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Abstract: Hospital supply chains are responsible for several economic inefficiencies, negative 
environmental impacts, and social concerns. However, a lack of research on sustainable supply 
chain management specific to this sector is identified. Existing studies do not analyze supply chain 
management practices in an integrated and detailed manner, and do not consider all sustainable 
performance dimensions. To address these gaps, this paper presents a systematic literature review 
and develops a framework for identifying the supply chain management practices that may 
contribute to sustainable performance in hospitals. The proposed framework is composed of 12 
categories of management practices, which include strategic management and leadership, supplier 
management, purchasing, warehousing and inventory, transportation and distribution, information 
and technology, energy, water, food, hospital design, waste, and customer relationship 
management. On the other side, performance categories include economic, environmental, and 
social factors. Moreover, illustrative effects of practices on performance are discussed. The novelty 
of this document lies in its focus on hospital settings, as well as on its comprehensiveness regarding 
the operationalization of practices and performance dimensions. In addition, a future research 
agenda is provided, which emphasizes the need for improved research generalizability, empirical 
validation, integrative addressing, and deeper analysis of relationships between practices and 
performance. 

Keywords: supply chain management; hospital supply chain; sustainable supply chain; hospital 
logistics; hospital sustainability; healthcare logistics; sustainable hospital management 

 

1. Introduction 

Supply Chain Management (SCM) is a field of growing academic interest, as reflected in the 
increase in related literature [1]. The Council of Supply Chain Management Professionals [2] (p. 187) 
not only defines SCM as the “planning and management of all activities involved in sourcing and 
procurement, conversion, and all logistics management activities,” but also emphasizes its role in the 
integration between players involved in the entire supply chain. SCM interest lies in its contribution 
to a competitive advantage, in terms of differentiation and the reduction of operating costs, especially 
in the current context of intense competition, globalization, and active consumer participation [3]. It 
is argued that better SCM results in superior performance, through the adoption of exemplary 
practices [4]. A wide range of publications support the existence of significant relationships between 
SCM practices and organizational performance, especially from the economic perspective [5–8]. 
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Beyond the previously mentioned economic focus, a recent trend in SCM study points to the 
consideration of its link to sustainability, which incorporates the environmental and social 
dimensions, for two reasons. First, global poverty, health, working conditions, and climate change 
indicators [9], among others, have aroused worldwide interest in the promotion of sustainable 
development, defined as “the development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs” [10] (p. 41). Second, given 
that organizations are often responsible for both environmental and social problems including 
pollution and unacceptable working conditions, they also have a duty to help mitigate such effects, 
as well as contribute to economic development. 

The concepts of the Triple Bottom Line (TBL) and Sustainable Supply Chain Management 
(SSCM) have become significant. The former was coined by Elkington [11], and aims to consider the 
economic, environmental, and social dimensions to be equally important, since the economy is 
fundamental to support society, but doing business can become unfeasible in a depleted global 
ecosystem. The latter refers to the inclusion of environmental and social dimensions in the 
conventional notion of SCM, as proposed by Seuring and Müller [12] (p. 1700), who define SSCM as, 
"the management of material, information, and capital flows as well as cooperation among companies 
along the supply chain while taking goals from all three dimensions of sustainable development, i.e., 
economic, environmental, and social, into account, which are derived from customer and stakeholder 
requirements.” 

Hospital supply chains are often confronted by several economic, environmental, and social 
problems. From the economic point of view, increasing healthcare expenditures demand greater 
efficiency in the delivery of services [13,14]. The Organization for Economic Co-operation and 
Development has estimated that hospitals account for approximately 40% of total health 
expenditures [15]. Between 30% and 40% of a hospital´s budget is dedicated to supply chain costs 
[16], which can be reduced by up to 8% through the use of best practices [17]. In addition, said best 
practices allow clinical personnel to focus on their core mission of caring [16]. 

Regarding the environmental dimension, hospital processes and services are intensive in terms 
of material, energy, and water consumption, generate significant amounts of waste (especially toxic 
waste, as compared to other sectors), and account for a large carbon footprint [14,18,19]. In England, 
for instance, the Sustainable Development Unit of the National Health Service has calculated that 
healthcare’s footprint represents 39% of public sector emissions, from which procurement contributes 
57%, energy contributes 18%, travel contributes 13%, and others account for 11% [20]. Moreover, 
acute services are responsible for the largest portion, which is approximately 50% of the total. 

Social problems related to hospital supply chains are also tangible. From an internal perspective, 
although hospitals are large-scale employers, non-standard forms of employment are frequent, pay 
levels have decreased in comparison to other economic sectors, women are compensated worse and 
recognized less often than men, daily working hours exceed legal limits, and safety considerations 
are often neglected [21,22]. Work characteristics such as shift work and long working hours not only 
increase the likelihood of occupational accidents, and developing burnout and additional 
psychological stress than in other jobs [14,23–25], but also impact the quality of patient care [26–28]. 
From an external standpoint, hospitals have a deep impact on the population because health services 
influence, in one way or another, peoples’ quality of life. Nevertheless, reported global problems 
include unsatisfactory health service coverage for the needs of the population, in terms of access and 
delivery [21]. 

Therefore, the goal of accomplishing the triple challenge of being more efficient, more 
environmentally-friendly, and offering better conditions to both workers and communities served, 
leads to the subjects of SSCM practices and sustainable performance. No matter the way that practices 
are defined, whether as organizational routines, rules, or standard procedures [29], best practices are 
linked to the objective of that which is recognized as superior by a majority [16]. In other words, poor 
performance can be considered a consequence of a lack of best practices [30]. 

Numerous publications demonstrate that SSCM is a field of increasing interest. As Carter and 
Washispack assert in a review, “we have reached a point of saturation” [31] (p. 242), in terms of 
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appraising the structure and main themes of SSCM literature. However, specific relationships 
between constructs remain unexplored. Some empirical studies stress that SSCM practices and 
sustainable performance constructs have not been clearly or consistently defined [32–34]. Besides the 
primacy in the study of operational and economic topics, the environmental dimension has been 
more often addressed than the social dimension [35–39]. Moreover, the integration of the three 
sustainability dimensions has not been sufficiently robust [39–41], and industry-specific issues have 
not been elucidated to the extent to which they could be [34,42–44]. 

Despite dramatic growth in the SSCM literature [31], this is not the case when delimited to 
hospital settings. Academic database searches yield results on hospital SCM or hospital 
sustainability, but almost none appear to address hospital SSCM as such. Therefore, both SCM and 
sustainability may be relevant for hospitals, but they have likely been addressed in a fragmented 
manner in the literature. To the authors´ knowledge, there are no existing reviews which address the 
intersection between hospital SCM and sustainability. Reviews focused on the healthcare supply 
chain [45–49] have not explicitly considered environmental and social issues, whereas reviews on 
hospital sustainability [50] have highlighted the environmental dimension. 

In response, the aim of this article is to present a systematic review and an integrative framework 
for SSCM practices that can contribute to sustainable performance in hospital settings. Three research 
questions are specifically addressed: 1) What are the main SSCM practices applied by hospitals? 2) 
What are the main sustainability performance metrics used by hospitals? 3) How can the 
relationships between SSCM practices and performance be framed in the hospital setting? 

This paper is organized as follows. In Section 2, the methodology is presented and explained. 
Section 3 discusses the main findings, considering two main components. The SSCM practices 
applied by hospitals and sustainable performance metrics used by hospitals. In Section 4, an 
integrative framework, derived from the systematic literature review, is developed. Section 5 
examines future avenues for research. Lastly, a relevant set of conclusions are presented in Section 6. 

2. Materials and Methods  

In order to address the proposed research questions, this study is based on a systematic literature 
review. Contrary to narrative reviews, systematic reviews are characterized by their explicitness and 
transparency regarding the methods used to find reasonable evidence on a given topic [51]. In 
management, it has been increasingly asserted that systematic reviews are a useful way to identify 
relevant scientific contributions, inform research and practice, and enhance a field’s body of 
knowledge, by applying rigorous principles that have been traditionally used in medical research 
[52]. 

As shown in Figure 1, the methodology implemented to undertake this review involves three 
stages: planning, conducting, and reporting, which is in line with several suggestions [51–53]. The 
planning stage was accomplished through the identification of need, based on the research questions 
proposed, as well as through the definition of the search strategy, the selection criteria, the quality 
assessment criteria, the data extraction strategy, and the data synthesis approach. The conducting 
and reporting stages were accomplished from the contents of findings and discussion sections. In 
parallel, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
checklist [54] was also followed to ensure rigor of the review process. 

Search strategy: Scopus and Web of Science (WoS) were selected for the search, due to their 
strengths in terms of extension, coverage, and the possibility of classifying sources in accordance with 
impact criteria [55]. For Scopus, publications throughout history, up to February 2019, were 
considered. For WoS, the time horizon was set between 2001 and February 2019, as the core collection 
of this database was available beginning in 2001. Based on the intersection between the topics 
addressed and the research questions, the executed string was as follows: (TITLE-ABS-KEY ("supply 
chain management" OR "healthcare logistics") AND practice AND hospital) OR (TITLE (sustainab* 
AND hospital)). 

The term “performance” was excluded from the search string, as some publications only address 
practices, irrespective of their link to performance. Along with supply chain management, the term 
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“healthcare logistics” was employed, considering that both have been used interchangeably [56]. 
Regarding the connection between sustainability and hospitals, as keywords cover broad and diverse 
sustainability subtopics, the search was performed by the title, in order to ensure enhanced 
delimitation. The publications selected for this study were primarily in English, since the intention 
was to explore the topic globally [57]. Database search result duplicates were eliminated. 

 
Figure 1. Methodology used for the review. Adapted from References [51–53]. 

Inclusion, exclusion, and quality assessment criteria: Publications with direct applicability to 
hospitals, from a comprehensive perspective, were included. Those that moved away from these 
entities as focal organizations, or on the contrary, focused on very specific chains, such as blood or 
laboratory, were excluded. Studies were also filtered based on their relationship to the TBL approach. 
Thus, contributions that referred to sustainability as the continuity of the specific health programs 
implemented, in order to analyze the effectiveness of such programs, were excluded. Articles and 
reviews from peer-reviewed journals were primarily considered. However, by review of 
publications’ references, additional studies and international guidelines were considered suitable, 
such as References [58,59], since they specify SSCM practices applied in hospitals worldwide. Co-
authors acted as coders to decide whether each publication retrieved from the search should be 
included or not. In cases of disagreement, these were discussed until consensus was achieved. 

Data extraction strategy and synthesis approach: In accordance with the structure employed by 
most articles, as well as the information provided, the variables selected for data extraction, analysis, 
and synthesis were as follows: sustainability dimensions addressed, practices identified, performance 
metrics identified, and research suggestions. Concerning the data synthesis method, a mixture of 
interpretative and explanatory approaches was adopted, in an attempt to exceed description [51], as 
the pursued goal, being conceptual in nature, was the development of an integrative framework to 
facilitate the understanding of what, how, and why SSCM practices influence economic, 
environmental, and social performance in hospitals. 
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3. Results 

As a result of the search strategy and selection criteria application, 58 documents were retained 
for analysis and synthesis (Figure 2). Out of 278 publications encountered in the databases, 80 were 
duplicates, 10 were added manually, and 150 were excluded, in accordance with the inclusion and 
exclusion criteria described in the methodology. This section is divided into three parts: in the first 
two, identified hospital SSCM practices and performance metrics are presented, respectively, in 
accordance with their categories. In the third section, specific practices and their effects on 
performance are discussed, to illustrate the relationships based on quantitative and qualitative 
findings reported in the reviewed literature. 

 
Figure 2. Search strategy results. 

3.1. SSCM Practices 

Different approaches may be found in the literature regarding the concept of Hospital SCM. 
Reference [60] divides this concept into internal management (material and information flows), and 
external management (material, information, financial, knowledge flows, and relationships). This 
differentiation is also addressed by other authors, who refer to the concept of healthcare logistics. For 
example, Reference [61], based on Reference [62], identifies an external chain composed of 
manufacturers, distributors, purchasing groups, providers, and users, as well as an internal chain 
that includes supply management, inventory management, replenishment, and utilization. In 
addition to medical products, hospital logistics include the management of support services required 
for care. These may encompass food, laundry, patient transportation, information technology 
management, waste management, and home care services [63,64]. In fact, the concept of healthcare 
logistics is also meant to include operations such as care units and operating rooms [30]. 

