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ABSTRACT 1 

The healthcare sector’s direct and indirect GHG emissions account for 4%−5% of global net emissions. 2 

Hospitals face the challenge of sustainable transformations and need to measure, monitor, and report on 3 

their sustainability performance. While indicator-based assessments of hospital sustainability have received 4 

increased attention over the last years, they are heterogenous in their terminologies, categories, and included 5 

indicators. This study reviews taxonomies and included indicators in hospital sustainability assessments, 6 

laying the foundation for future developments of consistent indicator-based assessments. The objective is 7 

to (1) critically review existing assessments of hospitals; (2) identify relevant sustainability topics in a 8 

hospital context and derive a best-practice categorization; (3) highlight thematical gaps. Based on the 9 

PRISMA method, we identify 88 relevant articles. First, 47 articles (comprehensive hospital sustainability 10 

assessments with extensive indicator sets) are reviewed, forming the basis for deriving a best-practice 11 

categorization. Second, considering an additional 41 articles (proposing indicators for specific hospital 12 

aspects), we collect all indicators and compile a consolidated indicator pool. We find substantial variations 13 

in the taxonomies and terminologies of the reviewed articles; most notably, there is a disagreement about 14 

what constitutes an indicator. 73% of all consolidated indicators are qualitative, and 78% are site-specific. 15 

Thematical gaps relate to sustainability along upstream and downstream value chains (esp. food and 16 

pharmaceuticals) and quantitative social indicators in general. The developed best-practice taxonomy and 17 

the compiled indicator pool serve as a comprehensive basis for future sustainability assessments of 18 

hospitals. 19 

 20 

Keywords: healthcare sustainability; hospital sustainability; environmental sustainability; social 21 

sustainability; indicator framework 22 

Word count: 236 (abstract) / 7,485 (manuscript)  23 
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 INTRODUCTION 24 

The purpose of the healthcare sector to contribute to a healthy and sustainable society contrasts with the 25 

significant impacts healthcare services and, most notably, hospitals exert on the environment and society – 26 

both on-site and along the upstream and downstream value chains (Karliner et al., 2019). Hospitals consume 27 

significant amounts of energy, water, and other resources (González et al., 2018; Rohde & Martinez, 2015; 28 

Tay & Singh, 2021) and produce considerable quantities of (hazardous) waste (Tsakona et al., 2007; 29 

Zamparas et al., 2019). Most notably, the healthcare sector’s direct and indirect GHG emissions are 30 

estimated to account for about 4.4% of global net emissions in 2014 (Karliner et al., 2019; Pichler et al., 31 

2019). Hospitals in particular are responsible for a large share of the sector’s environmental burdens (Keller 32 

et al., 2021). At the same time, hospitals are a social hotspot, with issues such as high workloads and stress 33 

(Koranne et al., 2022), challenging employment conditions (Aiken et al., 2013), and health risks (Uebel et 34 

al., 2007), most notably during the COVID-19 pandemic (Morawa et al., 2021). In contrast to the primary 35 

purpose of the healthcare industry, its high environmental and social impacts threaten human and planetary 36 

health. Thus, hospitals are arguably unsustainable by definition in that they fulfill current needs by 37 

compromising the ability of future generations to meet their own needs. This contradiction explains the 38 

increasing interest of academia and policy in reducing the negative impacts of hospitals (Hensher & 39 

McGain, 2020; WHO, 2017). 40 

In alignment with corporate social responsibility, sustainability in the hospital context is defined by 41 

integrating social and environmental concerns into business operations (Costa et al., 2022). On the one 42 

hand, this is crucial to ensure a sustainable and equitable future, as current practices are “causing indirect 43 

public health damages and increasing healthcare service needs” (Sherman et al., 2020, p. 8). On the other 44 

hand, the “advantages of sustainability practices will eventually be translated through improved earnings, 45 

higher product [or service] quality […], cost saving that results from sustainable logistics and supply chain, 46 

and minimal environmental liability and legislation costs” (Hanaysha et al. 2022, p. 68). To increase 47 
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hospital sustainability, “minimizing, controlling, and mitigating all the environmental impacts” (Jiménez-48 

Lacarra et al., 2022, p. 2) from, e.g., water and energy consumption, toxic chemicals, health-care waste, or 49 

wastewater is necessary (WHO, 2017). Quantitative methods such as environmental and social Life Cycle 50 

Assessment (LCA, S-LCA) are, albeit with varying degrees of maturity and data availability (Valdivia et 51 

al., 2021), the most advanced and standardized methods for environmental and social impact assessment in 52 

the scientific community (Curran, 2013; Ramos Huarachi et al., 2020). However, an organizational LCA 53 

or S-LCA of an entire hospital requires a wealth of foreground data (e.g., data on energy, water, procured 54 

goods, and all physical inputs and outputs, additionally site-specific social and socioeconomic data; 55 

Cimprich & Young 2023) and suitable background data (matching items of generic databases with the 56 

foreground data). The complexity of both gathering a hospital’s comprehensive data and conducting a 57 

complete LCA for it leads to the fact that LCAs and S-LCAs of entire hospitals are virtually non-existent; 58 

the comprehensive, organizational LCA studies of Cimprich & Young (2023) and Keller et al. (2021) being 59 

rare exceptions. In addition, LCA and S-LCA also have limitations when assessing certain sustainability 60 

aspects, ranging from microplastics to staff awareness of sustainability. Here, indicators can be a tool to 61 

convey information “in a simple and useful manner” (Ramos & Pires, 2013, p. 82) and a viable approach. 62 

They classify observations of real objects to evaluate unobservable phenomena and thus reduce complexity 63 

(LUSTAT, 2012; Meyer, 2004). In contrast to, e.g., modeling product systems and performing impact 64 

assessment in LCA, directly measurable indicators (e.g., energy consumption per bed or employee turnover) 65 

are interpretable without expert knowledge and, due to their ease of application, allow for continuous 66 

monitoring over time (Madden et al., 2020; UN, 2009). Furthermore, indicators help to assess the effect of, 67 

for instance, policies, decisions, or changes (Faezipour & Ferreira, 2011). They can support managers and 68 

policymakers in formulating strategies to address healthcare-specific sustainability challenges (Mehra & 69 

Sharma, 2021). Thus, for hospital sustainability assessments that can be carried out regularly by managers 70 
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and academia, an indicator-based approach is the most suitable option. To ensure that indicators serve their 71 

intended purpose, they are often organized in a framework (Ramos & Pires, 2013). 72 

Despite the advantages that indicator frameworks yield for complex systems such as hospitals, application 73 

scopes, and assessment processes for indicator selection and structuring vary strongly in the literature 74 

