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Abstract: Healthcare workforce (HWF) shortages are the biggest challenges today in healthcare
systems. Therefore, it is crucial to forecast the future needs of HWFs in order to plan accordingly.
The purpose of this study was to identify, map, and synthesize the tools, methods, and procedures
for measuring medical staff deficits in Europe. We used the Arksey and O’Malley scoping review
methodology. Based on predefined criteria, 38 publications that were retrieved from multiple scientific
databases, hand-searched on the internet, from relevant organizations, and scanned from references
were considered. They were published between 2002 and 2022. There were 25 empirical studies,
6 theoretical papers, 5 reports, 1 literature review, and 1 guidebook. The majority estimated or
measured shortages of physicians (14/38) and nurses (7/38) or looked at HWF generally (10/38).
Various methods were used, including projections, estimations, predictions, simulation models, and
surveys, which used tools such as special computer software or customized indicators, i.e., the
Workload Indicators of Staffing Need method. Researchers estimated HWF shortages at both national
and regional levels. Such projections and estimations were often based on demand, supply, and/or
need. These methods and tools are not always suited to the needs of a country or medical facility,
which is why they need to be further developed and tested.

Keywords: healthcare workforce; staff shortage; health workforce prediction; medical staff deficit;
prediction tool; estimation method

1. Introduction

Globally, healthcare professionals, stakeholders, and politicians involved in the de-
velopment of health policies and health workforce (HWF) planning are currently facing
a variety of challenges [1,2]. Healthcare workforce (HCW) shortages are some of the
biggest and most pressing challenges [3]. Despite economic development and technological
progress, many countries are still struggling with staff shortages. The trends are worrying
as healthcare professionals are aging and there are insufficient efforts to replace retiring
professionals. The World Health Organization (WHO) is predicting an increase in the global
demand for social and healthcare workers; they estimate that there will be 40 million new
health jobs created by 2030 [4,5]. Due to the aging population and the existence of multiple
diseases, when assessing shortages, it is necessary to take into account doctors as well as
other medical specialists, such as nurses, physiotherapists, pharmacists, and technicians
from other medical-related professions, because their work can contribute to reducing the
workloads of doctors and ensuring the continuity of care for patients [6].

Organizing adequate care for all patients in need during the COVID-19 pandemic was
a particularly huge challenge for healthcare systems throughout the world. The pandemic
highlighted the issue of healthcare worker shortages more than ever before. In order
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to better organize care in similar circumstances in the future, it is necessary to gather
information on what resources we have (i.e., the scale of shortages, including the specialists
and regions involved) and how they could be used in more optimal ways [7,8].

HWF shortages are conditioned by many factors; however, in order to plan and
implement mitigating actions, it is necessary to acquire information on how large these
shortages are and what the demands are. Unfortunately, in many countries, there is a lack
of strategic planning based on the analysis of the health labor market, exacerbated by the
lack of reliable data and information necessary to implement effective human resources
policies in healthcare. The collection and subsequent analysis of data usually take time, so
the data that are published relate to the previous (or an earlier) year. Therefore, comparing
different countries and their shortages may often not be feasible due to the lack of consistent
data or the different methods used to assess shortages. It is necessary to reliably measure
the sizes of medical staff resources, data on the number of doctors who are licensed and
currently working, the number of medical staff who emigrated, and the number of medical
workers who have retired. As can be observed, the shortage measurements consist of
many factors and their estimations require reliable, thoroughly compiled, and available
data. Validated tools and methods are needed to measure, estimate, and prepare shortage
forecasts in the near and distant future. They are necessary to plan the admission numbers
to medical studies and the number of specialized places, as well as implement policies
aimed at mitigating the effects of shortages by applying, for example, task-shifting or
solutions using IT [9].

One of the most valuable and comprehensive scientific papers (reviews) on HWF plan-
ning is from 2015 [10]. This topic has been studied for many years and was also discussed
extensively more than 40 years ago, since 1978 [11]. Many publications and projects have
been (and are being) written; however, they tend to cover much broader topics of HWF
workforce planning, rather than only focusing on measuring or estimating shortages of
medical professionals. Human resource planning for health is extremely important and
widely discussed, which is why many scientists attempt to collect the best and most recent
data and make them available to interested audiences. Accordingly, literature reviews
are available, but they usually cover a select range of methodologies and techniques [12],
describe only one group of medical professionals [13], or are limited to a specific time
period. Publications have also been published in the following forms: a technical report
was published on a specific country [14] and a comprehensive report reviewed 26 OECD
projection models used in 18 countries [9]. Global human resource planning strategies [4]
and health policy recommendations prepared for the EU are also available [15–17]. As
mentioned above, many researchers have already addressed the subject of medical work-
force planning, as well as considered the possible approaches and available methods, but
there is a lack of analysis on health professional shortages in European countries. The main
objective of this study was to identify, map, and synthesize the existing publications on
estimating or measuring HWF shortages, and the tools, methods, and procedures used for
measuring medical staff deficits in European countries. To better explore the topic, we did
not apply a publication date limit and included both qualitative and quantitative empirical
studies as well as reports, theoretical papers, theses, and gray literature.