In addressing the first research question, 13 categories emerged from this review for the 
classification of SSCM practices, which include: 1) strategic management and leadership, 2) supplier 
management, 3) purchasing management, 4) warehousing and inventory management, 5) 
transportation and distribution management, 6) information and technology management, 7) energy 
management, 8) water management, 9) food management, 10) hospital design, 11) waste 
management, and 12) staff and community behavior. A final category called “others” was designated 
to include contributions that were problematic to fit into the above-mentioned topics, despite their 
potential to provide important insights for practices. The rationale for establishing these categories 
emerged on examination of the ways in which practices have been classified previously in the 
literature, which Figure 3 illustrates. Some examples of practices, in accordance with the above-
defined categories, are shown in Table 1. 



Sustainability 2019, 11, 5949 6 of 30 

 
Figure 3. Categories identified for hospital sustainable supply chain management practices 
classification. 

Table 1. Summary of categories and examples of identified sustainable supply chain management 
practices in hospitals. 

Categories Examples of Practices Author(s) 

Strategic 
management 

and leadership 

1. Establishment of a strategic plan for supply chain management. [16,17,65,66] 
2. Development of green and healthy policies and plans. [58,59] 
3. Executive support for supply chain management processes. [17,58,59,61,67] 
4. Use of indicators and measurement systems to assess total supply 
chain costs and performance. 

[17,19,60–62] 

5. Involvement of clinical and non-clinical staff in supply chain 
decision-making. 

[17,65,68] 

Supplier 
management 

1. Supplier base rationalization. [62,65,69–71] 
2. Sharing information with suppliers related to material flow 
management (forecasts, planned consumption, inventory, costs, 
promotions, and performance). 

[46,60,72] 

3. Inclusion of environmental, economic, and social dimensions in 
supplier arrangements. 

[58,59,69] 

4. Selection of ISO 14000-certified suppliers. [58,59,69] 
5. Work with suppliers to innovate and improve availability of 
sustainable products. 

[58,59,69,72] 

6. Assessment of suppliers´ sustainability and ethical practices. [58,59,73] 
7. Knowledge sharing and transfer (improvements, special handling 
requirements, good practices, technical issues, management solutions, and 
new product planning and development). 

[60] 

8. Payment control (enhanced control of payments to suppliers focused 
on preventing delays). 

[60,65] 

Purchasing 
management 

1. Supply standardization. [17,46,62,65,70,74] 
2. Use of purchasing groups. [17,46,61,62,65,70,75] 
3. Alliances between hospitals for the purchase of common items 
(aggregating purchasing volumes) to attain lower prices and avoid 
monopolies. 

[46,64] 

4. Use of the life cycle analysis to assess the environmental impacts of 
procured items. 

[19,50,76] 

5. Considering the environmental and human rights impact of 
procured products. 

[58,59,73,77] 

6. Purchasing of reusable, rather than disposable, products. [50,58,59,76] 
7. Eliminating, minimizing, and substituting chemicals for safer 
alternatives. 

[58,59,78] 

8. Coordination between hospitals to increase buying power for 
economic, environmental, and ethical purposes. 

[58,59] 

Warehousing 
and inventory 
management 

1. Determination of quantity to order and reorder points based on 
information systems. 

[61] 

2. Development of collaborative arrangements with trading partners to 
manage inventory of functional products (non-critical medical supplies) 
with high and stable demand (vendor-managed inventory, CPFR - 
collaborative planning, forecasting and replenishment, outsourcing). 

[46,60,64,66,70,79,80] 

3. Use of hybrid stockless systems (high-volume products are 
delivered directly to points of care and low-volume products are delivered 
to the central store). 

[46,64,79,81] 
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Categories Examples of Practices Author(s) 
4. Store consolidation and deployment of a centralized replenishment 
system for nursing units. 

[16,62–65,74] 

5. Deployment of a two-bin system. [16,65,68] 

Transportation 
and 

distribution 
management 

1. Consolidation of inter-site transport system. [16] 
2. Consolidation of external transport. [16,70] 
3. Promotion of active travel. [50,58,59] 
4. Promotion of public transport use. [50,58,59] 
5. Promotion of shared occupancy vehicle use. [50,58,59] 
6. Use of alternative fuels and technologies. [58,59] 
7. Development of services to minimize travel (e.g., telehealth, home 
healthcare, and videoconferencing). 

[58,59] 

Information 
and 

technology 
management 

1. Use of information systems and technologies in interactions between 
hospital departments. 

[17,60,65,67,82,83] 

2. Internal joint initiatives regarding product availability improvement 
and logistics cost reduction. 

[60] 

3. Deployment of an e-commerce system. [16,60,62,63,70] 
4. Use of track-and-trace systems (e.g., barcodes, Radio Frequency 
Identification). 

[16,18,46,60,63,66,67,70,84,85] 

5. Collaboration among supply chain partners using pharmacy 
information systems. 

[84] 

6. Automated central stores. [16,66] 
7. Use of automated guided vehicle systems for the transportation of 
pharmaceuticals, meals, linen, waste, patient files, tests results, lab tests, 
blood samples, and non-stock purchases. 

[64,65,68] 

8. Use of supplier relationship management system for the interaction 
between hospitals and their suppliers. 

[60] 

Energy 
management 

1. Implementing initiatives for saving (e.g., conducting periodic audits, 
installing variable-speed drive fans for operating theatres, automatic 
lighting timers, and sensors, updating lighting to LED). 

[19,50,58,59,76,78] 

2. Use of alternative technologies (e.g., cogeneration – combined heat 
and power). 

[58,59,78] 

3. Shifting to cleaner fuels. [58,59,78] 
4. Applying Lean Six Sigma approach to optimize a hospital linen 
distribution system. 

[18] 

5. Implementing social marketing interventions (turning off machines, 
lights out when unnecessary, closing doors when possible). 

[86] 

Water 
management 

1. Implementing initiatives for saving (auditing usage, controlling 
leaks, installing flow restrictors and dual-flush toilets, use of drought-
resistant plants, reclaiming water from services such as dialysis and 
sterilization, harvesting rainwater). 

[50,58,59,78,87] 

2. Switching from film-based radiology to digital imaging. [58,59] 

Food 
management 

1. Serving locally grown and organic food. [58,59,88,89] 
2. Integrating the nutritional care pathway, nutritional standards, and 
regional menu framework. 

[90] 

3. Purchasing sustainable products (rBGH-free, cage-free eggs, meat 
produced without hormones or antibiotics, certified organic and fair-trade 
coffee). 

[58,59,89] 

4. Identifying and working with small, local vendors to achieve 
healthy food goals. 

[58,59,90,91] 

5. Limiting meat consumption. [58,59,92] 
6. Applying tariffs to reduce prices for more sustainable choices (e.g., 
vegetarian meals) and maintaining higher prices for less-sustainable 
options (e.g., high-fat dishes). 

[91,93] 

7. Recycling (fat, oil, grease, cardboard, paper, batteries, plastic, 
aluminum, newspaper, and tin cans). 

[58,59,88,93] 

8. Composting. [58,59,88,89] 

Hospital 
design 

1. Flow-through design (design for product, information, and people 
flow). 

[62,65,68] 

2. Integrated nursing workstations. [62,65] 
3. Building and adapting facilities considering sustainability criteria 
(using safer materials, local and regional materials, locating hospitals near 
public transportation routes, planting trees on site, incorporating design 
components such as day lighting, natural ventilation, and green roofs). 

[19,58,59,78,94,95] 
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Categories Examples of Practices Author(s) 
4. Application of sustainability healthcare-building assessment tools 
(e.g., BREEAM, LEED, and CASBEE). 

[50,94–96] 

Waste 
management 

1. Addressing over treatment and implementing methods like social 
prescribing. 

[58,59,97] 

2. Development of processes that use less material and improved 
technology. 

[67,78,83] 

3. Proper segregation. [58,59,78,98,99] 
4. Recycling. [58,59,78,98,99] 
5. Use of alternatives to incineration. [58,59,78] 
6. Setting of criteria and procedures regarding reverse logistics. [71] 
7. Take back programs of pharmaceuticals for patients and 
communities. 

[58,59,71] 

8. Applying Lean Six Sigma. [18,30,100] 

Staff and 
community 

behavior 

1. Hire/train well-qualified supply chain professionals. [17,61] 
2. Encouraging critical thinking within the community to understand, 
adopt, and promote sustainability initiatives. 

[50,58,59] 

3. Education of staff and community on sustainability. [58,59,71,72,91,93] 
4. Joint initiatives with the community for disease prevention and 
environmental health. 

[58,59] 

5. Collaboration with stakeholders to address environmental problems 
and develop plans to improve sustainability. 

[58,59] 

Other 
practices 

Quality management practices (quality policy, employee training, 
product/service design, supplier quality management, process 
management/operating procedures, quality data and reporting, employee 
relations). 

[83,101] 

Patient flow logistics (cross-functional or cross-organizational teams, 
information technology support, format standardization for information 
sharing, meetings focused on both medical and inter-organizational 
integration issues, and application of lean and agile approaches). 

[14,102–104] 

Strategic management and leadership practices are identified as a starting point to map out and 
control the resources, responsibilities, and implementation of other practices. Other categories, such 
as supplier management, purchasing management, warehousing and inventory management, 
transportation and distribution management, and information and technology management have 
traditionally been discussed from operational and economic perspectives. However, sustainability 
has contributed to the integration of environmental and social aspects into these topics, such as by 
considering the environmental and human rights impacts of procured products. Likewise, energy, 
water, food, hospital design, waste, and staff and community behavior have had a primarily 
environmental focus, as addressed by Reference [50]. 

“Other practices” comprises contributions that did not completely fit into the preceding 
categories. This holds true for studies that analyze the effect of quality management practices on non-
financial and financial performance [101], and the application of an SCM perspective in patient flow 
logistics [14,102–104]. 

3.2. SSCM Performance 

In addressing the second research question, SSCM performance metrics used by hospitals were 
identified and split into economic, environmental, and social factors (Table 2), as is customary in the 
SSCM literature [32,105,106], which is in line with the TBL approach. When applicable, metrics were 
also grouped into categories. For example, Reference [32] includes operation, market, and finance 
metrics as part of the economic dimension, pollution control, and resource utilization metrics as part 
of the environmental performance, and enterprise and employee perspective metrics as part of the 
social performance. Reference [105] divides performance into competitiveness, environmental, 
operations, and employee-centered and community social performance, while [106] groups metrics 
included economic, environmental, and social factors.  
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Table 2. Sustainable supply chain management performance metrics in hospitals identified in the 
literature. 

Dimensions Categories Metrics Author(s) 

ECONOMIC 

Purchasing and 
supplier 

management 

Categories of items handled, percentage of purchases using 
contracts, contract renewal, percentage of purchases using 
purchasing groups, number of employees dedicated to supply 
management, percentage of purchases made directly from 
manufacturers, percentage of purchases using consignment, level 
of sophistication of the purchasing planning process, total 
number of products per order, total number of purchasing orders, 
percentage of complete orders, percentage of urgent orders, 
number of indicators used in supply management, demand and 
forecast accuracy, delivery reliability, percentage of perfect orders 
delivered by suppliers, quick response, lead time from suppliers, 
and number of active suppliers. 

[18,60,61,63,70,
72,107] 

Warehousing and 
inventory 

management 

Space utilization, order sorting, receiving completeness, cross-
docking, service levels in the central warehouse (internal 
customers), inventory policies (manual/information system), 
number of Stock Keeping Units (SKU), order delivery 
(planned/not planned), number of indicators used in inventory 
management, inventory visibility, inventory availability, number 
of items in inventory, inventory levels, rupture rate, medical 
devices and pharmaceuticals stockouts, inventory accuracy, 
inventory turnover, reduction in stock variety, and reduction of 
time spent by clinical staff to perform logistics tasks. 