(Carnero, 2014; Guo et al., 2015), and so far, a standardized and comprehensive indicator set is not yet 75 

available. Multiple recent references identify the development of internationally comparable, validated, and 76 

standardized sustainability indicators as a future challenge for consistent and comparable assessments 77 

(Hensher & McGain, 2020; Salas et al., 2020; Sherman et al., 2020). However, Ness et al. (2007) also claim 78 

that hospital sustainability assessment methods should reflect site characteristics. 79 

Thematically, indicator-based sustainability assessments of hospitals focus on different subject areas. 80 

Previous studies find that existing assessments mainly target the built environment or the environmental 81 

assessment perspective (Buffoli et al., 2015; Capolongo et al., 2016). Typical research areas in the 82 

healthcare sustainability discourse are green building certification systems like LEED, BREEAM, CASBEE, 83 

GreenStar, or DGNB, as well as more integrated assessments from academia, such as SustHealth from Italy 84 

and HBSA-PT from Portugal (Buffoli et al., 2015; Castro et al., 2017b). The differences between them, as 85 

well as other norms and standards (e.g., ISO 14001) in terms of thematical coverage, have been the subject 86 

of several previous studies (Castro et al., 2017a; Khosravi et al., 2019; Sahamir & Zakaria, 2014). 87 

However, a recent study by Cimprich & Young (2023) finds that the environmental sustainability of 88 

hospitals is strongly influenced, if not dominated, by impacts along upstream and downstream value chains. 89 

Related studies confirm that environmental impacts associated with purchases exceed those from on-site 90 

operations for all impact categories (Karliner et al., 2019; WHO, 2017; Yang et al., 2017). Hence, several 91 

studies point out the need to discuss sustainability differentiated between upstream, on-site, and 92 

downstream levels (Cimprich et al., 2019; McGain & Naylor, 2014; Sherman et al., 2020) and Seifert et al. 93 

(2021) determine issues that hospital management needs to address for improving environmental 94 
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performance across all value chain stages. Socially, while hospitals are obvious “melting pots” (Capolongo 95 

et al., 2016, p. 15) with several social issues (as mentioned before), hospitals’ upstream and downstream 96 

supply chains may also be linked with social hotspots. However, to our knowledge, comprehensive studies 97 

of social impacts along entire value chains of inpatient healthcare services, analogously to environmentally 98 

focused ones by Cimprich & Young (2023) or Keller et al. (2021), do not exist yet. 99 

To harmonize future sustainability assessments of hospitals, a comprehensive overview of existing 100 

indicators for environmental and social hospital sustainability assessment on upstream, site, and 101 

downstream levels is required. Therefore, the study at hand sets out to answer the following research 102 

question: 103 

RQ: Which environmental and social hospital sustainability indicators exist in the literature, and 104 

how can they be structured to enable comprehensive assessments of hospital sustainability? 105 

To answer the research question, a structured literature search and review is conducted (step A). Section 106 

2.1 describes the methodology applied to identify relevant articles. This includes the definition of the review 107 

scope, the conceptualization of keywords, and the literature search process. The relevant literature is then 108 

classified (step B) according to their assessment scopes (e.g., the healthcare system as a whole, entire 109 

hospitals, hospital divisions, or specific aspects such as waste management). The studies are then analyzed 110 

regarding their terminologies and taxonomies, i.e., their approaches to hierarchically structure and 111 

categorize indicators. From this analysis, a best-practice taxonomy, i.e., indicator structure and 112 

categorization, is derived (step C). Lastly, we gather and consolidate all environmental and social indicators 113 

proposed in the identified articles and analyze this compiled indicator pool regarding thematical coverage 114 

and gaps (step D). 115 
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 METHODOLOGICAL APPROACH  116 

The following subsections describe the methodological approach (step A−D) for identifying and structuring 117 

indicators for environmental and social hospital sustainability assessments. 118 

2.1 Step A: Literature search 119 

To identify relevant studies, a systematic literature review is conducted that is based on the framework 120 

proposed by vom Brocke et al. (2009) and on the ‘Preferred Reporting Items for Systematic Reviews and 121 

Meta-Analysis’ (PRISMA method; Page et al., 2021). The PRISMA method proposes a reliable and 122 

transparent process that ensures replicability and is commonly used for literature reviews (Obucina et al., 123 

2018). Based on a preliminary search, a four-sided set of keywords is conceptualized (see supplemental 124 

digital content, SDC1, Table S1). Keywords relate to the questions ‘What is the objective?’ (e.g., 125 

“sustainability”, “green”, “assessment”, “evaluation”, “framework”), ‘How is the objective assessed?’ (e.g., 126 

“indicator”, ”measure”, “performance”, “criteria”), and ‘Where is the assessment applied?’ (e.g., “hospital”, 127 

“healthcare facility”, “healthcare building”, “healthcare system”). Especially for the terms ‘indicator’ and 128 

‘hospital’, several possible synonyms need to be included, as well as the term ‘healthcare’, due to the 129 

observation that some assessments of the healthcare system in general also include assessments of hospitals. 130 

Subsequently, suitable search strings are developed for the search databases Web of Science, PubMed, and 131 

Google Scholar (Table 1) and adjusted according to the requirements of the different databases. We choose 132 

Web of Science as the basis of the search, covering a wide range of journals and offering a good density of 133 

relevant articles, PubMed to ensure specifically healthcare-related and medical articles are covered, and 134 

Google Scholar to round out the search and identify relevant articles that have possibly been missed 135 

hitherto, despite its “inconsistent accuracy” (Falagas et al., 2007, p. 338). 136 
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Table 1. Search string formulation 137 

Database Date of search 

Search hits 

− total 

− screened 

Search string 

Web of Science 22 May 2022 
2,027 

2,027 

TS=((Sustainab* OR green) 

AND (assess* OR evaluat* OR framework) 

AND (indicator$ OR measure* OR performance OR criteria) 

AND (hospital$ OR "healthcare system$" OR "health care 

system$*" OR "healthcare facilit*" OR "health care facilit*" OR 

"healthcare building$" OR "health care building")) 

PubMed 16 June 2022 
850 

850 

Sustainab*[tiab] 

AND (framework[tiab] OR assess*[tiab] OR evaluat*[tiab]) 

AND (indicator*[tiab] OR measure*[tiab]) 

AND hospital*[tiab] 

