries. Companies in Indonesia participate in increasing their
trade through import and export activities undertaken in several coun-
tries, including the US and China. Figure 1 exhibits the declining trend of
Indonesia's imports and exports in 2010–2019. This signifies that the
trade war has increased global uncertainty and decreased investor opti-
mism about the economy's future. Import and export activities them-
selves imply a country's economic conditions, which are closely related to
the economic conditions of its trading partner countries. On the other
hand, changes in the economy of trading partners will have a direct or
indirect effect on the country's economic conditions.

2.2. Determinants of corporate financial immunity

This study considers various categories of variables that can boost
the stock markets' immunity to the US-China trade war. The categories
adopt Zaremba et al. (2021) and Ding et al. (2021), which include
financial and market performance, economic conditions, and govern-
ment interventions. The first category relates to companies' financial
condition in Indonesia and China and their ability to cope with extreme
market conditions. The companies’ ability to access internal and
external funding can help to cope with the negative impact of the
US-China trade war.

A declining stock market condition (bearish market) caused by the
trade war can be overcome with a healthy balance sheet and financial
position (An et al., 2020; Prager et al., 2018; Takahashi and Yamada,
2021). Policies taken under these conditions play a significant role in
companies’ survival goals. An example of such policies is conservative
investment policies. Companies need debt to expand aggressively. In a
business cycle recession, when companies operate below their full ca-
pacity, revenues decrease, but expenses, particularly arising from paying
debt obligations, do not tend to change significantly. The ensuing
decrease in corporate earnings translates into a less immune stock
market. The impact of the US-China trade war will be low if companies
apply conservative investment policies to survive (Zaremba et al.,
2021). The determinants of corporate financial immunity are explained
as follows:



Source: Worldbank (2020)
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Figure 1. Indonesia's imports and exports in 2010–2019. Source: Worldbank, 2020.
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2.2.1. Financial data
Financial data from the financial and market aspects are retrieved

from companies' financial statements (Ding et al., 2021; Zaremba et al.,
2021). Financial data is a company's financial position as the main
determinant of corporate financial immunity to the US-China trade war.
This study uses important financial ratio to survive, namely, return on
assets. Furthermore, this study also uses indicators that were identified in
country-level asset pricing studies, namely book-to-market value and
price-earnings-ratio. The design of this study combines two variables that
represent the stock market structure in two different countries: Indonesia
and China. The following is an explanation of each ratio:

2.2.1.1. Return on assets. This ratio is used to assess a company's finan-
cial condition from the accounting aspect. This ratio illustrates howmuch
return is generated from the effective and efficient use of assets. The
higher the ratio, the better the financial condition because the company
can produce high returns in undertaking all forms of resource manage-
ment. The formula for calculating ROA is as follows:

Return on Assestsi;t ¼ Earning after taxi;t
Total assetsi;t

(1)

2.2.1.2. Book-to-market value. This ratio is used to assess a company's
financial condition from the market aspect. This ratio is calculated by
dividing the book value by the market value. A high book to market value
indicates that investors are less interested in the company's stocks,
causing the stocks to be undervalued. The formula for calculating book to
market value is as follows:

Book to Market Valuei;t ¼ Book valuei;t
Market valuei;t

(2)

2.2.1.3. Price-earnings-Ratio. This ratio is used to measure the market
value of a stock relative to its earnings. It is calculated by dividing the
current stock price by the current earnings per stock. The ratio reflects
the price of a stock experiencing undervalued or overvalued. Overvalued
Source: World Bank (2020)
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Figure 2. Economic conditions of Indonesia
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company stocks will reduce investor interest in investing and vice versa.
The formula for calculating price earnings ratio is as follows:

Price Earnings Ratioi;t ¼ Closing pricei;t
Earning per sharei;t

(3)

2.2.2. Economic
In order to survive in times of crisis, a country's economic perfor-

mance and environment play a critical role in dealing with a trade war.
The US-China trade war is an economic conflict between the two

countries that can affect many countries' macroeconomic performance
(C. He et al., 2021; Kida, 2020; Shi et al., 2021; Xu and Lien, 2020). This
study includes several macroeconomic variables that cast light on a
country's economic growth, such as gross domestic product and inflation.
Gross domestic product (GDP) is the total production of goods and ser-
vices in a country produced using domestic resources, while inflation is a
criterion for the price of domestic goods to increase (Inaba, 2020;
Thampanya et al., 2020). A high inflation rate will reduce the actual
income earned by investors. Figure 2 exhibits the economic conditions of
Indonesia and China based on the annual GDP growth and inflation.
According to the Worldbank (2020), China had an annual GDP growth of
10.6% (2010) and a downward trend to 6% (2019). Meanwhile, Indo-
nesia's GDP growth has never been above 6% since 2010. This difference
can also be seen from the inflation condition in Indonesia, which had a
downward trend of 1.6% (2019) and China had an upward trend of 2.9%
since 2017 (2019). These changes are indicated due to the US-China
trade war.

2.2.3. Government interventions
The role of government in economic development is critical to a more

prosperous society. The role is indispensable in overcoming market
failures such as price rigidity, monopolies, and externalities that are
detrimental to the state. This role can be carried out through direct or
indirect interventions. Government interventions refer to a government's
intentional interference to influence a country's resource allocation and
market mechanisms. The interventions are divided into several
0
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categories, namely regulations, subsidies, monetary, fiscal policies, and
accountability to society. The role of government interventions is a
common occurrence in economic development (Zaremba et al., 2021).
Government interventions should be carried out to overcome a country's
problems such as unemployment and limited employment opportunities,
poverty (Ding et al., 2021), income distribution, inflation (McKibbin,
2020), poor corporate governance (CG), and low social responsibility
awareness.

The GCG factor is an approach that promotes an information trans-
parency system regarding the management of go-public companies that
focuses on stakeholder theory. In recent years, one of the important GCG
indicators for monitoring focuses on the economic implications of
corporate social responsibility (CSR). More than 80% of multinational
companies have incorporated CSR as a global management strategy to
improve the level of information transparency (Durand and Vergne,
2014; Kong et al., 2020). Investor confidence can be increased by envi-
ronmental disclosure as the axis of CSR to identify risks sustainably.

