Ty ISSN 1678-6971 « RAM. Rev. Adm. Mackenzie, Sdo Paulo, 26(5), eRAMF250007, 2025
RA https://doi.org/10.1590/1678-6971/eRAMF250007

Revsta de Adminisracdo Submitted: Jan. 10, 2024 | Approved: Mar. 20, 2025

% Mackenzie ' Section: Strategic Finance

A multilevel analysis of greenhouse gas
emissions and corporate disclosure in
the healthcare sector

Analise multinivel das emissdes de gases de efeito
estufa e divulgacdo corporativa no setor de saude

Thicia Stela Lima Sampaio'®, Alan Bandeira Pinheiro?”, Rubens Carlos Rodrigues'®,
Wilson Toshiro Nakamura3®, and Guilherme Spiazzi dos Santos3*

! Federal University of Ceard, Fortaleza, CE, Brazil
% Federal University of Parand, Curitiba, PR, Brazil
* Mackenzie Presbyterian University, Sdo Paulo, SP, Brazil

Authors’ notes

Thicia Stela Lima Sampaio is now an alumnus at the Postgraduate Program in Administration and
Controllership at Federal University of Ceara; Alan Bandeira Pinheiro is now an alumnus at the
Postgraduate Program in Administration at Federal University of Parand; Rubens Carlos Rodrigues
is now a public servant at Federal University of Ceara. Wilson Toshiro Nakamura is now an adjunct
professor at the Postgraduate Program in Business Administration at Mackenzie Presbyterian Uni-
versity; Guilherme Spiazzi dos Santos is now an alumnus at the Postgraduate Program in Business
Administration at Mackenzie Presbyterian University.

Correspondence concerning this article should be addressed to Thicia Stela Lima Sampaio, Univer-
sity Avenue, no 2431 Benfica, Fortaleza, Ceard, Brazil. ZIP code 60.020-180. E-mail: thiciasampaio
@gmail.com

To cite this paper: Sampaio, T. S. L., Pinheiro, A. B., Rodrigues, R. C., Nakamura, W. T,, & Santos, G. S.
(2025). A multilevel analysis of greenhouse gas emissions and corporate disclosure in the healthcare sec-
tor. Revista de Administragdo Mackenzie, 26(5), 1-29. https://doi.org/10.1590/1678-6971/eRAMR250007

RAM does not have information about open data regarding this manuscript.
RAM does not have permission from the authors or evaluators to publish this article’s review.

_ This is an open-access article distributed under the terms of the Creative Commons Attribution License.

This paper may be copied, distributed, displayed, transmitted or adapted for any purpose, even commercially, if provided,
in a clear and explicit way, the name of the journal, the edition, the year and the pages on which the paper was originally
published, but not suggesting that RAM endorses paper reuse. This licensing term should be made explicit in cases
of reuse or distribution to third parties.

Este artigo pode ser copiado, distribuido, exibido, transmitido ou adaptado para qualquer fim, mesmo que comercial, desde
que citados, de forma clara e explicita, o nome da revista, a edicdo, o ano e as paginas nas quais o artigo foi publicado
originalmente, mas sem sugerir que a RAM endosse a reutilizagdo do artigo. Esse termo de licenciamento deve ser
explicitado para os casos de reutilizacdo ou distribuicdo para terceiros.



https://orcid.org/0000-0001-7105-9825
https://orcid.org/0000-0001-6326-575X
https://orcid.org/0000-0001-7563-6183
https://orcid.org/0000-0002-4697-5685
https://orcid.org/0000-0002-0250-8524

2

\J

N

A multilevel analysis of greenhouse gas emissions and corporate disclosure in the healthcare sector

Abstract

Purpose: This paper aims to investigate what factors can influence the
volume of Greenhouse gases (GHG) emissions and firm disclosure of
this information from firms in the healthcare sector.

Originality/value: The paper proposes a novel approach to distinguish
the total emission of GHG from the disclosure of GHG information
while addressing both the internal and external environment of the firm
and the link between them in a multilevel analysis comprised of distinct
theories (signaling theory, resource-based view and Varieties of capitalism

approach).

Design/methodology/approach: We run an unbalanced panel with 13,680
observations from a sample of 2,736 firms in the healthcare sector using
Feasible generalized least squares (FGLS) and Binary Logit, both in
multilevel analysis.

Findings: The paper shows that firms with more financial resources,
larger boards and with an increased number of independent board mem-
bers tend to disclose more information on GHG emissions. In addition,
companies headquartered in coordinated capitalism countries are less
engaged in the disclosure of GHG information and emit more GHG. We
bring attention to how the composition of the board of directors serves
as a medium between the internal and external environment of the firm
that can influence the disclosure on GHG information to shareholders
and stakeholders.

Keywords: healthcare, multilevel analysis, firm disclosure, GHG
emissions, GHG disclosure
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Resumo

Objetivo: Este artigo tem como objetivo investigar quais fatores podem
influenciar o volume de emissdes de GEE e a divulgacao dessas informa-
¢oes pelas empresas do setor de saade.

Originalidade/valor: O artigo propde uma nova abordagem para distin-
guir a emissao total de GEE da divulga¢io de informacdes sobre GEE, ao
mesmo tempo que aborda o ambiente interno e externo da empresa e a
ligacdo entre eles numa andlise multinivel composta por teorias distintas
(sinalizagdo, visao baseada em recursos e variedades do capitalismo).

Design/metodologia/abordagem: Executamos um painel nio balanceado
com 13.680 observagdes de uma amostra de 2.736 empresas do setor de
saude usando minimos quadrados generalizados viaveis (FGLS) e logit
binario, ambos em analise multinivel.