Google Scholar 14 May 2022 
>138,000 

200 
sustainability indicators healthcare hospital 

The search was conducted in May and June 2022 and was not limited to specific journals, article types, or 138 

time periods. It resulted in a total of 3,077 titles screened (see SDC2, sheet A1). First, 140 articles are 139 

excluded as duplicates. Then, title, abstract, and keywords are screened for two inclusion criteria: (1) 140 

hospitals or their subdivisions are the assessed subject; (2) the sustainability assessment is based on 141 

indicators. Subsequently, 158 articles underwent full-text screening, which resulted in the exclusion of 75 142 

more articles. This comprises, inter alia, articles that assess aspects of the healthcare system beyond the 143 

hospital context (e.g., macro-economic assessments, assessments of healthcare insurance), articles that do 144 

not address environmental or social sustainability (e.g., financial assessments, marketing), articles with a 145 

sole focus on further actions without including status-quo assessments, or articles in another language than 146 

English. In turn, a backward search yielded five more articles. Finally, 88 relevant articles are identified 147 

(see SDC2, sheet A2). 148 

2.2 Step B: Classification of literature 149 

These 88 articles are then classified in terms of their assessment scope. Sherman et al. (2020) propose a 150 

six-level hierarchy for healthcare emissions research. Cimprich et al. (2019) categorize literature on 151 

healthcare system and hospital level (but foremost differentiate between foreground and background 152 
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systems). Similarly, after screening the identified studies, we identify four assessment scopes of possibly 153 

relevant literature. Fig. 1 summarizes the described literature selection process, based on the flow chart 154 

proposed by the PRISMA method, and shows the categorization of the articles and how they are included 155 

in this review. As depicted, we distinguish between: 156 

➢ Level 0 (4 articles): articles that assess the healthcare system as a whole (including hospitals as 157 

subsystems), 158 

➢ Level 1 (43 articles): holistic assessments on the level of an entire hospital, 159 

➢ Level 2 (4 articles): assessments of a hospital division (such as the OR, the ICU, or the canteen), and 160 

➢ Level 3 (37 articles): assessments relating to a specific aspect within a hospital (such as (im)material 161 

input or output, e.g., energy, food, or waste; or a specific (non-)medical process, e.g., surgeries or 162 

cleaning). 163 

2.3 Step C: Categorization  164 

In step C, we derive a comprehensive list of categories that indicator-based assessments of hospitals should 165 

include. First, we discuss the terminologies used (used vocabulary, synonyms, and understanding of what 166 

an indicator is) and how indicator sets are structured in the literature. In SDC1, we provide further 167 

information on how indicators are identified & selected (i.e., the reasoning behind incorporating the 168 

proposed indicators), prioritized (e.g., determination of relative importance), applied (i.e., whether the 169 

proposed indicators have been used for a practical assessment or not), and aggregated (i.e., how indicators 170 

are, if applicable and sensible, to be aggregated). Second, the categories (and other categorizing elements) 171 

employed in the literature are clustered based on verbal similarities, from which the categories of the study 172 

at hand are derived (cf. SDC1, Fig. S3; SDC2, sheet A3). As this is supposed to represent the state of the 173 

art of structuring comprehensive hospital sustainability indicator sets, we only include the 47 articles on 174 
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levels 0 and 1 in this step (cf. Fig. 1), as those articles on levels 2 and 3 are, by definition, characterized by 175 

a narrower perspective on specific aspects. 176 

2.4 Step D: Compilation of a consolidated indicator pool & analysis of thematical coverage 177 

Lastly, all 88 articles on all levels 0 to 3 are reviewed for their indicators (section 3.2). All indicators are 178 

collected and consolidated (e.g., removal of ideational redundancies), resulting in the unified indicator pool 179 

(SDC2, sheet A4). Identifying indicators from the literature proved to be the most intricate step due to the 180 

heterogeneous understanding of what constitutes an indicator (as shown in section 3.1.1). For example, a 181 

‘criterion’ could be akin to a category in one study (e.g., Bottero et al., 2015), a sustainability dimension in 182 

another (e.g., Mehra & Sharma, 2021), and something readily measurable in a third (e.g., Aliakbari Nouri 183 

et al., 2019); one study could label something an ‘indicator’ that is used to group subordinate elements (e.g., 184 

Nilashi et al., 2015, use i.a. energy efficiency to group subordinate ‘parameters’), while others use 185 

‘indicators’ and ‘metrics’ synonymously (e.g., Duque-Uribe et al., 2019). Here, we decided based on the 186 

following rule. When an element either implies a unit or is to be primarily evaluated as part of an audit 187 

checklist with a Y/N (yes/no) assessment, it is considered a (quantitative or qualitative) indicator. For 188 

instance, reduction in energy consumption implies a unit, while compliance with environmental and social 189 

value standards is considered a qualitatively assessable indicator (Y/N or qualitative ratings; Duque-Uribe 190 

et al., 2019). 191 

All identified indicators are then assigned to the categories of the best-practice structure derived in step C. 192 

Additionally, they are further clustered thematically to allow for an analysis of the thematic coverage, which 193 

reveals research gaps in the current state of the art and underrepresented hospital areas and aspects. 194 
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 195 

Fig. 1. Flow chart for PRISMA-based literature selection, literature classification, categorization, and thematical coverage of 196 

gathered indicators 197 

It bears mentioning that several articles on levels 0 and 1 refer to identical, previously published indicator 198 

sets or parts of them. This is shown in SDC1, Table S2. When reviewing indicator set-specific features 199 

(e.g., categorization), we cite the most recent, relevant, and/or detailed of the associated studies as reference. 200 

For example, both Castro et al. (2015b) and Sahamir & Zakaria (2014) compare assessment elements of 201 

healthcare building sustainability assessment (HBSA) tools. The former are selected as reference, as they 202 

provide a compilation of the four most cited HBSA tools LEED, BREEAM, GreenStar, and CASBEE. A 203 

total of five studies contribute to the development of SustHealth (v1), for which the final result is provided 204 

by Bottero et al. (2015). Brambilla et al. (2020) present a first study on the development of SustHealth (v2), 205 

which was only recently complemented by Brambilla et al. (2022). Lastly, as expected, several studies also 206 
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refer to impact categories from LCA, which are thus also only included once (with Keller et al., 2021, as 207 

reference). 208 

 RESULTS 209 

Section 3 includes the analysis of taxonomies in the identified literature, the derivation of a best-practice 210 

categorization (section 3.1), and a description of thematical coverages and gaps (section 3.2). 211 

3.1 Taxonomy for environmental and social hospital sustainability assessments 212 

Section 3.1 reviews the taxonomies of level 0 and 1 articles. This includes the terminologies used and 213 

structures in which indicators are arranged (section 3.1.1), as well as the categorization the reviewed articles 214 

employ, leading to a best-practice categorization (section 3.1.2). 215 

3.1.1 Structures and terminologies of indicator sets 216 

Generally, the vast array of structures and indicator definitions renders comparing different indicator-based 217 

healthcare assessments intricate (Brambilla & Capolongo, 2019; Castro et al., 2015) − from synonyms for 218 

the term indicator to various understandings and interpretations of the term and different hierarchical 219 

structures. First, different studies use different terms for what qualifies as an indicator. For example, 220 