CSR is very beneficial in global phenomena that occur in various
countries. The implementation of social responsibility in Indonesia is not
only regulated by the central government but also local governments,
both provincial and district or city. Apart from being a company strategy
in gaining customer trust (Feng et al., 2020; Singh and Misra, 2021), CSR
has direct and indirect benefits and impacts for stakeholders. For the
community, CSR can prevent corruption (Joseph et al., 2016). For com-
panies, CSR can reduce risk and improve performance (Hsu and Chen,
2021). While CSR is categorized into two implementation patterns: ac-
tivities carried out simultaneously with the community whose benefits
can be directly felt by the community and activities carried out disjointly
with the community, but the benefits can be felt directly by the commu-
nity. In their operations, companies cannot be separated from the envi-
ronment. If the CSR program is regarded as one of the strategic aspects in
operations, its implementation is included in the operational costs. If not
managed properly, these costs will negatively impact the companies.
Companies must consider various stakeholders so that CSR can help
reduce the risk of losing one or more support from stakeholders (Giu-
seppina, 2021). In this study, government interventions are measured by
implementing each company's corporate social responsibility (CSR) in
each country. This variable uses a dummy variable, namely 1 if the
company implements corporate social responsibility and 0 if not.

2.3. Financial distress

Financial distress is a condition in which a company cannot meet its
current obligations. Financial distress can enforce companies from two
aspects, namely direct (legal, administrative, and consulting costs related
to bankruptcy) and indirect (decreased business operations, lower
employee morale, etc.). Companies facing high liquidation costs tend to
choose capital structures in such a way that financial distress becomes
less likely (Bose et al., 2021).

The measurement of this financial distress variable adopts the Zmi-
jewski model. The reason for choosing the Zmijewski model is because
this model has proven to be effective and quite accurate in predicting a
firm's financial health over the last twenty decades (Qiu et al., 2020).
Besides, the model can also predict corporate failure (Almamy et al.,
2016). This model assesses how much financial distress a firm has by
combining the three main pillars of the firm's financial ratios, namely
liquidity, profitability, and solvency. The liquidity ratio is a ratio that can
be used to measure firms' ability to meet their short-term obligations on
time (Andreou et al., 2021). Firms will be considered good if they have
sufficient liquidity to finance their operations and obligations in a timely
manner. The profitability ratio indicates the condition of firms' perfor-
mance in terms of profitability to achieve their economic position.
Finally, solvency is firms' ability to finance their assets with debt. These
three ratios are used in this model. The Zmijewski method's assessment
criteria are that if Z< 0.5, the firm is declared healthy and vice versa. The
formula used is as follows (Saputri et al., 2021):
4

Z¼ � 4:3� 4:5X1 þ 5:7X2 þ 0:004X3 (4)
Where, X1 is return on assets, X2 is total debt to total assets, X3 is current
assets to current liability.

The Zmijewski model has a cutoff value of 0, with the assessment
criteria:

1. If a firm's score is less than 0 (X < 0), then the firm is in non-financial
distress (healthy).

2. If a firm's score is more than 0 (X > 0), then the firm is predicted to
experience financial distress.

According to Michalkova et al. (2018), some of the causes of financial
distress are as follows:

1. Neoclassical model: financial distress occurs due to an error in
unraveling information contained in the financial statements, while
the information is used as a basis for resource allocation.

2. Financial model: financial distress is characterized by the wrong
financial structure that causes liquidity constraints so that the firm
will not last long.

3. Corporate governance model: financial distress occurs due to a poor
corporate governance system; thus, even though the firm has the right
asset composition and good financial structure, it cannot create
corporate sustainability.

2.4. Financial immunity and stock return

Financial immunity refers to a company's performance from financial
and market, economic conditions, and government interventions aspects.
The company's performance from the financial and market aspects re-
flects its ability to manage assets and debts, both short- and long-term,
and make a profit. In asset management, companies must have optimal
managerial capabilities to avoid risks. To be sustainable, companies need
to have competent managers in asset management (Ding et al., 2021;
Grundke and Moser, 2019; C. He et al., 2021). Competent managers will
affect companies' financial condition by making a profit, reducing costs,
and optimizing asset management. In managing debt, both short- and
long-term, the most significant contribution is to reduce the cost of
capital and maintain liquidity, which is reflected in companies' ability to
pay both short- and long-term obligations. In this condition, companies
will perform a financing mix by using external funds to finance the
companies in addition to internal funds from retained earnings. If the
proportion of debt exceeds companies' ability to pay their obligations,
they will experience financial risk. Investors are more interested in
buying stocks of companies that can make high profits, have optimal debt
management, and have competitive stock prices. High investor demand
for company stocks makes the stocks more attractive; thereby, stock
returns are expected to be higher.

In addition to companies' performance from the financial and market
aspects, financial immunity can also be seen from the aspect of the eco-
nomic conditions. Gross Domestic Product (GDP) and inflation are ref-
erences in seeing the condition of a nation. Government interventions
that help build country-level financial immunity would subsequently
benefit investors (Cui and Li, 2021; Wu and Turvey, 2021; Zaremba et al.,
2021). In this case, CSR is considered a long-term company investment.
Therefore, CSR can also be used as a corporate strategy in forming a
positive brand image as a company that cares about the environment.
Socially responsible companies are considered as companies that not
only run their own business but also care about the surrounding envi-
ronment, which subsequently attract investors (Ajina, 2019; Alsaadi
et al., 2017; Boubaker et al., 2020). Good company performance, com-
bined with favorable country conditions and government interventions,
can attract investors to invest in that country. This indicates that the
company has strong financial immunity. Companies with financial im-
munity will be more immune to corporate risks. As a result, investors are
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interested in investing because companies' prospects are good so that
they can get high returns. The number of investors interested in investing
increases companies’ stock prices and value.

The US-China trade war has made the condition of several countries
unstable both from company and market performance and the countries'
economic conditions aspects (Ding et al., 2021; Zaremba et al., 2021).
Direct impact occurs mainly in countries directly involved in the trade
war, namely the US and China. Conditions before and during the trade
war are different because some cash flows should have entered but are
hampered or even stopped. In consequence, the financial immunity of
companies in the countries also decreases. In such conditions, investors
will re-select their investment. Companies that are significantly affected
will be reflected in their low level of financial immunity. As a result, there
is a tendency that these stock investments will be less attractive to in-
vestors, thus decreasing stock prices and stock returns.

H1. Financial immunity has a positive effect on stock returns.

H2. Financial immunity will be lower during the US-China trade war.

