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Abstract 
This research performs a quantitative analysis of the scientific production on sustainability in the 

pharmaceutical industry, using the Scopus database and the Bibliometrix software where 99 

documents published between 2002 and 2023 are examined. India stands out as the country with the 

highest contribution, followed by Italy and the United States. The research identifies leading authors 

and institutions, underlining the importance of sustainable practices in pharmaceutical supply chain 

management. The analysis reveals a significant growth in scientific production since 2019, reaching 

its peak in 2022. Key themes such as "Life cycle assessment" and "Competitiveness" are identified, 

and the COVID-19 pandemic as an influential factor. Co-citation networks show collaboration 

between researchers and highlight the main thematic lines of the field. The study concludes that 

sustainability is a central theme in pharmaceutical research, with an increasing focus on life cycle 

assessment and competitiveness, with the recommendation to foster interdisciplinary collaboration 

and develop more accurate methods to assess the environmental impact of pharmaceuticals. In 

addition, it suggests that government policies should support the integration of sustainable practices 

in the industry. This analysis provides a solid basis for future research and the development of 

sustainable strategies in the pharmaceutical sector. 
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1. Introduction 

The pharmaceutical industry has undergone a significant transformation in recent years, driven by 

corporate and government initiatives that support economic and environmental sustainability. The 

way pharmaceutical companies operate and are governed has undergone a substantial transition as a 

result of growing awareness of the environmental effect of industrial operations and the need to adopt 

sustainable practices Marques et al., (2020). The industry is being forced to reevaluate its procedures 

and use new tactics that reduce its ecological impact while preserving its economic viability due to a 

combination of stricter government regulations and investor and customer expectations for greater 

environmental responsibility (Bartolo, Azzopardi, & Serracino-Inglott, 2021). To promote greener 

and more efficient manufacturing, these adjustments also prioritize supply chain optimization and 

product innovation, in addition to proper waste management and emissions reductions. 

The pharmaceutical industry plays a critical role in public health and human well-being, making it an 

important sector on a global scale. This industry is responsible for researching, developing, producing 

and distributing medicines that prevent and treat diseases, thus increasing global life expectancy and 

improving quality of life (Milanesi, Runfola & Guercini, 2020). The pharmaceutical industry is a vital 

economic pillar in many economies, creating millions of jobs and contributing substantially to the 
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GDP of many nations. The industry faces special difficulties in terms of sustainability due to the 

nature of its processes and products, which require strict regulation and a high degree of precision. In 

the pharmaceutical industry, sustainability refers not only to minimizing adverse effects on the 

environment, but also to implementing procedures that guarantee the efficacy and safety of medicines, 

energy efficiency, the conscious use of natural resources, and the proper disposal of waste (Sarkis et 

al., 2021) 

Concern and interest in the sustainability of the pharmaceutical industry on a global scale has grown 

in recent years. Sustainability-related dynamics have become increasingly important in the industry's 

recent transition Ortiz‐Avram, Ovcharova & Engelmann, 2024). In this sense, improvements in 

science and technology have made it possible to create more environmentally friendly processes for 

the manufacture and delivery of medicines. However, social pressure and regulatory pressure have 

accelerated the adoption of sustainable practices (Chen et al., 2020). These adjustments entail some 

difficulties for companies that must weigh the costs of adopting new sustainable technology with the 

requirement to be competitive in the global marketplace. Despite these obstacles, there are 

encouraging examples of companies that have successfully incorporated sustainability into their 

operations, demonstrating that it is feasible to balance financial success with environmental 

responsibility (Bade et al., 2024). These success stories demonstrate a favorable trend towards greater 

sustainability in the pharmaceutical sector and act as a model and source of encouragement for the 

rest of the industry.Despite the advances, there are still many obstacles to overcome in the link 

between sustainability and the pharmaceutical industry. These include the lack of a solid 

methodological basis, universal acceptability and consistency in the information collected so far. 

