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Abstract
Background  Many health systems embrace the normative principle that the supply of health services ought to 
be based on the need for healthcare. However, a theoretically grounded framework to operationalize needs-based 
supply of healthcare remains elusive. The aim of this paper is to critically assess current methodologies that quantify 
needs-based supply of physicians and identify potential gaps in approaches for physician planning. To this end, we 
propose a set of criteria for consideration when estimating needs-based supply.

Methods  We conducted searches in three electronic bibliographic databases until March 2020 supplemented by 
targeted manual searches on national and international websites to identify studies in high-resource settings that 
quantify needs-based supply of physicians. Studies that exclusively focused on forecasting methods of physician 
supply, on inpatient care or on healthcare professionals other than physicians were excluded. Additionally, records 
that were not available in English or German were excluded to avoid translation errors. The results were synthesized 
using a framework of study characteristics in addition to the proposed criteria for estimating needs-based physician 
supply.

Results  18 quantitative studies estimating population need for physicians were assessed against our criteria. No 
study met all criteria. Only six studies sought to examine the conceptual dependency between need, utilization and 
supply. Apart from extrapolations, simulation models were applied most frequently to estimate needs-based supply. 
12 studies referred to the translation of need for services with respect to a physician’s productivity, while the rest 
adapted existing population-provider-ratios. Prospective models for estimating future care needs were largely based 
on demographic predictions rather than estimated trends in morbidity and new forms of care delivery.

Conclusions  The methodological review shows distinct heterogeneity in the conceptual frameworks, validity of data 
basis and modeling approaches of current studies in high-resource settings on needs-based supply of physicians. 
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Background
Many publicly funded health systems embrace the nor-
mative principle that the supply and delivery of health 
services should be based on population need for care. 
As many countries struggle with regional inequalities in 
access to health professionals and questions about future 
surpluses or shortages of providers, respectively [1, 2], 
this issue is of high policy relevance internationally [2, 
3]. However, while methods for forecasting future supply 
from estimated inflows and outflows have received much 
attention in the health workforce planning literature [4], 
the problem of population need for healthcare and how 
to translate it into an operational quantity for estimating 
needs-based supply remains elusive. This methodological 
study provides a framework for estimating needs-based 
supply of physicians and critically reviews international 
studies in high-resource settings, with results targeted 
specifically at health services researchers and policymak-
ers in the field of health workforce planning.

Objective need for healthcare is a complex concept 
with two classical approaches that compete for its defi-
nition, namely: the humanitarian and the realistic theory 
[5]. According to humanitarian theory, there is a need 
for care when a person’s wellbeing is disturbed [6]. This 
theory focuses on the identification of diseases and 
human suffering [5]. Hence, the existence and extent of a 
need for care are equated with the level of ill-health in a 
population.

In contrast, proponents of the realistic theory argue 
that the recognition of a need for services is justified only 
when there is an effective intervention that improves the 
medical prognosis of a disease with some probability [5]. 
The basis of this argumentation is the methods and find-
ings of evidence-based medicine. In addition, the realis-
tic theory of need acknowledges the scarcity of financial, 
human, and technical resources available to society. Thus, 
there is oversupply if an additional unit of healthcare 
delivers little or no additional health benefit or if an exist-
ing potential benefit could have been met with a smaller 
amount of resources [7].

Therefore, Culyer [8] defines need for healthcare as “the 
minimum amount of resources required to exhaust a per-
son’s capacity to benefit”. This definition requires, firstly, 
the availability of interventions likely to improve clini-
cal outcomes (e.g. physical functioning) or quality of life 
(e.g. pain reduction, anxiety-relief ). Thus, not every need 
for health entails a need for healthcare [7, 9, 10], when 
effective interventions are nonexistent or largely beyond 
the remit of healthcare systems [11, 12]. Secondly, an 

intervention cannot be said to be needed if another 
equally effective but less resource-intensive intervention 
exists [8, 13].

Following the realistic theory, the objective need for 
healthcare at a population level corresponds to the bur-
den of morbidity that can be prevented or treated within 
the remit of health systems. Thus, objective need for 
healthcare can be considered a latent construct that can-
not be observed empirically but must be approximated in 
relation to a theoretical approach [14]. The short system-
atization of the relationships among key determinants 
below is necessary for the subsequent, informed set-up of 
guiding criteria for estimating needs-based supply.

In our study, the objective need for health services is 
defined as avoidable or treatable morbidity that is ame-
nable to care or prevention. It is further influenced by the 
current state of evidence-based medicine and the burden 
of morbidity in a population. The objective need corre-
lates with exogenous determinants of morbidity such 
as demographic, environmental, socio-economic, and 
behavioral factors, which can in principle be recorded 
independently of actual service utilization and supply.

Demographic characteristics such as age and sex signif-
icantly influence the individual disease risk [15–20]. Indi-
vidual health behavior such as diet, physical activity and 
smoking [21] also have a major impact on morbidity. The 
socioeconomic status of a person is clearly associated 
with the risk of disease and health behavior [22–25]. A 
person’s health is also determined by his or her social and 
material environment. Regional material deprivation (for 
example, as a result of noise and air pollution) can harm 
health directly but can also create psychosocial stress and 
influence health behavior with regard to diet [26], smok-
ing [27], and physical activity [28]. Another social deter-
minant influencing morbidity is the early life of a person, 
which was found to increase morbidity in later life [29, 
30].

Additionally, endogenous elements of morbidity, which 
are part of the healthcare system, may also correlate with 
need for healthcare. Endogenous determinants affect the 
quantity and quality of service utilization [14], which 
in turn are affected by the available supply of services 
as well as the temporal and spatial accessibility. When 
existing supply fails to account for regional differences 
in need, this can fundamentally reinforce inequities 
in access to care if supply determinants are used as the 
main indicators for need [31–33]. Similarly, indicators 
of service utilization such as case volume or per capita 
expenditure may reflect some aspects of objective need 

To support future estimates of needs-based supply, this review provides a workable framework for policymakers in 
charge of health workforce capacity planning.
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for healthcare [34] but may deviate due to various factors 
including patient preferences, access to care and provider 
incentives, for instance with regard to supplier-induced 
demand [35]. Further ethical implications for the ration-
ing and prioritization of resource allocation in healthcare 
as outlined by Brock and colleagues [36, 37] are beyond 
the scope of this paper as we define the objective need for 
healthcare independent from healthcare systems.

The third goal of the Sustainable Development Goals 
defines key targets to ensure healthy lives and foster well-
being of all. One of its targets calls for universal health 
coverage including access to quality healthcare services 
[38]. Although countries in high-resource settings (like 
the United Kingdom (UK)) already offer universal health 
coverage, they fail to supply enough doctors to meet 
their population’s need for healthcare [39, 40]. Moreover, 
while physician supply was found to increase globally, 
national shortages across the world were found to persist, 

inhibiting high levels of universal health coverage [41]. 
Providing accurate estimates of the need for physicians 
can play a vital role to reduce current and avoid future 
shortages and excesses of physicians.

Thus, the overall objective of this review is to critically 
assess methodological approaches that estimate needs-
based physician supply in high-resource settings using 
a set of guiding criteria based on central requirements. 
This criteria-led approach advances existing principles 
of workforce planning [4, 42, 43] by highlighting current 
gaps in the literature with a special focus on the relation-
ship between morbidity, utilization, and supply. We aim 
to systematically identify how existing studies choose 
their conceptual framework, validate their data basis, 
select their model, translate need into physician capac-
ity, and integrate future trends and developments in their 
predictions.

Criteria for estimating needs-based supply
Based on the theoretical foundation of objective need 
and the practical requirements of health service plan-
ning, we set guiding criteria for the estimation of needs-
based supply. The criteria were initially proposed in a 
scientific report to support/inform office-based physi-
cian planning in Germany [44] and include requirements 
for the conceptual basis, the data basis, the feasibility of 
the implementation for planning purposes, and the sus-
tainability of the estimates of need (future changes and 
developments). As health system contexts and policy 
objectives differ, these criteria are meant to support the 
process of operationalizing needs-based supply, not to 
prescribe specific normative choices. Also, they do not 
raise claim of completeness. An overview of all criteria 
can be found in Table 1.

Criteria related to the conceptual basis
Since population need for healthcare cannot be mea-
sured directly, it must be operationalized using measur-
able indicators of treatable morbidity, hereafter called 
indicators of need. The motivation for specific indica-
tors and their operationalization is based on different 
theories, and meaning of the indicators depends on the 
respective systemic and social context [45]. The influence 
of unemployment on morbidity, for example, interacts 
with the population’s access to health insurance policies 
and their specific benefit entitlements [46]. The selection 
of indicators should thus be theoretically well-founded 
and empirically supported for the respective context of 
analysis (Criterion 1.1). If no theoretical framework and 
empirical evidence is available, underlying assumptions 
should be stated.

A key challenge arises from the relationship between 
morbidity, utilization, and supply. In systems where 
healthcare providers accurately document a patient’s 

Table 1  Criteria for estimating needs-based supply of physicians 
and underlying questions
Criteria Underlying questions
1. Conceptual framework
1.1 Selection and 
justification of needs 
indicators

Is the selection of indicators theoretically well-
founded and empirically supported for the 
respective context of the analysis?

1.2 Relationship 
between supply and 
need

Is the conceptual dependency of indicators of 
need on supply
• in general,
• regarding unmet need/lack of physicians or
• regarding overuse/oversupply
examined and, if possible, accounted for in the 
framework?

2. Data basis
2.1 External validity Is the population for which providers are to be 

planned and the population from which data 
are used identical or representative?

2.2 Internal validity Does the observed data accurately measure 
the indicators of interest?

2.3 Timeliness and 
availability

Is the timeliness of data and availability of data 
sources reported, and considered with respect 
to the intended planning horizon?

3. Modelling and translation into physician capacity
3.1 Transformation into 
provider requirements

Is the estimated need for healthcare related 
to some measure of provider productivity to 
transfer the estimated service requirement to 
physician capacities?

3.2 Model selection 
and validation

Is the statistical model appropriate and well-
founded, and were the validity and the robust-
ness of the findings established?

3.3 Level of analysis Was the level of analysis defined and discussed 
regarding the potential for ecological errors?

4. Integration of future trends and developments
4.1 Projection variables Are projection variables identified that can 

be modelled according to future changes in 
population need for healthcare?

4.2 Planning horizon Was the chosen planning horizon justified ap-
propriately with respect to future changes?
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diagnoses (e.g. for the purpose of billing), these indica-
tors can be used as determinants of (documented) mor-
bidity. However, treatable morbidity may not only result 
in the use of medically indicated services, but also in the 
occurrence of both non-indicated services (“overuse”) 
and unmet need (“underuse”) [42]. A subset of diagno-
ses made by providers may therefore be related to non-
indicated services while unmet need is, by definition, not 
documented. Unmet need and overuse can both result 
from the objective need for healthcare and from local 
levels of supply. Therefore, the conceptual dependency of 
indicators of need on supply should be examined and – if 
possible – accounted for in the model (Criterion 1.2).

Criteria related to the data basis
Once suitable indicators of need have been identified, 
the data basis must be systematically evaluated. Accord-
ing to the criterion of external validity, the population 
for which providers are to be planned and the popula-
tion from which data are used should ideally be identical 
or at least as similar as possible with respect to relevant 
indicators of need (Criterion 2.1). Therefore, empirical 
investigations with full coverage of the target population 
have a high degree of external validity. Other studies that 
are based on samples of the population, for example from 
cancer registries [47] or surveys of self-reported health 
status [48], should clearly state how far and with respect 
to which characteristics they are representative of the 
target population.

The internal validity of the data, in the sense that the 
observed data accurately measure what they are sup-
posed to measure, should also be discussed (Criterion 
2.2). Consideration should be given to quality and speci-
fications for collecting data as well as to potential sys-
tematic biases and how they may be avoided. When 
indicators of morbidity are derived from the utilization of 
services such as documented diagnoses from billing data, 
one should reflect on whether the documented diagnoses 
consistently and appropriately map the “true” underlying 
morbidity, given potential biases due to the influence of 
healthcare supply on service delivery, potential unmet 
need and incentives related to comprehensive and accu-
rate coding of diseases [49, 50].

Lastly, timeliness of data and availability of data sources 
should be considered with respect to the intended plan-
ning horizon [51]. This criterion also entails acknowl-
edging potential limitations in comparability when 
combining several years of data and limitations that 
occur if the most recent data is unavailable (Criterion 
2.3).