H3. Stock returns will be lower during the US-China trade war.
2.5. Financial immunity, financial distress, and stock return

As time goes by, companies must continue running their business and
dealing with fierce competition. In this condition, companies must pro-
vide the best service and have competitive prices in meeting consumer
demand (Almamy et al., 2016; Andreou et al., 2021). If companies cannot
meet consumer demand, they will go bankrupt sooner or later because
there is no cash inflow. As a result, they are experiencing financial dif-
ficulties reflected by their difficulties paying their obligations to creditors
or suppliers of funds. Companies with strong financial immunity but high
financial distress would have lower immunity. Financial distress will also
give a signal to investors that companies are experiencing high financial
risk. The risk that investors do not tolerate makes the companies unat-
tractive (C. He et al., 2021). Consequently, the companies' stock prices
will decrease. During the US-China trade war, companies’ performance
and the market and economic conditions of a country were more un-
stable, resulting in a crisis due to high economic uncertainty. Companies
in this condition are more vulnerable, so that financial distress will
increase.

H4. Financial distress moderates financial immunity to stock returns.

H5. Financial distress will be higher during the US-China trade war.

3. Research method

3.1. Data and sample

The research data used must meet the criteria: first, the companies
were listed on the Indonesia Stock Exchange and the Shanghai Stock
Exchange in 2016–2019. Second, Indonesia's and China's economic and
government interventions data were taken from the official World Bank
website. Third, all required data, including control variables, were
available. Based on these criteria, the research samples were 767 ob-
servations in Indonesia and 736 observations in China. This study
employed two regression models: single interaction panel data regression
and multiple interaction panel data regression with a pair sample-test to
determine the impact before and during the US-China trade war. The
input data were balanced data, meaning that the same company was
compared from time to time. The reason is that this study intends to
analyze the financial immunity and vulnerability of the same company
from time to time during the US-China trade war. The regression model
specification test using the Chow Test resulted in the Fixed Effects Model
as the best model (cross-section Chi-square probability <5%), and the
Hausman test results also resulted in the Fixed Effects Model as the best
model (cross-section random probability <5%). Panel data combined
5

cross-section and time-series data making it more informative, efficient,
dynamic and avoiding multicollinearity problems to minimize bias when
aggregating from individuals to broader generalizations. Regression
model specification of the response variable for the fixed effects model
can overcome the common effects model limitations.

The dependent variable of this study is stock return, which is a per-
centage of the return earned by investors for the risk they bear on an
investment. The greater the expected return from the investment, the
higher the risk will be, so it is said that the expected return has a positive
relationship with risk. The formula used to measure the stock return is as
follows:

Stock Returni;t ¼ stock pricei;t � stock pricei;t�1

Stock pricei; t�1
(5)

The independent variable of this study is financial immunity, which is
measured multidimensionally with three main aspects, namely financial
and market performance, economic conditions of a country, and gov-
ernment interventions. The moderating variable in this study is financial
distress, which is measured using the Zmijewski method. The control
variables used are Tobin's-Q, which is the ratio between the market
capitalization value and companies' book value and firm size, which is
calculated using the logarithm of total assets. Tobin's-Q is needed to see
stock performance from amarket perspective, while firm size is needed to
naturalize the variation in companies' total assets of high total assets and
low total assets on the Indonesia Stock Exchange and the Shanghai Stock
Exchange. The trade war is a dummy variable. 1 is given for the period
during the trade war of 2018–2019, while 0 is for the period before the
trade war of 2016–2017. Meanwhile, the trade war dummy variable
separates the analysis on two conditions: before and during the US-China
trade war.

3.2. Statistical method

The model for testing the hypothesis in this study is as follows:
Model 1: Testing is done using panel data regression.
H1: Financial immunity to stock returns without being moderated by

financial distress

Ri;t ¼αþ ROAi;t þ BMVi;t þ PERi;t þ GDPi;t þ IFi;t þ CSRi;t þ SIZEi;t

þ TOBINSQi;t þWARt þ εi;t
(6)

H4: Financial immunity to stock returns moderated by financial
distress

Ri;t ¼αþ ROAi;t þ BMVi;t þ PERi;t þ GDPi;t þ IFi;t þ CSRi;t þ FDi;t

þ FD*ROAi;t þ FD*BMVi;t þ FD*PERi;t þ FD*GDPi;t þ FD*IFi;t
þ FD*CSRi;t þ SIZEi;t þ TOBINSQi;t þWARt þ εi;t

(7)

Where, Riet is stock return rate, ROAi,t is return on assets, BMVi,t is book
to market value, PERi,t is price earnings ratio, GDPi,t is gross domestic
product, IFi,t is inflation, CSRi,t is corporate social responsibility, FDi,t is
financial distress, SIZEi,t is firm size, TOBINSQi,t is company's financial
performance, WARt is dummy variable, 1 is for after the trade war, and
0 is for before trade war.

Model 2: Testing is done using pairwise.
H2: Financial immunity will be lower during the US-China trade war.
H3: Stock returns will be lower during the US-China trade war.
H5: Financial distress will be higher during the US-China trade war.

4. Results

Table 2 presents the test results of the effect of financial immunity on
stock returns (see Table 1).

Tests were conducted on 767 companies in Indonesia and 736 com-
panies in China (SSE). In Table 2 for H1, financial immunity, as indicated
by the ROA, BMV, PER, GDP, IF, and CSR proxies, has a different



Table 1. Research model (Pairwise Testing).

Model Objection Formula

Model 2 Pairwise Test Before and
during the Trade War
US-China:
Stock Returns and
Independent Variable

xRafter 6¼ xRbefore

xROAafter < xROAbefore

xBMVafter < xBMVbefore

xPERafter < xPERbefore

xGDPafter < xGDPbefore
xIFafter < xIFbefore
xCSRafter < xCSRbefore

xFDafter > xFDbefore
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direction of relationship and significance level both between variables
and between countries. Indonesia and China both have a negative di-
rection on BMV and IF. The PER ratio has an insignificant effect on stock
returns in Indonesia, while it has a significant positive effect in China.
The ROA, GDP, and CSR ratios have a significant positive effect on
returns in Indonesia and China. WAR shows that the dummy variable
before and during the US-China trade war also has the same results,
which is a significant negative effect. The control variables of size and
Tobin's-Q have a significant positive effect on returns in Indonesia and
China. The adjusted R-Squared value for Indonesia and China are almost
similar: 0.017 for Indonesia and 0.019 for China. In the first testing
without using a moderating variable, Indonesia's adjusted R-Squared was
lower than China's adjusted R-Squared.

In Table 2 for H4, ROA, GDP, and CSR have a significant positive
effect on returns in Indonesia. Meanwhile, PER has no significant effect
on returns in Indonesia. In contrast to Indonesia, ROA, PER, GDP, and
CSR in China have a significant positive effect on returns. Financial
distress has a significant negative effect on Indonesia's returns, and on the
contrary, China's financial distress has no significant effect on returns.