Disparate and even contradictory statistics have occurred as a result of differences in approaches used 

to assess sustainability and lack of agreement on best practices (Grangeia, 2020). This makes it more 

difficult to provide coherent and useful insights that can guide the strategic and operational decisions 

of the industry. In addition, regional and market acceptance of sustainable practices differs greatly, 

making it difficult to implement international standards (Becker, Manske, & Randl, 2022). In addition 

to impeding a thorough understanding of the industry's environmental impact, this lack of consistency 

and consensus also reduces the effectiveness of sustainable measures carried out by pharmaceutical 

corporations.Because of these obstacles, research must be conducted that advances the understanding 

of the interactions between sustainability and the pharmaceutical industry. The purpose of this study 

is to assess how sustainability has changed within pharmaceutical companies, identify the main 

themes and point out the networks of co-citations that exist between writers, publications and other 

sources of literature related to sustainability and the pharmaceutical sector. This research, seeks to 

trace the evolution and maturation of knowledge in this sector, highlight changes in research 

methodology and highlight the creation of interdisciplinary links within specific topics using 

bibliometric analysis. The aim of this study is to establish a solid foundation for future research and 

the creation of more efficient and lasting policies by identifying important trends and actors in this 

field (Ramírez-Durán et al., 2023).This research attempts to solve problems and harness the 

possibilities at the nexus between sustainability and the pharmaceutical sector by providing a 

comprehensive overview of present and future developments in the field. It aims to develop novel 

and lasting solutions that are advantageous to the pharmaceutical industry and society at large by 

promoting an interdisciplinary and international approach to research. In the end, incorporating 

sustainable practices would not only reduce the negative effects of the industry on the environment, 

but would also have positive effects on the economy and society, building a more responsible and 

resilient model that will be better equipped to handle problems in the future. To achieve this goal and 

ensure that the pharmaceutical industry continues to play its vital role in public health in a sustainable 

and responsible manner, collaboration between researchers, businesses and governments is important. 

 

2. Methodology. 

A quantitative technique for evaluating literature in a discipline is the bibliometric analysis. 

Bibliometric techniques allow researchers to monitor the expansion and maturation of domains of 

study, identify changes in research methodologies, and signal the emergence of interdisciplinary 
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partnerships within certain topics. Bibliometric methods have been widely used up to this point in 

many different fields, such as energy, the environment, economic management and social policy (He 

& Yu, 2020). There are seven main steps in the bibliometric literature evaluation process described 

in this article: (1) choosing the best database and software, then (2) identifying the most pertinent 

keywords and how to combine them, then (3) searching the database for documents, (4) filtering the 

collected data, (5) exporting the chosen data, (6) evaluate the chosen documents, and (7) produce a 

visual representation of the search results (Ramírez et al., 2023). 

 

Social Media Analytics (SMA) 

Graph and network theory is used in social network analysis (SMA), a method for studying social 

systems (Otte & Rousseau, 2002). There are several software solutions available for use in the SMA 

process. In this study, clustering analysis is used to create tables and other graphs using Excel, and 

the Biblioshiny application of the Bibliometrix package, which is a component of the R Studio 

statistical software, is used to map and evaluate relationships between sources, academic papers, 

countries, authors, and keywords. 

 

Data collection 

Elsevier created the Scopus database, which is among the world's most comprehensive metasearch 

engines for reviewing scientific literature. This database offers an enhanced service for academic and 

educational purposes by merging the best features of Web of Science and PubMed (Zyoud et al., 

2015). Because of these factors, Scopus is the most reliable database for bibliometric analysis. As of 

June 2024, the bibliographic dataset for this article was collected using Scopus. 

The terms "pharmaceutical sector" and "Sustainability" were checked in various combinations and 

were finally used as the most appropriate keywords, the search was narrowed by the years from 2002 

to 2023 and also by the English and Spanish languages. The search formula used was as follows: ( 

TITLE-ABS-KEY ( "pharmaceutical sector" ) OR TITLE-ABS-KEY ( "pharmacy sector" ) AND 

TITLE-ABS-KEY ( sustainability ) ) AND PUBYEAR < 2024 AND ( LIMIT-TO ( LANGUAGE , 

"English" ) OR LIMIT-TO ( LANGUAGE , "Spanish" ) ), of which 99 documents were found whose 

titles, keywords and abstracts included the specific key terms.   

 

3. Results. 

 

Table 1 Main information 
Description Results 

MAIN INFORMATION ABOUT DATA 

Timespan 2002:2023 

Sources (Journals, Books, etc) 80 

Documents 99 

Annual Growth Rate % 4.94 

Document Average Age 22.45 

Average citations per doc 3.661 

References 5673 

DOCUMENT CONTENTS 

Keywords Plus (ID) 589 

Author's Keywords (DE) 352 

AUTHORS 

Authors 317 

Author Appearances 327 

Authors of single-authored documents 14 

Authors of multi-authored documents 303 

AUTHORS COLLABORATION 

Single-authored docs 15 

Documents per Author 0.312 

Authors per Document 3.2 

Co-Authors per Documents 3.3 
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International co-authorships % 3.84 

DOCUMENT TYPES 

article 63 

book 1 

book chapter 9 

conference paper 6 

conference review 5 

review 15 

Source: authors (2024) 

 

 
Figure 1. Annual scientific production. 