Resultados: O artigo mostra que as empresas com mais recursos finan-
ceiros, conselhos de administracio maiores e com um maior niumero de
membros independentes tendem a divulgar mais informagdes sobre as
emissdes de GEE. Além disso, as empresas sediadas em paises com
capitalismo coordenado estao menos envolvidas na divulga¢ao de infor-
magoes sobre GEE e emitem mais GEE. Chamamos a aten¢io para como
a composi¢ao do conselho de administragdo serve como um meio entre
o ambiente interno e externo da empresa que pode influenciar a divul-
gacao de informagdes sobre GEE aos acionistas e partes interessadas.

Palavras-chave: saude, analise multinivel, divulga¢ao firme, emissdes
de GEE, divulgacao de GEE
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INTRODUCTION

Research on emissions or disclosure of information on Greenhouse
gases (GHGs) has focused on sectors such as farming, agriculture, and fish-
farming as they have a big share of responsibility for the emission of GHGs
worldwide. This trend leads to a research gap in relation to other economic
activities of primary social need, such as healthcare (Uyar et al., 2021),
which considers hospitals, pharmaceutical, laboratory analysis, medical
device manufacturers, among others (Ahmed et al., 2021).

Recently, the Covid-19 pandemic put the healthcare sector at the center
of the spotlight, confirming its position of global relevance in the produc-
tion and supply chain of essential items. The event exposed society’s level
of dependence on this sector, which still faces growing challenges such as
compliance with increasingly strict environmental regulations (Quitmann
et al., 2023). The institutional decision-making environment can also be an
influencing factor regarding the disclosure of GHG information, given that
coordinated economies present a context for greater environmental regula-
tion and inspection than liberal economies (Bashir et al., 2023). This aspect
can impact in different ways on the process of development and maturity of
the green industry. In addition to the matter, it is also necessary to make a
distinction between the disclosure of GHG information from the actual
emission of GHGs.

Combining both problematizations under a single investigation, this
research aims to answer the following question: what factors can influence
the volume of emissions and firm disclosure of this information from firms
in the healthcare sector?

The data employed in this study consist of a sample of 2,736 firms from
the healthcare sector in 11 countries obtained from the Thomson Reuters
Eikon database for the period of 2016 to 2020. For estimations, we use two
econometric models, one being a binary logit and the other being the feasi-
ble generalized least squares (FGLS). Each econometric model was presented
in the three hierarchical levels, and a group of independent variables repre-
senting the correlated body of theories was inserted for each new level.

The study by Cristiano et al. (2024) found that per capita emissions
from the healthcare sector increased between 2007 and 2016 in several
countries worldwide, including the United States, Japan, and China. The
healthcare sector is a major contributor to GHG emissions, particularly during
pandemics. Hospitals, for instance, produce and release GHG emissions
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through various channels, such as the transportation footprint of staff com-
muting and fleet management. Despite the significant innovations and social
impact of the healthcare sector, research on its GHG emissions remains
insufficient.

In this article, a novel approach is proposed when we distinguish the
total emission of GHG from the disclosure of GHG information. The justifi-
cation for this rests on the fact that in some research both are interchangeably
used or may overlap, thus generating different results, such as whether
greater firm disclosure, under the same explanatory factors, is also due to
higher GHG emissions.

Research findings indicate that: i) larger firms with more financial
resources tend to send more signals to the market about their GHGs emis-
sions; ii) the size of the board positively affects GHGs emissions; iii) board
diversity positively affects the disclosure of GHGs information; and iv) com-
panies under coordinated capitalism emit more GHG and are less likely to
disclose GHG information than companies under liberal capitalism. These
results have significant implications for theory, management, and even
government policy.

THEORETICAL BACKGROUND AND HYPOTHESES

The research hypotheses were developed considering three levels of
interaction of firms with the disclosure and emission of GHGs, as illustrated
in Figure 1.

At the micro level (Signaling Theory), the company manages its internal
resources, particularly financial performance, to disclose information about
its GHG emissions. At the meso level (Resource-Based View), the compa-
ny’s corporate governance structure helps align the interests of both inter-
nal and external stakeholders. At the macro level (Varieties of Capitalism),
GHG disclosure and emissions are shaped by the institutional characteris-
tics of the country in which the company operates.
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Figure 1
Theoretical model

Internal - Firm b AN » Micro level
Signaling theory

************** > Meso level

B A R » Macro level

—/

Intermediation - Corporate governance
Resource-based view

External - Market
Varieties of capitalism

Micro level: signaling theory

Signaling Theory (ST) states that the signals emitted by a firm increase its
corporate transparency and may also improve its corporate image. According
to this theory, there are three important actors: the sender (the firm), the
receiver (parties interested in the company’s activities) and the signal
(which may be the financial and sustainability information disclosed) (Taj,
2016). Thus, firms are constantly sending signals to the market, which
reduces the information asymmetry between them and external stakeholders
(Datt et al., 2019).

Since sulfficient financial resources are needed for the disclosure of more
complete sustainability reports, Lépez-Santamaria et al. (2021) claim that
firms releasing the clearest and most complete signals have more financial,
human, and technological resources. Managers and executives who work in
more profitable firms obtain information about organizational performance
and prepare an annual or social responsibility report to inform their stake-
holders about the company, which can also facilitate the arrival of foreign
investments (Omar & Alkayed, 2021).

Past research (e.g., Ben-Amar and Mcllkenny, 2015; Charumathi and
Rahman, 2019; Choi and Luo, 2021) has found a positive relationship
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between financial performance and GHG emissions. Firms that have better
financial performance are more likely to have more opportunities to invest in
environmental issues. Furthermore, Lopez-Santamaria et al. (2021) argue
that larger firms have a greater number of stakeholders and therefore should
also consider environmental performance during their decision-making
process.