Criteria related to the feasibility of the approach
Following the realistic theory of need for healthcare, esti-
mating the burden of disease in a population is necessary 

but not sufficient for planning and implementation pur-
poses. The extent of treatable morbidity must also be 
related to a required level of service and to the inten-
sity of work to deliver these services [43]. The empirical 
quantity resulting from the operationalization of need 
should be related to some measure of provider produc-
tivity (Criterion 3.1), such as units of service per hour of 
work [42] or expected physician time required to care for 
different patient groups or specified levels of morbidity. 
The criterion allows a reasoned transfer of the estimated 
service requirement to physician capacities. For instance, 
estimates of need for services can be translated into pro-
vider requirements in terms of physician work hours and 
based on definitions of full time equivalents (FTE), which 
are often subject to changes over time [52]. Thus, each 
translation into physician capacities must identify the 
underlying assumptions and limitations.

While the specification of the model parameters, 
including the selection and quantification of the indi-
cators of need, should be a well-founded decision, the 
selection of an appropriate statistical or analytical model 
depends on the characteristics of the data. Despite the 
fact that there are no universal criteria for model valida-
tion, different approaches such as the face, cross or pre-
dictive validation can be employed [53]. Additionally, it 
is important that the robustness of the findings is reason-
ably established through sensitivity analyses (Criterion 
3.2).

If aggregated data is used to depict relationships that 
arise at the level of the individual, the relationships 
found at the aggregate level cannot necessarily be trans-
ferred to the relationships at the individual level. A vari-
ety of factors influence the relationship of variables at 
the aggregate level, and the generalization of the results 
could induce an ecological fallacy [44]. If relationships at 
the level of individuals are of central importance for the 
population needs assessment, they should be modelled at 
the appropriate level or critically discussed regarding the 
potential for ecological error [54] (Criterion 3.3).

Criteria related to future changes and developments
Future changes in demography and epidemiology as well 
as the structure of healthcare provision may affect the 
selection of appropriate indicators of need, the data basis, 
and the modeling approach. Therefore, it is important 
to identify projection variables, which can be modelled 
according to theories on future changes in population 
need for services (Criterion 4.1). A closely related but 
distinct criterion is also the extent to which the chosen 
planning horizon has been justified with respect to these 
expected future changes [51] (Criterion 4.2).
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Methods
To highlight different approaches of operationalizing the 
need for healthcare and to identify potential gaps of pub-
lished quantitative analyses of physician requirements, 
we conducted a criteria-led methodological review.

The review was guided by the ‘preferred report-
ing items for systematic reviews and meta-analyses’ 
(PRISMA) framework by Moher et al. [55] and was syn-
thesized in multiple steps (see Fig.  1). First, electronic 
bibliographic databases (PubMed, ScienceDirect and 
Web of Science Core Collection) were systematically 
explored for peer-reviewed articles that estimate needs-
based physician supply using logical combinations of 
keywords (e.g. workforce planning, service requirement*, 
need). Results of the search were not limited using filters 
and Mendeley was applied as reference manager software 
[56]. A detailed list of all keywords and logical combi-
nations per database can be found in Additional file 1. 
Second, manual target searches on national and inter-
national websites including (but not limited to) WHO 
Health Workforce, OECD and the EU Health Workforce 
Initiative to name but a few, were conducted to obtain 

relevant grey literature. Third, mining of references and 
author searches were employed to complement the find-
ings. After identifying potentially relevant literature, 
initial screening was executed in a further step, starting 
with removing duplicates. Thereafter, abstracts or sum-
maries were reviewed and screened before acquiring full 
texts. In a final step, predefined selection criteria were 
used to check eligibility (see Table 2). The review process 
was conducted by two independent reviewers. Disagree-
ments were resolved through discussion among review-
ers until consensus was reached.

The search period was set to January 1980 until Octo-
ber 2017. A second search was conducted to extend the 
search period up to 9 March 2020, i.e. before the declara-
tion of the COVID-19 outbreak [57]). All types of studies 
were considered if a population’s need for healthcare was 
quantified and expressed in provider requirements.

Studies that exclusively focused on forecasting meth-
ods of physician supply, on inpatient care or on health-
care professionals other than physicians were excluded. 
Additionally, records in low- or middle-income countries 

Fig. 1  PRISMA flowchart based on Moher et al. [55]
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were excluded, as were studies in any other language than 
English or German (for further details see Table 2).

A detailed protocol including, amongst other param-
eters, a full list of keywords, websites, and search results 
can be found in the Additional file 1.

For data extraction, a framework of characteristics 
including the targeted physician groups and the determi-
nants of need was designed. In a final step, the proposed 
criteria for estimating needs-based physician supply were 
added to the data extraction framework to appraise each 
study (see Additional file 2). The main outcomes of inter-
est are the conceptual framework, the data basis, the 
model selection, the translation into physician capacity, 
and the integration of future trends and developments. 
The Mixed Methods Appraisal Tool and the appraisal 
tools of The Joanna Briggs Institute were consulted when 
defining the criteria for estimating needs-based physi-
cian supply. However, as these tools do not include meth-
odological studies in their targeted study designs, their 

application was not suitable for the purpose of the meth-
odological review [58, 59].

Results
Description of studies
We identified 18 articles published between 1995 and 
2017 that quantify a population’s need for healthcare and 
further estimate needs-based supply. Most papers were 
published in the first decade (2010–2020) of the search 
period (n = 14) compared to one study in the second 
decade (2000–2009) and three papers between 1995 and 
1999 (see Table 3).

Table 2 also illustrates that most of the studies (n = 10) 
originated from predominantly English-speaking coun-
tries (Australia, Canada, Singapore, UK, and USA). 
Further, seven papers were derived from Germany and 
one paper from Spain. When looking at their respec-
tive health systems and market structure, most studies 
were conducted in multiple-payer settings (n = 13) out 
of which six studies were conducted in countries with 
hybrid health system models (USA and Singapore).

The planning unit of the included articles varied widely. 
Nine studies estimated needs-based supply for mul-
tiple professionals ranging from two [60] up to 43 phy-
sicians or medical specialists [61]. Papers that restricted 

Table 2  Selection criteria and justification
Criterion Justification

Inclusion Quantification of 
need in provider 
requirements

Studies needed to assess a popu-
lation’s need for healthcare quanti-
tively and translate the respective 
need into provider requirements.

Publication date All studies between January 1980 
and March 2020 were included in 
the review.

Language All studies available in English 
or German were included in the 
study. No other languages were in-
cluded to avoid translation errors.

Exclusion Forecasting 
supply

Studies that focused on forecast-
ing existing supply with reference 
to demographic changes only and 
did not assess any additional need 
determinants were excluded.

Inpatient care Due to differences between 
inpatient and outpatient care (e.g. 
payment methods), studies that 
only focused on inpatient care 
were excluded.

Non-physicians Studies that investigated only 
non-physician providers (e.g. phys-
iotherapists or nurse practitioners) 
were excluded because of differ-
ences regarding remuneration and 
data availability that could lead to 
biases.

Low- and 
middle-income 
countries

Due to significant differences in 
healthcare resources, provision 
of health services and health 
infrastructure that are likely to 
influence data availability, studies 
estimating need for healthcare in 
low- or middle-income countries 
were excluded.

Table 3  Descriptive summary of the empirical studies included 
in the literature review

Frequency Reference
Year 1995–1999: n = 3 [62–64]

2005–2009: n = 1 [65]

2010–2014: n = 8 [60, 61, 66–70]

2015–2020: n = 6 [48, 71–75]

Country of 
origin

Australia: n = 1 [48]

Canada: n = 2 [68, 69]

Germany: n = 7 [60, 66, 70, 
72–74, 76]

Singapore: n = 1 [71]

Spain: n = 1 [61]

UK: n = 1 [67]

USA: n = 5 [62–65, 75]

Health 
systems

Beveridge Model (single payer): n = 3 [48, 61, 67]

Bismarck Model (multiple payer): n = 7 [60, 66, 70, 
72–74, 76]

Hybrid Model (multiple payer): n = 6 [62–65, 71, 75]

National Health Insurance Model (single 
payer): n = 2

[68, 69]

Unit of 
planning

Multiple professionals: n = 9 [60, 61, 63, 66, 
69, 70, 74–76]

Eye care professionals: n = 2 [64, 71]

Mental health professionals: n = 2 [65, 73]

General practitioners (GPs): n = 2 [48, 67]

Dental care: n = 1 [72]

Oncologists: n = 1 [68]

Otolaryngologists: n = 1 [62]
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the planning unit to one physician group targeted most 
frequently eye care professionals, general practitioners 
(GPs), and mental health professionals (n = 2, each) (see 
Table 3).

Review of studies against criteria
Choices and reporting of the conceptual basis
Selection and justification of indicators of need (Crite-
rion 1.1)  Each study included a rationale on how objec-
tive need was measured using several indicators, but the 
theoretical foundation differed in depth. For example, 
Stuckless et al. [68] selected determinants, which they 
assumed to influence demand for healthcare without 
giving further empirical verification. They stated, how-
ever, that the main indicators are based on theoreti-
cal frameworks of the Australian Medical Workforce 
Advisory Committee. The approach of using theoretical 
frameworks of other health workforce planners was also 
adopted by Laurence and Karnon [48] (Australia) and the 
Centre for Workforce Intelligence (CfWI) report (UK) 
[67]. Both utilized the determinants originally set out by 
Canadian research papers [43, 77]. Overall, using need-
indicators on the basis of prior research was stated in 11 
studies [48, 61–63, 67, 68, 71–75].

In contrast Lee, Jackson and Relles [64] developed an 
individual, multistep framework to explain the relevant 
domains of eye care services in their study. They first 
attributed diagnoses to each domain of services (prob-
lem-oriented, rehabilitative, preventive, and elective) by 
reviewing the ICD-9 catalogue and assigning relevant 
diagnoses to disease groups. Additionally, they consulted 
an advisory panel to review the underlying assumptions 
of their framework. Similarly, Albrecht et al. [66], Ansah 
et al. [71], Czaja et al. [60], Konrad et al. [65], Ozegowski 
& Sundmacher [70], Singh et al. [69] and von Stillfried 
& Czihal [76] developed their own frameworks for their 
analyses.

Empirical support for the indicators of need with 
respect to the chosen underlying conceptual basis was 
offered by five studies [60, 65, 66, 73, 74]. Albrecht et al. 
[73] assessed the relationship between the prevalence of 
psychological disorders and socioeconomic status before 
including the variables in their model. Albrecht et al. [66] 
used scientific literature and empirical studies to deter-
mine their indicators of need. They focused on morbidity 
measures (mortality and care dependency) and socioeco-
nomic structure, which was hypothesized to approximate 
the morbidity burden of the population independent of 
supply. After applying factor analysis on the variables, the 
effect of each factor on need was approximated. Czaja et 
al. [60] also used factor analysis to find determinants that 
would explain most of the variation in the morbidity and 
the social structure of their study area.

Kopetsch and Maier [74] empirically tested the cor-
relation of the German Index of Multiple Deprivation 
(GIMD) and need for healthcare by regressing the GIMD 
on utilization, morbidity and mortality before including 
it in their additive needs model. Konrad et al. [65] sug-
gested using a logit regression to get the best estimate of 
demographic and socioeconomic factors that would pre-
dict the prevalence of serious mental illnesses, which was 
then used for their extrapolations.

Figure 2 presents the distribution of indicators of need 
selected in the studies. The most frequently applied 
exogenous determinants when quantifying the need for 
healthcare are the demographic variables age and sex 
[48, 60–67, 69–76]. Only one study [68] did not mention 
incorporating any of these variables. Other exogenous 
factors (i.e. sociodemographic status, operationalized by 
education and income) were included in eight studies 
[60, 65, 66, 71, 73, 75]. Unemployment as a measure of 
need was mentioned in four papers, all of them address-
ing the German healthcare system [60, 66, 73, 74]. Envi-
ronmental factors used to operationalize the need for 
healthcare were employed in five studies including indi-
cators describing regional deprivation or residency [60, 
73–75] and secondhand smoke exposure as proxies [69]. 
Indicators of health behavior were employed in two of 
these papers including lifestyle risk factors (e.g. alcohol 
consumption, obesity) [69, 75].