 

Figure 1 shows the production of the papers located by year. This shows a production that fluctuates 

throughout the 20 years that formed the study, recognizing the increase in the researchers' production 

over certain years. This is how far 2020 has been reached, with 2022 being the most productive with 

more than 20 documents submitted. 

 

Table 2Scientific production by country 
Country Frequency 

INDIA 74 

ITALY 38 

USA 19 

UK 18 

CHINA 16 

BRAZIL 10 

GREECE 10 

PORTUGAL 10 

BELGIUM 8 

ROMANIA 7 

Source: authors (2024) 

 

The top 10 of the most productive countries in the field of study can be seen in Table 2, of which 

India is the one that contributes the most to the subject with 74 research papers, followed by Italy and 

the USA with 38 and 19 contributions each.   

The most relevant research found from the most productive country (India) was the research by 

Kumar et al. (2018), which argues that, when it comes to giving society access to goods and services 
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that can save lives, the pharmaceutical business is crucial. Researchers have found that materials, 

products, and services related to the pharmaceutical industry have a wide range of environmental 

effects. These include the patient's mishandling of pills and tablets, expired or unused medications, 

improper dispensing of medications in pharmacies, and domestic wastewater containing mixed 

medication waste. In light of this, the cited document sought to include the idea of a Green Supply 

Chain (GSC) within the pharmaceutical sector within the framework of India's economic growth. 

The aforementioned work prioritized risks in a confusing and uncertain environment using the fuzzy 

analytical hierarchy process (AHP) and performed a literature analysis and a fuzzy Delphi approach 

to determine dangers. The authors clarify that the categories of supply risk and cold chain technology 

have a high priority according to the results of the survey that was applied. The same authors (Kumar 

et al., 2018) believe that this work can help government authorities and practice managers design and 

implement GMP programs that successfully meet the sustainability goals of the pharmaceutical 

business. 

 

 
Figure 2. Scientific production by institution. 

 

Figure 2 shows the 10 institutions with the most publications in the pharmaceutical field, highlighting 

institutions such as Indian Institute of Technology Ropar, University College London and Jiangsu 

University with 9, 8 and 7 publications respectively.  

 

From the Indian Institute of Technology, an article stands out that talks about the concept of 

sustainability, stating that it has generated a lot of interest in organizations and as a research topic 

(Liew et al., 2014).  

 

The main objective of this article is to propose a system to evaluate the environmental sustainability 

of products (pharmacological forms) developed in the pharmaceutical industry. The researchers also 

present the indicators that the industry uses to assess environmental sustainability.  

 

This article focuses on the environmental aspects of the sustainable development of the 

pharmaceutical industry. Liew et al., (2014) conducted a review of life cycle assessment (LCA) 

studies in the pharmaceutical industry and provided a list of these studies.  

 

Based on a literature review, the authors developed methods that can be used to quantify the 

environmental impact of pharmaceuticals that have been formulated. 
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Figure 3. Scientific production by source. 

 

Figure 3 analyzes the top ten journals with the highest number of research contributions to the field 

of study throughout the decade investigated, of which the most outstanding are: Journal of Cleaner 

Production (5), Sustainability (4) and 11th International Multidisciplinary Scientific GE (3). 

According to a pertinent article in the most influential journal, written by Belkhir, and Elmeligi, 

(2018), the sustainability community has paid little attention to the global carbon footprint of the 

pharmaceutical and healthcare industries, despite the growing need to reduce carbon emissions 

globally. The authors of that research present an industry-specific benchmarking of the world's 

leading pharmaceutical companies along with an analysis of the pharmaceutical industry's total 

contribution and historical trends in emissions. 