Table 3 presents the results of the matched test or Paired Samples T-
Test for hypothesis testing. There are differences in results between
countries and between variables caused by the US-China trade war. This
table also shows the results of hypotheses 2, 3, and 5 of this study. Hy-
pothesis 2 is accepted as financial immunity is proven to be lower during
the US-China trade war in Indonesia and China. Hypothesis 3 is accepted
as stock returns are lower during the US-China trade war. Hypothesis 5 is
accepted as financial distress is higher during the US-China trade war in
Indonesia and China.

5. Discussion

5.1. Financial immunity and stock return

Financial immunity is indicated by the ROA, BMV, PER, GDP, IF, and
CSR variables. ROA reflects the ability of company managers to manage
company assets. Managers who are good in asset management (Ding
et al., 2021; Grundke and Moser, 2019; C. He et al., 2021) can attract
investors to buy companies' stocks. The ability of managers will have an
impact on companies' financial condition, especially in making a profit.
The BMV and IF variables have a negative direction, indicating that the
higher the BMV and IF, the lower the resulting returns. BMV reflects
companies’ value compared to their market value. A high BMV does not
provide a favorable stock price difference for the companies. While IF
reflects an increase in the overall price of goods in a country. Thus, do-
mestic goods are less preferable because they seem expensive, and
consequently, people prefer foreign or imported goods. This results in
unattractive domestic investment for investors leading to stock prices
tend to fall.

Both Indonesia and China (SSE) experienced changes after the US-
China trade war. The results of this study are in line with research con-
ducted by Grundke and Moser (2019) and He et al. (2021). The US-China
trade war leads to unstable company performance and state income (Ding
et al., 2021; Zaremba et al., 2021). CSR is also a corporate strategy in
forming a positive brand image as a company that cares about the
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environment and obeys government regulations (Ajina, 2019; Alsaadi
et al., 2017; Boubaker et al., 2020). Socially responsible companies that
have suitable investments attract more investors. The war variable is
used to see conditions before and during the US-China trade war. A
significant negative result indicates that financial immunity and returns
in Indonesia and China diminish during the US-China trade war. Com-
panies with financial immunity will be more immune to risk, so investors
are interested in investing in the companies because the companies'
prospects are good. The hope is that investors get high returns because of
the tendency for the companies’ stock prices and stock value to increase.
This premise is supported by Dogah (2021) that reveals the effect of trade
policy uncertainty on economic policy uncertainty in the ASEAN region.
This domino effect is due to the trade war involving the two countries
with the largest global trade so that the policies issued by the two
countries have global effects and a domino effect (Li et al., 2020). In line
with He et al. (2021), this present study proves that the US-China trade
war significantly reduces financial immunity and stock returns in China
and Indonesia.

5.2. Financial immunity, financial distress, and stock return

Financial distress has a significant negative effect on Indonesia's
returns, and on the contrary, China's financial distress has no significant
effect on returns. This difference in results is possible because the
financial distress experienced by different country levels gives different
results. Even in an unfavorable condition, it turns out that companies in
China can still survive in overcoming financial distress. As one of the
countries with a strong economy, companies in China can still pay their
short- and long-term obligations during the US-China trade war. Mean-
while, financial distress in Indonesia weakens financial immunity so that
the resulting return will decrease. Different results are found in China in
which the financial distress has not reached the limit that can reduce
financial immunity; thus, the immunity level is still acceptable, which
subsequently makes stock returns is still controllable.

These results are supported by Chang (2021) and Yu and Huang
(2021), which recommend that the impact of economic policy uncer-
tainty on stock market volatility is highly dependent on each country's
characteristics. The impact of the US-China trade war on the Indonesia
Stock Exchange and the Shanghai Stock Exchange has increased the
uncertainty of government policies for business regulations, primarily on
the determination of product prices and costs in international trade
traffic. There was a significant reaction from stock market participants on
policies during the US-China trade war, which greatly influenced in-
vestment decisions. Trade policy uncertainty impacts a volatile economy,
causing investors to behave more conservatively. Investors save their
assets through safer investment allocations to anticipate potential
ongoing risks. Therefore, during the US-China trade war, trade policy
uncertainty has caused economic policy uncertainty, thus triggering
systemic risks in ASEAN markets, including Indonesia. Dogah (2021)
reveals that bilateral relations and trade affect policy uncertainty. This is
understandable considering that the US and China are essential players in
the global economy, owners of capitalization, and investing large
amounts of money in many countries.

China's trade policy uncertainty contributes to the most substantial
contagion effect on ASEAN markets, including Indonesia. Therefore, a
solid bilateral trade relationship between China and Indonesia from the
supply side is a critical determinant of corporate financial immunity to
the global policy uncertainty challenge. This relationship is further
strengthened by the high trade dependence and transnational investment
associations between China and ASEAN (Yang et al., 2021). At first, the
impact of the US policy uncertainty was very significant, but its impact on
the ASEAN market gradually began to diminish (Dogah, 2021). Con-
trolling the uncertainty is very strategic because it will likely weaken
companies' financial immunity. Gerrans, Faff and Hartnett (2015)
examine that some investors shift risky assets in their portfolios when the
economic crisis hits the world. This value creation is backed up by



Table 3. Financial immunity before and during the US-China Trade War. (Model
2: H2, H3, and H5).

Variable WAR Indonesia China

F Sig F Sig

ROA 1 7.047 0.088* 6.521 0.018**

0

BMV 1 10.030 0.015** 8.324 0.025**

0

PER 1 0.717 0.240 1.217 0.139

0

GDP 1 0.456 0.000** 1.236 0.000***

0

IF 1 6.500 0.000** 2.124 0.000***

0

CSR 1 0.799 0.091* 1.533 0.032**

0

FD 1 0.745 0.061* 1.491 0.047**

0

***significant at 1%.
**significant at 5%.
*significant at 10%.

Table 2. Financial immunity, financial distress, and stock return (Model 1).

Variable H1 H4

Indonesia Shanghai Indonesia Shanghai

Standardized
Coefficients

t Sig. Standardized
Coefficients

t Sig. Standardized
Coefficients

t Sig. Standardized
Coefficients

t Sig.