Measures of morbidity were included in 14 out of 18 
studies [48, 60, 62, 64–66, 69–76]. The operationalization 
of morbidity varied largely between incidence/prevalence 
rates of certain diseases [48, 64, 65, 68, 69], the depen-
dency on care in a population [66, 73] and other morbid-
ity groupings/disease patterns [61–63, 67, 70–72, 74, 76].

Indicators with a clear dependency on the healthcare 
system were divided into the categories supply and utili-
zation, which were found in six papers each. Supply rep-
resented the current number of physicians [61, 71, 74] 
and productivity measures [62, 67, 68], whereas utiliza-
tion was characterized by cases/visits per physician [48, 
67, 70, 71, 75] and number of referrals [68]. Two studies 
applied both endogenous determinants in their model 
[67, 71].
Potential influence of supply (Criterion 1.2)  A key chal-
lenge of the conceptual basis concerns the potential 
influence of supply on need determinants. Nine papers 
discussed the influence of supply on some of the variables 
used in [61, 62, 66, 67, 69–71, 73, 75] or excluded from 
[66, 73] their model. For instance, Ozegowski & Sundm-
acher [70] acknowledged that the regional density of phy-
sicians may influence the prevalence of coded diagnoses 
from utilization data. Albrecht et al. [66] supported the 
assumption that indicators from utilization data are sta-
tistically dependent on supply (i.e. access to care), so they 
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recommended to either apply these indicators to a lim-
ited extent or avoid them completely.

After conceptually identifying the potential influence 
of supply, six studies attempted to account for possible 
undersupply or unmet need in their estimates of physi-
cian requirements [61, 62, 67, 69, 71, 75]. For instance, 
Dall et al. [75] included a so-called healthcare utilization 
equity scenario, which models the effect of socio-demo-
graphic, economic, and geographic barriers on physician 
demand by comparing population groups with and with-
out such barriers. They noted, however, that the model 
may still project any imbalances (under- or oversupply) 
into the future. Anderson et al. [62] adjusted their sup-
ply-based model by estimated numbers of uninsured 
people to factor in current imbalances.

Barber and López-Valcárcel [61] sought to account for 
current undersupply of physicians by using information 
about unfilled positions on the job market. Singh et al. 
[69] adjusted for current physician shortages using esti-
mates on the number of people that were not attached to 
a general practitioner for their base-case scenario.

In contrast, Ansah et al. [71] included the estimated 
number of unmet care needs (underuse) in their simu-
lation model in their ‘integrated approach’ by consider-
ing information on time differences between the date of 
appointment booking and the date of the patient visit 
(waiting lists). Similarly, the CfWI [67] used panel esti-
mations to account for contemporary unmet need for 
healthcare services.

No study adjusted their model for potential overuse 
of medical services by patients or oversupply. Moreover, 
none of the studies empirically explored the correlation 
of supply and indicators of need.

Evaluating the validity of the data basis
External validity (Criterion 2.1)  Several data sources 
were used to quantify needs-based supply of physi-
cians, which varied in their representativeness. We 
divided the data into four categories to systematically 
assess their external validity. The highest representa-
tiveness was assigned to population data for which the 
authors claimed that it covers the population of interest 
as a whole. Population data was followed by representa-
tive samples of a population and lastly, by conveniences 
samples. If it was not possible to assess the representa-
tiveness (i.e. the combination of several datasets whose 
representativeness varied and no further validity tests 
were conducted), we classified it as mixed data.

We found that two studies relied on population data 
[66, 76], one paper used information from national statis-
tics [66] and the other employed health insurance claims 
of all publicly insured Germans [76]. Another two stud-
ies claimed to use representative samples for their esti-
mations [73, 75]. By way of example, Albrecht et al. [73] 
applied data from an epidemiological study with infor-
mation drawn from a stratified sample of the population 
that was considered representative on a national level. 
Further two data sources were classified as convenience 
samples [62, 70]. Anderson et al. [62] mainly used claims 

Fig. 2  Indicators of needs-based supply employed by selected studies
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data without an all-payer approach (in the sense of con-
venience samples from some insurers). They sought to 
approximate the demographics of the study population 
as best as possible by including only the biggest health 
maintenance organizations in their study without any 
stratification.

We were unable to properly assess external validity in 
18 out of 24 approaches1 because the authors combined 
various data sources [48, 60–65, 67–69, 71, 72, 74] and 
information on the representativeness of the data as 
a whole was lacking. Singh et al. [69], as one example, 
combined information from scientific literature and 
cross-sectional studies on prevalence and incidence 
rates without reflecting on the overall representative-
ness. Stuckless et al. [68] tried to ensure external validity 
by checking the consistency between data sets whenever 
possible with, however, several uncertainties on the over-
all representative status remaining.

Similarly, Lee, Jackson and Relles [64] declared their 
own representativeness of the incidence and prevalence 
rates as problematic in consequence of their disparate 
data sources.
Internal validity (Criterion 2.2)  Apart from the assess-
ment of representativeness, consideration should be 
given to the quality and accuracy of the data, as well as to 
potential systematic biases and how they may be avoided. 
13 studies reflected on the accuracy of their indicators 
and/or recognized systematic biases hampering internal 
validity [48, 60, 62–67, 69, 70, 73, 76]. For example, von 
Stillfried and Czihal [76] used health insurance claims 
data to estimate needs-based supply of physicians in Ger-
many. The authors discussed potential threats to inter-
nal validity from people who changed insurers within 
the health system. New identification numbers would be 
attributed to these insurees and since the data was ano-
nymized, would count them as two individuals.

Another general limitation of internal validity was 
debated due to the usage of non-repeated cross-sectional 
data for incidence or prevalence rates [48, 73].

The CfWI report [67], as an example of very transpar-
ent reporting, listed data quality assessments by data 
confidence ratings for every model parameter, differ-
entiating confidence levels between ‘very high’, ‘high’, 
‘medium’, ‘low’ and ‘n/a’ [not available]. Additionally, its 
authors declared assumptions concerning the data source 
and general data assumptions, and summarized valida-
tion approaches and remaining uncertainties [67].

Out of the 13 studies that reflected on their internal 
validity, six papers tried to correct for potential biases 
[62–64, 67, 69, 70]. Singh et al. [69], who combined 
information from various data sources, tried to enhance 

1 The number of approaches (n = 24) exceeds the number of studies (n = 18) 
because three studies adopted several approaches.

internal validity by consulting expert panels and using 
complementary information from the literature. Lee, 
Jackson and Relles [64] used a similar approach; they 
modified the epidemiologically derived prevalence rates 
used for the needs-based model with the help of an advi-
sory panel, scientific literature or – if no data was avail-
able for certain conditions – extrapolated and rescaled 
prevalence-rates from utilization data.

To take potential errors based on the principles of 
free choice of health professionals into consideration, 
Ozegowski & Sundmacher [70] accounted for co-provi-
sion of care in urban regions when estimating need for 
healthcare.
Timeliness and availability (Criterion 2.3)  When looking 
at the timeliness of data, we found that all studies men-
tioned the year of collection for the main data sources. 
Some studies, however, stated only the year of the under-
lying reference publication, not the timeframe in which 
the data was collected [71, 72].

Among the 16 studies that reported specific years, 
the difference between the year of data collection and 
the year of workforce planning varied between 1 and 20 
years. Stuckless et al. [68], the study with the largest dif-
ference, used prevalence estimates of registry data from 
1989 to 2005 and survey data from 1999 to 2009 (among 
others) to compute the need for oncologists. Only two 
studies theoretically justified the utilization of different 
base years [70, 74]. Kopetsch and Maier [74] hypoth-
esized that morbidity measures within one region would 
not change substantially over a timeframe of two years. 
Similarly, Ozegowski & Sundmacher [70] relied on com-
muters’ data, which was valid for one year after baseline 
under the hypothesis that commuting behavior would 
not vary fundamentally between consecutive years.

Terms of access to the data sources or the frequency 
of data reporting were not systematically reported. Only 
Laurence and Karnon [48] reported not only the avail-
ability of data sets used in the study but also the fre-
quency of data collection in detail.

In general, several studies stated that they mostly relied 
on the latest datasets available [48, 66, 75] and that the 
data was collected routinely/periodically [64, 68, 70, 76].

Modelling and translation into physician capacity
Translation into provider requirements (Criterion 
3.1)  After quantifying the need for healthcare, results of 
the empirical quantity must be related to some measure 
of provider requirements. Most studies employed full-
time equivalents (FTE) to translate population need for 
healthcare into physician capacities [48, 61–65, 67–69, 
71, 75, 76]. Transformation to FTE was made by using 
averaged numbers of consultations, averaged minutes 
devoted to patientcare or predetermined working hours 
(e.g. 40  h weekly working time) per physician. Singh 
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et al. [69], as one example, multiplied physician-time 
spent to treat a disease with the overall number of dis-
ease cases (considering yearly incidence and prevalence 
rates) to estimate the total service hours needed, which 
can be converted into FTE using the average number of 
hours worked per year by a physician. Likewise, Green-
berg and Cultice [63] derived their FTE conversion factor 
for each specialty by dividing the total minutes dedicated 
to patient care of the base year (considering indirect and 
direct contact) by the number of physicians who were 
reportedly active.

Due to the lack of a uniform worktime recording sys-
tem for physicians, Konrad et al. [65] used various 
sources in order to approximate the hours a physician 
spent in direct patient contact per year to estimate the 
conversion factor of needed service minutes in FTEs.

An example for translation through average consulta-
tions was provided by Dall et al. [75]. The authors used 
the total number of physicians of the base year to calcu-
late the average volume of services delivered per FTE. For 
this purpose, they divided the yearly volume of health-
care services delivered by the base year staffing under 
consideration of known shortages of physicians. Simi-
larly, von Stillfried and Czihal [76] used average health 
services delivered per physician (measured in so-called 
service points) across Germany as conversion method.

Predetermined working hours were applied by Lau-
rence and Karnon [48] as conversion tool for FTEs. 
They translated the estimated hours of services needed 
into FTEs through 40 h weekly working time and a total 
number of 44 workweeks per year in order to account for 
potential sick/annual leave or other training absences. 
Lee, Jackson and Relles [64] used survey data reviewed by 
experts to convert services needed into actual worktime 
estimates. To further translate these estimates into FTE, 
they also used predefined working hours (48 workweeks 
of 42 h weekly working time).

Another approach to relate need for healthcare with 
healthcare supply was to adjust or contrast existing 
physician-to-population-ratios by morbidity measures 
instead of directly converting estimates of need into FTE 
[60, 62, 66, 70–74].

One example for contrasting need to supply was posed 
by Jäger et al. [72], who first translated the estimated bur-
den of oral morbidity into required treatment time based 
on health insurance claims data. Subsequently, these esti-
mates were compared to but not directly converted into 
physician supply (using the Gini coefficient). Likewise, 
Ozegowski & Sundmacher [70] related the physician 
headcounts with regional need for healthcare through 
the Concentration Index because no information on 
actual working hours was available to directly translate 
need into physician capacities.

Albrecht et al. [66] exemplified adjustment of physi-
cian-to-population ratios through need measures. First, 
they determined new physician-to-population ratios 
using the actual ratio of regions, which they estimated 
to have an average need for healthcare, before adjusting 
all regions with their self-developed need-index. In their 
latest work, they used the same approach but refined the 
composition of the need-index [73].
Model validation (Criterion 3.2)  Before we were able 
to address aspects of the model validation, we extracted 
the central statistical model for each study. We found 
three main modeling approaches in the literature review: 
extrapolations (also incorporating index adjustments), 
regression-based analyses, and simulation models (see 
Table 4).

Out of these approaches, simulation models and index 
adjustments were found to include a theoretical justifica-
tion of the model. It was generally claimed that system 
dynamic models, for example, were well suited for the 
healthcare environment, specifically for forecasting pur-
poses, because of their adaptability and ability to model 
complex relationships [61, 67, 71].

Some aspects of model validation including sensi-
tivity analyses were found in most of the studies [48, 
60–68, 70–73, 75, 76]. Von Stillfried and Czihal [76], as 
a regression-based example, used the coefficient of deter-
mination (R2) to determine the model fit. They argued 
that although their relative risk score incorporates age 
and sex, which are already independent variables in the 
regression, the risk score still extends the amount of 
explained variation in the data significantly if added to 
the model. Likewise, Albrecht et al. [66], Jäger et al. [72], 
and Kopetsch and Maier [74] used R² to assess their 
model fit.