 

Table 3 Most cited documents 
Paper DOI Citations 

ZAID AA, 2018, J CLEAN PROD 10.1016/j.jclepro.2018.09.062 430 

MASRI HA, 2017, J CLEAN PROD 10.1016/j.jclepro.2016.12.087 343 

BELKHIR L, 2019, J CLEAN PROD 10.1016/j.jclepro.2018.11.204 121 

KUMAR A, 2019, INT J PROD RES 10.1080/00207543.2018.1543969 114 

LIEW WT, 2014, COMPUT IND 10.1016/j.compind.2014.01.004 94 

CESPI D, 2015, GREEN CHEM 10.1039/c5gc00424a 86 

SINGH RK, 2016, INT J PHARM HEALTHC MARK 10.1108/IJPHM-10-2015-0050 82 

PARK J, 2021, WORLD DEV 10.1016/j.worlddev.2020.105198 75 

MEHARIYA S, 2021, J ENVIRON CHEM ENG 10.1016/j.jece.2021.105989 68 

DEWULF J, 2006, RENEWABLES-BASED 

TECHNOLOGY: SUSTAINABILITY ASSESS 
10.1002/0470022442 68 

FERRAZZANO L, 2022, GREEN CHEM 10.1039/d1gc04387k 62 

DELBEKE EIP, 2015, GREEN CHEM 10.1039/c5gc02187a 54 

SCHNEIDER JL, 2010, BENCHMARKING 10.1108/14635771011049371 53 

KOLLER M, 2019, EUROBIOTECH J 10.2478/ebtj-2019-0004 44 

HOSSEINI-MOTLAGH S-M, 2020, J CLEAN PROD 10.1016/j.jclepro.2020.124173 36 

PANDA S, 2018, NEW J CHEM 10.1039/c8nj00336j 34 

KUMAR V, 2021, J CLEAN PROD 10.1016/j.jclepro.2021.128332 33 

GARDAS BB, 2019, INT J PRODUCT PERFORM 

MANAGE 
10.1108/IJPPM-04-2018-0154 30 

LI J, 2019, REACT CHEM ENG 10.1039/c9re00019d 29 

JORGE VF, 2016, INT J SAFETY SECUR ENG 10.2495/SAFE-V6-N2-282-292 18 

Source: authors (2024) 
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Table 3 shows the top 20 of the most cited research regarding the field of study. Of all these, the work 

of Zaid et al. (2018) stands out with 430 citations. The aim of this study is to look at how three 

sustainability outcomes are affected by a combination of green supply chain management (internal 

and external activities) and green methods of human resource management through business metrics 

(i.e. financial, social and environmental). The researchers used a quantitative method to collect data 

from 121 companies in Palestine's most polluting production sectors: the food, chemical and 

pharmaceutical industries. A partial least squares structural equation model was used to analyze the 

data. 

Following on from the research of Zaid et al. (2018), the results of their data analysis indicate that the 

combination of green supply chain management and green human resource management strategies, 

has a favorable effect on sustainable outcomes. The authors state that the findings demonstrate a clear 

relationship between sustainable performance and ecological supply chain management, which in 

turn influences ecological methods of human resource management. The researchers specifically state 

that only the environmental dimension of GHRM and sustainable performance are positively 

correlated with external green supply chain management practices, while internal green supply chain 

management practices have a positive correlation with green people management practices and 

sustainable performance. 

 

 
Figure 4. Thematic map. 

 

The thematic map in Figure 4 is analyzed, which clearly indicates that the main theme or driving 

force (upper right part) is the key terms: “Life cycle assessment” and “Competitiveness”; As basic 

themes (lower right) there are 4 key terms, with greater strength or more frequently present, which 

are “Pharmaceutical industry”, “Sustainability”, “Pharmaceutical sector” and “Covid-19”. These 

topics are considered to be transversal with the other terms that appear on the map; and finally, it can 

be stated that the terms that appear on the left side, both in the upper and lower part, are emerging or 

declining themes. 

 

Co-citations analysis 
The analysis of co-citations is based on the idea that, at least from the point of view of the citing 

author, there is a thematic similarity between two or more documents that are co-citated (cited 

together) in a third and subsequent work; the more often a document is quoted, the more affinities 

exist between them. The number of works mentioned that include the same pair of documents in their 
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references indicates the strength of this link. Co-citation patterns could be used to determine and 

illustrate the connections between major ideas in a field of study if widely cited research is believed 

to reflect essential theories, procedures, or experiments (Small, 1973). 

 

 
Figure 5. Co-citation map by authors. 

 

The map of co-citation of researchers shown in Figure 5 indicates that the field of research is made 

up of four lines with thematic similarity. The red one is made up of 10 authors, which include 

Jimenez-Gonzales C, Sheldon RA, Roschangar Y; the Blue Cluster is made up of 10 researchers, 

including Kumar A & Xie Y; the purple cluster is made up of 6 authors, including Li Y, Chen Y, & 

Zhang l.  Each of these groups represents a similarity in the subject matter that these authors 

investigate, which will serve as a guide to identify the researchers who have the most influence on 

the area of study. 