One way a healthcare company can effectively address societal needs,
rather than solely focusing on shareholders, is by sending a clear signal
about its performance through transparency regarding its GHG emissions
(Sunetal., 2019). Based on this, we propose Hypotheses 1 and 2, along with
their respective alternative hypotheses:

e Hla: Larger firms disclose more information on GHG emissions.

* Hl1b: Larger firms emit more GHGs.

e H2a: Firms with better profitability disclose more information on GHG
emissions.

* H2b: Firms with better profitability emit more GHGs.

Meso level: resource-based view

The traditional definition of corporate governance emphasizes the impor-
tance of the board of directors in creating value for shareholders without
neglecting the interests of other stakeholders, such as employees, commu-
nity, and media (Tibiletti et al., 2021) by being an intermediary between the
country’s institutional issues and financial performance needs (Crifo et al.,
2019). Furthermore, Zaman et al. (2020) note that the boards of healthcare
companies are cognizant of institutional pressures and the need for digital
transformation. Therefore, the board in this sector acts as an intermediary
between the firm’s internal context and the macroeconomic environment.

A rare and valuable asset, a good governance structure favors a greater
competitive advantage. Therefore, under the resource-based view theory,
the corporate board of directors is considered a human resource to the firm
because it takes part on strategic issues, including environmental policies,
the disclosure of GHGs, and the implementation of strategies that respond
to social and legal changes (Crifo et al., 2019).

Larger boards are related to greater diversity in experiences and techni-
cal knowledge (Harun et al., 2020) and tend to expand organizational
boundaries, providing access to external resources and information, which
is critical to the company’s strategy (Cancela et al., 2020). Crifo et al. (2019)
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consider that larger boards increase organizational efficiency, with members
being more likely to bring up additional issues, such as disclosure of GHGs,
to be discussed in meetings. Earlier studies (Crifo et al., 2019; Cancela et al.,
2020) have found that larger boards positively influence environmental
issues. Therefore, we propose hypothesis 3 and its respective alternative
hypothesis:

* H3a: Larger board of directors disclose more information on GHG
emissions.
* H3b: Firms with larger board of directors emit more GHGs.

Byron and Post (2016) state that gender diversity is one of the charac-
teristics of the board that can lead the firm to greater social performance.
The authors found that more women in the board have a positive effect on
social responsibility, explaining that they are more focused on socially
responsible activities. In addition, women are concerned not only with com-
mercial decisions, but also with the well-being of the entire community
affected by the company’s activities (Crifo et al., 2019), as well as influencing
the quality of the processes of governance, and effecting sustainability and
corporate creativity (Field et al., 2020). Previous research (e. g., Fernandez-
Feijoo et al., 2014; Gallego-Alvarez and Pucheta-Martinez; 2020 Gaio and
Gongalves, 2022) has found that firms with greater gender-diversity boards
are more engaged in environmental issues. Therefore, we present hypothe-
sis 4 and its alternative hypothesis:

* H4a: Board of directors with greater gender diversity disclose more
information on GHG emissions.
* H4b: Firms with greater gender-diversity boards emit more GHGs.

Independent directors reinforce the board’s monitoring and control
function to ensure that shareholders’ interests are protected (Hussain et al.,
2018). In for-profit hospitals, the controlling owner appoints independent
board members, highlighting that the role of independent board members is
a sensitive issue in the healthcare industry (Jamali et al., 2010). Crifo et al.
(2019) suggest that boards with greater independence focus less on short-
term decisions, as independent directors tend to make decisions by also
analyzing the context external to the firm. Thus, it is more likely that board
of directors with greater independence are interested in environmental
issues, as this can increase the investment and visibility of the company, in
addition to favoring a positive corporate image to shareholders and other
interested parties (Tibiletti et al., 2021). Past studies (e. g., Cucari, et al.,
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2018; Crifo et al., 2019) has found that board independence has a positive
effect on environmental issues. However, there may be greater compromises
needed for keeping a balance between the interests of shareholders and stake-
holders. Therefore, we present hypothesis 5 and its alternative hypothesis:

* Hb5a: Board of directors with greater independence disclose more infor-
mation on GHG emissions.

e H5b: Firms with more independent directors in the board emit more
GHGs.

Macro level: Varieties of capitalism approach

A recent approach to the Institutional Theory, the Varieties of Capi-
talism (VC) perspective, developed by Hall and Soskice (2001), is concerned
with understanding and analyzing how firms behave and how they interact
with institutional structures (Benney, 2019). Under VC, firms will behave
according to the type of capitalism of its country. In countries with a coor-
dinated market economy, the financial system is centered on large banks,
governance is more decentralized, and decision-making processes are shaped
by consideration for all stakeholders’ interests (Hall & Thelen, 2009).

The coordinated context of the market economy favors the cooperation
between firms, which form alliances to develop joint research, thus generating
greater cooperation between industries, suppliers, customers, and employees
(Hall & Soskice, 2001). Also, the attention given to environmental issues
aim to maintain social order and dialogue with different stakeholders. In
these economies, companies in the healthcare sector recognize the impor-
tance of stakeholders, not just shareholders (Pucheta-Martinez et al., 2019).

Recently, Gallego—Alvarez and Pucheta-Martinez (2020) showed that
financial firms headquartered in coordinated capitalist economies are more
likely to have greater environmental and social disclosure, which may not
lead to lower GHGs emissions due to pressures to coordinate and maintain
established business relationships.