The HIS report from Dall et al. [75], as one example 
including extensive validity assessment, used a micro-
simulation model, which they sought to cross-validate by 
comparing the predicted service-usage with alternative 
approaches from the literature that estimated national 
use of healthcare services. Additionally, they validated 
their methodology according to the five main types of 
validation recommended in the best-practice report from 
the International Society for Pharmacoeconomics and 
Outcomes Research (ISPOR).

Also, Greenberg and Cultice [63] applied cross vali-
dation and compared the findings of the extrapola-
tion-based utilization approach with the formerly used 
supply-based model.

In order to validate the appropriateness of their simu-
lation (system dynamics) models, Ansah et al. [71] con-
sulted stakeholders and cross-checked the validity with 
historical data. Additionally, they conducted sensitivity 
analyses for every parameter used in their simulation 
model by varying each parameter by 25% (assuming a 
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uniform distribution) as well as Markov chain Monte 
Carlo simulations.

In order to ensure the statistical stability of their 
model in light of the underlying disparate data sources, 
Lee, Jackson and Relles [64] computationally resampled 
(bootstrapped) the data and introduced random statisti-
cal variation through various randomization techniques.

Level of analysis (Criterion 3.3)  Three models identified 
in the literature used individual-level data to estimate 
needs-based supply [73, 75, 76]. Von Stillfried and Czi-
hal [76] used service points per person on an individual 
level. Similarly, the IHS report employed individual-level 
measures of healthcare utilization (outpatient visits) [75]. 
In contrast, Albrecht et al. [73] used epidemiological data 
to estimate the correlation of socioeconomic factors and 

Table 4  Summary of the criteria for operationalizing population need for healthcare for physician planning. (0/1) simplified indicates 
that the aspect was assessed as criterion being ‘present’ (1) or ‘not present’ (0). A full description can be found in the Additional file 2 
NB: The number approaches result into n = 24 instead of n = 18 as three studies adopted several approaches
1. Conceptual framework Findings
1.1 Selection and justification of needs indicators
• Theoretical rationale (0/1)
• Empirical validation (0/1)

Theoretical rationale for the indicators
• n = 24
Empirical validation of indicators
• n = 5

1.2 Relationship between supply and need
• Potential influence (0/1)
• Potential unmet need or lack of physicians (0/1)
• Potential overuse or oversupply (0/1)

Discuss potential influence of supply
• n = 9
Adjust potential unmet need or lack of physicians
• n = 6
Adjust potential overuse or oversupply
• n = 0

2. Data basis Findings
2.1 External validity
• Representativeness

Representativeness
• Population data: n = 2
• Representative sample: n = 2
• Convenience samples: n = 2
• Mixed data: n = 18

2.2 Internal validity
• Accuracy of indicators

Discuss accuracy of indicators
• n = 14

2.3 Timeliness and availability
• Survey period

Survey/recording periods (in years)
• Ranges between 1–20 years

3. Modelling and translation into physician capacity Findings
3.1 Transformation into provider requirements
• Methodology

Methodology to translate estimated need into 
supply
• FTE: n = 14
• Physician-to-population ratio adjustment: n = 10

3.2 Model selection and validation
• Type of model
• Justification and validation (0/1)

Type of model
• Regression-based: n = 4
• Simulations: n = 9
• Extrapolations: n = 11
Validation of the model
• n = 21

3.3 Level of analysis
• Aggregated data (0/1)
• Individual data (0/1)

Model based on aggregated data
• n = 21
Model based on individual data
• n = 3

4. Integration of future trends and developments Findings
4.1 Projection variables
• Selection of variables

Variables for projection models
• Demographics: n = 13
• Utilization: n = 5
• Supply: n = 5
• Morbidity: n = 3
• Insurance status: n = 2
• Health behavior: n = 1

4.2 Planning horizon
• Length
• Validation (0/1)

Length of need projections
• Ranges between 10–31 years
Validation of length
• n = 0
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morbidity (prevalence) on an individual level before ulti-
mately transposing these findings to regional levels.

All other models used aggregated or partially aggre-
gated data. For instance, Stuckless et al. [68] worked with 
incidence rates and referral rates in their model. Ansah et 
al. [71] used both aggregated and partially disaggregated 
data such as prevalence rates of eye diseases disaggre-
gated by demographic variables.

None of the studies thoroughly discussed the implica-
tions of using individual compared to aggregated data 
or vice versa. Kopetsch and Maier [74] mentioned that 
regional analyses may mask correlations due to averaged 
effects and highlight the potential of the Modifiable Areal 
Unit Problem when defining the level of analysis. In this 
context, Ozegowski & Sundmacher [70] also highlighted 
that smaller-scale models should be employed whenever 
possible.

Integration of future trends and developments
Projection variables (Criterion 4.1)  We found that 12 
studies projected need for healthcare and the corre-
sponding provider requirements into the future. Projec-
tion models were mainly based on demographic changes 
(population growth, migration, aging and mortality) with 
morbidity-levels, utilization patterns and staffing ratios 
assumed to remain constant [48, 61–64, 66–69, 71, 72, 
75].

Indicators that were regarded as dependent on the 
healthcare system were applied in eight studies. Possible 
trends in morbidity were estimated in three studies [67–
69]. For instance, Singh et al. [69] estimated future preva-
lence increases in each of their top ten ICD-10 diseases 
from 2009 to 2030, using different baseline assumptions 
for their scenarios. Stuckless et al. [68] suggested their 
morbidity trends on historical annual increases in cancer 
incidence rates based on cancer statistics and published 
evidence from the literature and assumed that these 
trends would continue in the future, thus holding them 
constant in the projection models. In contrast, the CfWI 
[67] tried to estimate change for healthcare need using 
Delphi panels.

Other variables used in projection models were insur-
ance coverage [62, 63] and changes in health risk factors 
[69].
Planning horizon (Criterion 4.2)  The length of the pro-
jections varied between 10 years [48, 68] and 31 years 
[63], having a mean of 17 years. No substantive explana-
tion (validation) was found on the length of projection. 
However, since projection models were mainly based on 
demographic changes, the length of available population 
projections was mentioned frequently when describing 
the data [61, 62, 64, 66, 67, 71, 72].

Overview of findings
No study was able to fully meet the guiding criteria set 
out in this review.

Table  4 provides an overview of the criteria used to 
quantify needs-based supply of physicians and the corre-
sponding findings. Detailed information on the results of 
each study, also including the descriptive characteristics, 
can be found in the Additional files.

Discussion
We conceptualized population need for healthcare as 
the latent level of avoidable or treatable morbidity in a 
population that is not directly measurable and requires 
approximation. From the conceptualization and the 
practical requirements of planning, we derived a set of 
guiding criteria that any quantitative analysis of provider 
requirements should consider. Complementary to previ-
ous reviews [4, 42, 78], our study focused specifically and 
more deeply on the relationship between need, supply, 
and utilization in the estimation of needs-based supply. 
In the following, we highlight methodological gaps along 
our proposed framework and suggest implications for 
research and policy.

Overall, needs-based physician supply was planned 
for a diverse portfolio of physician groups, with one up 
to 43 groups per study. The physician group which was 
targeted most frequently, either solely [48, 67] or in com-
bination [60, 66, 69, 70, 74, 76] was GPs. One reason why 
there are considerable efforts to estimate GP supply pre-
sumably originates in their central role in primary care 
as care coordinators [79] and gate keepers [80]. They are 
also regarded as vital players for cost-effective provision 
of health services that stimulate equity in health out-
comes [40]. Despite the efforts to estimate-needs based 
supply of GPs including projections that forecasted 
imbalances between need and supply [66, 67], studies 
failed to adequately predict the magnitude of current 
GP shortages [40, 81]. This highlights the importance 
of improving methodological approaches in areas that 
are identified in this review such as incorporating future 
trends and developments.

Strengthening the conceptual basis and transparency of 
the underlying theory of need
For any need assessment, it is important to ensure trans-
parency on the underlying conceptual basis and the 
development of the theoretical model as well as the cho-
sen determinants of need.

With respect to the strategies used by the authors to 
theoretically justify and empirically approximate indi-
cators of need (Criterion 1.1), it became clear from 
the results that these rationales were based on sev-
eral, at times not fully transparent assumptions. How-
ever, a strong theoretical framework would be central 
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to approximate latent need which cannot be measured 
directly. Especially when indicators of need are selected 
based on prior research, it is important to keep in mind 
that the significance of these indicators may differ over 
time, between health systems and even between differ-
ent physician groups within a single system. Thus, the 
application of approaches from mostly privately funded 
health systems shall be considered in detail before imple-
menting them in publicly funded systems. It remains of 
great importance to have a strong theoretical framework, 
which secures, among other things, the transferability of 
prior research to a new setting.

With respect to the effect of supply on estimates of 
need (Criterion 1.2), 14 models relied at least in parts on 
utilization data to infer population morbidity from coded 
diagnoses in different regions (14 studies) or to identify 
regional patterns of utilization (4 studies). No study scru-
tinized potential overuse of medical services by patients 
or oversupply in terms of the number of providers and/
or services provided. The phenomenon of supply-sensi-
tive care refers to services whose delivery depends on the 
density of the local supply structure, regardless of medi-
cal need for care [82, 83]. Thus, if indicators of morbidity 
are derived from utilization data, the needs assessment 
can be biased through inappropriately high or low utili-
zation rates. For instance, Albrecht et al. [73] showed that 
need estimates for psychologists from utilization data 
was significantly lower than those derived from estima-
tions based on epidemiological data. They argue that the 
gap may be explained by lower utilization rates of older 
adults and people with a lower socioeconomic status.

To ensure that regional differences in utilization that 
result from inequalities in access to care do not bias esti-
mates of need, Sundmacher et al. [44] recommend an 
adjustment for expected utilization at the level of the 
respective planning area. Conceptually, the expected uti-
lization should be based on exogenous factors that are 
well correlated with regional utilization (such as age and 
sex), so that system effects associated with supply can 
be excluded. However, it is also conceivable that popula-
tion need for healthcare, which is identified following the 
adjustment, does not lead to actual service utilization, if 
there is no perceived need.

Altogether, implications arising from an adjustment for 
unmet need or utilization pattern require careful deliber-
ation and design. Standardised methods to systematically 
account for overutilization and/or oversupply in order to 
redress resulting inequalities in access to healthcare are 
yet to be developed.

Strengthening the availability and validity of the data basis
The data basis should allow for coverage of the entire 
population or at least a representative sample on small 
area level for which services and providers are to be 

planned and should adequately reflect the indicators 
being measured. The smaller the geographic area for 
which providers are to be planned, the more challeng-
ing it will be to secure appropriate data to fulfill these 
criteria.

In terms of external validity (Criterion 2.1), Konrad et 
al. [65] remark that national census data, which is most 
frequently used in the records reviewed in this study – 
despite being a source that is independent of healthcare 
supply and utilization – might also be subject to system-
atic errors (e.g. incorrectly assessing people with lower 
socioeconomic status). Caution is also advised when rely-
ing on claims data of single health insurance providers as 
noted by Ozegowski & Sundmacher [70]. The character-
istics of the population regarding socioeconomic status, 
age and sex may differ among the health insurance pro-
viders and thus may not be representative for the entire 
population. In addition, the main purpose of the data 
remains billing health services used by patients. There-
fore, the data in its origins depends on the billed services 
among regions. Thus, one should always consider health-
care system-dependent aspects when relying on utiliza-
tion data (e.g. regional (deprivation) and socioeconomic 
inequalities in access to primary care), which in turn 
influence the overall representativeness of the population 
and ultimately lead to errors in the results if not being 
accounted for in the analysis.

Measuring internal validity (Criterion 2.2) was not a 
straightforward task. Eleven approaches were found to 
discuss the accuracy of their indicators in accordance 
with our definition. Vital information on the data collec-
tion (year, methodology or limitations) and other qual-
ity measures were not transparently reported. Aspects 
which might hamper internal validity such as coding 
accuracy when using utilization data [49, 50], were not 
consistently disclosed. Future studies should transpar-
ently review data quality, and, if necessary, outline and 
discuss potential inaccuracies or biases.