[16,18,30,60,61,
63,68,70] 

Transportation 
and distribution 

management 

Perfect delivery condition, order delivery in full, delivery 
performance to customer commit date, on-time delivery, service 
speed, overall average delivery lead times for formal orders, 
urgent delivery, number of transactions (inputs-outputs), 
utilization of transport services, and medication delivery trips. 

[18,61,63,67,70,
72] 

Information and 
technology 

management 

e-procurement (extent to which it is implemented), ease of use 
and usefulness, product identification, accurate and reliable 
tracking, information availability, information accuracy, 
information kept up to date, adherence to standards and rules, 
communication among parties, and amount of information 
sharing. 

[18,63,72] 

Market 
Market share, capacity to develop a unique competitive profile, 
market growth, market development, and market orientation. 

[30,101] 

Processes and 
capacity 

Perceived operation processes standardization, procedure 
preparation time and waste, service capacity, and increase in 
efficiency due to visual work standards. 

[18,67,70,72] 

Financial 

Purchasing costs for medical devices and pharmaceuticals, value 
of orders coming from tender processes, value of orders chosen 
without tender processes, administration costs for medical 
devices and pharmaceuticals flows, value of discounts and 
rebates, supply expense as a percentage of total hospital expense, 
supply expense per patient admission, supply expense per case-
mix index adjusted admission, inventory value, value of 
inventory lost, inventory carrying costs and stocking 
requirements, transportation costs, revenue growth, profitability, 
net profits, return on investment, profit to revenue ratio, cash flow 
from operations, cash flow rate, share of net patient revenue, 
patient profitability, cost of services, operating costs, cost 
reduction due to the quality of service delivery, maintenance 
costs, savings due to efficiency and conservation improvements 
in energy, water, waste, travel, and food, and social investment 
volume. 

[19,30,50,58–
61,67,70,72,86–
88,91,92,98,101,

107] 

ENVIRONMEN
TAL 

Procurement 

Reduction of material consumption, drugs and packaging, 
decrease in consumption of hazardous/harmful/toxic materials, 
reduction in air emission/pollution from procurement, and 
reduction in air emission/pollution from anesthetic gases. 

[50,58,59,78,100] 

Energy 
Reduction in energy consumption, increase in energy efficiency, 
reduction in air emission/pollution from energy consumption, 

[18,19,50,58,59,
78,86] 
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Dimensions Categories Metrics Author(s) 
energy usage per unit area, and increase in the use of clean and 
renewable energy. 

Water Water consumption, water footprint. [50,58,59,78,87] 

Travel 

Reduction in air emissions/pollution from business travel, patient 
transportation services, staff and community travel, increase in 
fully electric fleet and pool vehicles, reduction in fuel 
consumption, decrease in staff car use, and proportion of journeys 
made by a car. 

[50,58,59] 

Food 

Percentage of locally and sustainably sourced foods procured, 
reduction in air emission/pollution from food supply, reduction 
in nutritional waste, and patient and staff satisfaction with 
healthy food choices provided. 

[50,58,59,88–
91,93] 

Hospital design 
and buildings 

Compliance with environmental and social value certification 
standards. 

[58,59,94] 

Waste 

Decrease in waste generation from pharmaceuticals, chemicals, 
materials (e.g., products and equipment, packaging), and food, 
perceived waste reduction in processes, avoidance of improper 
waste mixing and incineration, proper waste disposal, percentage 
of toxic waste, decrease in incineration waste as a percentage of 
the total, improvement in ability to reuse/recycle/compost, and a 
reduction in waste disposal sent to a landfill. 

[50,58,59,67,72,
78,98,100] 

SOCIAL 

Quality of patient 
care 

Death rate, timely provision of healthcare, length of stay, 
improvement in patient experience (quality of sleep, level of 
privacy, thermal comfort, service quality as perceived by 
customers, overall satisfaction with hospital experience), 
perceived care quality compared to other hospitals, service level, 
and perceived service level compared to other hospitals. 

[30,60,72,83,86,
101] 

Employee 

Improvement in worker safety and health at work, improvement 
in employee awareness and education, improvement in worker 
efficiency, employee satisfaction, employee work life quality, 
proportion of working hours to that planned, staff absenteeism, 
employee privacy, and staff utilization. 

[19,70,72,86] 

Community 
Job creation, image/reputation among major customer segments, 
reduction in corruption and bribes, increase in population well-
being, and stakeholder satisfaction. 

[30,72,87,101] 

Findings show that most of the identified metrics are economic, which is coherent with the 
prominent attention that this dimension has received in the literature over time. Both recent and older 
publications that address the effects of SCM on performance, without explicit consideration of a 
holistic sustainability approach, have defined performance through a competitive advantage [7], 
operational [5] market, and financial constructs [108]. 

Conversely, the social dimension is that which contains the smallest number of identified 
indicators, which is consistent with the lesser recognition of this dimension in the literature [109]. On 
the one hand, social issues are considered difficult to measure, since they involve subjective, complex, 
and dynamic factors of human nature [110]. On the other hand, the literature shows significant 
advances in the identification of social issues of interest for supply chain management, but slow 
progress in their operationalization [109]. 

Environmental indicators are in a halfway position between economic and social indicators, 
pertaining to quantity. In the reviewed literature, efforts to measure natural resource consumption 
and waste generation, as well as the economic projection attributable to practice implementation, are 
evident. Predominance of this dimension over the social one may be explained by the considerable 
availability of publications and empirical results, mainly on green supply chain management [37,38]. 

3.3. Analysis of SSCM Practices and Illustrative Effects on Sustainable Performance 

3.3.1. Strategic Management and Leadership 

The SCM strategy has become a prerequisite for practice deployment [16]. However, it appears 
that strategy and organizational changes are hardly successful if there are no responsible and trained 
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leaders who establish and control SCM priorities, plans, work teams, and performance measurement 
[17]. Clinical staff participation on logistics work teams is commendable, as it may help to solve 
natural conflicts between stakeholders [17,65], such as the product variety desired by physicians, in 
contrast to the economies of scale pursued by pharmacy managers [80]. To counteract patient demand 
uncertainty, high inventory levels are often seen as favorable by clinicians [17] and about 60% of 
supply spending is influenced [74,111]. Thus, the incorporation of clinical perspectives facilitates a 
consensus about purchasing decisions, in order to reduce costs without detriment to quality. 

From a sustainability perspective, which not only includes economic aspects, certain matters 
become relevant in advocacy for green and healthy hospitals. According to References [58,59], the 
organizational culture needs to be changed through practices like the development of green and 
healthy policies and plans, upper management and staff support for environmental and health issues, 
and the dedication of human and financial resources to green initiatives. 

3.3.2. Supplier Management 

It seems clear that organizational performance depends upon the way in which suppliers are 
managed [112,113]. Practices such as supplier rationalization are often suggested in the reviewed 
literature, as it lends not only the possibility of ordering higher volumes that generate financial 
savings, but also of building long-term relationships that enhance trust and enable the 
implementation of collaborative initiatives [65,69,70]. For example, Reference [70] suggests that the 
implementation of vendor-managed inventory arrangements is easier after having reduced the 
supplier base. 

Reference [60] found that, in addition to having high levels of cross-departmental interaction, 
leading hospitals embark on joint initiatives with their suppliers to improve product availability and 
reduce costs, as well as extensively share information and knowledge with them regarding forecasts, 
consumption plans, inventory levels, costs, joint efforts, technical information, good material flow 
management practices, and new products and services. Concerning financial flow management, 
leading hospitals tend to keep payments under control, in order to prevent delays. As a result, these 
hospitals value the effects of this external integration positively. 

Given that quality of care, health, and hospital reputation can be compromised by problems 
related to procured products. Hospital sustainability implies supplier sustainability as well. In 
manufacturing contexts, a typical example is when the procurement of harmful materials takes place, 
which can cause adverse events and lead to recall products from the market, as well as other 
consequences including criticism, damage to hospital reputation, and economic losses [114]. 
Therefore, the selection of certified suppliers [58,59,69], supplier sustainability reporting [73], 
supplier audit programs [62], and assessment of suppliers´ environmental and ethical practices 
[58,59,73] emerge as important practices in the arena of supplier management, as a way to ensure 
compliance with economic, environmental, and social standards. Furthermore, suppliers are 
uniquely poised to contribute to sustainability, as the development of more innovative and 
sustainable products largely depends on their capacity, readiness, and time invested therein [69]. 

3.3.3. Purchasing Management 

Unsurprisingly, purchasing management is among the categories with the highest number of 
practices, as it represents a large portion of hospital budgets. On average, the share of supply expense, 
in reference to tangible supplies, is 15%, and can reach 40% in hospitals with high clinical complexity 
[107]. Among the most commonly mentioned practices are product standardization, purchasing 
group use, and creation of alliances with other hospitals. These practices have an essential economic 
orientation. For example, product standardization decreases item variety, and, therefore, the 
obtention of better prices and inventory reductions [62,65,70]. The use of purchasing groups has also 
turned out to be a beneficial practice for the achievement of more competitive prices and economies 
of scale, through the purchasing power acquired by these groups, as a consequence of volume 
consolidation [17,62,84]. Said effects also pertain to the creation of alliances with other hospitals 
[46,64]. 
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Instead, practices like the consideration of the environmental and human rights impacts of 
procured products have more visible environmental and social backgrounds. Only in the United 
Kingdom does 57% of the healthcare footprint comes from procurement [20]. Consequently, criteria 
that refer to greater product durability, reduced waste generation, and less packaging and hazardous 
material use are recommended [58,59,75,77]. As Reference [75] demonstrates, purchasing of bundled 
new and refurbished products may result in significant economic and environmental gains, if 
properly combined. Similarly, Reference [77] sheds light on how the packaging design needs to be 
considered in purchasing processes in order to improve logistic efficiency. 

In addition to economic and environmental motives, the decision to source from suppliers that 
offer the most competitive prices must not be at the expense of unethical conditions and human rights 
violations, as in the case reported by Reference [58], in which ten-year-old children worked in the 
street to produce surgical scissors. 

3.3.4. Warehousing and Inventory Management 

Because about one-fifth part of healthcare revenue is attributed to inventory management [80], 
implementation of practices to improve the reception, warehousing, and control of supplies can be 
more than justifiable. The reviewed literature reports, for example, how the determination of 
quantities to order and reorder points based on information systems, in contrast to manual processes, 
has aided in the prevention of stock-out and overstock [61]. It further reports the ways in which the 
development of collaborative arrangements can be effective, depending upon contingent factors. As 
found by Reference [79], vendor-managed inventory is likely to work well for products with high 
and stable demand, which are not subject to highly-regulated environments, and when spatial 
complexity is low, the distance between organizations is not excessive and does not put supply at 
high risk of breakdown. 

Similarly, the use of hybrid stockless systems has been recommended. This involves the delivery 
of high-volume products directly to points of care and low-volume products to central stores 
[64,79,81]. A completely stockless system is ideal for removing central stores and releasing space [68], 
but may fail in a hospital environment that deals daily with unpredictable emergencies, or in 
remotely-located hospitals in which response times might be significant [79]. Related to points of 
care, the findings of Reference [16] suggest that centralization of replenishment systems for nursing 
units is a practice that results in reducing surplus inventory, as well as administrative time for 
nursing, which works in favor of their dedication to delivery of care. 

3.3.5. Transportation and Distribution Management 

Case studies discussed by Reference [16] include practices related to transportation. In the 
Canadian hospitals explored by these authors, it was shown that the consolidation of inter-site 
transport produced economic savings of up to 35%, substantially reduced delivery times, and 
positively impacted customer service, which are a basis for the consolidation of external transport. 
Reference [70] emphasizes the need in the health sector for such external consolidation, as the large 
number of transport providers and their independent operations create valuable opportunities for 
capacity and routing optimization, which reduces both time and costs. 