Nagariya et al. (2022) use the term ‘(sub)attribute’, while Jahani Sayyad Noveiri & Kordrostami (2021) 221 

refer to ‘input measures’ and ‘output measures’. Other employed terms are, for instance, ‘(sub-)criteria’, 222 

‘factor’, or ‘measure’ (Al Hammadi & Hussain, 2019; Aliakbari Nouri et al., 2019; Chang et al., 2018; 223 

Mehra & Sharma, 2021; Wong et al., 2018). Second, the observed studies show different understandings 224 

of what indicators should be. Zhan et al. (2022) distinguish between ‘first-level’ and ‘second-level’ 225 

indicators for a green hospital pre-evaluation. First-level indicators refer to general aspects of green hospital 226 

buildings (e.g., indoor comfort) and are determined by several specific second-level indicators (e.g., indoor 227 

natural lightning) that are assessed through simulation. Wong et al. (2018) apply a list of key performance 228 
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indicators from other industries to the healthcare context with varying granularity. Indicators such as the 229 

hospital’s age or operating costs imply measurability, while indicators such as technology, service 230 

reliability, and continuous improvement are not directly measurable and require further specification by 231 

other, subordinate indicators. Similarly, hospital building certifications use a subordinate ‘item’ level for 232 

some indicators (Brambilla & Capolongo, 2019). 233 

Several studies distinguish between individual and composite indicators (OECD, 2008; Rovan, 2011). 234 

Individual indicators come with a quantitative or qualitative and ideally unambiguous measurement system 235 

comparable over time (Brambilla et al., 2020; Guo et al., 2015; Romero & Carnero, 2019). For example, 236 

Romero & Carnero (2019) place individual indicators on the lowest level of a five-level hierarchy and 237 

provide indicator-specific qualitative or quantitative evaluation methods. Likewise, Pederneiras et al. 238 

(2023) develop a three-level hierarchy and use individual indicators to operationalize the lowest hierarchy 239 

level. Khosravi et al. (2019) measure individual indicators in time units within an exponentially distributed 240 

stochastic model. They attribute them directly to the Triple Bottom Line (TBL) dimensions. Migdadi & 241 

Omari (2019) compile a one-dimensional list of quantitative indicators to assess the environmental 242 

sustainability of hospital operations. Here, each indicator is given a unique unit. Ryan-Fogarty et al. (2016) 243 

even use the term indicator as a synonym for ‘unit’. Composite indicators, on the other hand, combine 244 

individual indicators to describe multi-dimensional concepts and to convey aggregate information to policy, 245 

management, and the general public (Brambilla et al., 2020; Ramos & Pires, 2013; Rovan, 2011). They 246 

thus potentially leave room for interpretation and actual quantification. If poorly constructed or 247 

misinterpreted, composite indicators can send misleading messages (OECD, 2008). For instance, Castro et 248 

al. (2017a) develop a three-level hierarchy for assessing healthcare building sustainability with composite 249 

indicators on the lowest level. Their indicators, e.g., toxicity of finishing materials, waste separation & 250 

storage, or infection control, would require individual indicators on a subordinate hierarchy level to be 251 

quantifiable. Nilashi et al. (2015) use the term indicator for broader thematical clusters such as material, 252 
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waste and pollution or occupants’ satisfaction. They define so-called parameters to describe the indicators. 253 

Lastly, some studies also refer to LCA impact categories (e.g., global warming potential, human toxicity, 254 

or land use as indicators (Keller et al., 2021; Stevanovic et al., 2019). For completeness, we also include 255 

those studies in the review at hand, although they usually pertain to different types of assessments with 256 

different advantages and disadvantages (cf. section 1). 257 

Some indicators or subordinate elements carry identical names but are allocated to different dimensions by 258 

the authors, indicating different assessment goals and multidimensional relevance. For instance, noise 259 

pollution is used by Romero & Carnero (2019) within the environmental dimension, while Bottero et al. 260 

(2015) and Djukic & Marić (2017) assign it to the social dimension. An exemplary environmentally-261 

focused indicator is the noise level in dB at specified distances outside the hospital (Carnero, 2020), while 262 

indicators for patients’ noise perception inside are assigned to the social dimension (Djukic & Marić, 2017). 263 

Likewise, energy efficiency aims to reduce environmental impacts while also entailing economic benefits, 264 

although authors mostly categorize it in the environmental dimension (e.g., Duque-Uribe et al. 2019; Chang 265 

et al. 2018; Bottero et al. 2015). On the one hand, Nilashi et al. (2015) use energy efficiency to summarize 266 

the subordinate elements building envelope performance, renewable energy, and natural lighting. On the 267 

other hand, they use energy efficiency on a subordinate level within a cost and economic category. 268 

Moreover, some studies classify indicators according to their cause, some according to their effect. For 269 

instance, Pantzartzis et al. (2017) allocate space flexibility to the built environment & functionality category, 270 

focusing mainly on the cause. At the same time, it is used by Djukic & Marić (2017) for patient and 271 

employee satisfaction, focusing exclusively on the effect. 272 

Therefore, to accommodate different hierarchical understandings of the term ‘indicator’ and to thus allow 273 

for a shared understanding and better comparability in this study and beyond, several hierarchical levels 274 

are needed in an indicator set. In addition, the different usages of the term indicator likely reflect different 275 
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perspectives on assessing sustainability practically (e.g., indicator sets such as SustHealth for evaluating 276 

hospitals; Bottero et al. 2015) or more theoretically (e.g., Khosravi et al. 2019). 277 

To address the issues mentioned above and to accommodate said differences, we propose a five-level 278 

structure. In line with common definitions (Meyer, 2004), we propose to use the term ‘indicator’ for 279 

practical (quantitative or qualitative) evaluations (e.g., water consumption in m3; electricity consumption in 280 

kWh). For cases where the same indicator can or should further distinguish between divisions of the hospital 281 

or other aspects (e.g., water consumption in m3 in the canteen or in the operating rooms; electricity 282 

consumption in kWh from rooftop photovoltaics or from the local grid mix), we introduce ‘sub-indicators’. 283 

For grouping very similar indicators or for cases where a study uses the term indicator more in the sense of 284 

a composite indicator (e.g., energy use), we propose ‘indicator groups’. They are further categorized into 285 