Another neglected area was reflecting on timeliness of 
the data when estimating needs-based supply of physi-
cians (Criterion 2.3). Most commonly, the year of collec-
tion was stated without discussing further implications. 
Potential limitations arising, for instance, from the usage 
of datasets from different years in the same model were 
not recognized. It should be acknowledged that great 
variation in source years influence the robustness of 
the findings, specifically if the variables are expected to 
change substantially over time [75]. Thus, future studies 
need to clearly establish the appropriateness of using dif-
ferent source years, if data cannot be collected in similar 
timeframes, either through evidence from literature or 
expert opinions to reduce this potential source of errors.

The main reason to challenge validity of the data basis 
was attributed to the lack of suitable data. [65, 70] pointed 
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out specifically that based on their theoretical rationale 
and conceptual relationship with the chosen concept of 
need, they would have preferred to include additional 
variables, but were unable to do so due to restrictions in 
data availability. The lack of appropriate epidemiologi-
cal data was further highlighted by two papers [65, 71]. 
Additional information on consultation lengths and mor-
bidity levels as well as physician productivity and work-
ing hours in direct patient contact, which were found to 
be missing the most, would be necessary to ensure more 
precise estimates of needs-based physician-supply.

Improved modelling and translation into physician 
capacity
The selection of appropriate statistical models depends 
on the characteristics of the data and needs to be rea-
sonably justified. Sensitivity analyses and model valida-
tion testing should be standard procedure to evaluate the 
selected model. A special focus should lie on the level of 
analysis to foresee ecological fallacies. The more complex 
the model, the more carefully it should be described to 
ensure replicability.

The translation into physician capacity (Criterion 3.1) 
requires highly sensitive assumptions [42, 77] about pro-
ductivity (i.e. units of service per hour of work and time 
required for a service). Despite the fact that Delphi panels 
were consulted in some cases to approximate the dura-
tion of patient visits, comprehensive surveys to measure 
physician time in direct contact with patients were lag-
ging behind. Moreover, few studies attempted to gauge 
the nature and direction of potential bias that originated 
from the usage of averages minutes per FTE and other 
surrogates as translation factor. This seems like a missed 
opportunity. So, methods to handle uncertainty, which 
originated from missing or low-quality data, merit adop-
tion in future studies.

Model selection and subsequent validation are the 
two main aspects for establishing confidence and trust 
in the model chosen for estimating needs-based supply 
(Criterion 3.2). Nevertheless, only studies that used Sys-
tem Dynamic models or index adjustments theoretically 
justified their statistical model. Although some forms of 
validation were found in a large proportion of studies, 
systematically assessing the model’s accuracy was found 
in but a few [64, 71, 75]. Moreover, transparent report-
ing of the purpose of the model and how the model is fit-
ting in the setting was overall neglected. Guidelines such 
as the ISPOR report on Model Transparency and Vali-
dation [54] could offer assistance for the technical and 
non-technical documentation of the model as well as for 
applying validation tests.

The level of analysis is another central yet neglected 
aspect of the feasibility criterion (Criterion 3.3). Some 
publications have related variables of utilization to 

(small-scale) exogenous factors and/or classified mor-
bidity groups in order to approximate population need 
for healthcare. The potential of ecological fallacies in 
aggregated models, however, should have been fur-
ther assessed and discussed. For planning purposes, it 
is important to consider that individual data may yield 
more robust results than aggregated models [44]. Nev-
ertheless, the level of analysis is highly dependent on the 
quality and availability of data and thus, not always influ-
enceable by the authors.

Incorporating future trends and developments
Studies estimating needs-based supply should not 
only gauge the current level of supply needed, but also 
incorporate future trends and developments in order to 
make the findings suitable for application to workforce 
planning.

The impact of demographic changes (Criterion 4.1) was 
mostly accounted for by changes in age and sex struc-
tures in the population. However, when the effect of age 
on health changes over time (for instance if, on aver-
age, 65-year-olds can expect to be healthier and hence 
have less healthcare needs than 65-year-olds 20 years 
ago), age-based projection models may generate mis-
leading estimates of future resource requirements. For 
example, Stephan et al. [84] showed that there are dif-
ferences in health statuses of older adults depending 
on the period they were born in, specifically if an eco-
nomic or political crisis had occurred in their early life. 
In future, the COVID-19 pandemic might also influence 
the morbidity pattern based on age and sex as females, 
for example, were found to be of higher risk to develop 
a post-COVID-19 syndrome [85, 86]. Several approaches 
exist to test and, if required, relax the assumption of a 
fixed relationship over time between indicators such as 
age and health status [33], and merit adoption in future 
research.

Similarly, the average service output per provider 
(productivity) may vary over time [52]. The CfWI [67] 
suggested that workload of - in their case - general prac-
titioners had changed over the years and were likely to 
continue to change in the future. The average rate of ser-
vice delivery per physician will depend on the availability 
and use of other resources. New models of service deliv-
ery, aimed at increasing the productivity of resources 
(i.e. more output from a given level or combination of 
resources), may therefore change the human resources 
required to meet the needs of a population. Also, the 
income of physicians was found to correlate with produc-
tivity levels, leading to a decline in productivity if com-
pensation for physicians was set over the target income 
[87]. Thus, it is important to track the changes in ser-
vice delivery to be able to incorporate them for future 
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predictions, acknowledging, however, that some uncer-
tainty in the findings will remain.

When looking at the predictions of the studies in our 
review, three out of thirteen studies that projected need 
for healthcare into the future integrated trends in mor-
bidity. The implications of rising morbidity levels were 
mostly neglected. Higher rates of chronic diseases and 
multimorbidity might influence the duration of physi-
cian visits [88] as well as the utilization rates [89–91] 
specifically for older adults. However, the main challenge 
in this respect lies in the accurate prediction of changes 
in morbidity over time, which is not only dependent 
on an adequate dataset but also on the temporal stabil-
ity of morbidity trends. Additional studies are needed 
to improve the robustness of prediction of trends in 
morbidity.

Planning horizons (Criterion 4.2) varied in our review 
from 10 to 31 years, with no substantive underlying 
assumptions. Mostly, prediction lengths were dependent 
on the availability of population forecasts. Van Greun-
ingen, Batenburg and Van der Velden [51] suggested in 
the context of GP projections that shorter periods (i.e. 5 
years) yield a higher accuracy compared to longer predic-
tions (10–15 years). Albrecht et al. [73] as well as Dall et 
al. [75] further argued that both healthcare system and 
need indicators are fast-changing, which do not allow 
for long-term predictions and require frequent updates. 
Similarly, Stuckless et al. [68] suggested annual recalcula-
tion of the models. However, short-term predictions need 
to be traded off against the duration of physician licenses, 
which may last for 20–30 years and other influencing fac-
tors such as low predicted numbers of physicians on the 
number of medical residencies. Thus, it would be recom-
mended to create guidelines on the planning horizon and 
the frequency of updates, which are required to ensure 
basic robustness of the predictions and, consequently, 
to avoid high levels of future over- or undersupply of 
physicians.

Unforeseen events, such as the outbreak of the 
COVID-19 pandemic in March 2020 are challenging to 
predict [92] and thus, difficult to incorporate into the 
general workforce planning. Although efforts have been 
made to elaborate different scenarios of future pandem-
ics and epidemics [93], it is still very challenging to pre-
dict which scenario will occur. However, these scenarios 
in combination with findings from past pandemics can 
be used to identify potential gaps in current health work-
force planning. For example, calculating service targets 
of healthcare professionals required in case of a pan-
demic, exemplified for the influenza [94] and COVID-19 
pandemic [95], can be applied as a tool to complement 
current workforce planning approaches and identify 
potential shortages in healthcare supply. Yet, additional 
research is needed to test whether these approaches 

accurately predict the workforce supply needed in a 
population.

While efficient health workforce planning that incor-
porate future trends in healthcare needs constitutes the 
basis for meeting a population’s need for healthcare, 
improved preparedness plans including estimations of 
health workforce providers needed in cases of a pan-
demic in addition to methods for rapidly expand available 
supply [96], are central resource to effectively respond to 
emerging care needs in times of crisis [93, 96].

Strengths and limitations of this review
In contrast to previous reviews [4, 42], we focused on the 
methodological approaches used to assess the need for 
healthcare in a population and used to translate need into 
physician requirements in order to identify current gaps 
in workforce planning, which can be addressed by work-
force planners or policy makers in future estimations. 
Compared to the most recent review [78], we consider 
estimations for all outpatient physicians irrespective their 
specialty and follow a clear framework to synthesize the 
results.

To extend our findings of English-language studies, 
with their resulting emphasis on English-speaking coun-
tries, we also include German-language studies. This is 
relevant since in Germany in particular, recent health-
care reforms have emphasized the importance of mor-
bidity-oriented planning, which is reflected in growth 
of potentially relevant studies. Nevertheless, studies in 
other languages were not considered to avoid translation 
errors, which constitutes a limitation to this review.

In addition to including studies in German, we hand-
searched the websites of leading national institutions 
(worldwide) concerned with health workforce planning 
[see Additional file 1] in an attempt to reduce location 
bias. However, language restrictions might have influ-
enced the studies found on national and local websites.

One limitation of the review might be seen in the fact 
that we did not use validated critical appraisal tools to 
assess the quality of our studies. Instead, we measured 
the quality of the studies indirectly through the criteria 
for estimating needs-based supply, which encompass 
many aspects of common appraisal tools (e.g. the Critical 
Appraisal Skills Programme (CASP) of the Oxford Cen-
tre for Triple Value Healthcare [97]) but in a format spe-
cifically fitted to our objective.

The scope of our review included the perspective of 
need estimations and its peculiarities, only. As a next step 
it would be important to look at supply-side modelling to 
complement our findings. Important aspects beyond the 
scope of estimated inflows and outflows such as regional 
distribution of physicians (access to care), the constella-
tion of the workforce (female doctors, medical emi- and 
immigration) and changes in work-life balance as well as 
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staff satisfaction should be addressed [67, 70, 98]. More-
over, long- and short-term strategies to maintain and 
increase physician supply to secure sufficient capacities 
to meet a population’s need for healthcare – including 
exceptional situations such as of a pandemic or a natural 
disaster – need to be in place [99]. In this respect, options 
for the delivery of health services through a multidisci-
plinary health workforce team [100] and the potential of 
telemedicine should also be realized [101].

Conclusions
We reviewed methodological approaches to quantify 
appropriate physician supply with reference to popula-
tion needs. The list of criteria set out in this study serves 
as a transparent guide for operationalizing the latent 
construct of needs-based supply with respect to critical 
challenges. The review targets not only health services 
researchers but also policymakers in the field of health 
workforce capacity planning to support future estimates.

Our criteria-led appraisal of the studies shows distinct 
heterogeneity in the model approaches, data basis and 
processing, complexity, and significance of current inter-
national studies on needs-based supply of physicians. As 
none of the studies fully meet the guiding criteria, pos-
sibilities for methodological improvements were identi-
fied across the studies. Some approaches have distinct 
strengths (e.g. extensive model validation) combined 
with weaknesses (e.g. modelling imbalances of supply 
and demand into the future). Thus, we detect areas where 
there is insufficient reporting in the result section and 
offer suggestions on how to improve the accuracy of esti-
mating needs-based supply in the discussion.

Quantifying population need for healthcare and trans-
lating it into provider capacities remains a complex chal-
lenge. Decisions related to health workforce capacity 
planning should be made carefully with regard to the 
selection and quantification of the required indicators, 
the choice of database and the modelling approach, while 
also taking into account future developments.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12913-023-09461-0.

Additional file 1: Review Protocol. Supplementary Table 1: Reporting 
Search History

Additional file 2: Overview of the criteria for operationalizing population 
need for healthcare for physician planning

Acknowledgements
Not applicable.

Authors’ contributions
All authors were responsible for concept and design, LSch and IG were 
responsible for data acquisition, analysis and interpretation as well as drafting 

the manuscript. LSch and LS obtained the funding for this paper. LS critically 
reviewed the content and supervised the endeavour.

Funding
Open Access funding enabled and organized by Projekt DEAL. This work was 
supported by the German Federal Joint Committee (GBA), grant number 
2016/S 098-175101. The funding body had no influence on the content of the 
paper.
Authors’ contributions.
All authors were responsible for concept and design, LSch and IG were 
responsible for data acquisition, analysis and interpretation as well as drafting 
the manuscript. LSch and LS obtained the funding for this paper. LS critically 
reviewed the content and supervised the endeavour.