Wagqas et. al (2023) indicated that collaborations, partnerships, infor-
mation sharing and strategic definitions with suppliers in the logistics chain
of the healthcare sector are key success factors, being factors with strong
dependence and driving power. These factors connect with the premise of
coordination prescribed by economies under coordinated capitalism and
expose a larger and more complex chain of actors exerting pressure on cor-
porations in the healthcare sector. Based on the aforementioned, we present
hypothesis 6 and its alternative hypothesis:
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* Hé6a: Firms headquartered in a coordinated market economy capitalism
disclose more information on GHG emissions.

e H6b: Firms headquartered in a coordinated market economy capi-
talism emit more GHGs.

DATA AND METHOD

To construct our sample, we retrieve firm information from Thomson
Reuters Eikon database, a robust data source for environmental, social, finan-
cial, and governance information on firms around the world. An unbalanced
panel was structured with 13,680 observations from a sample of 2,736 firms
in the healthcare sector. The sample period is between 2016 to 2020. The
chosen period was due to the signing of the Global Compact in 2015. Firms
included in the sample are headquartered in countries members of the
Group of Ten (G10), until the year 2010.

The selection of countries classified as ‘developed’ aligns with the theory
of legitimacy, based on the premise that these nations serve as role models
for emerging countries striving to attain ‘developed’ status. By learning from
countries with stricter environmental regulations, emerging nations can for-
mulate policies to reduce GHG emissions.

The healthcare sector was selected based on its relevance to the coun-
tries” domestic economy (Campion et al. 2015), contributing significantly to
the composition of the gross domestic product. Furthermore, this sector
faces the challenge of meeting growing consumer demand and becoming
environmentally sustainable (Uyar et al., 2021). The firm sample distribu-
tion is shown in Figure 2.
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Figure 2
Firm sample by country

Japan: 179; 7%

Germany: 63; 2%
France: 90; 3%

Canada: 376, 14%

Italy: 23; 1% ___ United States: 1583; 58%

Belgium: 23; 1% —
Netherlands: 12; 0% /
United Kingdom: 133; 5% /

Sweden: 204; 7%
Switzerland: 44; 2%

Countries were categorized by geographic region and the predominant
model of capitalism, as shown in Table 1.

Table 1
Country sample, region, and varieties of capitalism
N° Country Region Capitalism
1 United States of America North America Liberal
2 Switzerland Europe/Asia Coordinated
3 Sweden Europe/Asia Coordinated
4 United Kingdom Europe/Asia Liberal
5 Netherlands Europe/Asia Coordinated
6 Belgium Europe/Asia Coordinated
Vi Italy Europe/Asia Liberal
8 Canada North America Liberal
9 France Europe/Asia Liberal
10 Germany Europe/Asia Coordinated
11 Japan Europe/Asia Coordinated

Based on data from Figure 2 and Table 1, coordinated capitalism coun-
tries total 531 firms (19.41%) and liberal capitalism countries represent
2,205 firms (80.59%).
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Two econometric techniques are employed for data examination: Feasi-
ble generalized least squares (FGLS) and Binary Logit. In all, six different
models were elaborated, being three for each technique. The models were
leveled off according to micro (financial performance of the company), meso
(characteristics of corporate governance), and macroenvironment criteria
(type of capitalism in the given country). The econometric model formulas
were prepared by adding new variables at each level and are described in
formulas 0 to 6 (O is the base model, 1 to 3 FGLS and 4 to 6 Logit).

GHG =« +ﬂGeoi,t +&;, [0]
GHG = a + f8Size, , + BROE, , + Geo, , +¢, , [1]
GHG = a + BDS; , + BDIvBD, , + BIndBD, , + f3Size, , + SROE, , + 2]
BGeo, , +¢;,
GHG = a + BDVC, , + pBDS, , + BDivBD, , + BIndBD, , + fSize, , + 3]
ﬁROEi,t + ﬂGeOi,t + gi,t
DGHG =a + f3Size, , + BROE, , + fGeo, , + &, [4]
DGHG = a + pBDS,; , + BDivBD, , + BIndBD, , + f3Size, , + (5]
BROE, , + BGeo, , +¢;,
DGHG = a + pDVC, , + BDS,; , + fDivBD, , + fIndBD, , + fSize, , + (6]

,BROEM + ﬁGeom +é&;,

Formulas 1 and 4 are at the micro level, formulas 2 and 5 are at the meso
level, and formulas 3 and 6 are at the macro level. At the micro level, only
explanatory variables at business level were included, namely firm size (Size)
and profitability (Return On Equity — ROE). At the second level, variables
representing characteristics of the Board of Directors were included. At the
third level, the variable about the characteristic of the Variety of Capitalism
(DVC) was inserted. All models were controlled by firm and year using a
dummy variable.

In models 1 to 3, the FGLS technique was used, which allows the adjust-
ment of the beta (B) estimators if the data shows autocorrelation, covariance
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or heteroscedasticity. Models 4 to 6 are Binary Logit with dependent variable
Disclosure of GHG emissions (DGHG), indicating whether the firm dis-
closes some level of information on emissions of greenhouse gas, can be
found in Table 2.