2. Materials and Methods

The review was performed in accordance with the Arksey and O’Malley [18] scope
review methodology and updated by researchers, such as Teare and Taks [19]. The results
were analyzed using both qualitative and quantitative methods and presented in accordance
with the PRISMA for scoping review checklist (PRISMA-ScR) (Table S1 in Supplementary
Materials) developed by Tricco et al. [20]. The final searches were conducted to October
2022. This project was registered with the Open Science Framework (registration DOI:
https://doi.org/10.17605/OSF.IO/GKMV7) [21].

https://doi.org/10.17605/OSF.IO/GKMV7
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2.1. Defining Research Questions

The review was guided by the central research question (RQ) as follows: “What are
the methods and tools that are used to estimate the shortage of medical staff in Europe?”
Other specific questions were derived, most of which reflected the characteristics of the
publications and information collected. As a result, the following RQs were created:

RQ1—What kinds of publications and research were carried out?
RQ2—Which countries are included in the study?
RQ3—Which professional groups are covered by the study?
RQ4—What kinds of methods, tools, and procedures were used?
RQ5—Which organizations/stakeholders are involved in predicting HWF shortages?
RQ6—What results and conclusions were stated?
RQ7—What are the research gaps for future studies?

2.2. Study Search

The authors searched scientific databases, namely Medline via PubMed, EMBASE,
Web of Science, Cochrane Library, as well as manually, by searching for relevant reports.
The search strategy combined terms from four themes: (1) method AND (2) estimation
AND (3) shortage AND (4) medical staff (Table S2 in Supplementary Materials). Keywords
were then derived from these themes and searched by title and/or abstract. The search
was not limited to the publication date. Additional studies of interest were identified by
visually examining the reference lists of relevant papers. Gray literature was also searched
by examining the websites of nine national and international organizations that measure
medical staff shortages. Supplementary File—Table S3 presents the operationalization
of search strategies used for all databases selected in this scoping review, while Table S4
contains a list of the websites reviewed.

2.3. Selection of Publications

The Mendeley Reference Manager was used for deduplication of the retrieved publi-
cations. Studies were selected using the Rayyan desktop [22] and consisted of two phases.
The first phase was the title and abstract review, and the second one was the full-text review.
Two independent researchers, i.e., the authors of this article (K.P. and C.N.), participated in
both steps and achieved a sufficiently high level of agreement (98.8%). Therefore, no third
investigator was appointed to determine what studies to include. Full-text articles were
included according to predefined inclusion and exclusion criteria. They were included if
they focused on the tools, methods, models, and procedures used to estimate the HWF
shortages in Europe; if they were empirical studies, theoretical works, technical reports,
books, chapters, or articles; and if the full text was available in English. They were excluded
if they focused on the development of a HWF strategy or human resources for health, i.e.,
by providing information on the scale of shortages but without any data on estimations or
measurements; research on tools and methods used for measuring shortages not related to
healthcare workers; came from non-European countries; the publication was the wrong
type (conference abstracts, book reviews, commentaries, cover letters, etc.); was in another
language; or there was no full text.

2.4. Data Extraction

Two data extraction and coding templates were used, i.e., (1) a template for empirical
research and (2) a template for other types of research, such as reviews, theoretical papers,
guidelines, theses, or reports. Each section in the template corresponds to one research
question. However, in the sections, the categories of responses have specific codes assigned
to them, which are used in further analyses (in select cases). Data extraction was an iterative
process. The researchers independently analyzed 10% of the randomly selected studies,
then the results were compared and discussed, and any discrepancies were dispelled during
a joint discussion to ensure consistency. The agreement between the two independent
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investigators was satisfactorily high (98.8% crude agreement); therefore, the data from the
remaining publications were screened by only one author.

2.5. Gathering and Reporting the Results

The collected data were analyzed using qualitative (thematic) and quantitative tech-
niques. The authors analyzed and classified the included studies according to different
categories based on their content and characteristics. First, the descriptive analysis was
carried out, including the year of publication, the objective of the study, and the research
method used. Secondly, the authors prepared the content analysis, in which they included
selected information on models and methods of measuring or estimating medical personnel
shortages, such as projection [23], estimations [24], simulations [25], or other quantitative
tools [12]. Data were also determined for the group of medical workers included in the
study—doctors, dentists, nurses and midwives, physiotherapists, pharmacists, and others.
In addition, the research was divided into which international institutions, government
organizations, research centers, or other entities were responsible for measuring the short-
ages of medical staff. The closing part of the methodology provides an overview of the
research findings, gaps, limitations, and our conclusion.