(Constant) -2.071 0.039** -1.836 0.011** -2.278 0.023** -1.921 0.031**

ROA 0.098 0.152 0.079* 0.958 1.210 0.056* 0.005 0.044 0.065* 0.643 1.231 0.016**

BMV -0.870 -1.314 0.189 -0.093 -0.229 0.029** -0.149 -0.300 0.064* -0.071 -0.172 0.072*

PER 0.931 1.654 0.199 0.241 0.261 0.043** 0.002 0.038 0.143 0.064 0.129 0.021**

GDP 1.321 2.142 0.032** 0.924 1.926 0.016** 1.197 2.149 0.032** 0.785 1.273 0.044**

IF -1.421 -2.426 0.615 -0.879 -1.162 0.125 -1.217 -0.515 0.607 -0.890 -1.291 0.218

CSR 0.991 1.290 0.097* 0.195 0.252 0.055* 0.051 0.812 0.017** 0.129 0.217 0.091*

FD -1.168 -1.323 0.086* 0.912 1.721 0.122

ROAFD 0.001 0.009 0.048** 0.731 1.284 0.025**

BMVFD -1.074 -0.608 0.043** -0.199 -0.213 0.081*

PERFD 1.059 1.615 0.107 0.347 0.732 0.021**

GDPFD 0.017 0.010 0.088* 0.093 0.115 0.027**

IFFD -0.241 -1.163 0.025** -0.953 -1.233 0.128

CSRFD 0.923 1.086 0.078* 0.109 0.121 0.021**

Size 0.082 0.144 0.086* 0.182 0.237 0.019** -0.032 -0.180 0.057* 0.117 0.177 0.067*

Tobin's Q 0.182 0.277 0.082* 0.085 0.143 0.042** 0.048 0.254 0.099* 0.493 0.453 0.083*

War -1.392 -2.341 0.020** -0.932 -1.121 0.018 -1.298 -2.350 0.019** -0.978 -1.221 0.027**

N 767 736 767 736

Adj.
Rsquare

0.017 0.019 0.020 0.017

F-stat 4.956 4.673 5.704 4.973

***significant at 1%.
**significant at 5%.
*significant at 10%.
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government policies in each country to retain a conducive business
climate and acceleration to maintain companies' economic value.

6. Conclusions, suggestions, and implications

Financial immunity from the impact of the US-China trade war has
never been studied, especially in developing countries like Indonesia.
The multi-country analysis in this study reveals that financial immunity
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has a direct impact on the US-China and an indirect impact on Indonesia
as the largest export destination country. The economic impact felt by
Indonesia is very significant as Indonesia's trade balance is in a deficit
position compared to China. This becomes more serious because Indo-
nesia's largest non-oil and gas import market is China. Meanwhile,
Indonesia is not overly dependent on imports from the US.

The test results of model 1 show that financial immunity has a posi-
tive effect on returns in Indonesia and China. While the moderating
variable in the two countries shows different results. Indonesia's financial
distress has a significant negative effect on returns, and on the contrary,
China's financial distress has no significant effect on returns. The test
results of model 2 reveal that both Indonesia and China experience
changes in financial immunity, stock returns, and financial distress after
the US-China trade war. This reflects that the US-China trade war has
significantly affected both macroeconomic and firm performance.

For future research, it is recommended to develop further from the
policy aspect to see which policy uncertainty fundamentally contributes
to the most significant impact on the systemic risk of capital markets in
China and Indonesia during the US-China trade war. A previous study by
Dogah (2021) revealed that the significant effect of risk has shifted from
developed to developing countries, and the most significant influence
was triggered by uncertainty in economic policies from China to coun-
tries in ASEAN, while the impact from the US gradually began to
diminish. Although the US initially triggered the trade war, China is
currently the most influential contributor to regional systemic risks
related to financial immunity.

This present study can have implications for companies in developing
and developed countries and policy-making bodies in a country. This
suggests structuring China's economic and trade policies in emerging
markets because trade connectivity is the main source of risk contagion.
While future concerns will be on counter-macroprudential policy-making
that hedges against market volatility to maintain financial immunity. The
strategy taken can be done through exposure to collaboration in
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international trade policies because it is presumed that developing
countries cause uncertainty shocks. Therefore, to improve financial im-
munity after the US-China trade war, it is necessary to consider reforming
regional capital market investment connectivity policies in dealing with
the ASEAN and Chinese economic swells.

The multi-country analysis performed in this study does not involve
all developing countries, especially ASEAN countries other than
Indonesia. Therefore, the impact of the US-China trade war on emerging
markets could not be fully revealed for each ASEAN country. Moreover, it
is necessary to consider dimensions that have the potential to affect
financial immunity and vulnerability in times of crisis, namely during the
US-China trade war.
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Heliyon editors

Heliyon is actively building individual sections that are managed by respected researchers and experts in the field. These dedicated and

experienced section editors and their teams of associate editors, supported by our in-house editorial team, are responsible for
managing the peer review process for all submitted manuscripts within their subject sections. These dedicated sections allow us to

tailor each author's experience to the needs and standards they have come to expect within their respective fields.

Heliyon has recently created a collection of publications from our editorial board, which you may be interested in reading.

Agriculture

Meet the full editorial team for Heliyon Agriculture.

Dr. Athanasios Damialis

Dr. Athanasios Damialis is a multi-disciplinary scientist working for more than 20 years on the fields of plant and fungal ecology,
environmental sciences, biometeorology, climate change and environmental health. His particular focus lies on the reproductive biology

of plants (flowering phenology, atmospheric circulation of airborne pollen) and on endophytic fungi. He uses an inter-disciplinary

research approach with environment-environment interactions and human-environment interactions. This includes mainly those

interactions including, but not limited to, the detection of bio-climatic indicators and spatiotemporal patterns of plant, forest and

agricultural habitats and ecosystems, in relation to ongoing and simulated climate change. His research goal is to comprehend the

responsive ability of organisms under stress conditions, ultimately, attempting to promote sustainable growth and environmental quality.

Arts and humanities

Meet the editorial team for Heliyon Arts and humanities.

Biochemistry, molecular biology and cell biology

Meet the full editorial team for Heliyon Biochemistry, molecular biology and cell biology.

Prof. Nicola Zambrano

Nicola Zambrano is professor of Molecular Biology at the University of Naples Federico II, and group leader at CEINGE Advanced

Biotechnologies, Naples, Italy. He holds a M.Sc. degree in biological sciences and a Ph.D. in biotechnologies, acquired within a joint

doctoral program from the Universities of L'Aquila and Naples, Italy. He was a visiting fellow at National Cancer Institute, NIH in

Bethesda from 1991 to 1994, and visiting scientist at EMBL in Heidelberg, Germany in 1997. His academic career at the Federico II
University in Naples started with an assistant professor position in biochemistry (1996), before being enrolled as an associate professor

(2002) and then, as a full professor in molecular biology (2010).