Table 2
Model variables
Variable
Type e Proxy Source
Total CO, equivalent  Continuous, logarithm of disclosed total
emission (GHG) emission of CO2 and equivalents
Dependent

Disclosure of GHG Dummy, if the firm discloses any information
emissions (DGHG) about emission of GHG =1;if not =0

Explanatory

Board of Directors
Size (BDS)

Discrete, number of board members

Explanatory

Board of Directors
Diversity (DivBD)

Continuous, ratio between the number of
female directors and the total number of

directors

Explanatory

Board of Directors

Independence (IndBD)

Continuous, ratio between the number of
independent directors and the total number

of directors

Thomson Reuters
Eikon Data Base

Explanatory

Type of VC (DVQ)

Dummy, if coordinated = 1; if liberal = O

Hall and Soskice
(2001)

Explanatory

Firm Size (Size)

Continuous, natural logarithm of the total

asset of the firm

Thomson Reuters

Explanatory  Profitability (ROE) ; p ,
Continuous, Average Shareholders' Equity  Eikon Data Base
Control Geographic Region Dummy, if Eurppe/AS\a =1
(Geo) If North America =0
EMPIRICAL RESULTS

After winsorizing the data and addressing outliers, we began analyzing
the adjusted descriptive statistics for the main variables of interest, which
are presented in Table 3.
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Table 3
Descriptive statistics
2016 2017 2018 2019 2020 Period

CHGtotay ¥ 2091635 2294162 2607487 3076867 3672882 26288000
EMISSIONS ¢ 4389098 4426662 4228381 5168546 6061885 47801910

¥ 0056 0052 0046 0037 0031 0044
DGHG

s 023 022 020 018 017 0.20

¥ 769 756 742 737 834 766
Size

s 128 135 136 139 4530 1889

¥ -1.23 167 1.73 -4.60 035 191
ROE

s 781 1056 937 127.28 54.44 5960

¥ 803 806 804 816 1389 874
BDS

s 231 238 224 216 10417 3539

2272 20,08 17.65 1501 2039 1954
DivBD

s 1296 1336 13.70 12.77 10460 37,63

¥ 7307 7345 7310 73.50 7845 7385
IndBD

s 7777 19,18 1958 1873 10296 3939

Over the analyzed period, there was a decrease in the number of firms
that disclosed information on GHG emissions, with the beginning of the
series at 5.6% and only 3.1% at the end. This may have occurred due to high
compliance costs during the 2020 pandemic. In that year, companies may
have prioritized survival over GHG disclosure. Contrary to what was
observed in the report, the total value of GHG emissions disclosed increased,
showing a positive variation of 75.60%. That is, contrary to expectations,
which would be the reduction of GHG emissions given the worldwide out-
cry of society and governments, firms that throughout the period kept some
type of report or started reporting information on GHG emissions did so in
ascending values. There was a significant increase in demand for healthcare
products and services during the peak of the COVID-19 pandemic in 2020,
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which led to an increase of the size of the firms and improvements of the
profitability index.

Deepening the analyses, a calculation of the Pearson correlation matrix
of the continuous variables was conducted, with the coefficients presented
in Table 4.

It is observed that the total of CO, and equivalents, representative of the
GHGs, showed a positive correlation only with the size of the firm, indicating
that the larger the higher the GHGs emissions The other GHG emission
coefficients did not show statistical significance.

Table 4
Pearson correlation
1 2 3 4 5 6
1 GHG 1.00
2 Size 0.629* 1.00
3 ROE -0.0e2 0.006 1.00
4 BDS -0.004 0.024 0.990* 1.00
5 DivBD -0.015 0.046* 0932* 0936* 100
6 IndBD 0.063 0053* 0867 0867  0827* 1.00

Note; Only continuous variables included. *** sig. at 1%; ** sig. at 5%; * sig. at 10%.

Tables 5 and 6 show the results of the econometric model estimates. As
a robustness test, we conducted an additional analysis excluding U.S. com-
panies, which have a high representation. This enhances the reliability of
the findings and allows us to assess whether U.S. companies are biasing the
results.

Table 5
Results of estimations for models 1 to 3 using FGLS
Dep. Var. Entire Sample Excluding the USA
GHG 1 2 3 1 2 3
Size 0027  -0115** -0118**  1136™* 1.166%** 1.166%**
ROE -0.0277*  -0021** -0.020** 0.015 0.01¢ 0.01¢
(continues)
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Table 5 (conclusion)
Results of estimations for models 1 to 3 using FGLS

Dep. Var. Entire Sample Excluding the USA
Gl 1 2 3 1 2 3

Geo -0529%*  -0295** 0412 0.204 0124 0120
BDS 01377 0138 0010 0010
DivBD -0.008"*  -0007** 0.001 0.001
IndBD 0.007***  0.006*** -0.005**  -0.005***
pvc 0.162* 0.005
a 45887 4241 42517 bbb 67077 67037
Wald Chi’ 86.35 2207 2246 908.75 974.77 974.79
F de Chow 0.000 0.000 0.000 0.000 0.000 0000
Log likelihood -796.0 -741.1 -739.7 -326.2 -3158 -31581
Obs. 600 599 599 380 379 379

Note: *** sig, at 1%; ** sig. at 5%; * sig. at 10%. Homoscedastic models and models without autocorrelation. Control
by firm and year.

Results show that the ROE, Geo, and DivBD variables had a negative
influence on the total GHG emission values, indicating that firms with bet-
ter profitability, allocated in Europe/Asia, and with greater gender diversity
on the board of directors may have lower total GHG emission values. The
IndBD and VC variables have a positive influence, indicating that firms with
greater board independence and located in countries with coordinated capi-
talism tend to have higher total GHG emission values.

However, after excluding US firm from the sample a sign inversion was
obtained in the IndBD variable, indicating that more independent boards
influence the reduction of total GHG emissions. There is a predominance of
the positive influence of the Size variable on the total GHG emission values,
indicating that the size of the company influences the increase in the total
GHG emission.