‘categories’ (e.g., energy), which are assigned to a sustainability ‘dimension’ (e.g., environmental). Bottom-286 

up, n:1 relationships are used for simplicity, even though, in reality, one hierarchical element may affect 287 

more than one superordinate element (e.g., indicators in the category food may have both environmental 288 

and social implications). The hierarchy and terminology are presented in Table 2. 289 

Table 2. Terminology for a five-level indicator-based sustainability assessment structure 290 

T
h
eo

re
ti

ca
l Dimension Broader thematical areas; here: environmental & social dimension 

Category Thematical area that can be assigned to a dimension (e.g., energy) 

Indicator group Groups indicators according to their goal (e.g., energy use) 

P
ra

ct
ic

al
 

 Quantitative Qualitative 

Indicator 

− measurable 

− has / implies a unit 

(e.g., electricity consumption in kWh) 

− rating scales 

− Y/N 

Sub-indicator 

− measurable 

− fraction of an indicator 

(e.g., electricity consumption of the ICU in kWh) 
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3.1.2 Best-practice categorization 291 

For sustainability assessments in general, a plethora of different thematical clusters exist, i.e., how 292 

indicators are grouped, how indicator groups are categorized, and how categories are assigned to a 293 

sustainability dimension (Fiksel et al., 2013). This is also true for hospital sustainability specifically. The 294 

variations observed in the identified literature mainly concern the number, range, and depth of thematical 295 

clusters. They indicate the importance of an unambiguous, well-defined, and goal-oriented categorization 296 

to support the indicator selection process and to contribute to increased assessment objectivity (Fiksel et 297 

al., 2013; Jahani Sayyad Noveiri & Kordrostami, 2021). 298 

On the level of sustainability dimensions, 21 of 32 indicator sets are based on the TBL (e.g., Bottero et al. 299 

2015; Chang et al. 2018; Mehra & Sharma 2021; Pederneiras et al. 2023; Nilashi et al. 2015). Nagariya et 300 

al. (2022) add customer management and health and safety risk management as separate dimensions. 301 

Pantzartzis et al. (2017) introduce built environment and technological environment instead of a single 302 

environmental dimension. Castro et al. (2017a) similarly introduce the two dimensions site and technical 303 

but also maintain an environmental dimension. Aliakbari Nouri et al. (2019) propose the four dimensions 304 

financial, supply chain, stakeholder, and learning, growth, and innovation. Lastly, no overarching 305 

dimensions are used in nine cases (e.g., AlJaberi et al. 2020; Moldovan et al. 2022; Pinzone et al. 2012). 306 

Categories have a higher granularity than dimensions, and different goal definitions among the observed 307 

literature lead to a broad range of included topics and categorizations (e.g., energy, waste, mobility). For 308 

deriving the hereafter proposed best-practice categorization, we group all categorizing elements (e.g., 309 

categories, groups, criteria, topics, and similar elements that group or subsume other elements, such as 310 

indicators, on a lower hierarchical level) used in articles (levels 0 to 1) according to verbal similarities in 311 

their designations, leading to a consolidated categorization that subsumes all topics covered in the literature. 312 

For example, the categorizing element ‘Materials and resources’ (Bottero et al., 2015), respectively is 313 
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clustered with other verbally resource- or material-related elements (e.g., ‘resource utilization’, ‘resource 314 

conservation’, ‘procurement and consumption of resources’, etc.) of other studies. The entire process is 315 

described and visualized in SDC1 (Fig. S3) and presented in full in SDC2 (sheet A3). Categories are further 316 

subdivided into indicator groups to allow for a thematic analysis of covered topics. While categories are 317 

derived from the described approach, indicator groups are derived by grouping the identified indicators (of 318 

all articles on levels 0 to 3) in a category based on their goal. Indicator groups are further explained in the 319 

subsequent section 3.2. 320 

Summarizing, the hereafter proposed best-practice categorization (Fig. 2) comprises an environmental 321 

dimension with eight categories and a social dimension with five categories. Additionally, in alignment 322 

with principles of corporate social responsibility assessments and the interrelated ESG (environment, social, 323 

governance) criteria (Costa et al., 2022), we propose an overarching Governance & management dimension 324 

(two categories) that includes technical topics, certifications, and managerial and organizational topics such 325 

as sustainability education and awareness, governance, or the inclusion of sustainability topics into strategic 326 

planning. Economic topics or topics unrelated to sustainability are not included here. 327 
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 328 

Fig. 2. Overview of the best-practice indicator pool taxonomy on category and indicator group level 329 

The categories within the Environmental dimension cover all inputs (e.g., energy or raw materials) and 330 

outputs (e.g., waste or emissions) relevant to the hospital operations. The category On-site impacts 331 

contains indicators referring to direct environmental impacts of the hospital (analogous to what is defined 332 

as ‘scope 1’ emissions in the GHG Protocol; except for aspects already covered by other categories, e.g., 333 

Energy or Transport & mobility). Next, Energy and Water cover aspects of supply, (economical) use, 334 

efficiency, and, in the case of water, pollution & treatment. The category Transport & mobility subsumes 335 

mobility aspects of patients and employees as well as internal and external logistics. Facility design covers 336 
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indicators regarding site selection and the design and construction of sustainable buildings and areas. 337 

Within Procurement & materials, aspects of purchasing and consuming all kinds of materials are covered 338 

(except for Food, which is a separate category due to its high relevance). Lastly, Waste includes all aspects 339 

of the waste hierarchy (prevention, reuse, recycling, recovery, and disposal). 340 

The categories in the Social dimension are partially based on a stakeholder perspective (e.g., as defined by 341 

the Guidelines for Social Life Cycle Assessment of Products & Organizations, UNEP 2020: workers, 342 

consumers, society, local community, value chain actors, and children). Adapted to the hospital context, 343 

the best-practice categorization includes Employees, Patients (corresponding to consumers), and Other 344 

Stakeholders (subsuming all stakeholders outside the hospital, e.g., local community, society, children, 345 

suppliers, etc.). The stakeholder-based categorization is supplemented by the two cross-stakeholder 346 

categories Health & safety (addressing issues such as infections, security, and emergencies) and Well-347 

being (covering issues such as ambient quality, comfort, and overall satisfaction), due to their apparent 348 

importance in the hospital context. 349 

All indicators that cannot be assigned to solely environmental or social sustainability are subsumed under 350 

Governance & management. This dimension includes indicators for obtained certifications and labels, 351 

adhering to existing guidelines, and transparent sustainability reporting (category Certifications & 352 

transparency), as well as the overarching organizational structure (category Organization) of a hospital 353 