It is important to mention that a stream of practices pushes toward transport minimization for 
environmental reasons, given its high impact on CO2 emissions [50]. From this perspective, the 
avoidance, or at least reduction of travel, is a primary goal, through the encouragement of active 
travel and the promotion of the use of public transport, shared occupancy vehicles, and electric 
vehicles [50,58,59]. Virtual solutions have proven valuable for the replacement of face-to-face 
meetings and appointments, since they avoid unnecessary patient and staff travel, both in 
administrative and clinical environments, through solutions such as tele-conferencing and telehealth, 
respectively [50,58,59]. In addition, the exploration of regulatory mechanisms, based on incentives 
and fees, is proposed, to stimulate the adoption of travel options with lower environmental impact 
and discourage those with the highest impact. 
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3.3.6. Information and Technology Management 

Sharing information with suppliers was discussed in the subsection referring to supplier 
management. Some of the internal practices applied by leading hospitals mention the use of electronic 
communication tools and information systems, such as Electronic Patient Record (EPR), bar codes, 
and Enterprise Resource Planning (ERP) systems [17,60,64]. The relevance of sharing information 
regarding forecasts, planning, inventory visibility, and delivery dates, as well as the establishment of 
cross-functional teams that encourage joint initiatives for product selection and standardization, 
inventory classification, and the discussion of performance metrics has been acknowledged [60]. 

A bundle of practices is concentrated on supply, inventory, and transport. These consider the 
implementation of electronic commerce or e-procurement, Radio Frequency Identification (RFID), 
the integration of medical and administrative information systems, and automation of warehouses 
and transportation systems. Some outcomes of e-procurement implementation include the reduction 
of clerical tasks, errors, use of paper, and associated costs [16,70]. RFID, along with barcodes, are part 
of track and trace systems, which identify medicines, individuals, supplies, or equipment. The 
identification of products, in particular, generates numerous advantages, in terms of a visibility 
increase and inventory cost reduction, manual task reduction, patient safety improvement, and 
support for reverse logistics [85]. By way of a case study about the location of infusion pumps with 
RFID, Reference [84] reached similar conclusions about the benefits of implementing this technology 
and even suggesting the integration of medical and administrative applications used by pharmacies 
to improve SCM agility. 

Some experiences regarding the automation of central stores have come into being through the 
acquisition of carousels [16], while the use of automated guided vehicles has been suggested as a 
technology practice for transport [64,65,68]. Such vehicles are scheduled for the transportation of 
multiple items, such as pharmaceuticals, meals, linen, waste, patient files, tests results, lab tests, blood 
samples, and non-stock purchases. Although the investment payback has totaled approximately five 
years in hospitals that implemented automated guided vehicles, it has been considered a meaningful 
practice, given the minimal added value of conventional transportation jobs [68]. 

3.3.7. Energy Management 

Several estimates provide notions of the high amount of energy consumed by hospitals. For 
example, it is calculated that these comprise 10% of total national consumption in the United States 
of America [18] and 20% of consumption in the Spanish tertiary sector [115]. Identified practices 
regarding energy mainly point to conservation measures, the use of alternative energy technologies 
and fuels, the application of lean six sigma, and behavior change interventions. 

Motivated by facts such as the annual premature death of three million people due to air 
pollution, the University Health Network of Canada put a systemic approach into action that includes 
initiatives for energy use efficiency improvements. Some of these refer to the optimization of 
ventilation systems and replacement of existing lighting with LED, which resulted in quantifiable 
financial and consumption savings, and improved patient and staff comfort [19]. Similarly, Reference 
[76] suggests that variable-speed drive fans, lighting timers, and sensors have been effective in the 
reduction of energy consumption by up to 50% in operating rooms, while Reference [78] reports that 
cogeneration plants have allowed some hospitals to generate over half of their own energy. 

By applying analytical tools derived from Six Sigma, Reference [18] proposed a future state to 
optimize a hospital linen distribution system, which led to improvements in communication, demand 
forecast accuracy, effectiveness, responsiveness, and reliability, which increased energy consumption 
efficiency. Reference [86] showed that turning off machines and lights when unnecessary, and closing 
doors when possible, as part of a social marketing intervention, proved successful not only in the 
reduction of energy consumption and carbon, but also in the improvement of the work environment 
and patient experience indicators such as quality of sleep and overall satisfaction. 

3.3.8. Water Management 
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Hospitals use substantial amounts of water, which accounts for approximately 7% of the total 
water consumed in the tertiary sector in some countries [116,117]. According to the reviewed 
literature, auditing, controlling for leaks, and installing more efficient fixtures in both toilets and 
showers can lead to savings of up to 25% [50,118], while more complex solutions might imply 
transformations in clinical services operation. The latter choice refers to options including switches 
from conventional radiology to digital imaging, which not only reduces water use, but also reduces 
harmful radiological chemicals [58]. 

Another focus of practices involves recycling water from sterilization, dialysis, and other 
processes [50,118] for use in non-potable needs [87]. To examine the impact of different policies 
related to water management in hospitals, Reference [87] proposes a causal model and studies two 
scenarios by using system dynamics. Simulation results indicate that a 15% water reduction policy 
leads to a reduction of 12% in the water footprint, savings in cost of services up to 14%, and a 
population well-being increases from 1.116% to 1.117%. In contrast, a 20% water reuse policy leads 
to a reduction of 16% in the water footprint, savings in the cost of services at 19%, and a population 
well-being increases from 1.116% to 1.117%. The water footprint denotes water consumption, cost of 
services refers to daily average cost of resources per patient, and population well-being is measured 
in terms of patient admittance. 

3.3.9. Food Management 

High-fat processed food, the use of non-nutritive additives, meat produced using antibiotics and 
hormones, obesity, antibiotic resistance, diabetes, cancer, food waste, and pollution caused by food 
transport are among the problems that current food systems face [88,89,91,92]. Hospitals have the 
potential to impact sustainability by addressing food issues, given their role as intermediaries in the 
market, their buying power, their responsibility for the promotion of proper nutritional habits, and 
the large number of people who frequent these organizations, between patients, visitors, employees, 
and the community [93]. 

In the reviewed literature, publications that focus on food sustainability show that recycling and 
avoiding the sale of bottled water are common practices, in contrast to composting and serving 
organic and locally grown food [88]. Reference [93] identifies 12 opportunities through which food 
practices may be addressed: procurement, catering contracts, menu development, pricing, waste 
management, infrastructure, staff training, information, education, communication and feedback, 
partnerships, and special events. Similarly, Reference [91] suggests practices that range from the 
participative design of new options with staff and customers to behavioral initiatives that encourage 
the consumption of healthier food, while Reference [92] shows that reducing meat consumption by 
up to 20% and substituting it for vegetarian or alternative proteins from local sources is feasible for 
hospitals, without a detriment to budgetary increases. 

A case presented by Reference [90] provides insights regarding the improved fulfilment of 
patients´ nutritional needs, their increased satisfaction, waste reduction, and local economy 
enhancement, by sourcing from a single and local supplier and articulating nutritional standards 
with regional menu frameworks. However, unlike Reference [90], positive outcomes in all 
sustainability dimensions are sometimes mixed. For Reference [88], the implementation of food 
sustainability practices overrides their costs, whereas Reference [93] finds cost to be an obstacle. 
Reference [91] concludes that not only is price a restriction on healthier food, but so too is the 
difficulty of preparation, staff involvement, and creativity to promote said meal in a market that is 
accustomed to and satisfied with fries and sugar-sweetened beverages. 

3.3.10. Hospital Design 

For any hospital, fluid architecture is desirable to facilitate logistics, which, in turn, assists with 
people, material, and information flows [65,68]. Coherently, one of the practices implemented in 
some hospitals has been the integration of nursing stations, through a design that groups the elements 
of information, medicines, and materials required for care, and which not only contributes to 
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ergonomic improvements, but also contributes to reducing the distances travelled by nursing staff 
[65]. 

In addition to making flows more effective, sustainability raises challenges that generate the 
need for more complex planning for future facilities, as well as adaptation of existing facilities [96]. 
These challenges are aimed to ensure more efficient use of resources such as energy, water, and waste 
management, better social conditions, in terms of accessibility, safety, comfort, and patient 
experience, and improved economic outcomes with a reference to life cycle costs and contribution to 
local economies [94]. Specific recommendations for building and adapting facilities, considering 
sustainability criteria, include using safer and local materials, sitting hospitals near public 
transportation routes, planting on-site trees, and incorporating design components like day lighting, 
natural ventilation, and green roofs [58,59]. 

One limitation of current sustainability demands, however, many of today's hospitals operate in 
old buildings that consume large amounts of resources, and whose design is not carefully planned to 
favor aspects such as those mentioned above [96]. Furthermore, trade-offs can arise between 
dimensions. For example, larger patient rooms generate greater comfort, but consume additional 
environmental resources [94,119]. An initial step for hospital building modification lies in the 
application of a sustainability assessment tool. For this purpose, different options, such as the 
Building Research Establishment Environmental Assessment Method (BREEAM), Leadership in 
Energy and Environmental Design (LEED) for Healthcare, Green Star Healthcare, and 
Comprehensive Assessment System for Built Environment Efficiency (CASBEE) have been 
developed [95]. 

3.3.11. Waste Management 

Significant volumes of waste are generated by hospitals. In Victoria, Australia, for example, 
public hospitals generate as much waste as 200,000 households [76]. Besides environmental motives, 
waste management is important for public health reasons. In countries like India, Reference [98] 
found that regulation is still weak while non-hazardous and hazardous waste are often mixed 
together, and large amounts of waste are unnecessarily incinerated, which causes avoidable toxic air 
pollution. Consequently, Reference [98] proposes a system that encompasses reduction strategies, 
segregation, and recycling of non-hazardous waste. After conducting a pilot study at one hospital, 
they projected quantities that can be prevented from being improperly disposed and incinerated, in 
addition to the economic benefits that this would bring, together by increasing recycling. 

Even more effective practices refer to avoiding waste generation altogether, which has been 
made achievable by addressing overtreatment, instigating methods such as social prescribing, 
development of processes where less material is necessary, waste stream analysis, review of waste-
generation processes, selecting safer chemicals, purchasing environmentally-friendly products, 
purchasing reusable rather than disposable products, and acquisition of improved technologies 
[58,76,78,97]. Consequently, some hospitals have reported decreased use of hazardous chemicals like 
mercury, and reduced waste generation, which translate into financial savings [78]. As stated by 
Reference [76], single-use plastic trays double the cost of reusable trays, which means that only the 
reuse of these elements would represent annual savings of $5,000 for a 300-bed hospital. 

Case studies regarding the application of Lean Six Sigma in medication processes [18,100] and 
sterile processing [18] illustrate the way in which it can lead to improved medication availability, 
fewer missing medications, reduced medication delivery trips, less kit variety for sterile processing, 
less waste, and financial savings. Similarly, despite the fact that waste cannot be completely avoided, 
Reference [71] demonstrates that reverse logistics processes offer significant opportunities for 
hospitals and healthcare systems as a whole. An intervention undertaken in one hospital allowed the 
value to return to stock, and it was found that recycled and disposed drugs represented around 3% 
of total drug expenditures. This was a starting point for establishing responsibilities, criteria, 
procedures, and schedules for the collection, review, and classification of returned items [71]. 

3.3.12. Staff and Community Behavior 
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Several examples show that capabilities, culture, and psychological factors are key determinants 
for the successful implementation of SCM practices. In other words, lack of training and education of 
supply chain professionals and executives is a common barrier [17,61], as is proneness to issues like 
sharing information, which pivots on organizational culture [17]. Variables like shared values have 
proven to play a mediating role between other variables, such as the use of electronic medical records 
and physicians´ performance [120], while willingness to support the implementation of practices 
depends on individual interests and the degree to which they make true sense for employees, 
patients, and the community [50]. 

From an economic perspective, Reference [66] includes the institutionalization of training and 
development as a best practice for the improvement of hospital supply chains. Reference [17] draws 
attention to the existing need for training in analytical skills, SCM best practices, leadership, 
communication, and financial themes, among others. From the environmental and social 
perspectives, Reference [50] asserts that critical thinking needs to be fostered, and employees must 
be supported in the process of making ethical decisions that they consider to be coherent with their 
personal beliefs, if indifference toward and myths about sustainability that constrain action are to be 
dismantled. 