Table 6 displays the variations in the beta values and in the relationship
of the explanatory variables vis-a-vis the dependent variable in models 1 to 3.
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Table 6

Results between models, level by level - models 1 to 3 using FGLS

Dep. Var. Entire Sample Entire Sample
Model 2 in relation  Model 3 in relation
GHG 1 2 3 to model 1 to model 2
Analysis A Analysis A

Size 0.027** -0115* -0118*** Signchange -526 Samesignal 0,026
ROE -0.027%*  -0021** -0.020** Samesignal -0,22 Samesignal -0,048
Geo -0.529*** -0.295*** -0412*** Samesignal -044 Samesignal 0,397
BDS 0137** 0138*** Same signal 0,007
DivBD -0.008*** -0.007** Same signal -0,125
IndBD 0.007***  0.006*** Same signal -0,143
bvc 0.162*
a 4588%*  4241%* 4251
Wald Chi® 86.35 220.7 224.6
Chow's F 0.000 0.000 0.000
Log likelihood -796.0 -741.1 -739.7
Obs. 600 599 599

Note, *** sig. at 1%; ** sig. at 5%; * sig. at 10%. Homoscedastic models and models without autocorrelation. Control
by firm and year. A = beta coefficient variation between models.

When variables from the meso level are inserted into model 1, all three
variables from model 1 present a reduction in the strength of influence on
the dependent variable. ROE and Geo variables remain with the same sign
of relation. The most relevant change is observed in the Size variable, which
presents a change in the sign of the relationship and a significant increase in
the influence value of its § on the dependent variable (+ 526%).

Thus, the inclusion of the set of variables at the meso level, corporate
governance, suggests a modulation of the effect of company size on the
quantity of GHG emissions. In turn, the insertion of the variable DVC did
not result in high changes in strength, nor in the relation of the variables of
the micro and macro level, which suggests that among the two additional
levels to model 1, the meso level has a prominent influence in relation to the
insertion of the meso and macro levels into model 1.
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Table 7 presents the results of the estimations of the econometric
models for the Logit technique, which aim to capture the chance of occur-
rence of the event “dissemination of information on GHG emissions” repre-
sented by the DGHG variable.

Table 7
Result of estimations for models 4 to 6 using Binary Logit
Dep. Var. Entire Sample Excluding the USA
DGHG 4 5 6 4 5 6
B 7.700%* 6.246%+* 6.304*+* 7.023%** 5161%* 5.212%%*
Size
OR 2209399*** 515704** 546,654** 1122477+ 174.299** 183523***
B -0003 -0.0005 -0001 -00331 -00328 -00335
ROE
OR 0996 0.999 0998 09674265 0967 0967
B 5602%* 6.910*** 9,095*** 3.447%* 3.958%+* 5.880***
Geo
OR 271041** 100L.775** 8911.268** 31,3987**  52344** 357 GGp%**
B 0.085 0072 00822 0.0582
BDS
OR 1.089 1.075 1.085 1.059
B 0.068*+* 0.064*** 0.0362* 00303
DivBD
OR 1.071*** 1.066*** 1.036* 1.030
B -0019 -0017 -000215  -1.40e-05
IndBD
OR 0.980 0982 0997 0.999
B -3.060*** 2648+
e
OR 0468*** 0.070***
B 77677 6451 -4.97xxx -6886***  -5130** 51 G5+
o
OR 1.85e-34** QF8e-29*** £08e-29*** 125e-30** 526e-23*** 371e-23***
Wald Chi® 7252 7725 7897 6234 4011 4237
F de Chow 0.000 0.000 0.000 0.000 0.000 0.000
Sigma u 4.889 4404 4346 488 453 443
Rho 879 0.855 0851 087 086 085
L2 6124 -474.0 -4679 -3782 2468 2421
Obs. 8845 3041 3041 4059 792 792

Note: *** sig. at 1%, ** sig. at 5%; * sig. at 1 0%. Controlled by company and year. Random effects applied. OR = Odds
Ratio; LLZ = Log pseudolikelihood.
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The Odds Ratio shown in Table 6 expresses the chance of occurrence of
the event “dissemination of information on GHG emissions” and its values
must be interpreted by its antilogarithm, which, being greater than 1, indi-
cates chances of occurrence of the event, and when less than 1 indicates
chances of minor occurrence. The B values indicate the direction of the rela-
tionship, whether positive or negative.

Based on Table 7, in all models the variables Size, Geo and DivBD
showed a positive relationship, indicating that larger companies, or compa-
nies located in Europe/Asia and with gender diversity on their boards, are
more likely to disclose information on emissions of GHGs.

The VC variable had a negative value of B, indicating that companies
located in countries with coordinated capitalism are less likely to disclose
information on GHG emissions. In this case, the chance decreases to 62.50%
(antilogarithm of 0.468 = 1.60; 1/1.0 = 0.6250; 0.6250x100 = 62.50%).

The models estimated for the total sample and with the exclusion of US
firms did not show differences in results, with two exceptions: the DivBD
variable, which had a loss of significance, kept the relationship direction;
and the VC variable in which a firm located in a country with coordinated
capitalism is 93.24% less likely to disclose information on GHG emissions
(antilogarithm of 0.070 = 1.07; 1/1.07 = 0.9324; 0.9324x100=93.24%).

Table 8 presents the variations in the beta values, Odds Ratio and if
there is a change in the relationship of the explanatory variables vis-a-vis the
dependent variable in models 4 to 6.