(related to sustainability management, e.g., employing sustainability commissioners, existing sustainability 354 

policies, green IT, and awareness for sustainability).  355 

Naturally, some environmental topics are also particularly related to social issues and vice versa. For 356 

example, Facility design and Ambient quality & well-being are two inherently related categories, and 357 

articles with corresponding categories differ in whether they understand these categories primarily 358 

environmentally or socially. For simplification and applicability beyond this study, we apply a 1:n relation, 359 
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meaning that a category is matched to precisely one dimension, one indicator group to one category, and 360 

an indicator to one indicator group. 361 

3.2 Consolidated indicator pool & thematical coverage 362 

Lastly, we present the synthesized pool of existing environmental and social indicators and an analysis of 363 

all identified indicators on a thematic level. To allow for a thematical analysis, indicators are assigned to 364 

the predefined categories (inner rings in Fig. 4 to Fig. 6; see section 3.1.2) and clustered thematically. This 365 

thematical clustering results in the subsequently introduced indicator groups (outer rings). 366 

All articles on all levels 0 to 3 are analyzed for the indicators they use or propose. In total, 46 indicator 367 

groups are compiled, and the ~1500 indicators proposed in the literature are, by aggregating ideational 368 

duplicates, consolidated into 505 indicators that constitute the final, best-practice indicator pool. Fig. 3a 369 

shows the distribution of consolidated indicators over the dimensions: 154 indicators (30.5%) are assigned 370 

to the environmental dimension, 244 (48.3%) to the social dimension, and 107 (21.2%) to governance & 371 

management. Analogously to the number of indicators, the social dimension has the highest number of 372 

references (499 references), followed by the environmental dimension (403 references) and the dimension 373 

of governance & management (185 references). Overall, the single most mentioned indicator is ‘energy 374 

consumption’ (29 references), followed by ‘perceived satisfaction by occupants, patients, staff, and 375 

community’ (25 references). Among the environmental indicators, ‘material consumption’ (17 references) 376 

and ‘waste generation’ (15 references) are the next most referenced indicators. The prevalence of these 377 

environmental topics aligns with current research findings (Buffoli et al., 2015; Djukic & Marić, 2017). In 378 

the social dimension, ‘indoor noise level’ (12 references) and ‘temperature’ (9 references) are referenced 379 

second and third most frequently. Lastly, in the dimension Governance & management, the consolidated 380 

indicators ‘employee training on environmental matters’ (14 references) and ‘education for service quality 381 
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implemented’ (6 references) underline the importance of sustainability education and awareness as an 382 

essential management task. 383 

The indicators are each classified as upstream, site, or downstream, or, if multiple stages are addressed, as 384 

overarching (Fig. 3b). Site indicators refer to environmental or social issues for which the hospital is directly 385 

responsible and which occur in or near the hospital. They can be viewed analogously to ‘scope 1’ emissions 386 

(as defined in the GHG Protocol), while upstream indicators refer to scopes 2 and 3, and downstream 387 

indicators to scope 3. Most indicators (396; 78.4%) relate to the site directly, 27 (5.3%) to the upstream 388 

supply chains, 17 (3.4%) to the downstream flows (mostly waste topics), and 65 (12.9%) of the indicators 389 

are overarching. Most upstream indicators are in the environmental dimension and focus primarily on 390 

energy or supply chain topics (e.g., ‘environmental criteria for product selection applied’). Exemplary 391 

social indicators concern supplier development or the elimination of child labor, while ‘supply chain 392 

management strategy and transparency’ is an example of an upstream managerial indicator. As stated 393 

before, the low number of upstream indicators is apparent. In contrast to upstream and downstream 394 

indicators, on-site indicators predominantly concern social topics. This is expected, as they cover patients, 395 

personnel, the hospital’s ambient quality, and local stakeholders’ general well-being and health & safety. 396 

Environmental site indicators refer inter alia to the efficient use of energy, water, and materials, building 397 

and mobility sustainability, and direct, on-site impacts (including anesthetic gas emissions). In many cases, 398 

site indicators of the Governance & management dimension address the hospital’s internal processes (e.g., 399 

‘occupant education’). The abundance of site indicators hints at a good thematical coverage; however, the 400 

dominance of social over environmental indicators is noticeable. Downstream indicators are exclusively 401 

environmental indicators and cover mostly waste generation or treatment but also the installation of a 402 

sewage treatment plant. Downstream indicators for social issues are nonexistent. Lastly, overarching 403 

indicators are, expectedly, primarily assigned to Governance & management. Exemplary indicators are 404 

‘eco-directed sustainable prescribing’ and ‘staff travel planning’ in the environmental and ‘stakeholder 405 
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communication’ in the social dimension. Indicators such as ‘management commitment to sustainable 406 

development’ and various certifications, guidelines, and labels are examples in the Governance & 407 

management category. 408 

Across all dimensions, 135 (26.7%) indicators imply or have a unit assigned and are therefore quantitative, 409 

whereas 370 (73.3%) indicators are solely assessable by ratings (e.g., interview-based), qualitative scales 410 

or Yes/No schemes and are therefore of a qualitative nature (Fig. 3c). Many of them could alternatively 411 

instead be interpreted as sustainability actions. Indicators for which both options apply (29) are included 412 

among the quantitative ones. While indicators in the social and environmental dimensions are distributed 413 

relatively equally (32.0% of social indicators are quantitative and 31.2% of environmental ones), 414 

quantitative indicators for the dimension Governance & management are rare (8.4%). It is notable, however, 415 

that about half of the quantitative indicators in the social dimension refer to the stakeholder group of 416 

patients, which implies a lack of quantitative indicators for other aspects and stakeholder groups (such as 417 

employees, local community & society or general well-being and health & safety, c.f. section 3.2.2).  418 
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 419 

Fig. 3. (a) number of consolidated indicators and respective references; (b) consolidated upstream, site, downstream, and 420 

overarching indicators; (c) distribution of quantitative and qualitative indicators 421 

3.2.1 Environmental dimension 422 

The categories Facility design (36) and Energy (28) contain the most indicators in the environmental 423 

dimension (Fig. 4). Facility design includes predominantly indicators regarding energy-efficient design 424 

(e.g., ‘passive’ or ‘bioclimatic design’) of buildings and aspects of site selection (e.g., ‘distance to major 425 

water/power/gas supplier’), while the category Energy contains indicators referring to energy consumption 426 

or the generated CO2 from energy use. Castro et al. (2017a) name energy as the most critical environmental 427 

category in the environmental dimension, and Keller et al. (2021) identify energy efficiency as a major 428 

lever to reduce the carbon footprint of hospitals. We find that energy can be further subdivided into three 429 

thematical groups (energy supply, energy use, and energy efficiency). Energy supply contains indicators 430 

referring to energy sources (e.g., ‘type of primary energy’ or ‘heating and cooling supply’), whereas energy 431 

use includes aspects of energy consumption (e.g., ‘energy consumption’ as such, ‘energy monitoring’). 432 