Data availability
A summary of all studies used for this systematic review can be found in the 
Additional material. All studies used for this review can be accessed online.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interest
The authors declare no competing interests.

Author details
1Technical University of Munich, Munich, Germany
2Ludwig-Maximilians-University (LMU) Munich, Marchioninistrasse 15, 
81377 Munich, Germany
3Pettenkofer School of Public Health, Munich, Germany
4Department of Health Economics, Technical University of Munich, 
Munich, Germany

Received: 12 October 2022 / Accepted: 27 April 2023

References
1.	 European Commission. Commission Staff Working Document on an Action 

Plan for the EU Health Workforce [Internet]. European Commission. 2012. 
p. 1–15. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19097363.

2.	 World Health Organization. Models and tools for health workforce planning 
and projections [Internet]. Geneva: World Health Organization. ; 2010. Avail-
able from: https://apps.who.int/iris/handle/10665/44263.

3.	 World Health Organisation. Organisation for Economic Co-operation and 
Development; International Bank for Reconstruction and Development. 
Delivering quality health services: a global imperative for universal health 
coverage. Geneva: World Health Organization; 2018.

4.	 Ono T, Lafortune G, Schoenstein M. Health workforce planning in OECD 
countries: a review of 26 projection models from 18 countries. OECD 
Heal Work Pap [Internet]. 2013;No. 62:8–11. Available from: https://doi.
org/10.1787/5k44t787zcwb-en.

5.	 Acheson RM. The definition and identification of need for health care. J 
Epidemiol Community Health. 1978;32(1):10–5.

6.	 Donabedian A. Aspects of Medical Care Administration. Cambridge, Mass: 
Harvard University Press; 1974.

7.	 Culyer A, Wagstaff A. Equity and equality in health and health care. J Health 
Econ. 1993;12(4):431–57.

8.	 Culyer AJ, Need. The idea won’t do—But we still need it. Soc Sci Med [Inter-
net]. 1995 Mar;40(6):727–30. Available from: https://linkinghub.elsevier.com/
retrieve/pii/027795369400307F.

9.	 Wright J, Williams R, Wilkinson JR. Health needs assessment: Development 
and importance of health needs assessment. BMJ [Internet]. 1998 Apr 25 
[cited 2020 Dec 20];316(7140):1310–3. Available from: https://pubmed.ncbi.
nlm.nih.gov/9554906/.

http://dx.doi.org/10.1186/s12913-023-09461-0
http://dx.doi.org/10.1186/s12913-023-09461-0
http://www.ncbi.nlm.nih.gov/pubmed/19097363
https://apps.who.int/iris/handle/10665/44263
http://dx.doi.org/10.1787/5k44t787zcwb-en
http://dx.doi.org/10.1787/5k44t787zcwb-en
https://linkinghub.elsevier.com/retrieve/pii/027795369400307F
https://linkinghub.elsevier.com/retrieve/pii/027795369400307F
https://pubmed.ncbi.nlm.nih.gov/9554906/
https://pubmed.ncbi.nlm.nih.gov/9554906/


Page 17 of ﻿19Geiger et al. BMC Health Services Research          (2023) 23:564 

10.	 Mooney G, Houston S. An alternative approach to resource allocation: 
Weighted capacity to benefit plus MESH infrastructure [Internet]. Vol. 3, 
Applied Health Economics and Health Policy. Appl Health Econ Health Policy; 
2004 [cited 2020 Dec 20]. p. 29–33. Available from: https://pubmed.ncbi.nlm.
nih.gov/15702937/.

11.	 Mcqueen DV, Wismar M, Lin V, Jones CM, Davies M. Structures, actions and 
experiences Intersectoral Governance for Health in All Policies [Internet]. 
Copenhagen; 2012 [cited 2020 Dec 20]. Available from: https://apps.who.int/
iris/handle/10665/326430.

12.	 Mackenbach JP. The persistence of health inequalities in modern welfare 
states: The explanation of a paradox. Soc Sci Med. 2012 Aug 1;75(4):761–9.

13.	 Rodriguez Santana I, Mason A, Gutacker N, Kasteridis P, Santos R, Rice 
N. Need, demand, supply in health care: working definitions, and their 
implications for defining access. Heal Econ Policy Law [Internet]. 2023 Jan 
12;18(1):1–13. Available from: https://www.cambridge.org/core/product/
identifier/S1744133121000293/type/journal_article.

14.	 Goddard M, Smith P. Equity of access to health care services: Theory and 
evidence from the UK. Soc Sci Med [Internet]. 2001;53(9):1149–62. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/11556606.

15.	 Barnett R, Malcolm L. Practice and ethnic variations in avoidable hos-
pital admission rates in Christchurch, New Zealand. Health Place. 2010 
Mar;16(2):199–208.

16.	 Kim H, Helmer DA, Zhao Z, Boockvar K. Potentially preventable hospi-
talizations among older adults with diabetes. Am J Manag Care. 2011 
Nov;17(11):e419–26.

17.	 Longman JM, Rolfe I, Passey M, Heathcote MD, Ewald KE, Dunn DP. T, 
Frequent hospital admission of older people with chronic disease: a cross-
sectional survey with telephone follow-up and data linkage. BMC Health Serv 
Res 2012 Jan;12(373).

18.	 Balogh R, Brownell M, Ouellette-Kuntz H, Colantonio A. Hospitalisation rates 
for ambulatory care sensitive conditions for persons with and without an 
intellectual disability–a population perspective. J Intellect Disabil Res. 2010 
Sep;54(9):820–32.

19.	 Walker RL, Chen G, McAlister FA, Campbell NRC, Hemmelgarn BR, Dixon E, 
et al. Relationship between primary care physician visits and hospital/emer-
gency use for uncomplicated hypertension, an ambulatory care-sensitive 
condition. Can J Cardiol. 2014 Dec;30(12):1640–8.

20.	 Della Peruta C, Lozanoska-Ochser B, Renzini A, Moresi V, Sanchez Riera C, 
Bouché M et al. Sex Differences in Inflammation and Muscle Wasting in Aging 
and Disease. Int J Mol Sci [Internet]. 2023 Feb 28;24(5):4651. Available from: 
https://www.mdpi.com/1422-0067/24/5/4651.

21.	 Ansari Z, Laditka JN, Laditka SB. Access to health care and hospitaliza-
tion for ambulatory care sensitive conditions. Med Care Res Rev. 2006 
Dec;63(6):719–41.

22.	 Billings J, Zeitel L, Lukomnik J, Carey TS, Blank AE, Newman L. Impact of socio-
economic status on hospital use in New York City. Health Aff (Millwood). 1993 
Jan;12(1):162–73.

23.	 Giuffrida A, Gravelle H, Roland M. Measuring quality of care with routine data: 
avoiding confusion between performance indicators and health outcomes. 
BMJ. 1999 Jul;319(7202):94–8.

24.	 Wilkinson R, Marmot M. Soziale Determinanten von Gesundheit: Die Fakten; 
Zweite Ausgabe [Internet]. Kopenhagen: Weltgesundheitsorganisation; 2004. 
42 p. Available from: https://apps.who.int/iris/handle/10665/328106.

25.	 Mackenbach JP, Stirbu I, Roskam AJ, Schaap MM, Menvielle G, Leinsalu M et 
al. Socioeconomic inequalities in health in 22 European countries. N Engl J 
Med [Internet]. 2008;358:2468–81. Available from: https://doi.org/10.1056/
NEJMsa0707519.

26.	 Shohaimi S, Welch A, Bingham S, Luben R, Day N, Wareham N, et al. Residen-
tial area deprivation predicts fruit and vegetable consumption indepen-
dently of individual educational level and occupational social class: a cross 
sectional population study in the Norfolk cohort of the european prospective 
investigation into Canc. J Epidemiol Community Health. 2004;58(8):686–91.

27.	 Shohaimi S, Luben R, Wareham N, Day N, Bingham S, Welch A, et al. Resi-
dential area deprivation predicts smoking habit independently of individual 
educational level and occupational social class. A cross sectional study in the 
Norfolk cohort of the European Investigation into Cancer (EPIC-Norfolk). J 
Epidemiol Community Health. 2003;57:270–6.

28.	 Stamatakis E, Hillsdon M, Mishra G, Hamer M, Marmot M. Television viewing 
and other screen-based entertainment in relation to multiple socioeconomic 
status indicators and area deprivation: the Scottish Health Survey 2003. J 
Epidemiol Community Health. 2009;63(9):734–40.

29.	 Luo Y, Waite LJ. The Impact of Childhood and Adult SES on Physi-
cal, Mental, and Cognitive Well-Being in Later Life. Journals Geron-
tol Ser B [Internet]. 2005 Mar;60(2):S93–101. Available from: http://
academic.oup.com/psychsocgerontology/article/60/2/S93/546786/
The-Impact-of-Childhood-and-Adult-SES-on-Physical.

30.	 Forty L. How early childhood events impact upon adult health. In: A Prescrip-
tion for Healthy Living [Internet]. Elsevier; 2021. p. 17–29. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/B9780128215739000023.

31.	 Gibson A, Asthana S, Brigham P, Moon G, Dicker J. Geographies of need 
and the new NHS: methodological issues in the definition and measure-
ment of the health needs of local populations. Health Place [Internet]. 
2002 Mar;8(1):47–60. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/11852263.

32.	 Bevan G. The search for a Proportionate Care Law by Formula Funding in the 
English NHS. Financ Acc Manag. 2009;25(4):267–4424.

33.	 Mason T, Sutton M, Whittaker W, Birch S. Exploring the limitations of age-
based models for health care planning. Soc Sci Med. 2015;132:11–9.

34.	 Smith PC. Formula Funding of Public Services: an economic analysis. Oxf Rev 
Econ Policy. 2003;19(2):301–22.

35.	 Lauterbach K, Boschweiler E, Gesundheitsökonomie. Management und 
Evidence-based Medicine. Handbuch für Praxis, Politik und Studium. 3. 
Auflage. Stuttgart: Schattauer Verlag; 2010.

36.	 Brock DW. Health Care Resource Prioritization and Rationing: Why Is It So 
Difficult? Soc Res (New York) [Internet]. 2007 Sep 24;74(1):125–48. Available 
from: http://www.jstor.org/stable/40971892.

37.	 Juth N. Challenges for Principles of Need in Health Care. Heal Care Anal 
[Internet]. 2015;23(1):73–87. Available from: https://doi.org/10.1007/
s10728-013-0242-7.

38.	 General Assembly. Transforming our world: the 2030 Agenda for Sustainable 
Development [Internet]. 2015. Available from: https://sustainabledevelop-
ment.un.org/content/documents/21252030 Agenda for Sustainable Devel-
opment web.pdf.

39.	 BMA. NHS medical staffing data analysis [Internet]. 2023 [cited 2023 
Mar 19]. Available from: https://www.bma.org.uk/advice-and-support/
nhs-delivery-and-workforce/workforce/nhs-medical-staffing-data-analysis.

40.	 Majeed A. Shortage of general practitioners in the NHS. BMJ [Internet]. 2017 
Jul 10;j3191. Available from: https://www.bmj.com/lookup/doi/10.1136/bmj.
j3191.

41.	 Haakenstad A, Irvine CMS, Knight M, Bintz C, Aravkin AY, Zheng P et al. Mea-
suring the availability of human resources for health and its relationship to 
universal health coverage for 204 countries and territories from 1990 to 2019: 
a systematic analysis for the Global Burden of Disease Study 2019. Lancet 
[Internet]. 2022 Jun;399(10341):2129–54. Available from: https://linkinghub.
elsevier.com/retrieve/pii/S0140673622005323.

42.	 Tomblin Murphy G, Birch S, MacKenzie A, Bradish S, Elliott Rose A. A 
synthesis of recent analyses of human resources for health requirements 
and labour market dynamics in high-income OECD countries. Hum Resour 
Health [Internet]. 2016;14(1):1–16. Available from: https://doi.org/10.1186/
s12960-016-0155-2.

43.	 Birch S, Kephart G, Murphy GT, Brien-pallas LO, Alder R, Mackenzie A. Health 
Human Resources Planning and the Production of Health: Development of 
an Extended Analytical Framework for Needs-Based Health Human Resources 
Planning. J Public Heal Manag Pract. 2009;S56–61.