Prof. Jinrong Min

Professor Jinrong Min received his Ph.D. degree in physics from the Institute of Physics, Chinese Academy of Sciences in China, and

carried out his post-doctoral training in chromatin structural biology at the Cold Spring Harbor Laboratory, USA. He is currently the

principal investigator of the Chromatin Structural Biology Group at the Structural Genomics Consortium (SGC), University of Toronto,

and an associate professor in the Department of Physiology at the University of Toronto.

Biology

Sections

Agriculture

Arts and humanities

Biochemistry,

molecular and cell

biology

Biology

Business and

economics

Cancer Research

Chemical Engineering

Chemistry

Clinical research

Computer science

Dentistry

Earth science

Education

Energy

Engineering

Environment

Food science and

nutrition

Genetics

Global Health &

Infectious Diseases

Immunology

Information science

Materials science

Mathematics

Microbiology

Neuroscience

Pharmaceutical

science, pharmacology

and toxicology

Physics

Psychology

Quantitative biology,

biotechnology and

bioengineering

Social science

A Cell Press journalScience that inspires

Editors: Heliyon https://www.cell.com/heliyon/editors

1 of 13 2/16/2022, 2:08 PM



Meet the editorial team for Heliyon Biology.

Business and economics

Meet the full editorial team for Heliyon Business and economics.

Dr. Larisa Yarovaya

Doctor Larisa Yarovaya received her doctorate in finance from Northumbria University in England. Currently, she is a lecturer in finance,

Programme Director BSc Finance, and deputy head of Centre for Digital Finance at the Southampton Business School, University of
Southampton. 

Dr. Yarovaya is a researcher the fields of international finance, digital finance, financial integration, Islamic finance, energy economics,

information transmission, and international business. She has published her research in peer-reviewed academic journals and is an

associate editor of the International Review of Financial Analysis, Journal of International Financial Markets Institutions and Money,

Heliyon, and Data-in-Brief.

Assoc. Prof. Pavlos Delias

Pavlos Delias is a tenured faculty member at the International Hellenic University, Department of Accounting and Finance. He holds a

jointly supervised PhD from both Technical University of Crete and University Paris Dauphine, under a cotutelle agreement.

Pavlos Delias has been invited as a visiting professor in several universities (national as well as international). He has contributed to

numerous research projects, focusing on applying the principles of business analytics and operational research to decision support

systems design and use. He is also a member of the coordination board for the EURO working group on decision support systems. His

research interests are in the areas of business process analytics, business analytics and operational research, and multiple criteria
analysis.

Cancer Research

Meet the full editorial team for Heliyon Cancer Research.

Prof. Graham Pawelec

Graham Pawelec received an MA in Natural Sciences and a PhD in Transplantation Immunology from the University of Cambridge, UK.

He is currently Professor of Experimental Immunology in the Department of Immunology, University of Tübingen, Tübingen, Germany.
He is a Visiting Professor at Nottingham Trent University, UK and at King´s College London, UK, holds an Honorary Chair at

Manchester University, UK. He is a member of the Cancer Solutions Program at the Health Sciences North Research Institute of

Canada, Sudbury, Ontario, Canada. He is currently Co-Editor-in-Chief of “Immunity and Aging”. Graham’s research interests are

centred on alterations to immunity, especially T cell-mediated immunity, in ageing and cancer in man, and the influence these have on

the outcome of vaccination and immunomodulatory antibody therapies. The impact of polypathogenicity (including multiple infections,

cancer, Alzheimer´s, diabetes, autoimmunity) as well as stress (psychological, nutritional) on immune signatures reflecting individual
immune status is of particular interest in the clinical context.

Chemical Engineering

Meet the full editorial team for Heliyon Chemical Engineering.

Prof. Bart Van der Bruggen

Bart Van der Bruggen received his PhD in chemical engineering from KU Leuven in 2000. He currently works as full professor at KU

Leuven (Belgium) and extraordinary professor at Tshwane University of Technology (South Africa). He has vast experience as an editor
for various journals and is a also very active author and reviewer, with over 600 publications, cited more than 25,000 times. His

expertise is in separation processes in classical and non-classical chemical engineering applications, with a focus on membrane

science and technology.

Chemistry

Editors: Heliyon https://www.cell.com/heliyon/editors

2 of 13 2/16/2022, 2:08 PM



Meet the full editorial team for Heliyon Chemistry.

Dr. Francesco Epifano

Prof. Epifano obtained his degree in medicinal chemistry and pharmaceutical technology in 1993 from the University of Perugia, Italy. In
1998, he obtained his Ph.D. in agricultural entomology at the Faculty of Agricultural Sciences of the University of Perugia. Currently, he

is an associate professor of medicinal chemistry at the Department of Pharmacy of the University Gabriele D'Annunzio of Chieti-

Pescara. His recent work is concerned with synthesis and pharmacological properties of secondary metabolites from plants, fungi, and

bacteria. Dr. Epifano was the recipient of the 2010 IADR / Glaxo Smith Kline Innovation in Oral Care Award as the co-investigator of the

project entitled “Therapeutic potential of Citrus auraptene for periodontal disease”, the 2012 Apivita Award for Phytochemistry, and the

2017 Pierre Fabre – Phytochemical Society of Europe Innovation Award.

Clinical research

Meet the full editorial team for Heliyon Clinical research.

Dr. Carolyn Mackintosh-Franklin

Dr. Carolyn Mackintosh-Franklin has had an extensive career in both clinical practice and higher education working at the University of

Bradford, University of Liverpool, University of Hull and currently working at the University of Manchester. She received her first degree

from the University of Newcastle Upon Tyne, her MSc from the University of Manchester and doctorate from the University of Bradford.
She is also a registered nurse specializing in the assessment and management of acute and chronic pain. Her research interests are

broad ranging; encompassing work on health care professionals’ attitudes towards those in pain, aspects of pain assessment and

management, and pedagogic research into learning needs of mature students, with a range of highly cited publications and conference

presentations in these areas.

Assoc. Prof. Giuseppe Musumeci

Giuseppe Musumeci received a BS, MS and PhD in Human Movement and Sport Sciences from the University of Catania, Italy.

Currently, he works as a Professor of Sports Sciences at the Department of Biomedical and Biotechnological Sciences, School of

Medicine, University of Catania, Italy. He is also an Adjunct Professor at the Temple University’s College of Science and Technology,
Philadelphia, USA and at the Faculty of Sport Sciences, Fujian Normal University, Fuzhou, China. Prof. Musumeci is the Director of the

Research Center on Motor Activities (CRAM), the Director of School of Posturology and Physical Exercise Sciences, the Dean of the

Human Movement Sciences Faculty and the Head of the Movement Innovation PosturaLab at the University of Catania. He is currently

Editor-in-Chief of "Journal of Functional Morphology and Kinesiology". Musumeci's research interests are centered on morphological,

molecular, biochemical and clinical aspects of osteoarthritis and musculoskeletal disorders and the relative effects of diet, ageing and

physical activity. Other research topics of interest are tissue engineering and mechanobiology related to the musculoskeletal system in
the clinical context.