Indicators of the group energy efficiency cover possibilities for energy savings by using more efficient 433 
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devices or systems (e.g., ‘energy-efficient lighting’). The category Transport & mobility (21) is divided 434 

into five groups. Transport covers aspects of internal logistics and patient transportation. Three groups 435 

distinguish between different means of mobility (car mobility, public transport, bicycles) and refer to inter 436 

alia bike accessibility, the use of electric vehicles, or the distance to public transportation. Lastly, indicators 437 

referring to sustainable business travel are grouped within conferences & travel. Although this category 438 

affects stakeholders such as patients, staff, visitors, or suppliers, the environmental aspects of mobility 439 

dominate in the reviewed literature (cf. SDC2, sheet A3). Concerning On-site impacts (21), particularly 440 

important polluters are anesthetic gases (Andersen et al., 2012; Van Norman & Jackson, 2020). Other 441 

impacts are direct emissions into water, cleaning agents’ toxicity, or the hospital’s land use. They are 442 

grouped with aspects of more ‘traditional’ nature conservation (e.g., greening of roofs, nesting boxes for 443 

swifts, unsealing of surfaces, etc.) in the group pollution & biodiversity. Analogous to the category Energy, 444 

for Water (20), a distinction is made between water use (e.g., amount of water consumed), water supply 445 

(e.g., ‘piped water source on premises’), and water efficiency (e.g., ‘use of automatic faucet sensors’). This 446 

category is supplemented by the group water pollution & treatment (e.g., ‘sewage treatment plant 447 

installation’). Waste (17) indicators primarily assess waste separation & recycling, e.g., appropriate sorting 448 

and separation of waste or recycling quotas. Indicators also cover waste prevention & reuse (e.g., ‘waste 449 

generation’). Indicators referring to the upstream supply chain are allocated to Procurement & materials 450 

(8), except those in the Food category. Along with energy supply emissions, materials procurement might 451 

be the most significant driver of hospitals’ GHG emissions (Cimprich & Young, 2023). We differentiate 452 

between product selection (e.g., ‘implementation of sustainable procurement guide’) and material use (e.g., 453 

‘amount of material consumption’). With only two indicators for food waste and one for food selection, 454 

Food is the least represented category. This contrasts the fact that food supply chains are a significant driver 455 

of hospitals’ environmental impacts (Carino et al., 2020; Cimprich & Young, 2023; Keller et al., 2021). 456 
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The same applies to the procurement and use of pharmaceuticals (Cimprich & Young, 2023; Keller et al., 457 

2021), for which no indicators could be identified. 458 

The low number of indicators for these two, likewise essential and complex, topics allows for one of two 459 

conclusions: (1) Upstream (i.e., scope 3) impacts are hitherto underexplored in literature and frameworks, 460 

which have primarily focused on direct environmental impacts. With the undoubted importance that 461 

upstream impacts (hospital materials in general, food in particular) have on hospitals’ environmental 462 

performance, this means that the lack of indicators for these topics is a clear research gap, which needs to 463 

be urgently addressed in future research; or (2) indicators themselves are not suited to evaluate these topics. 464 

While indicators promise to readily provide information on a hospital’s performance without the need for 465 

complex and data-intensive assessments such as LCA, the complexity of supply chains cannot be evaluated 466 

accurately enough with ‘simple’ indicators. 467 
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 468 

Fig. 4. Number of consolidated indicators in the environmental categories (inner circles) and indicator groups (outer circles), as 469 

well as the number of indicators that are quantitative, qualitative, or both 470 

quant itat ive (or both) (31.6%)

qualitat ive (68.4%)

Jo
urn

al 
Pre-

pro
of



26 

 

3.2.2 Social dimension 471 

In the social dimension (Fig. 5), the stakeholder category Patients includes the largest number of indicators 472 

(79). Indicators in this category are subdivided into service quality, such as average time for ward rounds 473 

or doctor-patient relationships, and medical quality (e.g., ‘number of wrong releases’ or ‘average time to 474 

take a patient’s vital signs’). Although some articles (Chang et al., 2018; Nagariya et al., 2022; Wong et al., 475 

2018) frame patients generically as ‘customers’, the category Patients is arguably the most significant 476 

structural distinction between the social performance of a hospital and that of a generic company. Well-477 

being (61) and Health & safety (56) are the second and third largest categories, respectively. This is 478 

because they cover broad thematical ranges and subsume all indicators relating to all stakeholders’ well-479 

being (here subdivided into ambient quality & satisfaction, visual, acoustic, and thermal comfort on the 480 

one hand, and health and safety & security on the other). Examples of indicators of the former category are, 481 

e.g., ‘perceived satisfaction’, ‘outside view quality’, or ‘indoor noise level’. The latter comprises, e.g., 482 

‘presence of disinfectant’ or ‘rate of workplace accidents’. Despite the often adverse working conditions 483 

(Aiken et al., 2013) and employees spending more time in a hospital than patients, the category Employees 484 

comprises significantly fewer indicators (34) than Patients. Indicators in this category are subdivided into 485 

work setting & relations, staff development, equal opportunities, and compensation & benefits and contain 486 

indicators such as ‘work-life quality’, ‘job security’, or ‘career development opportunities’. Analogously 487 

to the gap identified regarding procurement and the environmental impacts of upstream supply chains, the 488 

category Other stakeholders (14) is the smallest of the social categories. It aims at stakeholders along 489 

upstream value chains and outside the hospital (local communities & society). In the latter, indicators are, 490 

e.g., ‘community satisfaction’, ‘community complaints’, or ‘regional priority in procurement’. 491 

Notably, the shares of quantitative or qualitative indicators are very similar between the social and the 492 

environmental dimensions. On the one hand, this might be unexpected since many social aspects (e.g., those 493 

regarding overall satisfaction) are based on subjective and individual perceptions, while environmental 494 
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issues are often based on measurable, physical flows and many impacts based on scientific evidence. 495 

However, the large number of quantitative social indicators can, to a large degree, be explained by the 496 

disproportionally high number of indicators for service or medical quality in the Patients category, which 497 

are primarily time-based indicators (e.g., ‘average time for admission and discharge’). In turn, the other 498 

social categories contain relatively fewer quantitative indicators than most environmental categories. 499 
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 500 

Fig. 5. Number of consolidated indicators in the social categories (inner circles) and indicator groups (outer circles), as well as 501 

the number of indicators that are quantitative, qualitative, or both 502 

quant itat ive (or both) (32.0%)

qualitat ive (68.0%)
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3.2.3 Governance & management 503 