44.	 Sundmacher L, Schang L, Schüttig W, Flemming R, Frank-Tewaag J, Geiger I, 
Franke S et al. Gutachten zur Weiterentwicklung der Bedarfsplanung iSd §§ 
99 ff. SGB V zur Sicherung der vertragsärztlichen Versorgung [Internet]. Im 
Auftrag des Gemeinsamen Bundesausschusses. 2018. Available from: https://
www.g-ba.de/downloads/39-261-3493/2018-09-20_Endbericht-Gutachten-
Weiterentwickklung-Bedarfsplanung.pdf.

45.	 Bartley M. Health inequality: an introduction to theories, concepts, and 
methods. Malden (U.S.): Cambridge, UK: Polity Press; 2004.

46.	 Jin R, Shah CP, Svoboda TJ. The impact of unemployment on health: a review 
of the evidence. Can Med Assoc J. 1995;153(5):529–40.

47.	 Bahr J, van den Berg N, Kraywinkel K, Stentzel U, Radicke F, Baumann W, et 
al. Deutschlandweite, regionalisierte Prognose der bevölkerungsbezogenen 
Morbidität für häufige krebserkrankungen - auswirkungen auf die Versor-
gung. Dtsch Medizinische Wochenschrift. 2015;140(9):e80–8.

48.	 Laurence CO, Karnon J. Improving the planning of the GP workforce in 
Australia: a simulation model incorporating work transitions, health need and 
service usage. Hum Resour Health [Internet]. 2016 Dec 11 [cited 2018 Feb 
20];14(1):13. Available from: http://human-resources-health.biomedcentral.
com/articles/https://doi.org/10.1186/s12960-016-0110-2.

https://pubmed.ncbi.nlm.nih.gov/15702937/
https://pubmed.ncbi.nlm.nih.gov/15702937/
https://apps.who.int/iris/handle/10665/326430
https://apps.who.int/iris/handle/10665/326430
https://www.cambridge.org/core/product/identifier/S1744133121000293/type/journal_article
https://www.cambridge.org/core/product/identifier/S1744133121000293/type/journal_article
http://www.ncbi.nlm.nih.gov/pubmed/11556606
https://www.mdpi.com/
https://apps.who.int/iris/handle/10665/328106
http://dx.doi.org/10.1056/NEJMsa0707519
http://dx.doi.org/10.1056/NEJMsa0707519
http://academic.oup.com/psychsocgerontology/article/60/2/S93/546786/The-Impact-of-Childhood-and-Adult-SES-on-Physical
http://academic.oup.com/psychsocgerontology/article/60/2/S93/546786/The-Impact-of-Childhood-and-Adult-SES-on-Physical
http://academic.oup.com/psychsocgerontology/article/60/2/S93/546786/The-Impact-of-Childhood-and-Adult-SES-on-Physical
https://linkinghub.elsevier.com/retrieve/pii/B9780128215739000023
http://www.ncbi.nlm.nih.gov/pubmed/11852263
http://www.ncbi.nlm.nih.gov/pubmed/11852263
http://www.jstor.org/stable/40971892
http://dx.doi.org/10.1007/s10728-013-0242-7
http://dx.doi.org/10.1007/s10728-013-0242-7
https://sustainabledevelopment.un.org/content/documents/21252030
https://sustainabledevelopment.un.org/content/documents/21252030
https://www.bma.org.uk/advice-and-support/nhs-delivery-and-workforce/workforce/nhs-medical-staffing-data-analysis
https://www.bma.org.uk/advice-and-support/nhs-delivery-and-workforce/workforce/nhs-medical-staffing-data-analysis
https://www.bmj.com/lookup/doi/10.1136/bmj.j3191
https://www.bmj.com/lookup/doi/10.1136/bmj.j3191
https://linkinghub.elsevier.com/retrieve/pii/S0140673622005323
https://linkinghub.elsevier.com/retrieve/pii/S0140673622005323
http://dx.doi.org/10.1186/s12960-016-0155-2
http://dx.doi.org/10.1186/s12960-016-0155-2
https://www.g-ba.de/downloads/39-261-3493/2018-09-20_Endbericht-Gutachten-Weiterentwickklung-Bedarfsplanung.pdf
https://www.g-ba.de/downloads/39-261-3493/2018-09-20_Endbericht-Gutachten-Weiterentwickklung-Bedarfsplanung.pdf
https://www.g-ba.de/downloads/39-261-3493/2018-09-20_Endbericht-Gutachten-Weiterentwickklung-Bedarfsplanung.pdf
http://human-resources-health.biomedcentral.com/articles/
http://human-resources-health.biomedcentral.com/articles/
http://dx.doi.org/10.1186/s12960-016-0110-2


Page 18 of ﻿19Geiger et al. BMC Health Services Research          (2023) 23:564 

49.	 Horenkamp-Sonntag D, Linder R, Wenzel F, Gerste B, Ihle P. Prüfung der 
Datenqualität und Validität von GKV-Routinedaten. In: Swart E, Ihle P, Gothe 
H, Matusiewicz D, editors. Routinedaten im Gesundheitswesen: Handbuch 
Sekundärdatenanalyse: Grundlagen, Methoden und Perspektiven. 2nd ed. 
Bern: Verlag Hans Huber; 2015. pp. 314–30.

50.	 Schubert I, Köster I. Krankheitsereignis: Operationalisierung und Falldefinition. 
In: Swart E, Ihle P, Gothe H, Matusiewicz D, editors. Routinedaten im Gesund-
heitswesen: Handbuch Sekundärdatenanalyse: Grundlagen, Methoden und 
Perspektiven. 2nd ed. Bern: Verlag Hans Huber; 2015. pp. 358–68.

51.	 Van Greuningen M, Batenburg RS, Van der Velden LF. The accuracy of general 
practitioner workforce projections. Hum Resour Health [Internet]. 2013 Dec 
16 [cited 2018 Feb 20];11(1):31. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/23866676.

52.	 Staiger D, Auerbach D, Buerhaus P. Trends in the work hours of Physicians in 
the United States. J Am Med Assoc. 2010;303(8):747.

53.	 Weinstein MC, O’Brien B, Hornberger J, Jackson J, Johannesson M, McCabe 
C et al. Principles of Good Practice for Decision Analytic Modeling in Health-
Care Evaluation: Report of the ISPOR Task Force on Good Research Practices-
Modeling Studies [Internet]. 2003 [cited 2020 Dec 20]. p. 9–17. Available 
from: https://www.ispor.org/heor-resources/good-practices-for-outcomes-
research/article/principles-of-good-practice-for-decision-analytic-modeling-
in-health-care-evaluation.

54.	 Eddy DM, Hollingworth W, Caro JJ, Tsevat J, McDonald KM, Wong JB. Model 
transparency and validation: A report of the ISPOR-SMDM modeling good 
research practices task force-7. Med Decis Mak [Internet]. 2012 Sep 18 [cited 
2020 Dec 20];32(5):733–43. Available from: http://journals.sagepub.com/
doi/https://doi.org/10.1177/0272989X12454579.

55.	 Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting 
items for systematic reviews and meta-analyses: the PRISMA statement. Ann 
Intern Med [Internet]. 2009 Aug 18 [cited 2018 Feb 20];151(4):264–9, W64. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/19622511.

56.	 Mendeley Ltd. Mendeley Reference Manager [Internet]. Elsevier; Avail-
able from: https://www.mendeley.com/reference-management/
reference-manager.

57.	 World Health Organization. WHO Director-General’s opening remarks at the 
media briefing on COVID-19 [Internet]. 2020. Available from: https://www.
who.int/director-general/speeches/detail/who-director-general-s-opening-
remarks-at-the-media-briefing-on-covid-19---11-march-2020.

58.	 Hong QN, Fàbregues S, Bartlett G, Boardman F, Cargo M, Dagenais P, et al. The 
mixed methods Appraisal Tool (MMAT) version 2018 for information profes-
sionals and researchers. Educ Inf. 2018;34(4):285–91.

59.	 Munn Z, Stone JC, Aromataris E, Klugar M, Sears K, Leonardi-Bee J et al. 
Assessing the risk of bias of quantitative analytical studies: introducing the 
vision for critical appraisal within JBI systematic reviews. JBI Evid Synth [Inter-
net]. 2023 Mar;21(3):467–71. Available from: https://journals.lww.com/https://
doi.org/10.11124/JBIES-22-00224.

60.	 Czaja M, Meinlschmidt G, Bettge S. Sozialindikative Planung der regionalen 
ärztlichen Versorgung. Gesundheits- und Sozialpolitik [Internet]. 2012 Aug 8 
[cited 2018 Feb 20];66(3):34–43. Available from: http://www.nomos-elibrary.
de/index.php?doi=10.5771/1611-5821-2012-3-34.

61.	 Barber P, López-Valcárcel BG. Forecasting the need for medical special-
ists in Spain: application of a system dynamics model. Hum Resour 
Health [Internet]. 2010 Dec 29 [cited 2018 Feb 20];8(1):24. Available from: 
https://human-resources-health.biomedcentral.com/articles/https://doi.
org/10.1186/1478-4491-8-24.

62.	 Anderson GF, Han KC, Miller RH, Johns ME. A comparison of three methods 
for estimating the requirements for medical specialists: the case of otolaryn-
gologists. Health Serv Res. 1997 Jun;32(2):139–53.

63.	 Greenberg L, Cultice JM. Forecasting the need for physicians in the United 
States: the Health Resources and Services Administration’s physician require-
ments model. Health Serv Res. 1997 Feb;31(6):723–37.

64.	 Lee PP, Jackson CA, Relles DA. Estimating Eye Care Workforce Supply 
and Requirements. Ophthalmology [Internet]. 1995 Dec [cited 2018 Feb 
20];102(12):1964–72. Available from: https://linkinghub.elsevier.com/retrieve/
pii/S0161642095307671.

65.	 Konrad TR, Ellis AR, Thomas KC, Holzer CE, Morrissey JP. County-Level Esti-
mates of Need for Mental Health Professionals in the United States. Psychiatr 
Serv [Internet]. 2009 Oct [cited 2018 Feb 20];60(10):1307–14. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/19797369.

66.	 Albrecht M, Nolting HD, Schliwen A, Schwinger A. Neuordnung der ärztlichen 
Bedarfsplanung, Wissenschaftliches Gutachten im Auftrag der Patientenver-
tretung im Gemeinsamen Bundesausschuss. Berlin: iGES Institut GmbH; 2012.

67.	 CfWI. In-depth review of the general practitioner workforce Final report. 
2014 [cited 2018 Feb 20]; Available from: https://www.gov.uk/government/
uploads/system/uploads/attachment_data/file/507493/CfWI_GP_in-depth_
review.pdf.

68.	 Stuckless T, Milosevic M, de Metz C, Parliament M, Tompkins B, Brundage M. 
Managing a national radiation oncologist workforce: A workforce planning 
model. Radiother Oncol [Internet]. 2012 Apr [cited 2018 Feb 20];103(1):123–9. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/22296747.

69.	 Singh D, Lalani H, Kralj B, Newman E, Goodyear J, Hellyer D et al. Ontario 
Population Needs-Based Physician Simulation Model [Internet]. Government 
of Ontario, Ministry of Health and Long-Term Care; 2010 [cited 2018 Feb 20]. 
Available from: http://www.health.gov.on.ca/en/pro/programs/hhrsd/evi-
dence_research/needs_based_model.aspx.

70.	 Ozegowski S, Sundmacher L. Wie „bedarfsgerecht“ ist die Bedarfsplanung? 
Eine Analyse der regionalen Verteilung der vertragsärztlichen Versorgung. 
Das Gesundheitswes 2012 Aug 10;74(10):618–26.

71.	 Ansah JP, Koh V, De Korne D, Bayer S, Pan C, Thiyagarajan J et al. Comparing 
health workforce forecasting approaches for healthcare planning: The case 
for ophthalmologists. Int J Healthc [Internet]. 2017 May 11 [cited 2018 Feb 
20];3(1):84. Available from: http://www.sciedupress.com/journal/index.php/
ijh/article/view/11170.

72.	 Jäger R, Van Den Berg N, Hoffmann W, Jordan RA, Schwendicke F. Estimating 
future dental services’ demand and supply: A model for Northern Germany. 
Community Dent Oral Epidemiol [Internet]. 2016;44(2):169–79. Available 
from: https://www.ncbi.nlm.nih.gov/pubmed/26572962.