Computer science

Meet the full editorial team for Heliyon Computer science.

Assoc. Prof. Jonathan Chan

Assoc. Prof. Jonathan H. Chan is an associate professor of computer science and a co-founder of D-Lab at the School of Information

Technology, King Mongkut's University of Technology Thonburi, Thailand. Jonathan holds a Ph.D. from the University of Toronto, where
he has also served as a visiting professor. In addition to his role as the section editor of Heliyon Computer science, Dr. Chan is an

action editor of Neural Networks, and a member of the editorial boards of International Journal of Machine Intelligence and Sensory

Signal Processing, International Journal of Swarm Intelligence, and Proceedings in Adaptation, Learning and Optimization.

Dr. Chan is a founding member and a current VP of the IEEE-CIS Thailand Chapter, and a senior member of IEEE, ACM, and INNS, a
member of the Professional Engineers of Ontario (PEO), and a governing board member of APNNS. He also holds an NVIDIA Deep

Learning Institute (DLI) University Ambassadorship and is a certified DLI instructor. His research interests include intelligent systems,

biomedical informatics, and data science and machine learning in general.

Dentistry
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Meet the full editorial team for Heliyon Dentistry.

Gaetano Isola, PhD

Dr. Gaetano Isola qualified in Dentistry at the University of Messina, Italy and obtained his PhD in “Physiopathology of the
Stomatognatic Apparatus and Dental Materials” at the University of Turin, Italy. He is a visiting research fellow at the Laboratory of the

Study of Calcified Tissues and Biomaterials at the Department of Periodontology, Université de Montréal, Canada. Dr. Isola did an

advanced course in periodontology at the University of Ferrara and a 3-year certificate in oral surgery at the University of Naples

“Federico II.” He is a visiting Professor at the Department of Periodontology, University of North Carolina at Chapel Hill, USA and at the

Department of Oral Surgery, University of Granada, Spain. He is also a visiting researcher at the Department of Implantology and Oral

Surgery, University of Bern, Switzerland, and the Department of Periodontology, Eastman Dental Institute, London.

Dr. Isola is an active member of the Italian Society of Oral Surgery (SIdCO) and of the International Piezoelectric Surgery Academy
(IPA). He serves on the board of the International Association of Dental Research (IADR) and is a member of the Italian Society of

Periodontology (SIdP), as well as an active member of the International IADR Constitution Committee of the International Association of

Dental Research (IADR) (2016–2019 and 2019–2022).

His main research interests focus on the clinical, biological, and pharmacological aspects of periodontitis, and the relationship between

oral health and systemic health and the pre-neoplastic disorders.

Earth science

Meet the full editorial team for Heliyon Earth science.

Prof. Andrew S. Hursthouse

Professor Hursthouse is a professor of environmental geochemistry at the University of the West of Scotland (UWS) and holds a Ph.D.

in environmental radioactivity from University of Glasgow and a B.Sc. degree in geochemistry from University of Reading. He holds a

100 talent high-end expert fellowship at Hunan University of Science & Technology, Xiangtan, PRC. He has editorial roles in several

earth and environmental science journals and has worked in academic and industrial research environments.

Professor Hursthouse’s areas of interest and expertise are in earth process interactions and the environmental geochemistry of metallic

elements, resource exploitation and implications for human health, and this approach also applied to environmental pollution, industrial
processes, economic development and society; remediation and treatment of chemical pollution; chemical and environmental hazards,

waste and environmental management and regulation.

Education

Meet the full editorial team for Heliyon Education.

Prof. David González-Gómez

Heliyon Education is led by Section Editor David González-Gómez, Ph.D. Dr. González-Gómez is a Professor in the Department of
Science and Mathematics Education and the Dean of the Teaching Trainer School at the University of Extremadura (Spain). Dr.

González-Gómez is known internationally for work in science education; science, technology, engineering, and mathematics (STEM);

active learning methodologies for teaching science; affective domain in the science learning process; education for the sustainability;

SDGs. Currently, he is an advisory council of the Science, Technology, and Innovation of Extremadura government in Spain.

Energy

Meet the full editorial team for Heliyon Energy.

Dr. Socrates Kaplanis

Prof. Socrates Kaplanis obtained his degree in physics from University Thessaloniki, a MSc in nuclear reactors from Aston University,

and a PhD in radiation detection and modelling from the University Patra. He has held academic positions including professor of

renewable energy systems at the Technological Educational Institute of Patra, head of the renewable energy systems laboratory,

honorary professor and doctor honoris causa at the Transylvania University in Brasov, and as a visiting professor at the University of
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Applied Sciences in Aachen, Germany.

Prof. Kaplanis has a research background in solar radiation, prediction modelling, zero and intelligent energy buildings, PV systems

engineering, solar thermal engineering, and PV based hybrid systems. He has held various posts, including president of the

Technological Educational Institute of Patra, president of the Technological Educational Institute of Western Greece, and vice-president
and President of the European Institutions in Higher Education (EURASHE).

Engineering

Meet the full editorial team for Heliyon Engineering.

Prof. Andrea Francesco Morabito

Professor Andrea Francesco Morabito received his Ph.D. in computer, biomedical, and telecommunications engineering from the

University of Reggio Calabria, Italy, where he has also served as an assistant professor in electromagnetic fields since 2010. His

research work is mainly focused on models and effective strategies for the solution of inverse problems, in particular, antenna
synthesis, phase retrieval, and electromagnetic inverse scattering.

Prof. Mohammad Mehdi Rashidi

Professor Mohammad Mehdi Rashidi received his Ph.D. in mechanical engineering from Tarbiat Modares University, Iran. He is
currently a professor of mechanical engineering at Tongji University in Shanghai, China, and previously taught at Bu-Ali University in

Iran. Prof. Rashidi was named a 2018 highly cited researcher by Clarivate Analytics.

Environment

Meet the full editorial team for Heliyon Environment.