3.3.13. Other Practices 

Several studies have found positive and significant links between organizational performance 
and quality management practices. Reference [101] highlights the importance of encouraging staff 
involvement, managers development, and strengthening information and statistics tools, since 
employee relations, training, role of top management, and quality data and reporting, were found to 
prevail over practices related to factors such as service design, supplier quality management, and 
process management. Another interesting result is the concluded influence of quality practices on 
financial performance through non-financial performance, which might indicate the pertinence of 
investment in quality practices even if it does not result in better financial performance in the short 
run, but indirectly through market share gains, increased service quality, and other outcomes. 
[83,101]. Such findings provide helpful evidence for prioritizing these kinds of practices and support 
of their implementation, since they contribute to market share gains, increased service quality, 
reduced waste, higher speed, improved quality of care, a superior competitive position, and financial 
performance. 

Lastly, attention should be called to certain publications that are connected with the realm of 
operations management, which employ the SCM concept as a guide to study planning processes, 
which assumes that patient flow can be more efficient if a rationale similar to that of product flow is 
applied. References [103,104] suggest enhancing cross-functional or cross-organizational teams as 
well as information technology support, and format standardization for information sharing and 
meetings focused on both medical and inter-organizational integration issues, to address 
communication, patient safety, waiting times, and integration problems that arise when manifold 
healthcare providers are involved in patient care. Similarly, Reference [102] discusses the 
applicability of lean to SCM in combination with agility, while Reference [14] argues that a socio-
ecological approach can be applied in hospitals by moving sustainability into the core business, 
which requires that decisions be made about care planning and service design. 
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4. A Proposed Framework for Hospital SSCM 

In response to the third research question, this section presents an integrative framework for 
SSCM practices that may impact sustainable performance in hospital settings (see Figure 4). This can 
be considered innovative in at least three ways. First, as found in the reviewed literature, several 
publications have outlined relevant sustainability issues, but little attention has been given to the 
amalgamation of scattered practices and performance measures in a single and articulated 
framework. Most of the previous research on hospital supply chain management focuses on logistics 
from a cost reduction perspective, which is indisputably crucial for sustainability, but is insufficient 
from the TBL approach. Moreover, the publications identified with the sustainability label pivot 
primarily on the environmental dimension and leave aside the social dimension. 

Second, the wide-ranging identification of practices and performance metrics achieved in the 
literature review, which gave rise to the proposed framework, likely allows to delineate a clear path 
toward empirical validation and the managerial implications of practice implementation and 
performance measurement. While a considerable number of frameworks provide valuable insights 
on interactions in sustainable supply chain management [40], healthcare supply chain management 
in the emerging economy with the sustainable lenses [121], and supply chain sustainability in the 
service industry [122], the degree of operationalization of the categories and exemplified relations 
presented in this case has not been detected in previous reviews. 

A third contribution to highlight is the worldwide applicability of the proposed framework and 
its possible extension to other service sectors. On the one hand, health services are not new to 
humanity. Hospitals are necessary in any country and have always existed. Similarly, sustainability 
issues are of global concern. On the other hand, although the framework was developed from the 
hospital perspective, this does not prevent it from being used as a reference for other service sectors, 
if properly adapted. Just as it is extremely important for hospitals to adopt supply chain management 
concepts and practices that have proved successful in other sectors such as food, research focused on 
hospitals can be a source of learning [13]. 
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Figure 4. Conceptual framework for hospital sustainable supply chain management. 

The proposed framework is composed of two main blocks: practices and performance, whose 
corresponding exploded views are depicted in Figure 5 and Figure 6. For practices, contributions that 
conceptualize the logistics management process and supply chain integration [3], health care 
operations management [123], and hospital logistics [124] were considered. Accordingly, components 
traditionally related to internal supply chains, namely purchasing, warehousing and inventory, and 
transportation and distribution management, are placed at the center, and serve the care units 
through which patients flow, which include emergency, outpatient, diagnostic and therapy, 
operating theater, and inpatient [123]. Undirected arcs connect these units, which means the multiple 
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directions in which patient flow occurs, since varied medical needs create customized sequences 
[125]. Clothes and laundry management as well as general services management are included, along 
with medical goods, food, energy, water, and waste management, since they are considered hospital 
logistic fields [124], account for resource consumption, and influence healthcare delivery, quality of 
patient care, and patient satisfaction [123]. In addition, strategic management and leadership, as well 
as information flow and technology management are key constituents of the framework, as they can 
influence and support supply chain relationships. 

Upstream and downstream linkages are represented by Supplier Relationship Management 
(SRM) and Customer Relationship Management (CRM), respectively. Patient demand heads the list 
of inputs, as internal operations depend thereupon [123], and healthcare demand has unique 
characteristics. Rather than desire, healthcare services are grounded on necessity [126], which implies 
that typical marketing approaches to stimulate demand are minimal, if at all applicable, in healthcare. 
Other framed inputs include suppliers, medical and non-medical supplies and equipment, staff, other 
hospitals and providers, health insurers, government agencies, and regulators, which is in line with 
previous healthcare operations definitions and the numerous players that provide goods, services, 
and information to make operations possible [123,127]. Regarding outputs, these comprise the health 
status that reflects in clinical indicators, the client perception that indicates how well staff and patient 
expectations are met, and the use of resources that denote operation efficiency [123]. 

In accordance with the scope of the CRM concept, identified practices in the reviewed literature 
may fall short. It was struggling to identify it as a clear construct because these practices are scarce in 
healthcare [128], despite the fact that their influence on performance has been widely studied in 
manufacturing [5,7,129–131]. In such publications, CRM practices have been operationalized into 
management of customer complaints, evaluation of customer satisfaction, determination of customer 
expectations, frequent interaction with customers to set standards, and consideration of information 
from customers for business design and planning. To fill the existing void in healthcare, Reference 
[128] emphasizes the need to fortify the adoption of CRM practices, considering that they can lead to 
better understanding of patient profitability, and that there is some evidence of their contribution to 
patient health and loyalty. 

Recent studies on SSCM and specific social healthcare problems also lead to the inclusion of 
additional practices in the proposed framework. On the one hand, among the issues addressed by 
employee-centered social practices are wages, worker safety, and occupational health working 
conditions, employee participation, career planning for staff development, and the provision of 
opportunities for employees continuing their education [33,39,42,105,106,132–134]. On the other 
hand, community-centered social practices encompass labor laws, no child labor and human rights 
compliance, environmental awareness training, promotion of corporate social responsibility in the 
industry, sustainability reporting, donation to philanthropic organizations, provision of employment 
or business opportunities to the surrounding community, support of local health, educational, and 
cultural development, and volunteering at local charities [33,105,106,133,135]. 

In alignment with the TBL approach, performance components are framed in terms of economic, 
environmental, and social dimensions. From both non-financial and financial perspectives, economic 
metrics point to measure operational issues and the costs of classical logistics processes such as 
purchasing, warehousing, inventory, transportation, and distribution management. However, 
market-specific metrics are also included in non-financial metrics, since they were reiterative in the 
reviewed literature. Analogously, general metrics intended to reflect outcomes of the entire hospital, 
such as profitability, cost of services, and return on investment, are included in financial metrics. 
Moreover, environmental performance is sometimes converted into financial terms by quantifying 
actual and potential savings due to efficiency and conservation improvements in energy, water, 
travel, food, and waste [19,50,58,59,86,88,91,92,98], while social investment volume is used to 
economically measure social performance [72]. 
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Figure 5. Conceptual framework for hospital sustainable supply chain management practices. 
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Figure 6. Conceptual framework for hospital sustainable supply chain management performance. 

Environmental performance metrics are classified in accordance with the topics of purchasing, 
energy, water, travel, food, hospital design, and waste. To a certain extent, it could be said that carbon 
emissions reduction is the last target of environmental interventions, since it depends upon other 
metrics such as the reduction of resources, materials, drugs, and packaging consumption, increases 
in the use of clean and renewable energy, decreases in car use, percentage of locally and sustainably 
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sourced procured foods, and avoidance of improper waste mixing. For example, it has been found 
that 5% of the carbon footprint of acute organizations comes from anesthetic gases [136]. Similarly, 
waste incinerators emit toxic air pollutants, such as dioxin and mercury [19,98,99]. Therefore, 
emissions can be reduced as consumption and waste generation decrease. 

Except a few data regarding percental decrease in injuries caused by improper disposal [19] and 
improvements in awareness, education, and efficiency [86], hospital social performance metrics are 
scarce or vaguely addressed in the reviewed literature. For example, Reference [72] mentions 
employee satisfaction, work life quality, proportion of working hours to those planned, staff 
absenteeism, and employee privacy as concepts of hospital SCM, without distinguishing between 
practices and performance variables. Thus, contributions that focus on SSCM and manufacturing 
settings are taken as a basis for the framework [32,43,105,106,137–140]. In particular, metrics are 
divided into internal and external ones, and the latter, in turn, into community and society [137]. 

Metrics derived from the quality of patient care are included in the social external perspective, 
since hospital supply chains are social by nature, and failures in service provision may have fatal 
consequences on health and life [18]. Reference [60] found significant differences between leading, 
developing, and under-developed hospitals, in terms of performance on quality indicators, which 
means that a lower death rate and higher timely provision of healthcare are perceived by those 
hospitals with the greatest extent of applying healthcare SCM practices. In the same way, quality of 
patient care has been operationalized in terms of patient experience criteria [72,86,101] and 
perceptions in comparison with other hospitals [30,83]. 

In the proposed framework, relationships between sustainable performance dimensions are 
drawn. First, it is noted that the environmental dimension influences the economic and the social 
dimensions. Second, the social dimension influences the economic dimension. Those cases reported 
by References [19,78,87] are only a few of the studies that highlight specific economic outcomes of 
implementing initiatives through which the consumption of resources, such as energy and water, is 
reduced. According to Reference [58], improved environmental performance prevents health systems 
from incurring costs, and positively impacts the social dimension by reducing diseases caused by 
climate change. 

Lastly, the economic dimension is thought to be influenced by the social one. Despite the lack of 
financial indicators that reflect the management of social issues in the supply chain, a significant 
number of studies (albeit not focused on hospitals) have concluded that social performance positively 
impacts economic performance [110]. In particular, Reference [110] argues that the implementation 
of SCM practices that seek to enhance social issues results in greater loyalty, legitimacy, socially 
responsible investment, and trust, as well as in lower stakeholder criticisms and risk, which, in turn, 
lead to cost reduction and increased economic benefits. 

5. Further Research Agenda 

In accordance with the reviewed literature, avenues worthy of future research comprise both 
methodological and conceptual issues. Most suggestions are concerned with limitations of 
generalizability, research methods, and scope. 

• Generalizability. Some contributions recommend using wider samples [50,60,67,92] 
and replicating studies in other cities and countries [16,60,61,64,69,83,92,96,101], since 
more information from different populations and geographical areas might help 
validate existing research and explain heterogeneities. The broadening of moderating 
variables is also emphasized. Reference [141], for instance, found that different priorities 
are held by public and private hospitals in terms of sustainability dimensions, since 
pressures undergone appear to be dissimilar for both organization types. Apart from 
hospital type and size [67,83], suggested moderators include operations outsourcing 
[83], information applications by type [67], forms of technology [63], nature of purchases 
[69], and contingent factors that affect the inventory [79]. 

• Research methods. Directions for the research methods employed depend largely on 
the types of studies covered in the reviewed literature. For instance, papers with an 
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analytical and mathematical foci advocate addressing parameters that allow the 
simplification and improvement of proposed models [75,84,87]. Similarly, other studies 
posit that qualitative data is desirable to complement quantitative results [60], whereas 
those based on qualitative data require empirical validation through quantitative tools, 
as mentioned by Reference [69]. Moreover, some researchers point out the limitations of 
cross-sectional studies, and, therefore, recommend the use of longitudinal designs, in 
order to learn about supply chain relationships over time [69], and to unveil the effects 
of these practices on performance in the long run [39,83]. Ultimately, the concept of 
being sustainable implies a long-term vision and a strategic approach [39]. 