 

Conclusion 

The understanding of scientific production, new trends and research patterns in the pharmaceutical 

industry and sustainability over the last 20 years has been greatly improved thanks to works such as 

this bibliometric analysis. A set of findings has been obtained through an exhaustive methodology 

and data collection from the Scopus database. These results identify the main contributors and themes, 

as well as the dynamics of collaboration and suggestions for future studies. 

The amount of research produced in the area of sustainability and pharmaceuticals has increased over 

time, with a considerable increase in the number of publications, especially between 2019 and 2024. 

This expansion is a reflection of the pharmaceutical industry's growing awareness and commitment 

to sustainability. With almost 20 articles presented, Figure 1 illustrates the annual trend of scientific 

production and shows that 2022 was the year of highest productivity. The need to address 

sustainability concerns across industry sectors (including the pharmaceutical industry) may be the 

reason for this increase in production. This is especially true towards the COVID-19 pandemic, which 

drew attention to the need for stronger and more sustainable systems. 

According to a country-by-country analysis of scientific production, India leads the world in number 

of publications in this discipline, followed by the United States and Italy. India's remarkable 

involvement, including 74 research papers, is indicative of its growing curiosity and efforts to address 

sustainability in the pharmaceutical industry. This discovery is noteworthy because it emphasizes 

how important it is for developing countries to engage in research and development of sustainable 

practices within the pharmaceutical sector. The academic institutions that have published the most on 

this topic include the Jiangsu University, University College London, and Indian Institute of 
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Technology Ropar. In particular, the Indian Institute of Technology Ropar has made substantial 

contributions to the understanding and creation of more sustainable practices through its extensive 

research on the assessment of environmental sustainability in the pharmaceutical business. 

Among the most notable findings is the identification of the study of sustainability as a key concern 

in the scientific production of the pharmaceutical industry. The most frequently referenced studies 

emphasize how crucial it is to include sustainable practices in pharmaceutical production and supply 

chain management. Based on these findings, companies can achieve sustainable results by 

implementing green supply chain management and human resource management practices. 

On the other hand, the thematic map shows that while phrases such as "Pharmaceutical industry", 

"Sustainability", "Pharmaceutical sector" and "Covid-19" are considered as basic and cross-cutting 

topics, terms such as "Life cycle assessment" and "Competitiveness" are topics that drive 

contemporary research. This emphasises the value of competitiveness and life cycle assessment in 

the context of sustainability in the pharmaceutical sector, as well as the current importance of the 

industry in relation to the COVID-19 pandemic and current research. 

The analysis of co-citations shows how authors and research subjects relate to each other. Authors 

such as Jimenez-Gonzales C, Sheldon RA and Roschangar Y in the red group and Kumar A and Xie 

Y in the blue group stood out in four main lines with thematic similarities. These groups demonstrate 

the establishment of thematic and collaborative networks, which are fundamental for the progress of 

research in the field of pharmaceutical sustainability. On this analysis depends to find patterns of 

cooperation and thematic impacts in the study. The high frequency of co-citations between authors 

and specific papers suggests a significant thematic affinity, which could direct future studies towards 

areas with greater impact and multidisciplinary collaboration. 

The findings of the research have a number of important ramifications for the sustainability of the 

pharmaceutical industry in the future. First, the fact that India and other developing countries are 

producing a large amount of scientific research implies that they are at the forefront of incorporating 

sustainable practices in the pharmaceutical sector. This can result in greater international cooperation 

and the exchange of sustainable technology and information between developed and developing 

countries. In addition, the discovery that sustainability is a primary issue in research implies that 

academic institutions and pharmaceutical companies are becoming more aware of the importance of 

sustainable operations. Government policies and regulations should support these efforts by offering 

financial incentives and legal protections that foster sustainability throughout the pharmaceutical 

supply chain. 

It is recommended that future studies take a more comprehensive approach to assessing sustainability 

throughout the life cycle of pharmaceuticals. This covers not only the manufacture and distribution 

of pharmaceutical products but also their waste management and post-consumer environmental 

effects. Research should focus on producing more accurate measures and techniques to assess these 

effects, as well as practical mitigation plans. It is also crucial to promote greater multidisciplinary 

collaboration. The pharmaceutical sector cannot achieve sustainability unless it integrates knowledge 

from various disciplines, including supply chain management, environmental engineering, green 

chemistry, and economics. When these disciplines work together, they can provide important 

breakthroughs and lasting solutions to complicated problems facing the industry. 
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