3. Results
3.1. Search Results

We identified 14,391 publications from 4 databases. The Supplementary File (Table S3)
shows the results for each database. After removing duplicates, 8307 records were obtained;
based on the analysis of the titles and abstracts, 49 full-text articles were included for further
analysis. A total of 28 studies were excluded due to their failure to meet the eligibility
criteria. After the full-text analysis, 21 articles were classified as meeting the inclusion
criteria. An additional 17 articles were included after reviewing the reference lists and
conducting a manual search. A total of 38 papers were included in this scoping review, as
shown in the PRISMA flowchart (Figure 1). The Supplementary File (Table S5) presents
information on the studies considered in the final synthesis.
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3.2. Characteristics of the Studies Included

In the 38 publications included, 25 articles [26–50] were empirical studies. Among
the remaining publications, there was one literature review [13], five reports [14,17,51–53],
six theoretical papers [9,16,54–57], and one guidebook [15]. Of the 25 empirical studies,
approximately 2/3 were quantitative studies, while the remaining ones used mixed research
methods. All studies were published between 2002 and 2022. Less than 1/3 of these studies
were created more than a decade ago, while around 30% were conducted in the last two
years. Detailed data on the number of articles published in individual years are presented
in Figure 2. As previously mentioned, other publications included in the review were
reports, technical/concept papers, a literature review, and a guidebook. As a result, due
to their specificity, a different extraction form was used. The included literature review
focuses on nursing resources and how to calculate and counter their shortages [13]. All
six reports focus on planning and policies related to healthcare professionals, while one is
only concerned with nurses [13]. They identified the drivers of mobility, analyzed the main
push-and-pull drivers, and showed how recent movements (and, therefore, shortages) of
healthcare workers affect different countries [17,51,52]. One report [14] focused solely on
the United Kingdom (England) on the levels of demand and supply, as well as the actions
required to ensure access to healthcare services. All of the included reports also considered
shortages, mobility, and skill mixes in human resources for health. Only one theoretical
paper discussed monitoring and accountability for the implementation of initiatives, such as
the EU’s Joint Action on Health Workforce Planning and Forecasting [55], which is related to
medical workforce development and planning, as well as demand- and need-based health
policies. The third theoretical paper reviewed the most important features and outcomes of
26 HWF projection models (mainly doctors, but also nurses and midwives) in 18 OECD
countries [9]. One aimed to contribute to the development of a common pan-European
methodology for assessing the shortages of healthcare workers and, consequently, the
preparation of legal, political, economic, social, demographic, infrastructural, educational,
and administrative instruments for the necessary solution to address the shortages of
medical staff [16]. All of the theoretical papers emphasized the importance of having
reliable data on human resources for health for monitoring and ensuring accountability for
the implementation of regional and national strategies [9,16,54–57].
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3.3. Countries Covered in the Included Publications

A total of 5 of the 25 empirical studies were multicountry [35–37,49,50], 7 focused on
medical staff in the UK [27,38,42,44–47], and 2 focused on the Netherlands [26,41]. Most
studies (6/7) from the UK covered the entire Kingdom [38,46,47] or a select UK state,
i.e., England [42,44] and Ireland [45], while 1 study was a case study conducted at the
Nuffield Anaesthesiology Unit at John Radcliffe Hospital, Oxford [27]. The remaining eight
empirical studies focused on various European countries, such as the Czech Republic [48],
Germany [28], Greece [29,40], Lithuania [30,43], Switzerland [31], Spain [32], Malta [33],
Hungary [34], and Italy [39], but three focused on select regions of individual countries—
the canton of Bern [31], Emilia-Romagna [39], and Hradec Kralove—in comparison with the
entire Czech Republic [48]. Two theoretical papers focused on European countries [16,55]
and one focused on the OECD states [9]. One literature review focused only on the
global shortage of nurses [13]. The reports presented the European perspective on human
resources for health, with one report focusing on the EU-28 [17].

3.4. Professional Groups Covered by the Publications

A total of 14 of the 38 publications reviewed only concerned medical doctors [26,27,30–
32,34,36,38,39,43,45,46,49,53]. Many of the papers were about physicians in their selected
specialties, mostly general practitioners [14,26,31,34,38,43,45]. We included one study on
bowel cancer screening consultants [44], one on vascular surgeons [46], and one that focused
on the deficiencies related to anesthetic consultants [27]. Only three studies addressed
the shortages of dentists and oral healthcare professionals [41,42] and one addressed the
shortage of orthodontists treating children in Greece [29]. Seven papers [13,28,33,40,47,48,
56] solely focused on monitoring nurse and/or midwife shortages and/or planning nurse
and/or midwife resources. One study focused on registered nurses, a subset of specialized
nurses [14], while another compared the work and number of specific types of nurses in
the Acute Medicine Unit, i.e., the necessary registered nurses (higher competencies) and
non-registered nurses (only allowed to participate in select activities or work, sometimes
under supervision) [47]. Only 3 out of 43 papers simultaneously dealt with the shortages
of medical doctors, nurses, and midwives (MDs and N&Ms) [14,37,52]. Moreover, we
included studies describing healthcare personnel as a whole without identifying specific
groups of medical professionals or studies containing doctors, nurses, dentists, pharmacists,
and other medical specialists. As shown in the pie chart (Figure 3), publications where the
authors targeted more than two professional groups are shown as HWFs in general [9,14–
17,35,50,54,55]. It was only in one study where “others” was associated with a specific
group, i.e., trainees [44].
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3.5. Methods, Tools, and Procedures Applied in the Identified Studies