• Scope. The need to dig deeper into what is meant by hospital SSCM practices and their 
influence on sustainable performance is brought to light in several ways. Technological, 
clinical, and organizational innovations that help hospitals be more sustainable are 
bound to being more explored [50]. In addition, the documentation of less successful 
practices, in contrast with the most successful ones, is stressed as an issue that needs 
additional attention [61], albeit more dissemination of exemplar cases is also required to 
encourage the adoption of practices [89]. Furthermore, much can be said about the 
impacts of hospital supply chains, but the measurement of the effects themselves 
represents a challenge for hospitals. As Reference [61] found, few hospitals use a wide 
range of indicators for purchase and inventory management. Reference [63] 
recommends including patient safety as a performance dimension. From an 
environmental standpoint, Reference [50] highlights the measurement of footprints 
across internal hospital supply chains as imperative. 

In addition, further analysis of the influences of practices on performance is outlined. It is 
important to disclose the ways in which specific practices affect specific performance indicators [60], 
at the time that the incorporation of sectorial, social, and cultural issues into hospital SSCM research 
becomes prominent. While it can be a good practice to hire and train well-qualified supply chain 
professionals [17], it can be equally vital to know which concrete skills are required by supply chain 
managers in hospital settings [16]. While the relevance of promoting active travel is almost 
indisputable, the determinants of travel behavior remain unclear [50]. While adjusting menus to offer 
healthier dishes in hospital cafeterias is urgent, preference for less healthy food is rooted in the 
mindsets of the majority [91]. Consequently, since social and cultural factors can hinder or facilitate 
the implementation of practices [89], it is of paramount importance for sustainability improvement 
to gain understanding about the ways in which behaviors and culture need to change [50], and what 
kind of incentives and motivations lead staff and communities to demand, adopt, and promote better 
practices [91,93]. 

Lastly, the extant need of additional integrative research on hospital SSCM and sustainable 
performance merits mention. Most studies address the economic dimension, whereas few address 
the environmental one, and fewer yet address the social one. Unfortunately, although the under-
representativeness of the social dimension is not unusual in the field of SCM [109], and it is difficult 
to ignore the economic rationality on which SCM research is based, it is clear that hospitals have 
social concerns that, if ignored, will make a growing healthcare deterioration more evident. This is 
more than serious, which takes into account the interdependence between health and sustainable 
development, since one of the goals of sustainable development is oriented toward health 
improvement, but health is a condition for sustainable development [14]. 

6. Conclusions 

Framing both SSCM practices and sustainable performance metrics at once is not an easy task. 
The concept of practice, per se, is difficult to define. Practices take various forms and can represent 
technologies, processes, ways of doing things, or ways of organizing work [65,68]. In addition, they 
can have different meanings or rationales from a sustainability approach and, for this reason, can 
overlap whichever categories have been established for their classification. In this way, a practice 
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such as serving locally grown food can be conceived to improve food freshness and nutritional 
quality, favor the environment by avoiding transport activities, or strengthen local economies. 
Multiple purposes and interconnections among practices are more than visible and demonstrate the 
massive opportunities for action and impact that an integrated approach for sustainability provides, 
as well as its complexity. 

Regarding performance, the main difficulty is that many effects of practices are not completely 
clear because there have not been enough empirical studies completed, and even less so regarding 
the interactions and trade-offs that may arise between dimensions. Moreover, indicator 
operationalization and validation are still incipient. For instance, not all the items encompassed by 
the review and the proposed framework have been measured in the literature. On one hand, it might 
be indicative of the exploratory status of current research, and the nascent interest in disclosing the 
elements that make up hospital SSCM. On the other, this could be interpreted as a symptom of the 
low level of adopting metrics and measurement systems, to such an extent that it would be more 
important to learn whether hospitals use indicators to measure performance than to calculate the 
values of such indicators. 

The proposed framework can serve as a starting point for studying SSCM practices 
implementation in hospitals, in order to improve performance in this type of organizations, from a 
holistic sustainability approach. However, it needs to be validated and refined by using both 
quantitative and qualitative research methods. The practices and performance metrics covered are 
examples extracted from the literature to allow for a complete overview, rather than an instruction 
manual to be followed uncritically, since hospitals vary in accordance with their range of services, 
capacities, types, complexities, technologies, problems, impacts, needs, and more. Furthermore, it 
would be useful to prioritize elements of the framework, such as through multiple-criteria decision 
analysis techniques. 

Apart from further validation required of the proposed framework, this review has several 
limitations. Additional databases and languages could be used. Since a search strategy that separately 
includes each of the topics of SCM or sustainability in hospitals was not formulated, the resulting 
analysis is comprehensive, but leaves room for improvements in exhaustiveness. The identification 
of categories of practices and performance could be an input with which to carry out a more 
thorough, detailed search for evidence, and enhance forthcoming debates on existing relationships. 
In addition, an interesting way to refine the definition of SSCM practices could be by covering 
literature that addresses drivers, barriers, and enablers. These were not fully or directly considered 
in the paper at hand, due to the early development of the proposed framework, but these could 
delineate a way for, or even help to explain which practices are or should be adopted, and why. 
Another limitation refers to subjectivity regarding the selection of keywords and paper classification, 
as well as in terms of established categories for practices and performance metrics, despite three 
researchers that have been involved throughout the review process. Recognized methodology 
guidelines have been referred to and followed. 

Author Contributions: Conceptualization, V.D-U., W.S., and E.V.G. Methodology, V.D-U., W.S., and E.V.G. 
Writing—original draft preparation, V.D-U. Writing—review and editing, V.D-U., W.S., and E.V.G. Supervision, 
W.S. and E.V.G. 

Funding: This research received no external funding. 

Acknowledgments: This work is part of the doctoral study of the first author, which is financially supported by 
the Departamento Administrativo de Ciencia, Tecnología e Innovación – COLCIENCIAS, Colombia. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Shiau, W.L.; Dwivedi, Y.K.; Tsai, C.H. Supply chain management: Exploring the intellectual structure. 
Scientometrics 2015, 105, 215–230. 

2. CSCMP—Council of Supply Chain Management Professionals Supply. Chain Management Definitions and 
Glossary. Available online: 



Sustainability 2019, 11, 5949 25 of 30 

http://cscmp.org/imis0/CSCMP/Educate/SCM_Definitions_and_Glossary_of_Terms/CSCMP/Educate/SC
M_Definitions_and_Glossary_of_Terms.aspx?hkey=60879588-f65f-4ab5-8c4b-6878815ef921 (accessed on 8 
February 2019). 

3. Christopher, M. Logistics & Supply Chain Management; Pearson Education Limited: Dorchester, UK, 2011. 
4. Paulraj, A.; Chen, I.J.; Lado, A.A. An empirical taxonomy of supply chain management practices. J. Bus. 

Logist. 2012, 33, 227–244. 
5. Truong, H.Q.; Sameiro, M.; Fernandes, A.C.; Sampaio, P.; Duong, B.A.T.; Duong, H.H.; Vilhenac, E. Supply 

chain management practices and firms’ operational performance. Int. J. Qual. Reliab. Manag. 2017, 34, 176–
193. 

6. Shi, M.; Yu, W. Supply chain management and financial performance: Literature review and future 
directions. Int. J. Oper. Prod. Manag. 2013, 33, 1283–1317. 

7. Li, S.; Ragu-Nathan, B.; Ragu-Nathan, T.S.; Subba Rao, S. The impact of supply chain management practices 
on competitive advantage and organizational performance. Omega 2006, 34, 107–124. 

8. Tan, K.C. Supply Chain Management: Practices, Concerns, and Performance Issues. J. Supply Chain Manag. 
2002, 38, 42–53. 

9. United Nations General Assembly. Transforming Our World: The 2030 Agenda for Sustainable 
Development. Available online: http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E 
(accessed on 28 August 2018). 

10. United Nations General Assembly. Report of the World Commission on Environment and Development: 
Our Common Future. Available online: http://www.un-documents.net/our-common-future.pdf (accessed 
on 22 March 2019). 

11. Elkington, J. Cannibals with Forks: The Triple Bottom Line of 21st Century Business; Capstone Publishing 
Limited: Oxford, UK, 1997. 

12. Seuring, S.; Müller, M. From a literature review to a conceptual framework for sustainable supply chain 
management. J. Clean. Prod. 2008, 16, 1699–1710. 

13. Kumar, S.; Blair, J.T. U.S. healthcare fix: Leveraging the lessons from the food supply chain. Technol. Heal. 
Care 2013, 21, 125–141. 

14. Weisz, U.; Haas, W.; Pelikan, J.M.; Schmied, H. Sustainable Hospitals : A Socio-Ecological Approach. GAIA 
2011, 20, 191–198. 

15. OECD—Organization for Economic Co-operation and Development. Health at a Glance 2017: OECD 
Indicators; OECD Publishing: Paris, France, 2017. 

16. Landry, S.; Beaulieu, M.; Roy, J. Strategy deployment in healthcare services: A case study approach. Technol. 
Soc. Chang. 2016, 113, 429–437. 

17. McKone-Sweet, K.E.K.E.; Hamilton, P.; Willis, S.B.S.B. The Ailing Healthcare Supply Chain: A Prescription 
for Change. J. Supply Chain Manag. 2005, 41, 4–17. 

18. Zhu, Q.; Johnson, S.; Sarkis, J. Lean six sigma and environmental sustainability: A hospital perspective. 
Supply Chain Forum 2018, 19, 25–41. 

19. Pisters, P.; Bien, B.; Dankner, S.; Rubinstein, E.; Sheriff, F. Supporting hospital renewal through strategic 
environmental sustainability programs. Healthc. Manag. Forum 2017, 30, 79–83. 

20. SDU NHS—Sustainable Development Unit National Health Service. Carbon Update for the Health and 
Care Sector in England. 2015. Available online: https://www.sduhealth.org.uk/policy-
strategy/reporting/hcs-carbon-footprint.aspx (accessed on 28 August 2018). 

21. ILO—International Labour Organization. Improving Employment and working conditions in health 
services: Report for discussion at the Tripartite Meeting on Improving Employment and Working 
Conditions in Health Services. Available online: https://www.ilo.org/wcmsp5/groups/public/---
ed_dialogue/---sector/documents/publication/wcms_548288.pdf (accessed on 21 October 2017). 

22. Manyisa, Z.M.; van Aswegen, E.J. Factors affecting working conditions in public hospitals: A literature 
review. Int. J. Afr. Nurs. Sci. 2017, 6, 28–38. 

23. Silva, A.A. da; Sanchez, G.M.; Mambrini, N.S.B.; De Oliveira, M.Z. Predictor variables for burnout among 
nursing professionals. Rev. Psicol. 2019, 37, 319–348. 

24. Dilig-Ruiz, A.; MacDonald, I.; Demery Varin, M.; Vandyk, A.; Graham, I.D.; Squires, J.E. Job satisfaction 
among critical care nurses: A systematic review. Int. J. Nurs. Stud. 2018, 88, 123–134. 

25. Wagstaff, A.S.; Lie, J.A.S. Shift and night work and long working hours—A systematic review of safety 
implications. Scand. J. Work. Env. Heal. 2011, 37, 173–185. 



Sustainability 2019, 11, 5949 26 of 30 

26. Weigl, M.; Schneider, A. Associations of work characteristics, employee strain and self-perceived quality 
of care in Emergency Departments: A cross-sectional study. Int. Emerg. Nurs. 2017, 30, 20–24. 

27. Aiken, L.H.; Sloane, D.M.; Bruyneel, L.; Van den Heede, K.; Sermeus, W. Nurses’ reports of working 
conditions and hospital quality of care in 12 countries in Europe. Int. J. Nurs. Stud. 2013, 50, 143–153. 

28. Stone, P.W.; Mooney-Kane, C.; Larson, E.L.; Horan, T.; Glance, L.G.; Zwanziger, J.; Dick, A.W. Nurse 
working conditions and patient safety outcomes. Med. Care 2007, 45, 571–578. 

29. Parmigiani, A.; Howard-Grenville, J. Routines revisited: Exploring the capabilities and practice 
perspectives. Acad. Manag. Ann. 2011, 5, 413–453. 

30. Adebanjo, D.; Laosirihongthong, T.; Samaranayake, P. Prioritizing lean supply chain management 
initiatives in healthcare service operations: A fuzzy AHP approach. Prod. Plan. Control Control 2016, 27, 953–
966. 