The dimension Governance & management (Fig. 6) includes indicators regarding the general organizational 504 

structure (Organization, 86 indicators) of a hospital, such as awareness & knowledge of sustainability 505 

issues, green IT & technical systems, internal policy and internal organization aligned with sustainability, 506 

hiring of green staff (e.g., energy, waste, or climate managers), and other issues (such as, e.g., ‘provisions 507 

for assessment of environmental footprint’). The second category targets Certifications & transparency 508 

(21), which refer to sustainability reporting & communication (e.g., ‘environmental targets communicated 509 

to all workforce’), certifications (e.g., ISO 14001 or EMAS), and guidelines & labels (e.g., ‘compliance 510 

with related environmental policies’). Within this dimension, the indicator employee training on 511 

environmental matters is cited most often (14 references), followed by reputation and image and education 512 

for service quality (six references each). Notably, EMAS (environmental management system) accreditation 513 

is only referenced twice, despite being the most prominent certification, together with ISO 14001 (Seifert 514 

& Guenther, 2019). Most indicators that are part of the indicator group IT & technical systems are only 515 

referenced once, which could be attributed to technical topics like data management or CRM systems only 516 

partially overlapping with sustainability topics. Guidelines & labels includes six indicators, rendering the 517 

group the smallest within the Certifications & transparency category. Indicators within this group concern 518 

voluntary compliance with sustainability guidelines. 519 Jo
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 520 

Fig. 6. Number of consolidated indicators in the categories (inner circles) and indicator groups (outer circles) of Governance 521 

and management, as well as the number of indicators that are quantitative, qualitative, or both 522 

quantitative (or both) (8.4%)

qualitative (91.6%)
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 DISCUSSION 523 

Beyond the mere differentiation between qualitative and quantitative indicators, it bears mentioning that 524 

not all indicators are equally suited to measure what they claim to measure – in this case, the somewhat 525 

fuzzy concepts of environmental and social ‘sustainability’. According to the OECD (2002, 25), an 526 

indicator is a “quantitative or qualitative factor or variable that provides a simple and reliable means to 527 

measure achievement, to reflect the changes connected to an intervention”, and the UN (2009) requires 528 

indicators to be ‘SMART’ − specific, measurable, attainable, relevant, and trackable, with Liu et al. (2020) 529 

adding comparable, hierarchical, and systematic. Likewise, Meyer (2004) defines requirements that a good 530 

indicator needs to meet: 531 

➢ Theoretical requirements: the indicator needs to be scientifically valid, precise, and able to sufficiently 532 

capture the non-measurable construct (here: environmental and social sustainability). 533 

➢ Methodological requirements: the indicator needs to be valid (i.e., measure what it claims to measure) 534 

and reliable (i.e., it needs to be consistently measurable over time and in the same way by different 535 

observers). 536 

➢ Practical requirements: the indicator needs to be measurable (i.e., quantifiable using available tools and 537 

methods), timely (i.e., providing a measurement at relevant and appropriate time intervals), and 538 

programmatically important (i.e., relevant for achieving the objectives). 539 

The number of indicators in the compiled pool indicates the need to review them against these requirements. 540 

For example, the indicator ‘local food’ can (assuming a clear definition of ‘local’) be objectively quantified, 541 

corresponding positively to requirements (2) and (3). However, despite a certain tendency, local food entails 542 

not necessarily fewer environmental impacts than other food (depending on agricultural yields, production 543 

practices, packaging, etc.; Michalke et al. 2023). 544 
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The main contributions of this work are twofold: Methodologically, we shed light on how the term 545 

‘indicator’ is understood across different studies (section 3.1.1), on the heterogeneous structures and 546 

terminologies used in existing indicator sets (ibid.), and on how indicators are collected, selected, 547 

prioritized, aggregated, and applied differently in different studies (see SDC1). Thematically, the proposed 548 

best-practice categorization (comprising an environmental dimension with eight categories, a social 549 

dimension with five categories, and an overarching governance & management dimension with two 550 

categories) constitutes the hitherto most comprehensive basis for future sustainability assessments of 551 

hospitals. Hospitals planning to implement an indicator-based sustainability monitoring tool or facing non-552 

financial reporting requirements can interpret the here proposed best-practice categorization as a literature-553 

based materiality assessment. Furthermore, the consolidated pool of 505 indicators provides a wide 554 

selection of indicators to be utilized in future sustainability evaluations of hospitals. Given the climate crisis 555 

and the ongoing political debate on stricter regulatory requirements to achieve net zero goals, continuously 556 

monitoring and identifying impacts is becoming increasingly relevant also in the healthcare sector. 557 

Indicators help to assess the effect of, for instance, policies, decisions, or changes and can support managers 558 

and policymakers in formulating strategies to address healthcare-specific sustainability challenges. 559 

However, the quality criteria mentioned above and data availability limitations must be considered. 560 

 CONCLUSION 561 

In this study, we present the state of the art of taxonomies (general structure, terminology, categorization) 562 

and included indicators of indicator-based sustainability assessments of hospitals. In detail, we (1) identify 563 

and review 88 relevant articles, (2) identify relevant topics for sustainability in a hospital context and derive 564 

a best-practice categorization, and (3) unveil thematical coverage and gaps of the pool of collected 565 

indicators. In addition, we summarize the methodological approaches of the reviewed articles (regarding 566 

identification, selection, prioritization, application, and aggregation of indicators; see SDC1). We find 567 
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strong variations in the taxonomies and terminologies of the reviewed articles, from diverging 568 

understandings of what constitutes an indicator to heterogeneous topics and categories. Most (73%) 569 

indicators are qualitative, raising the question of measurability and comparability. Major thematical gaps 570 

relate to (1) sustainability along upstream and downstream value chains (especially food and 571 

pharmaceuticals) and (2) quantitative indicators for social sustainability (especially for stakeholders other 572 

than patients) and governance. These thematical gaps provide pathways for future research, laying the 573 

foundation for future developments of consistent indicator-based assessments of hospitals. Beyond this, 574 

future research should build upon the presented indicator pool and identify indicators best suited to evaluate 575 

sustainability in a hospital context using the quality and aptness criteria mentioned above. 576 
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HIGHLIGHTS 

- Review of 88 articles for indicator-based sustainability assessment of hospitals 

- Literature shows diverging understandings of what constitutes an indicator 

- Best-practice taxonomy and categorization of indicators 

- Consolidated pool of environmental, social, and governance indicators 

- 73% of indicators qualitative, thematical gaps in up- and downstream value chains 
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