The authors of the included publications used various approaches and methods to
obtain information on the demand, supply, and (occurring and forecasted) shortages of
medical personnel (see Figure 4). More than 1 method was used in more than half of
the studies (18/28) [26,27,30–32,34,36–38,40,44,45,48,49]. For (almost) every third study in
which two methods were used, qualitative and quantitative studies were combined, for
example, by conducting a survey before the calculations [30,31,34,44]. Projection was the
most common; it was used in more than 1/4 of the included studies [26,28,35,36,39,42–
45,48,50]. In less than every fifth publication, the available medical staff was assessed using
mathematical estimations [26,27,31,33,37,47]; equally often (17%), different tools were used
that were not assigned to any of the categories listed in Table 1, referred to as “others”.
The “others” category includes, inter alia, multiple imputations [38]; interviews [40,48];
multiple stepwise-linear regression used to derive the prediction model and a split-sample
cross-validation procedure [49]; the Delphi study [30,32]; association analyses using the
deprivation index (DI), i.e., an area-based composite indicator [34]; and usage of the
Workload of Indicators Staffing Need (WISN) method [40]. The simulation model was
a common projection [32,38,39,42,43,45]. The dynamics system was used in two of the
three simulation studies [29,36]; stochastic simulation was used in the third [25], and the
Monte Carlo simulation was used in another [39]. A slightly less frequently used method
was prediction [27,29,46,49], which accounted for less than 10% of the methods that were
presented in the included empirical studies. The definitions of the identified methods, tools,
and models are presented in Table 2.
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Table 1. Empirical studies overview.

Refs. Author/s and
Publication Year Country Study Design a Type of Data b Profession

Group/s c

Methods/
Tools/Procedures

Applied

Organizations/Stakeholders Involved in the
Process of the Measurement of HWF Shortages

[26] Van Greuningen
et al., 2012 The Netherlands CS N/CS MD Estimation;

Projection

NIVEL; Advisory Committee on Medical
Manpower
Planning

[27] Pandit et al., 2010 UK CS CS MD Estimation;
Prediction

NHS; workers at the Nuffield Department of
Anaesthetics

[28] Maier & Afentakis
2013 Germany CS N N Projection

Federal Institute for Vocational Education and
Training (BIBB), The Research Institute of the

Federal Employment Agency (IAB)

[29] Tsiouli et al., 2016 Greece CS N D Prediction Greek Association for Orthodontic Study and
Research

[30] Lovkyte et al., 2003 Lithuania CS N MD Survey; Others Lithuanian Health Information Centre

[31] Stierli et al., 2021 Switzerland CS R MD Survey;
Estimation Swiss Health Observatory (Obsan)

[32]
Barber &

López-Valcárcel
2010

Spain CS N MD Simulation Model Ministry of Health

[33] Grech et al., 2012 Malta LT N N Estimation Nurse Officers from the Maltese Neonatal
Paediatric Intensive Care Unit

[34] Papp et al., 2019 Hungary LT N MD Survey;
Others

National Public Health Institute, National Institute
of Health Insurance Fund Management, Public
Health Administration Service of Government

Office of Capital City Budapest, MTA-DE Public
Health Research Group of the Hungarian Academy

of Sciences

[35] Liu et al., 2017 Multicountry—165
countries CS M MD; N; O Projection World Bank; World Health Organization; members

of the Global Health Workforce Alliance

[36] Scheffler et al., 2008 Multicountry—158
countries CS M MD Projection World Health Organization



Int. J. Environ. Res. Public Health 2023, 20, 2945 9 of 20

Table 1. Cont.

Refs. Author/s and
Publication Year Country Study Design a Type of Data b Profession

Group/s c

Methods/
Tools/Procedures

Applied

Organizations/Stakeholders Involved in the
Process of the Measurement of HWF Shortages

[37] Scheffler et al., 2018 Multicountry CS M MD; N Estimation;
Projection World Health Organization, OECD, World Bank

[38] Taylor et al., 2018 UK LT N MD Simulation Model;
Others General Medical Council’s

[39] Lodi et al., 2015 Italy CS R MD Projection;
Simulation Model

Department of Electrical Energy and Information
Engineering University of Bologna, Bologna, Italy;

Regional Health and Social Agency of
Emilia-Romagna, Bologna, Italy; Statistical service

and geographical information of the Region
Emilia-Romagna, Bologna, Italy

[40] Gialama et al., 2019 Greece CS N N Estimation; Others

Department of Social and Educational Policy,
University of Peloponnese, Corinth; Department of

Nursing, University of Peloponnese, Sparti;
Department of Economics, University of Piraeus,

Athens; Department of Public Administration,
Panteion University, Athens;

[41] Van Greuningen
et al., 2016 The Netherlands CS N D; O Projection;

Others
NIVEL, Dutch Advisory Committee on Medical

Manpower Planning

[42] Gallagher et al.,
2010 UK CS N D; O Projection;

Simulation Model

College and St Thomas’ Hospitals, Oral Health
Services Research & Dental Public Health London;

University of Southampton, Department of
Mathematics Operational Research group,
Southampton; Cardiff University, WIMCS

Operational Research, School of
Mathematics, Cardiff

[43] Starkiene et al.,
2005 Lithuania LT N MD Projection;

Simulation Model

Department of Preventive Medicine, Kaunas
University of Medicine, Kaunas, Lithuania;

Program in Health Services
Administration, Xavier University, Ohio, USA



Int. J. Environ. Res. Public Health 2023, 20, 2945 10 of 20

Table 1. Cont.