31. Carter, C.R.; Washispack, S. Mapping the Path Forward for Sustainable Supply Chain Management : A 
Review of Reviews. J. Bus. Logist. 2018, 39, 242–247. 

32. Hong, J.; Zhang, Y.; Ding, M. Sustainable supply chain management practices, supply chain dynamic 
capabilities, and enterprise performance. J. Clean. Prod. 2018, 172, 3508–3519. 

33. Mathivathanan, D.; Kannan, D.; Haq, A.N. Sustainable supply chain management practices in Indian 
automotive industry : A multi-stakeholder view. Resour. Conserv. Recycl. 2018, 128, 284–305. 

34. Marshall, D.; Mccarthy, L.; Heavey, C.; Mcgrath, P. Environmental and social supply chain management 
sustainability practices: Construct development and measurement. Prod. Plan. Control 2015, 26, 673–690. 

35. Khan, M.; Ajmal, M.; Hussain, M.; Helo, P. Barriers to social sustainability in the health-care industry in 
the UAE. Int. J. Organ. Anal. 2018, 26, 450–469. 

36. Asgari, N.; Nikbakhsh, E.; Hill, A.; Farahani, R.Z. Supply chain management 1982-2015: A review. Ima J. 
Manag. Math. 2016, 27, 353–379. 

37. Morioka, S.N.; de Carvalho, M.M. A systematic literature review towards a conceptual framework for 
integrating sustainability performance into business. J. Clean. Prod. 2016, 136, 134–146. 

38. Ashby, A.; Leat, M.; Hudson-Smith, M. Making connections: A review of supply chain management and 
sustainability literature. Supply Chain Manag. 2012, 17, 497–516. 

39. Carter, C.R.; Rogers, D.S. A framework of sustainable supply chain management: Moving toward new 
theory. Int. J. Phys. Distrib. Logist. Manag. 2008, 38, 360–387. 

40. Yun, G.; Yalcin, M.G.; Hales, D.N.; Kwon, H.Y. Interactions in sustainable supply chain management: A 
framework review. Int. J. Logist. Manag. 2019, 30, 140–173. 

41. Morali, O.; Searcy, C. A Review of Sustainable Supply Chain Management Practices in Canada. J. Bus. Ethics 
2013, 117, 635–658. 

42. Mathivathanan, D.; Haq, A.N. Comparisons of sustainable supply chain management practices in the 
automotive sector. Int. J. Bus. Perform. Supply Chain Model. 2017, 9, 18–27. 

43. Mitra, S.; Datta, P.P. Adoption of green supply chain management practices and their impact on 
performance: An exploratory study of Indian manufacturing firms. Int. J. Prod. Res. 2014, 52, 2085–2107. 

44. Hassini, E.; Surti, C.; Searcy, C. A literature review and a case study of sustainable supply chains with a 
focus on metrics. Int. J. Prod. Econ. 2012, 140, 69–82. 

45. Yanamandra, R. Development of an integrated healthcare supply chain model. Supply Chain Forum 2018, 
19, 111–121. 

46. Volland, J.; Fügener, A.; Schoenfelder, J.; Brunner, J.O. Material logistics in hospitals: A literature review. 
Omega 2017, 69, 82–101. 

47. Leaven, L.; Ahmmad, K.; Peebles, D. Inventory management applications for healthcare supply chains. Int. 
J. Supply Chain Manag. 2017, 6, 1–7. 

48. Kwon, I.W.G.; Kim, S.H.; Martin, D.G. Healthcare supply chain management; strategic areas for quality 
and financial improvement. Technol. Soc. Chang. 2016, 113, 422–428. 

49. Dobrzykowski, D.; Saboori Deilami, V.; Hong, P.; Kim, S.-C. A structured analysis of operations and supply 
chain management research in healthcare (1982–2011). Int. J. Prod. Econ. 2014, 147, 514–530. 

50. McGain, F.; Naylor, C. Environmental sustainability in hospitals—A systematic review and research 
agenda. J. Heal. Serv. Res. Policy 2014, 19, 245–252. 

51. Briner, R.B.; Denyer, D. Systematic Review and Evidence Synthesis as a Practice and Scholarship Tool. In 
The Oxford Handbook of Evidence-Based Management; Rousseau, D.M., Ed.; Oxford University Press: New 
York, NY, USA, 2012; pp. 112–129. 



Sustainability 2019, 11, 5949 27 of 30 

52. Tranfield, D.; Denyer, D.; Smart, P. Towards a Methodology for Developing Evidence-Informed 
Management Knowledge by Means of Systematic Review. Br. J. Manag. 2003, 14, 207–222. 

53. Kitchenham, B. Procedures for Performing Systematic Reviews; Keele University: Keele, UK; Empirical 
Software Engineering National ICT Australia Ltd.: Eversleigh, Australia, 2004. 

54. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-
analyses: The PRISMA statement. J. Clin. Epidemiol. 2009, 62, 1006–1012. 

55. Aghaei Chadegani, A.; Salehi, H.; Md Yunus, M.M.; Farhadi, H.; Fooladi, M.; Farhadi, M.; Ale Ebrahim, N. 
A comparison between two main academic literature collections: Web of science and scopus databases. 
Asian Soc. Sci. 2013, 9, 18–26. 

56. Landry, S.; Beaulieu, M. The Challenges of Hospital Supply Chain Management, from Central Stores to 
Nursing Units. In Handbook of Healthcare Operations Management: Methods and Applications; Denton, B.T., Ed.; 
Springer: New York, NY, USA; 2013; pp. 465–482. 

57. La Rotta, D.; Pérez Rave, J. A relevant literary space on the use of the European Foundation for Quality 
Management model: Current state and challenges. Total Qual. Manag. Bus. Excel. 2017, 28, 1447–1468. 

58. HCWH—Health Care Without Harm. A Comprehensive Environmental Health Agenda for Hospitals and 
Health Systems Around the World. Available online: http://greenhospitals.net/wp-
content/uploads/2011/10/Global-Green-and-Healthy-Hospitals-Agenda.pdf (accessed on 4 March 2019). 

59. WHO—World Health Organization; HCWH. Health Care Without Harm Healthy Hospitals, Healthy 
Planet, Healthy People: Addressing Climate Change in Healthcare Settings. Available online: 
http://www.who.int/globalchange/publications/climatefootprint_report.pdf?ua=1 (accessed on 4 March 
2019). 

60. Rakovska, M.A.; Stratieva, S.V. A taxonomy of healthcare supply chain management practices. Supply 
Chain Forum 2018, 19, 4–24. 

61. Velasco, N.; Moreno, J.P.; Rebolledo, C. Logistics practices in healthcare organizations in Bogota. Acad. Rev. 
Lat. Adm. 2018, 31, 519–533. 

62. Beaulieu, M.; Landry, S.; Roy, J. La productivité des activités de logistique hospitalière. Available online: 
http://cpp.hec.ca/cms/assets/documents/recherches_publiees/CE_2011_06.pdf (accessed on 5 February 
2019). 

63. Kritchanchai, D.; Hoeur, S.; Engelseth, P. Develop a strategy for improving healthcare logistics 
performance. Supply Chain Forum 2018, 19, 55–69. 

64. Pan, Z.X.; Pokharel, S. Logistics in hospitals: A case study of some Singapore hospitals. Lead. Heal. Serv. 
2007, 20, 195–207. 

65. Landry, S.; Beaulieu, M.; Friel, T.; Duguay, C.R. Étude Internationale des Meilleures Pratiques de Logistique 
Hospitalière, Cahier de Recherche 00-05; Groupe de recherche Chaîne sur l’intégration et l’environnement de 
la chaîne d’approvisionnement, École des HEC: Montreal, Canada, 2000. 

66. Böhme, T.; Williams, S.; Childerhouse, P.; Deakins, E.; Towill, D. Squaring the circle of healthcare supplies. 
J. Heal. Organ. Manag. 2014, 28, 247–265. 

67. Yoon, S.N.; Lee, D.H.; Schniederjans, M. Effects of innovation leadership and supply chain innovation on 
supply chain efficiency: Focusing on hospital size. Technol. Soc. Chang. 2016, 113, 412–421. 

68. Landry, S.; Philippe, R. How Logistics Can Service Healthcare. Supply Chain Forum Int. J. 2004, 5, 24–30. 
69. Oruezabala, G.; Rico, J.C. The impact of sustainable public procurement on supplier management - The 

case of French public hospitals. Ind. Mark. Manag. 2012, 41, 573–580. 
70. Brennan, C.D. Integrating the healthcare supply chain. Healthc. Financ. Manag. 1998, 52, 31–34. 
71. Ritchie, L.; Burnes, B.; Whittle, P.; Hey, R. The benefits of reverse logistics: The case of the Manchester Royal 

Infirmary Pharmacy. Supply Chain Manag. 2000, 5, 226–233. 
72. Mirghafoori, S.H.; Sharifabadi, A.M.; Takalo, S.K. Development of causal model of sustainable hospital 

supply chain management using the intuitionistic fuzzy cognitive map (IFCM) method. J. Ind. Eng. Manag. 
2018, 11, 588–605. 

73. Schieble, T.M. Advertised sustainability practices among suppliers to a University Hospital operating room. 
J. Hosp. Mark. Public Relat. 2008, 18, 135–148. 

74. Budgett, A.; Gopalakrishnan, M.; Schneller, E. Procurement in public & private hospitals in Australia and 
Costa Rica—A comparative case study. Heal. Syst. 2017, 6, 56–67. 

75. Ross, A.D.; Jayaraman, V. Strategic purchases of bundled products in a health care supply chain 
environment. Decis. Sci. 2009, 40, 269–293. 



Sustainability 2019, 11, 5949 28 of 30 

76. McGain, F. Sustainable hospitals? An Australian perspective. Perspect. Public Health 2010, 130, 19–20. 
77. Kumar, S.; Degroot, R.A.; Choe, D. Rx for smart hospital purchasing decisions: The impact of package 

design within US hospital supply chain. Int. J. Phys. Distrib. Logist. Manag. 2008, 38, 601–615. 
78. Ashourian, K.T.; Young, S.T. Greening Healthcare: The Current State of Sustainability in Manhattan’s 

Hospitals. Sustainability 2016, 9, 73–79. 
79. Bhakoo, V.; Singh, P.; Sohal, A. Collaborative management of inventory in Australian hospital supply 

chains: Practices and issues. Supply Chain Manag. 2012, 17, 217–230. 
80. Kelle, P.; Woosley, J.; Schneider, H. Pharmaceutical supply chain specifics and inventory solutions for a 

hospital case. Oper. Res. Heal. Care 2012, 1, 54–63. 
81. Rivard-Royer, H.; Landry, S.; Beaulieu, M. Hybrid stockless: A case study. Lessons for health-care supply 

chain integration. Int. J. Oper. Prod. Manag. 2002, 22, 412–424. 
82. Dobrzykowski, D.D.; Tarafdar, M. Understanding information exchange in healthcare operations: 

Evidence from hospitals and patients. J. Oper. Manag. 2015, 36, 201–214. 
83. Lee, S.M.; Lee, D.H.; Schniederjans, M.J. Supply chain innovation and organizational performance in the 

healthcare industry. Int. J. Oper. Prod. Manag. 2011, 31, 1193–1214. 
84. Nabelsi, V.; Gagnon, S. Information technology strategy for a patient-oriented, lean, and agile integration 

of hospital pharmacy and medical equipment supply chains. Int. J. Prod. Res. 2017, 55, 3929–3945. 
85. Romero, A.; Lefebvre, E. Combining barcodes and RFID in a hybrid solution to improve hospital pharmacy 

logistics processes. Int. J. Inf. Technol. Manag. 2015, 14, 97–123. 
86. Manika, D.; Gregory-Smith, D.; Wells, V.K.; Comerford, L.; Aldrich-Smith, L. Linking environmental 

sustainability and healthcare: The effects of an energy saving intervention in two hospitals. Int. J. Bus. Sci. 
Appl. Manag. 2016, 11, 32–54. 

87. Faezipour, M.; Ferreira, S. A System Dynamics Approach for Sustainable Water Management in Hospitals. 
IEEE Syst. J. 2018, 12, 1278–1285. 