Prof. Frederic Coulon

Professor Frederic Coulon holds a chair in Environmental Chemistry & Microbiology at Cranfield University, UK. In addition to his
position as section editor for Heliyon Environment, Prof. Coulon is an associate editor for Environment International and Science of the

Total Environment. His professional interests include: soil and water chemistry; fate and transport of chemicals in surface and

subsurface waters; water and wastewater treatment; soil and sediment treatment; hazardous waste site remediation; energy and

environment; population and environment; and public communication of environmental science and engineering. His research

achievements address international priorities under the umbrella of the Water-Soil-Waste nexus across sectors and scales. His work is
premised on the understanding that environmental resources are inextricably intertwined and therefore there is a need of advancing a

nexus approach to enable integrated and sustainable management of water, soil and waste systems.

Prof. Christian Sonne

Professor Christian Sonne, DVM, PhD, DScVetMed, Dipl. ECZM-EBVS, holds a professorship in veterinary ecotoxicology and wildlife
medicine at Aarhaus University, Denmark. In addition to his position as section editor for Heliyon Environment, Prof. Sonne serves as

special issues editor for Environmental Pollution. Since 1997, Prof. Sonne has specialized in the cross-field of biological effects from

exposure to environmental chemicals, diseases and climate change, giving him a unique insight and profile working with a broad range

of animals including predatory mammals, raptorial birds, sea birds, fish and humans. He has a broad insight and interest in internal and

reproductive organs (histopathology, size, and morphology), skeletal system (bone density and morphology using e.g. DXA scanning),
immune system (intra dermal testing of lymphocyte functioning, immune globulin production and cytokine and APP expressions),

endocrine system (steroid and peptide hormones), PBPK modelling, blood biochemistry and infectious diseases (zoonosis). Prof.

Sonne uses his global network to obtain interdisciplinary research results. Since 2015, he has applied his in-depth knowledge and

understanding of biological processes to also include specific un-solved wildlife issues in Denmark (eider duck population declines) and

health of raptors. Recently his innovative approaches have led to the first interactions with private industry focusing on natural
resources developments and translational medicine within insulation, osteoporosis and metabolic syndrome. Prof. Sonne also

specializes in surgical field implantations of intra-coelomic (abdominally) and subcutaneously satellite transmitters (PTTs) in various sea

bird species and immobilization of deer spp.

Food science and nutrition
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Meet the full editorial team for Heliyon Food science and nutrition.

Dr. Lilian Mariutti

Dr. Lilian R. B. Mariutti received her aaster and doctorate degrees in food science from the School of Food Engineering - University of
Campinas, Brazil, where she currently has a position as assistant professor. She was a researcher fellow in the Laboratory of

Veterinary Drug Residues of the Brazilian Ministry of Agriculture, Livestock and Food Supply. Her research focuses on the identification

and bioaccessibility of bioactive compounds and lipids and design of food ingredients from non-conventional sources.

Genetics

Meet the full editorial team for Heliyon Genetics.

Qiang Wu, PhD

Dr. Qiang Wu is an associate professor in the State Key Laboratory of Quality Research in Chinese Medicine, Macau University of
Science and Technology. He obtained his Ph.D degree from National University of Singapore in 2003. He then received his postdoc

training in Genome Institute of Singapore (Mentor: Prof Huck Hui Ng) and the Gurdon Institute, University of Cambridge (mentor: Prof

Magdalena Zernicka-Goetz). He went back to National University of Singapore as an assistant professor in 2009. He joined Macau

University of Science and Technology in 2017.

Dr. Wu’s research interest is to study how genetic and epigenetic factors determine stem cell fates and regulate cancer progression

with a combination of molecular, cellular and high throughput approaches.

Global Health & Infectious Diseases

Meet the full editorial team for Heliyon Global Health & Infectious Diseases.

Dr. Chaisiri Angkurawaranon
Public Health

Chiang Mai University, Chiang Mai, Thailand

Chaisiri Angkurawaranon received his MD from Chiang Mai University and specialises in Family Medicine. He received a Masters in

Medical Statistics and a PhD in Non-communicable Disease Epidemiology from the London School of Hygiene and Tropical Medicine.

His research focuses on global health issues related to ageing and chronic conditions (both communicable and non-communicable) in

primary care.

Assoc. Prof. Nitika Pant Pai

Infectious Disease
McGill University, Montreal, Canada

Dr. Nitika Pant Pai is a tenured Associate Professor in the Department of Medicine at McGill University. Her global implementation
research program for the past twenty years is focused on point-of-care diagnostics for HIV and other sexually transmitted blood borne

infections; specifically the innovation, implementation and impact of digital strategies with rapid diagnostics and wearable solution. She

develops integrated connected strategies with digital innovations, Bayesian diagnostics, artificial intelligence to plug health service

delivery gaps in diagnostics in rapid diagnostics. She serves to inform domestic and global policy on point-of-care diagnostics.

Her research program is based in Canada, India and South Africa. She has led many diagnostic trials, cohort/cross sectional studies,

meta-analyses, systematic reviews, modelling studies, to inform the gaps in policies to end the HIV epidemic. Her research has been
supported by grants from the Canadian Institutes of Health Research, the FRQS, Grand Challenges Canada, Bill and Melinda Gates

Foundation, National Institutes of Health, MRC SHIP, South African DST, IC-IMPACTS, Clinton Health Access Initiative, among others.

She has served on many technical working groups for national and international agencies: WHO, Foundation for Innovative

Diagnostics, PSI, The Bill and Melinda Gates Foundation, ASLM, CDC, PHAC, REACH, among others. She has advised the office of

the US Congress on multiplex testing. She has also contributed to HIV self-testing guidelines and policy guidance for HIV self-testing

for the WHO. She serves the Strategic Advisory Board of the Foundation for Innovative Diagnostics and is on WHO’s Roster of Digital

Health Experts. She serves on the Editorial Moard for biomedical journals and regularly reviews for key international health agencies.

She is an elected member of the College of New Scholars, Artists & Scientists of the Royal Society of Canada.
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Immunology

Meet the full editorial team for Heliyon Immunology.

Mats Waldemar Johansson, PhD
Immunology, Eosinophils

Dr. Mats W. Johansson received his PhD degree in biology within the research field of invertebrate immunology/innate immunity at

Uppsala University, Sweden, was a postdoctoral fellow in cell biology at the Sanford Burnham Prebys Medical Discovery Institute, La

Jolla, California, USA, and was then an Assistant and Associate Professor, and Director of Studies of biology at Uppsala University. He

is currently a Senior Scientist and Research Professor (honorific) at the Morgridge Institute for Research, Madison, Wisconsin, USA,
and affiliated as an Honorary Associate/Fellow with the Division of Allergy, Pulmonary and Critical Care Medicine of the Department of

Medicine and the Department of Biomolecular Medicine, University of Wisconsin-Madison. Since coming to Madison he has done
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