Refs. Author/s and
Publication Year Country Study Design a Type of Data b Profession

Group/s c

Methods/
Tools/Procedures

Applied

Organizations/Stakeholders Involved in the
Process of the Measurement of HWF Shortages

[44] Ravindran et al.,
2021 UK CS N MD; N; O Survey;

Projection

Joint Advisory Group on Gastrointestinal
Endoscopy (JAG); the British Society of
Gastroenterology (BSG); Association of

Coloproctology of Great Britain and Ireland
(ACPGBI)

[45] Teljeur et al., 2010 UK CS N MD Projection,
Simulation Model

Department of Public Health and Primary Care,
Trinity College Centre for Health Sciences

[46] Harkin et al., 2016 UK CS N MD Prediction
Researchers from the Vascular Surgery United

Kingdom Workforce Survey (VSUKWS);
National Health Service (NHS);

[47] Hegarty et al., 2022 UK CS N N Estimation National Institute for Health Research, Society of
Acute Medicine

[48] Maresova et al.,
2020 Czech Republic CS N and R N Projection;

Others

Healthcare Holding of the Hradec Kralove Region;
the Hradec Kralove University Hospital;

Hradec Kralove Labour Office

[49] Tsai et al., 2012 Multicountry—130
countries CS M MD Prediction;

Others The Health Department in Taiwan

[50] Boniol et al., 2022 Multicountry CS M MD; N; P; D Projection Health Workforce department,
World Health Organization

Abbreviation: a CS—cross-sectional, LT—longitudinal. b M—multicountry, N—national, R—regional, CS—case study. c MD—medical doctors, D—Dentists, N—Nurses and midwives,
PT—Physiotherapists, P—Pharmacists, O—Others.
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Table 2. Definitions of identified methods, tools, and models.

Method/Tool/Model. Definition

Projection A tool used to better understand future situations and changes (the dynamics of workforce supply and demand) based on a study of
current trends and conditions.

Estimation This process uses data to guess the parameter about the true state of nature.

Prediction Expectation; this process uses data to guess a random value (variable) that is not part of the dataset.

Simulation model The process of creating and analyzing a digital prototype of a physical model to predict its performance and various
scenarios in the real world.

Survey The collection of information from a sample of individuals via their responses to questions.

Other methods

Delphi study A process of consultations; aims to collect opinions from a group of experts.

Workload of Indicators Staffing Need (WISN) method
A method based on a health worker’s workload, with activity (time) standards applied to each workload component; it is able to
calculate the optimal allocation and distribution of staff geographically and functionally between different types of health facilities or
health services in a country as a whole.

An area-based composite indicator A tool built from different indicators; enables the assessment of socioeconomic status (SES) and then allows preparing a comparison
between the distribution of unfilled practices and SES.

Interview A qualitative research method; relies on asking questions in order to collect data.

Multiple stepwise-linear regression Selection of independent variables to use in a model based on an iterative process of adding or removing variables.

Multiple imputations A general approach to the problem of missing data that is available in several commonly used statistical packages, which allows
repeated imputations to assess the variability of estimated values.

Sources: based on the definition indicated in included studies [23,32,34,38,40,49,58,59].
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3.6. Organizations/Stakeholders Involved in the Process of the Measurement of HWF Shortages

Medical staff shortages have been discussed by various organizations, institutions,
politicians, stakeholders, researchers, and employees, i.e., health professionals. Inter-
national organizations, such as the World Health Organization [35–37,50,51], the World
Bank [35,37], and the OECD [37] are involved in measuring the demand, supply, and deficits
of human resources for health. These organizations also produced data that were used by
some researchers in a few of the studies included in our review [35,37,49,50]. The entities
involved in the preparation of empirical studies, reports, theoretical papers, guidelines,
and reviews on measuring/estimating shortages and medical staff resources were also
largely associated with international or national organizations or project teams, including
WHO [13,16,35–37,50], the Health Foundation’s REAL Centre [14], NHS [14,27], researchers
from the EU Public Health Program [55], the Vienna Institute for International Economic
Studies [52], the European Commission [17], the World Bank [13,16,35,37], NIVEL [26], and
the OECD [16,37]. In some studies, the measurements on medical staff shortages were
commissioned, initiated, or supervised by regional/national institutes [28,34,47] or cen-
ters [30,45] related to the area of healthcare, the Ministry of Health [32], an observatory [31],
researchers [39,40,42,43,46], research associations [29,44], and representatives or workers of
a medical institution [27,33,48]. Table 1 presents a complete list of all organizations that
participated in the HWF deficiency measurement study.