88. Huang, E.; Gregoire, M.B.; Tangney, C.; Stone, M.K. Sustainability in hospital foodservice. J. Foodserv. Bus. 
Res. 2011, 14, 241–255. 

89. Dauner, K.N.; Lacaille, L.J.; Schultz, J.F.; Harvie, J.; Klingner, J.; Lacaille, R.; Branovan, M. Implementing 
healthy and sustainable food practices in a hospital cafeteria: A qualitative look at processes, barriers, and 
facilitators of implementation. J. Hunger Env. Nutr. 2011, 6, 264–278. 

90. Bloomfield, C. Putting sustainable development into practice: Hospital food procurement in Wales. Reg. 
Stud. Reg. Sci. 2015, 2, 552–558. 

91. Pitts, S.J.; Schwartz, B.; Graham, J.; Warnock, A.L.; Mojica, A.; Marziale, E.; Harris, D. Best practices for 
financial sustainability of healthy food service guidelines in hospital cafeterias. Prev. Chronic Dis. 2018, 15, 
1–8. 

92. Ranke, T.D.; Mitchell, C.L.; St. George, D.M.; D’Adamo, C.R. Evaluation of the Balanced Menus Challenge: 
A healthy food and sustainability programme in hospitals in Maryland. Public Health Nutr. 2015, 18, 2341–
2349. 

93. Goggins, G. Developing a sustainable food strategy for large organizations: The importance of context in 
shaping procurement and consumption practices. Bus. Strat. Env. 2018, 27, 838–848. 

94. Castro, M. de F.; Mateus, R.; Bragança, L. Healthcare Building Sustainability Assessment tool - Sustainable 
Effective Design criteria in the Portuguese context. Environ. Impact Assess. Rev. 2017, 67, 49–60. 

95. Castro, M. de F.; Mateus, R.; Bragança, L. A critical analysis of building sustainability assessment methods 
for healthcare buildings. Environ. Dev. Sustain. 2015, 17, 1381–1412. 

96. Buffoli, M.; Gola, M.; Rostagno, M.; Capolongo, S.; Nachiero, D. Making hospitals healthier: How to 
improve sustainability in healthcare facilities. Ann. Ig. 2014, 26, 418–425. 

97. SDU NHS—Sustainable Development Unit National Health Service. Reducing the Use of Natural 
Resources in Health and Social Care: 2018 Report. Available online: https://www.sduhealth.org.uk/policy-
strategy/reporting/natural-resource-footprint-2018.aspx (accessed on 11 February 2019). 

98. Doiphode, S.M.; Hinduja, I.N.; Ahuja, H.S. Developing a novel, sustainable and beneficial system for the 
systematic management of hospital wastes. J. Clin. Diagn. Res. 2016, 10, LC06–LC11. 

99. Theofanidis, D.; Fountouki, A.; Vosniakos, F.; Papadakis, N.; Nikoalou, K. Sustainable management of 
hospital waste: The view of Greek nurses. J. Environ. Prot. Ecol. 2008, 9, 391–403. 

100. De Oliveira Furukawa, P.; Cunha, I.C.K.O.; Da Luz Gonçalves Pedreira, M.; Marck, P.B. Environmental 
sustainability in medication processes performed in hospital nursing care. Acta Paul. Enferm. 2016, 29, 316–



Sustainability 2019, 11, 5949 29 of 30 

324. 
101. Turkyilmaz, A.; Bulak, M.E.; Zaim, S. Assessment of TQM Practices as a part of supply chain management 

in healthcare institutions. Int. J. Supply Chain Manag. 2015, 4, 1–9. 
102. Aronsson, H.; Abrahamsson, M.; Spens, K. Developing lean and agile health care supply chains. Supply 

Chain Manag. 2011, 16, 176–183. 
103. Meijboom, B.R.; Bakx, S.J.W.G.C.; Westert, G.P. Continuity in health care: Lessons from supply chain 

management. Int. J. Health Plann. Manag. 2010, 25, 304–317. 
104. Meijboom, B.; Schmidt-Bakx, S.; Westert, G. Supply chain management practices for improving patient-

oriented care. Supply Chain Manag. 2011, 16, 166–175. 
105. Das, D. Development and validation of a scale for measuring Sustainable Supply Chain Management 

practices and performance. J. Clean. Prod. 2017, 164, 1344–1362. 
106. Wang, J.; Dai, J. Sustainable supply chain management practices and performance. Ind. Manag. Data Syst. 

2018, 118, 2–21. 
107. Abdulsalam, Y.; Schneller, E. Hospital Supply Expenses: An Important Ingredient in Health Services 

Research. Med. Care Res. Rev. 2019, 76, 240–252. 
108. AL-Shboul, M.A.; Garza-Reyes, J.A.; Kumar, V. Best supply chain management practices and high-

performance firms: The case of Gulf manufacturing firms. Int. J. Prod. Perform. Manag. 2018, 67, 1482–1509. 
109. Nakamba, C.C.; Chan, P.W.; Sharmina, M. How does social sustainability feature in studies of supply chain 

management? A review and research agenda. Supply Chain Manag. 2017, 22, 522–541. 
110. Yawar, S.A.; Seuring, S. Management of Social Issues in Supply Chains: A Literature Review Exploring 

Social Issues, Actions and Performance Outcomes. J. Bus. Ethics 2017, 141, 621–643. 
111. Schneller, E.; Smeltzer, L. Strategic Management of the Health Care Supply Chain; Jossey-Bass: San Francisco, 

CA, USA, 2006. 
112. Salam, M.A.; Khan, S.A. Achieving supply chain excellence through supplier management: A case study 

of fast moving consumer goods. Benchmarking 2018, 25, 4084–4102. 
113. Forslund, H. Exploring logistics performance management in supplier/retailer dyads. Int. J. Retail Distrib. 

Manag. 2014, 42, 205–218. 
114. Gimenez, C.; Tachizawa, E.M. Extending sustainability to suppliers: A systematic literature review. Supply 

Chain Manag. 2012, 17, 531–543. 
115. González González, A.; García-Sanz-Calcedo, J.; Salgado, D.R. A quantitative analysis of final energy 

consumption in hospitals in Spain. Sustain. Cities Soc. 2018, 36, 169–175. 
116. Gómez-Chaparro, M.; García Sanz-Calcedo, J.; Armenta-Márquez, L. Study on the use and consumption of 

water in Spanish private hospitals as related to healthcare activity. Urban Water J. 2018, 15, 601–608. 
117. EPA—Environmental Protection Agency. Saving Water in Hospitals. Available online: 

https://www.epa.gov/watersense/types-facilities (accessed on 26 March 2019). 
118. Victorian Government Department of Health Guidelines for Water Reuse and Recycling in Victorian 

Health Care Facilities. Available online: 
https://www2.health.vic.gov.au/about/publications/policiesandguidelines/Guidelines-for-water-reuse-
and-recycling-in-Victorian-health-care-facilities-Nondrinking-applications (accessed on 11 February 2019). 

119. Baum, M.; Shepley, M.; Rostenberg, B.; Ginberg, R. Eco-Effective Design and Evidence-Based Design: Removing 
Barriers to Integration; AIA Board Knowledge Committee: San Francisco, CA, USA, 2009. 

120. Dobrzykowski, D.D. Linking Electronic Medical Records Use to Physicians’ Performance: A Contextual 
Analysis. Decis. Sci. 2017, 48, 7–38. 

121. Scavarda, A.; Daú, G.L.; Scavarda, L.F.; Korzenowski, A.L. A proposed healthcare supply chain 
management framework in the emerging economies with the sustainable lenses: The theory, the practice, 
and the policy. Resour. Conserv. Recycl. 2019, 141, 418–430. 

122. Hussain, M.; Khan, M.; Al-Aomar, R. A framework for supply chain sustainability in service industry with 
Confirmatory Factor Analysis. Renew. Sustain. Energy Rev. 2016, 55, 1301–1312. 

123. Vissers, J.; Beech, R. Health Operations Management: Patient Flow Logistics in Health Care; Taylor & Francis 
Group: Abingdon, UK, 2005. 

124. Kriegel, J.; Jehle, F.; Dieck, M.; Mallory, P. Advanced services in hospital logistics in the German health 
service sector. Logist. Res. 2013, 6, 47–56. 

125. Barnes, S.; Golden, B.; Price, S. Applications of Agent-Based Modeling and Simulation to Healthcare 
Operations Management. In Handbook of Healthcare Operations Management. International Series in Operations 



Sustainability 2019, 11, 5949 30 of 30 

Research & Management Science; Denton, B., Ed.; Springer: New York, NY, USA, 2013. 
126. Thompson, S.M.; Day, R.; Garfinkel, R. Improving the Flow of Patients Through Healthcare Organizations. 

In Handbook of Healthcare Operations Management. International Series in Operations Research & Management 
Science; Denton, B., Ed.; Springer: New York, NY, USA, 2013. 

127. Langabeer, J.R.; Helton, J. Health Care Operations Management : A Systems Perspective; Jones & Bartlett 
Learning: Burlington, VT, USA, 2016. 

128. Baltacioglu, T.; Ada, E.; Kaplan, M.D.; Yurt, O.; Kaplan, Y.C. A new framework for service supply chains. 
Serv. Ind. J. 2007, 27, 105–124. 

129. Gandhi, A.V.; Shaikh, A.; Sheorey, P.A. Impact of supply chain management practices on firm performance: 
Empirical evidence from a developing country. Int. J. Retail Distrib. Manag. 2017, 45, 366–384. 

130. Gawankar, S.A.; Kamble, S.; Raut, R. An investigation of the relationship between supply chain 
management practices (SCMP) on supply chain performance measurement (SCPM) of Indian retail chain 
using SEM. Benchmarking 2017, 24, 257–295. 

131. Li, S.; Rao, S.S.; Ragu-Nathan, T.S.; Ragu-Nathan, B. Development and validation of a measurement 
instrument for studying supply chain management practices. J. Oper. Manag. 2005, 23, 618–641. 

132. Wang, J.; Zhang, Y.; Goh, M. Moderating the role of firm size in sustainable performance improvement 
through sustainable supply chain management. Sustainability 2018, 10, 1654. 

133. Das, D. The impact of Sustainable Supply Chain Management practices on firm performance: Lessons from 
Indian organizations. J. Clean. Prod. 2018, 203, 179–196. 

134. Jia, P.; Diabat, A.; Mathiyazhagan, K. Analyzing the SSCM practices in the mining and mineral industry by 
ISM approach. Resour. Policy 2015, 46, 76–85. 

135. Köksal, D.; Strähle, J.; Müller, M.; Freise, M. Social Sustainable Supply Chain Management in the Textile 
and Apparel Industry—A Literature Review. Sustainability 2017, 9, 100. 

136. SDU NHS—Sustainable Development Unit National Health Service. Carbon Footprint from Anaesthetic 
Gas Use. Available online: https://www.sduhealth.org.uk/areas-of-focus/carbon-hotspots/anaesthetic-
gases.aspx (accessed on 15 January 2019). 

137. Henao, R.; Sarache, W.; Gomez, I. A Social Performance Metrics Framework for Sustainable Manufacturing. 
Int. J. Ind. Syst. Eng. (In press). 

138. Paulraj, A.; Chen, I.J.; Blome, C. Motives and Performance Outcomes of Sustainable Supply Chain 
Management Practices: A Multi-theoretical Perspective. J. Bus. Ethics 2017, 145, 239–258. 

139. Esfahbodi, A.; Zhang, Y.; Watson, G. Sustainable supply chain management in emerging economies: Trade-
offs between environmental and cost performance. Int. J. Prod. Econ. 2016, 181, 1–17. 

140. Zailani, S.; Jeyaraman, K.; Vengadasan, G.; Premkumar, R. Sustainable supply chain management (SSCM) 
in Malaysia: A survey. Int. J. Prod. Econ. 2012, 140, 330–340. 

141. Rodriguez, R.; Svensson, G.; Eriksson, D. Organizational logic to prioritize between the elements of triple 
bottom line. Benchmarking 2018, 25, 1626–1640. 

 

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