Table 8
Results between models, level by level - models 4 to 6 using Binary Logit

Dep. Var. Entire Sample Entire Sample

Model 5 in relation Model 6 in relation
DGHG 4 5 6 to model 4 to model 5

Analysis A Analysis A

p 7.700%** 6.246%** 6.304*** -0,189 0,008
Size Same signal —— Same signal ——
OR 2209.399*** 515704***  546654*** -0,767 0,060
B -0.003 -0.0005 -0.001 -0833 1,000
ROE Same signal —— Same signal ——
OR 0.996 0.999 0.998 0,003 -0,001
B 5.602%** 6.910*** 9.095*** 0233 0316
Geo Same signal —— Same signal ——
OR 271.041** 1001.775*** 8911.268*** 2,696 7,895
(continues)
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Table 8 (conclusion)

Results between models, level by level - models 4 to 6 using Binary Logit

Dep. Var. Entire Sample Entire Sample
Model 5 in relation Model 6 in relation
DGHG 4 5 6 to model 4 to model 5
Analysis A Analysis A
B80S B 0085 007¢ Without statistical Without statistical
OR 1.089 1.075 significance significance
0.068*** 0.064*** -0,059
DivBD Same signal
OR 1071 1.066%** -0,005
IndBD 0019 0017 Without statistical Without statistical
OR 0980 0982 significance significance
s -3.060***
VC
OR 0.468***
B 7767 -64 51*** -4 97
a
OR 1.85e-34*** 968e-29*** 6.08e-29***
Wald Chi® 7252 77.25 7897
F de Chow 0.000 0.000 0.000
Sigma u 4.889 4404 4346
Rho 879 0855 0.851
LLe -6124 -474.0 -467.9
Obs. 8845 3041 3041

Note, *** sig. at 1%, ** sig. at 5%; * sig. at 10%. Controlled by company and year. Random effects applied. OR = Odds
Ratio; LL2 = Log pseudolikelihood. A = beta coefficient variation between models.

The insertion of variables at the meso level did not affect the sign, but it
did modulate the strength of the P ratio of the explanatory variable ROE
(-83.33%) and the odds ratio of the Size variables (-76.70%) and the varia-
ble of Geo control (+269.60%). The insertion of the third level variable did
not change the signs of the relations, but as observed from the effects of the
insertion of the second level variables, the p of the explanatory variable ROE
increased (+100%) as did the odds ratio of the variable Geo (+789, 50%).

These results indicate the relevance of aspects of corporate governance
interacting with other explanatory factors. In turn, the macro factor, variety
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of capitalism, has a strong impact on the interaction with the control varia-
ble Geo, and on the explanatory variable ROE.

In this context, our analysis concludes that the actions of disclosure
and GHG emissions, though individual, should be understood within the
broader social context. The various levels of analysis (micro, meso, and
macro) interact with different stakeholders to generate corporate outcomes,
whether financial or non-financial. Therefore, the decisions and behaviors of
companies in the healthcare sector are shaped by the needs and expectations
of their environment (e.g., the type of capitalism in their country), as well
as their internal capabilities (such as financial resources) and intermediary
capabilities (like governance structures).

DISCUSSION AND IMPLICATIONS FOR
THEORY AND PRACTICE

Overall, the findings support Hypotheses Hla, H2a, H3a, H3b, H5a, and
H5b. However, Hypotheses H6a and H6b yielded results that contradict
expectations. Specifically, companies operating in liberal economies disclose
more information on GHG emissions and also emit higher levels of atmos-
pheric emissions.

The results show that larger firms tend to have greater environmental
transparency when disclosing more information about their greenhouse gas
emissions. In line with earlier studies (e.g., Ben-Amar and Mcllkenny, 2015;
Charumathi and Rahman, 2019; Choi and Luo, 2021), firms with more
financial resources disclose more information to the market because they
see the signals as a communication between firm (sender) and stakeholders
(receiver). Another finding is that more profitable firms emit less GHGs,
which was observed in the results of this research. This finding is in line
with the premise that the disclosure of GHG information has become
increasingly relevant to enhance corporate image, which attracts more
investments, thus enabling greater realization of investment opportunities
and boosting its profitability margin. Therefore, disclosing information on
GHG emissions, especially when the firm emits less GHG than competitors
in the same sector, can be a relevant competitive differentiator.

At the meso level (corporate governance), results indicate that board
size has a positive influence on GHG disclosure, which is in line with previous
studies (Kouloukoui et al., 2018; Crifo et al., 2019; Cancela et al., 2020). A
larger board tends to have more trained human resources with different
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degrees of education and experience. During board meeting, this technical
body tends to raise topics on environmental issues. Notwithstanding firm
disclosure of GHG emissions, the totality of emissions of GHG by firms
with larger boards is higher than other firms in the same sector (Shaukat
et al., 2016).

Concerning board diversity, data reveals that more women on the board
may not affect the disclosure of more information on GHG emissions. This
contradicts previous studies (e. g., Fernandez-Feijoo et al., 2014; Gallego-
Alvarez and Pucheta-Martinez, 2020; Gaio and Gongalves, 2022). Con-
sidering these studies analyzed European firms, ours included firms from
different continents, which may explain the difference in findings. Also, this
research considers women to be important for greater environmental disclo-
sure if they form a critical mass in the boards (Strydom et al., 2017). Women
still make up a small portion of the boards, which can discourage them from
expressing their opinions and promoting environmental discussions during
meetings.

Still at the meso level, results indicate that firms with a more independent
board disclose more information on GHG. The result confirms previous
studies (e. g., Cucari et al., 2018; Crifo et al., 2019; Tibiletti et al., 2021). In
practice, this means that non-executive directors can bring environmentally
concerned ideas to firm. A justification for this finding may be that non-
executive directors are not only concerned with shareholders and financial
performance but also with all its stakeholders (community, employees,
media, and NGOs). Thus, they consider firm disclosure of GHG as a com-
pany response to them. However, the pressures and demands of non-execu-
tive directors to meet and reconcile the interests of shareholders and stake-
holders can result in succumbing to decisions in favor of established business
relationships that imply emitting more GHGs than other companies in the
same sector.

Given these findings for the meso level, the structure of the board of
directors of firms is a valuable resource linking financial performance to
environmental strategies and policies. In line with the Resource-Based View
theory, a firm in the healthcare sector with a larger board and a greater presen-
ce of non-executive directors is important for the existence of reporting on
GHG emissions.