3.7. Results and Conclusions Achieved

Based on the results of the included studies, at least four main methods were used to
estimate future needs and, thus, projected shortages of healthcare workers in Europe. First,
the ratio of HWF workers to the population seems to be the simplest and, therefore, the
most commonly used method. The desired ratio can be determined according to criteria
established by various stakeholders, technical agencies, the government, or healthcare
workers themselves [51]. Liu et al. [35], in their study, “Global Health Workforce Labor
Market Projections for 2030”, used the labor market to forecast future demand for healthcare
workers via an economic model, based on health workforce data over 20 years (1990–2013)
for 165 countries. The authors compared demand projections with projected growth in
the supply of healthcare workers and the requirements of the medical workforce. Based
on the results, the researchers predicted that by 2030, there will be an increase in global
demand for the healthcare workforce (up to 80 million). As a result, there will be a
shortage of 15 million healthcare workers worldwide. With the increasing availability of
data related to the medical workforce market, researchers should continually refine future
projections of the medical workforce. It would then be possible to simulate alternative
models of workforce skill mixes and examine their impacts on service delivery. Moreover,
the supply projections do not take into account the outflow rate of the health workforce or
the additional number of workers that will need to be trained to replace those leaving the
labor market [35].

Second, we look at the utilization (and demand) approach to investigate future re-
quirements based on the information according to levels of the present service utilization,
adjusted for future demographic projections [51]. This approach was used to predict a
shortage of vascular surgeons in the UK [46]. The researchers considered the number of
available vascular surgeons in relation to the UK population; they also considered the
number of people per doctor in this specialization, which was 137,000 patients per doctor.
The study also included information on the number of people working full-time and part-
time, the gender factor, the recommended number of PAs, the number of sessions, and the
number of working hours per week. However, the results were deemed unsatisfactory; the
surgeons performed more PAs and more sessions, and worked more hours per week than
recommended. It was reported that there was a shortage of 275 surgeons [46]. Phenomena,
such as shortages or oversupplies of healthcare workers, can be observed at the level of the
whole country, but they can also co-exist within a country, with some regions experiencing
surpluses and others experiencing shortages at the same time. This poses major economic
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and political challenges and greatly affects the assessment of the future needs of health
professionals. This will motivate researchers to review local, regional, and even single med-
ical facility scales. Information on sick leave, study leave, or maternity leave can be used
to estimate or measure HWF shortages. The analysis of local shortages of anesthesiology
consultants based on data on leaves in the past and predicted absences made it possible to
estimate the demand for services and the resulting shortages in the number of procedures
not performed or canceled. Research suggests that a model that factors leave entitlements
into the estimation of service capability can accurately predict this real shortfall [47].

Third, the target approach sets targets for the provision and production of specific
interventions and transforms them into productivity and staffing standards. It provides
insight into the skills and tasks essential to providing specific medical services, allowing
for vertical substitution and task-sharing to be taken into account [51].

Finally, the health and service needs approach is used to estimate future HWF needs
based on the projected population’s health requirements. This approach defines “service
needs” as functions of morbidity trends for a given gender, age, and service norm, and
then allows for the recalculation of staffing requirements using performance standards
defined by experts [51]. To conduct a needs-based analysis, access to more data is required
compared to producing estimates using a supply-based approach. With information from
the discussion of a panel of experts, a more accurate simulation model can be prepared
to measure the shortage of health professionals; such a technique has been used, among
others, in Spain [32] and Lithuania [43]. The simulation model makes it possible to follow
the professional life cycles of medical professionals. Many variables and factors affecting
the size of the need (depending on the specialization) can be taken into account using
advanced computer techniques. An integrated approach is perhaps one of the better ways
to address such a complex problem. Integrated approaches can combine a number of
indicators and trends, e.g., considering internal reorganization and skill mixes, which were
implemented by some researchers in Belgium [53] and Ireland [45].

3.8. Research Gaps for Future Studies

The most frequently mentioned limitations in the included empirical studies concerned
the availability or quality of data [28,30,31,36–38,40,46,48,50], selected methods [26,29,32,34–
37,44,45,47–50], and specific characteristics of the location where the study was performed,
e.g., a single region [31], hospital [33], ward [27], or unit [33,47], which could limit the
possibility of generalizing the results obtained. The current states of most country databases
are generally inadequate at allowing reliable and valid analyses of the baseline situations.
In most of the included studies, the limitations involved preparing analyses, projections,
estimates, or models using retrospective data that had been collected in previous years [30,40].
Unfortunately, it allowed planners and researchers to work only with a picture of a situation
that had already changed [51]. HWF data are not always comprehensive (often, the informal
and private sectors remain black boxes, particularly in social care, where medical staff help as
unregistered employees).

Limitations related to the methods focused mainly on the impossibility of a perfect
match of the selected tool for assessing medical staff shortages and the many variables
affecting them, such as the ages of employees, migration, or work organization. There
are information gaps in HWF dimensions, such as activity level and type, migration,
multiple types of employment and, in some cases, multiple locations of practice [51]. At
times, even if a doctor is registered as an active worker, the doctor is retired and needs
this active registration to issue prescriptions or referrals for himself or his family. In
addition, definitions of occupational categories vary over time; some professionals have
larger scopes of practice, while others have stopped performing some activities, or the
same responsibilities (or competencies) are shared by various medical (and even non-
medical) specialists, which makes longitudinal comparisons almost impossible. Another
major challenge involves using a comprehensive approach to assess needs rather than via
individual professions, such as doctors or nurses [52]. This would be needed in a context
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where various occupational categories are closely related, as indicated by the increasing
promotion of task-shifting to help counteract the effects of shortages. In order to properly
assess the size of shortages, considering the possession of selected competencies or the
possibility of, for example, surgery, it is necessary to agree on what the division and
organization of work will look like in the future and how different categories of employees
will interact with each other [56]. On the other hand, the gaps indicated by the authors
often involved the extrapolation of results in the nursing medical workforce, the different
demographic profiles, career options, work, compensation, and status [13]. Even if various
tools are used to assess the shortage of healthcare workers, they are not able to take into
account the many variables that often occur but are immeasurable, or there is no basis
for them to conduct detailed analyses. Of course, these data can be obtained by means
of research, e.g., qualitative–in-depth interviews, but unfortunately, they require a lot of
time and the involvement of many researchers in the conduct and analysis. In addition, for
qualitative research, it is difficult to gather such a large group to obtain information about
all possible specialists from many healthcare centers and countries.

4. Discussion
4.1. Results Summary

The final synthesis included 38 publications, 25 of which were empirical studies, with
almost 1/3 published within the last 2 years. There were 5 studies from multiple countries,
while the rest were from individual countries, with the UK contributing the most (7/28),
as many as all other European countries combined. The most frequently predicted HWF
shortages were doctors (14/38), followed by general healthcare workers (10/38), nurses
and midwives (7/38), and others (7/38). Such projections and estimations were often based
on demand, supply, and/or need. The tools used for estimating the HWFs covered a wide
range of innovations, such as mathematical and simulation models. Researchers estimated
HWF shortages at both national and regional levels. Additionally, the subject of medical
staff shortages was raised by various organizations (e.g., the European Union, the WHO,
the OECD, etc.), national health institutions (e.g., ministries of health, etc.), and academic
institutions (e.g., universities, etc.), as well as by politicians, stakeholders, independent
bodies, relevant professional associations, and individual researchers.

4.2. Discussion

As already mentioned, the methods include projections and estimations based on
demand, supply, and need. Interestingly, integrated methods and sophisticated tools that
enable multifaceted simulations are gaining the most popularity and recognition. In most
cases, however, researchers who measure shortages or develop tools to estimate them look
at them on a local or regional level. National emphasis was addressed in several reports
and theoretical or conceptual papers, such as those from the UK, the Netherlands, Greece,
Lithuania, and several other countries. Others focus their research on specific regions, such
as the European Union, the WHO regions, or the OECD countries. This reflects the fact that
the shortage of healthcare workers is not an isolated local concern within a single country.
Instead, it is a concern that is sometimes shared across specific regions. The problem goes
even beyond local and regional contexts because the HWF shortage is a preoccupation
being addressed by international organizations, such as the WHO, the World Bank, and
various multi-center project groups. Medical staff planning has been widely analyzed. We
found diverse methods and tools being used to estimate current and future resources and
gaps. These tools are prevalent in the context of HWFs in the United States [11,60–64],
Canada [65], Australia [66,67], and Europe [51,52,55,57]. On the other hand, no universal–
ideal method/approach is available. Despite the increasing progress and development
of technology, research-testing current forecasting models shows that there is still a lot to
be done, given the differences between the actual results regarding the demand, supply,
needs, and shortages and those that were predicted [10,35]. Most interestingly, some of
them compared several approaches or combined several tools and methods to obtain the
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most reliable results. To obtain information on whether there is a shortage or a surplus of
medical workers, it is crucial to conduct a gap analysis. This is performed on the basis of a
comparison of the supply and existing needs/requirements.

As another example of seeking solutions and continuous development, often fueled
by previous criticisms and shortcomings of the supply and needs approach, researchers are
constantly developing simulation models [58,68,69]. The use of an open-access simulation
tool in Microsoft® Excel (version 2011) has aided medical personnel planning in various
countries. Two basic mathematical models are used to quantify the supply and demand
of healthcare workers. The supply-side model is based on a stock-and-flow process, and
the needs-side model extends the previously published analytical framework using the
population health-needs approach. The researchers integrate supply and need analyses,
comparing them to identify gaps, both in relative and absolute terms, and then examine
their impact on costs for HWF planning strategies and policies. This model was used to
simulate a real-life example using midwives and obstetricians/gynecologists in the context
of maternal and newborn care in Ghana [68]. The use of simulations and dynamic models
also introduces many innovations. Static models enable the estimation of demand and/or
supply of the HWF at one time point, while dynamic models [70] provide estimates for
various future points in time [71], taking into account the potential and important changes
in planning parameters over time. Furthermore, dynamic simulation models allow for the
simultaneous analysis of multiple health professions, integrating the planning of more than
one group of health professionals into one model so that demand and/or supply estimates
for each type of health professional are dependent on others [42].