At the macro level (varieties of capitalism), the results show that com-
panies based in coordinated market economies are less likely to report infor-
mation on GHG emissions and emit more GHG. Since countries with coor-
dinated capitalism tend to be more concerned with their work and education
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system (Hall & Soskice, 2001), firms headquartered in them have greater
social responsibility. With this result, we expand the findings of Gallego-
Alvarez and Pucheta-Martinez (2020) who analyzed firms in the financial
sector.

When we look at the Binary Logit estimates, two new results emerged
in the analyses. From them, it can be inferred that firms with greater gender
diversity tend to disclose more GHG. This confirms earlier studies (Fernandez-
Feijoo et al., 2014; Gallego-Alvarez and Pucheta-Martinez, 2020; Gaio and
Goncgalves, 2022) that indicate that more women on the board affect envi-
ronmental issues, (Field et al., 2020). Still at the macro level, the findings
refute the perspective that firms headquartered in countries with coordi-
nated capitalism disclose more information about their GHG emissions.
Thus, the results are not in line with the work of Gallego-Alvarez and
Pucheta-Martinez (2020).

Bearing in mind that the treatment of GHG is an innovative action pub-
licized by companies to the market, it is salutary to highlight that according
to Durst and Leyer (2022) smaller companies are more dependent on insti-
tutional aspects than larger companies, and it is necessary to include in the
research analysis the context of companies. In models 2 and 3, in which
variables related to the context of the company are inserted, the causality
sign of company size is inverted, indicating that the size of companies nega-
tively affects the quantity of GHG emissions and reduces the chances of
greater disclosure of GHG information.

On the other hand, the context of coordinated capitalism and strong
corporate governance practices can contribute to the dissemination of inno-
vative green practices, functioning according to Pratono et al. (2019, p. 1) as
an “input from green entrepreneurial orientation and market orientation”.

Theoretical implications

The Signaling Theory indicates that firm s disclosure of GHG are sig-
nals that stakeholders need for legitimizing the actions of firms, as well as
improving corporate image. Thus, larger companies must continue to have
the responsibility of indicating how their actions have been affecting air
quality through their GHG emissions.

According to the resource-based view theory, the findings suggest that
boards of directors are both valuable and rare resources. Companies must
recognize the significance of their boards, as they serve as a bridge between
financial performance for shareholders and environmental performance for
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other stakeholders. A larger board, particularly with non-executive direc-
tors, can guide the company toward greater GHG disclosure, fostering posi-
tive relationships between the company, shareholders, and society.

The indication of the meso level as the group of variables with the greatest
capacity to modify the strength and relationship of the other variables rein-
forces the relevant role of corporate governance practices for greater absorp-
tion of the interests of the various stakeholders in the long term. Diversity
on the board can act to reduce GHG emissions, by enabling the alignment of
interests and promoting the consensus of objectives to be pursued by the
corporation through the various pressures of interest groups.

Our results indicate that the institutional level is important for GHG
disclosure, however, more academic research is needed on this relationship.

Practical implications

From a managerial perspective, the findings suggest that companies
should progressively increase corporate disclosure of GHG, as it tends to
translate into financial and social benefits. Firms can also increase the size
of their boards by including non-executive directors in corporate decisions.
A higher level of board independence can bring an enhanced vision, going
beyond the traditional financial vision. Additionally, managers must be
aware that the type of capitalism can affect their firm"s environmental deci-
sions. To achieve SDGs 7, 12, and 13, companies must recognize that both
internal and external factors influence their performance.

The perspective of balancing the number of men and women under
management conditions can be a factor to be observed by potential investors
when making capital allocation decisions. Likewise, companies that want to
stand out in the market can adopt internal policies to promote gender diver-
sity to attract investors and signal to the market through their reports the
fulfillment of social demands. In this sense, an alignment is obtained
between what is being reported and what is being measured in terms of
factual results in the amount of GHG emissions.

A practical way for governments to perform and act as key players
between firms and the achievement of GHG reduction targets would be to
legislate on the mandatory disclosure of information on GHG derived from
economic activities. Yu et. al. (2022) emphasizes the important role of the
government as an agent of policies and supervision to encourage and lead
companies to the use of renewable energies to reduce GHG generation, not
only in a passive posture of demanding compliance, but also providing tools
and support (financial, exemptions, subsidies).
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CONCLUSIONS

The results of this research suggest that companies with greater finan-
cial resources are more likely to disclose information on GHG emissions.
Furthermore, companies with more human resources—specifically, larger
boards of directors and higher levels of independence—are not only more
likely to disclose GHG information but also tend to emit more GHG. Finally,
companies headquartered in countries with a coordinated capitalism model
are less likely to disclose GHG emissions, whereas companies in liberal
economies tend to emit more GHG.

Another interesting finding is the demonstration that the disclosure of
information is not necessarily aligned with reducing the amount of GHG
emissions. Therefore, our findings call attention for companies to strike a
balance between disclosing their emissions and reducing GHG emissions.
Healthcare companies must evaluate their genuine contribution to the Paris
Agreement and the 2030 Agenda, while also effectively communicating their
tangible environmental actions to stakeholders.

Although this research was concerned with the use of metrics that bet-
ter measure the analyzed variables, it is not free of limitations. This study
only examined the healthcare sector, making it difficult to generalize the
results to other sectors. Furthermore, the study analyzed a limited period.
Future studies should incorporate more recent years, analyze each type of
capitalism separately, and compare their findings with ours. Additionally,
using a Neural Network model or the Fuzzy-Set Qualitative Comparative
Analysis (fsQCA) method could help identify the key factors and pathways
for companies to reduce their GHG emissions. New metrics should also be
developed to more effectively represent companies’ GHG disclosures.
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