Even so, forecasting is almost always based on numbers alone. The assessment of
future HWF demands extends beyond estimating numbers. Future anticipated needs
should be expressed in numerical terms as well as in terms of other aspects of the working
environment, such as task shifting and/or skill mix, quality objectives, and productivity.
These are critical parameters when creating HWF forecasts and policies [72]. Quantitative
tools and models are valuable, but they cannot replace examining and evaluating what is
actually needed. As a result, a more thorough approach is required to examine the HWF in
its entirety. It is imperative that policymakers understand the expectations and behaviors
of healthcare workers and develop strategies to recruit, educate, distribute, retain, motivate,
and manage them. Seeing HWF planning as a process would be helpful. Otherwise, it
would make little sense to train enough medical professionals, such as nurses and doctors,
only to see them leave their homelands when the labor market is not suitable, or the
working conditions are not desirable.

In addition, looking at the HWF from different angles and across various medical
professions is essential. We found that HWF shortages are often measured and planned
on the basis of specific occupations without considering integration within the broader
healthcare system or between health professions. Some researchers [2] have raised concerns
about not accounting for skill mixes and perceived relationships between healthcare profes-
sionals. As healthcare services become more complex and more people seek care, HWFs
should be viewed from a variety of health professions [73]. Therefore, researchers [74–77]
proposed using multi-professional aspects of health services. This is justified by the recog-
nized need for teamwork, complementarity among various professional groups of medical
professionals, and the nature of interactions occurring in healthcare.

Furthermore, when preparing projections regarding the size of human resources for
health, it is important to gather various stakeholders in order to specify strategic goals and
the direction of the desired changes. This can also help to identify HWF policy priorities. It
may even be helpful for researchers and policymakers to generate consensus on trusted
information that can be used as input to a projection model, especially if the available
data are unreliable. Choosing a forecasting method or a projective approach requires
careful consideration because the type of model used can significantly influence the results
and recommendations obtained [51]. Using a needs-based model can produce completely
different results than a utility-based model using the same inputs [59]. Some dimensions
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of the forecasting models are better forecasted at the local level (population needs), while
others are better forecasted at the national level (education receipts) as well as at the
international level (mobility flows) [55].

Despite more than two decades of work on HWF measurements, existing models
continue to oversimplify the complex nature of medical workforce migration and burnout
or fail to identify shortages in small or remote locations, because most analyses are country-
specific or involve cumulative analyses for many countries at once [54]. Furthermore,
there are studies and reports in which the number of shortages is given, but the method of
calculating the shortage of the HWF is not provided; therefore, they were not included in
the review because they only inform us about the scale of this phenomenon and not the
procedure for measuring or estimating it.

4.3. Limitations and Implications of the Study

Our study is not free of limitations. The first one is that we included in our analysis only
publications that were written in English. The next one is the nature of the methodology of
the scoping review and the lack of a quality assessment of the included studies. With the
models, methods, and tools identified in our scoping review, it is possible to choose how
to identify the shortages of medical staff according to the needs of a given organizational
unit, medical facility, or country. Based on this knowledge, it is also possible to compare
the approaches presented and implement appropriately tailored health policies aimed at
planning and educating a sufficient number of medical workers, thereby ensuring access to
medical care, according to the current demand or needs. Based on deeper knowledge of
the methods, tools, and models for measuring and estimating the medical staff shortages,
decision-makers should use the most effective methods when planning future medical
staff, to enable all citizens to have adequate access to high-quality medical services. To this
end, stakeholders, politicians, and experts involved in health policy planning and medical
management should implement more integrated methods, using simulation models and
advanced IT technologies that take into account many variables and important factors at
the same time. Constant and close cooperation between stakeholders and medical workers,
politicians, and researchers in the fields of epidemiology, statistics, mathematics, computer
science, and public health is also necessary in order to explore the current and future needs
as extensively as possible and to plan the size of future medical staff in the best possible way.
In addition, politicians and decision-makers should strive to ensure that measurements,
estimates, and plans, are based only on up-to-date data of the highest quality.

5. Conclusions

The results of our review indicate that there are studies that measure or estimate
healthcare staff shortages in Europe using a variety of methods and approaches, such as
mathematical estimations (including regression models), forecasts, dynamic simulations,
or other quantitative and qualitative methods. These methods are not always optimally
tailored to the needs of a country, region, or institution, fail to take into account all existing
variables, or are based on inaccurate data. Nevertheless, it should be emphasized that
thorough healthcare workflow planning requires an approach that is flexible and integrated,
taking into account the (potential and effective) demand and supply, as well as other
important factors, such as productivity, outcomes, and skill mix. HWF planning is a
much broader topic than measuring or estimating the shortages of medical professionals.
However, without information about existing shortages and what is foreseen, effective
planning would be impossible.
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