73.	 Albrecht M, Ochmann R, Jacobi F, Bretschneider J, Thom J, Müllender S et 
al.Bedarfsplanung Psychotherapeuten - Konzept für eine bedarfsorientierte 
Planung der Psychotherapeutensitze. Berlin; 2016.

74.	 Kopetsch T, Maier W. Analyse des Zusammenhangs zwischen regionaler 
Deprivation und Inanspruchnahme – Ein Diskussionsbeitrag zur Ermit-
tlung des Arztbedarfes in Deutschland. Das Gesundheitswes. 2016 Jan 
12;80(01):27–33.

75.	 Dall T, West T, Chakrabarti R, Iacobucci W. 2016 Update The Complexities of 
Physician Supply and Demand: Projections from 2014 to 2025 Final Report 
Association of American Medical Colleges. 2016.

76.	 von Stillfried D, Czihal T. Möglichkeiten der fachgruppenspezifischen 
Risikoadjustierung der Verhältniszahlen für eine zeitgemäße Versorgungspla-
nung. Gesundheits- und Sozialpolitik [Internet]. 2011 Jul 24 [cited 2018 Feb 
20];65(2):26–33. Available from: http://www.nomos-elibrary.de/index.php?
doi=10.5771/1611-5821-2011-2-26.

77.	 Birch SKG, TMG., OPL., AR. and MA. Human Resources Planning and the 
Production of Health: A Needs-Based Analytical Framework on JSTOR. Univ 
Toronto Press [Internet]. 2007 [cited 2020 Dec 20];(33):1–16. Available from: 
https://www.jstor.org/stable/30032501?seq=1.

78.	 O’Malley L, Macey R, Allen T, Brocklehurst P, Thomson F, Rigby J et al. 
Workforce Planning Models for Oral Health Care: A Scoping Review. JDR Clin 
Transl Res [Internet]. 2022 Jan 16;7(1):16–24. Available from: http://journals.
sagepub.com/doi/https://doi.org/10.1177/2380084420979585.

79.	 Nolte E, Knai C, Hofmarcher M, Conklin A, Erler A, Elissen A et al. Overcom-
ing fragmentation in health care: chronic care in Austria, Germany and 
the Netherlands. Heal Econ Policy Law [Internet]. 2012 Jan 5;7(1):125–46. 
Available from: https://www.cambridge.org/core/product/identifier/
S1744133111000338/type/journal_article.

80.	 Reibling N, Wendt C. Gatekeeping and provider choice in OECD healthcare 
systems. Curr Sociol [Internet]. 2012 Jul 22;60(4):489–505. Available from: 
http://journals.sagepub.com/doi/10.1177/0011392112438333.

81.	 Herrmann M, Ohlbrecht H, Seltrecht A. Hausärztemangel auf dem land: 
Einblicke in die ländliche Primärversorgung. Mabuse-Verlag; 2019.

82.	 Center for the Evaluative Clinical Sciences. Supply-Sensitive Care. Dartm Atlas 
Proj Top Br. 2007;(603).

83.	 Wennberg JE. Time to tackle unwarranted variations in practice. BMJ. 
2011;342.

84.	 Stephan AJ, Strobl R, Schwettmann L, Meisinger C, Ladwig KH, Linkohr B et al. 
Being born in the aftermath of World War II increases the risk for health deficit 
accumulation in older age: results from the KORA-Age study. Eur J Epidemiol 
[Internet]. 2019 [cited 2020 Dec 21];34(7). Available from: https://pubmed.
ncbi.nlm.nih.gov/30941552/.

85.	 Debski M, Tsampasian V, Haney S, Blakely K, Weston S, Ntatsaki E et al. 
Post-COVID-19 syndrome risk factors and further use of health services 
in East England. Musaya J, editor. PLOS Glob Public Heal [Internet]. 2022 
Nov 30;2(11):e0001188. Available from: https://doi.org/10.1371/journal.
pgph.0001188.

http://www.ncbi.nlm.nih.gov/pubmed/23866676
http://www.ncbi.nlm.nih.gov/pubmed/23866676
https://www.ispor.org/heor-resources/good-practices-for-outcomes-research/article/principles-of-good-practice-for-decision-analytic-modeling-in-health-care-evaluation
https://www.ispor.org/heor-resources/good-practices-for-outcomes-research/article/principles-of-good-practice-for-decision-analytic-modeling-in-health-care-evaluation
https://www.ispor.org/heor-resources/good-practices-for-outcomes-research/article/principles-of-good-practice-for-decision-analytic-modeling-in-health-care-evaluation
http://journals.sagepub.com/doi/
http://journals.sagepub.com/doi/
http://dx.doi.org/10.1177/0272989X12454579
http://www.ncbi.nlm.nih.gov/pubmed/19622511
https://www.mendeley.com/reference-management/reference-manager
https://www.mendeley.com/reference-management/reference-manager
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://journals.lww.com/
http://dx.doi.org/10.11124/JBIES-22-00224
http://dx.doi.org/10.11124/JBIES-22-00224
http://www.nomos-elibrary.de/index.php?doi=10.5771
http://www.nomos-elibrary.de/index.php?doi=10.5771
https://human-resources-health.biomedcentral.com/articles/
http://dx.doi.org/10.1186/1478-4491-8-24
http://dx.doi.org/10.1186/1478-4491-8-24
https://linkinghub.elsevier.com/retrieve/pii/S0161642095307671
https://linkinghub.elsevier.com/retrieve/pii/S0161642095307671
http://www.ncbi.nlm.nih.gov/pubmed/19797369
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/507493/CfWI_GP_in-depth_review.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/507493/CfWI_GP_in-depth_review.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/507493/CfWI_GP_in-depth_review.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22296747
http://www.health.gov.on.ca/en/pro/programs/hhrsd/evidence_research/needs_based_model.aspx
http://www.health.gov.on.ca/en/pro/programs/hhrsd/evidence_research/needs_based_model.aspx
http://www.sciedupress.com/journal/index.php/ijh/article/view/11170
http://www.sciedupress.com/journal/index.php/ijh/article/view/11170
https://www.ncbi.nlm.nih.gov/pubmed/26572962
http://www.nomos-elibrary.de/index.php?doi=10.5771
http://www.nomos-elibrary.de/index.php?doi=10.5771
https://www.jstor.org/stable/30032501?seq=1
http://journals.sagepub.com/doi/
http://journals.sagepub.com/doi/
http://dx.doi.org/10.1177/2380084420979585
https://www.cambridge.org/core/product/identifier/S1744133111000338/type/journal_article
https://www.cambridge.org/core/product/identifier/S1744133111000338/type/journal_article
http://journals.sagepub.com/doi/10.1177/0011392112438333
https://pubmed.ncbi.nlm.nih.gov/30941552/
https://pubmed.ncbi.nlm.nih.gov/30941552/
http://dx.doi.org/10.1371/journal.pgph.0001188
http://dx.doi.org/10.1371/journal.pgph.0001188


Page 19 of ﻿19Geiger et al. BMC Health Services Research          (2023) 23:564 

86.	 Subramanian A, Nirantharakumar K, Hughes S, Myles P, Williams T, Gokhale 
KM et al. Symptoms and risk factors for long COVID in non-hospitalized 
adults. Nat Med [Internet]. 2022 Aug 25;28(8):1706–14. Available from: 
https://www.nature.com/articles/s41591-022-01909-w.

87.	 Lee S, Mahl S, Rowe B. The Induced Productivity Decline Hypothesis: More 
Physicians, Higher Compensation and Fewer Services. Healthc Policy | Polit 
Santé [Internet]. 2021 Nov 26;17(2):90–104. Available from: https://www.
longwoods.com/content/26655.

88.	 Wallace E, Salisbury C, Guthrie B, Lewis C, Fahey T, Smith SM. Managing 
patients with multimorbidity in primary care [Internet]. Vol. 350, Online BMJ.). 
BMJ Publishing Group; 2015 [cited 2020 Dec 21]. Available from: https://
pubmed.ncbi.nlm.nih.gov/25646760/.

89.	 Nagl A, Witte J, Hodek JM, Greiner W. Zusammenhang zwischen multi-
morbidität und direkten gesundheitskosten im höheren alter. ergebnisse 
der priscus-studie. Z Gerontol Geriatr [Internet]. 2012 Feb [cited 2020 
Dec 21];45(2):146–54. Available from: https://pubmed.ncbi.nlm.nih.
gov/22350393/.

90.	 Van Den Bussche H, Schön G, Kolonko T, Hansen H, Wegscheider K, Glaeske 
G et al. Patterns of ambulatory medical care utilization in elderly patients 
with special reference to chronic diseases and multimorbidity - Results from 
a claims data based observational study in Germany. BMC Geriatr [Internet]. 
2011 [cited 2020 Dec 21];11(1):54. Available from: https://pubmed.ncbi.nlm.
nih.gov/21914191/.

91.	 Soley-Bori M, Ashworth M, Bisquera A, Dodhia H, Lynch R, Wang Y et al. 
Impact of multimorbidity on healthcare costs and utilisation: a systematic 
review of the UK literature. Br J Gen Pract [Internet]. 2021 Jan;71(702):e39–46. 
Available from: https://doi.org/10.3399/bjgp20X713897.

92.	 Bertozzi AL, Franco E, Mohler G, Short MB, Sledge D. The challenges of model-
ing and forecasting the spread of COVID-19. Proc Natl Acad Sci [Internet]. 
2020 Jul 21;117(29):16732–8. Available from: https://doi.org/10.1073/
pnas.2006520117.

93.	 World Health Organization. Imagining the future of pandemics and epidem-
ics: a 2022 perspective [Internet]. Geneva. ; 2022. Available from: https://
www.who.int/publications/i/item/9789240052093.

94.	 Tomblin Murphy G, Birch S, MacKenzie A, Rigby J, Langley JM. An Integrated 
Needs-Based Approach to Health Service and Health Workforce Planning: 
Applications for Pandemic Influenza. Healthc Policy. 2017;13(1).

95.	 MacKenzie A, MacQuarrie C, Murphy M, Piers G, Philopoulos K, Carrigan S 
et al. Operationalizing integrated needs-based workforce planning at Nova 

Scotia Health in response to the COVID-19 pandemic. Healthc Manag Forum 
[Internet]. 2022 Jul 24;35(4):222–30. Available from: http://journals.sagepub.
com/doi/https://doi.org/10.1177/08404704221093982.

96.	 Bourgeault IL, Maier CB, Dieleman M, Ball J, MacKenzie A, Nancarrow S et al. 
The COVID-19 pandemic presents an opportunity to develop more sustain-
able health workforces. Hum Resour Health [Internet]. 2020 Dec 31;18(1):83. 
Available from: https://human-resources-health.biomedcentral.com/
articles/https://doi.org/10.1186/s12960-020-00529-0.

97.	 Long HA, French DP, Brooks JM. Optimising the value of the critical appraisal 
skills programme (CASP) tool for quality appraisal in qualitative evidence 
synthesis. Res Methods Med Heal Sci [Internet]. 2020 Sep 6 [cited 2020 Dec 
21];1(1):31–42. Available from: http://journals.sagepub.com/doi/https://doi.
org/10.1177/2632084320947559.

98.	 Anderson M, O’Neill C, Macleod Clark J, Street A, Woods M, Johnston-Webber 
C et al. Securing a sustainable and fit-for-purpose UK health and care 
workforce. Lancet [Internet]. 2021 May;397(10288):1992–2011. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S0140673621002312.

99.	 Williams GA, Maier CB, Scarpetti G, de Belvis AG, Fattore G, Morsella A 
et al. What strategies are countries using to expand health workforce 
surge capacity during the COVID-19 pandemic? Eurohealth (Lond) 
[Internet]. 2020;26(2):51–7. Available from: https://apps.who.int/iris/
handle/10665/336296.

100.	 MacKenzie A, Tomblin Murphy G, Audas R. A dynamic, multi-professional, 
needs-based simulation model to inform human resources for health plan-
ning. Hum Resour Health [Internet]. 2019 Dec 13;17(1):42. Available from: 
https://human-resources-health.biomedcentral.com/articles/https://doi.
org/10.1186/s12960-019-0376-2.

101.	 Richardson E, Aissat D, Williams GA, Fahy N. Keeping what works: Remote 
consultations during the COVID-19 pandemic. Eurohealth (Lond) [Internet]. 
2020;26(2):73–6. Available from: https://apps.who.int/iris/bitstream/han-
dle/10665/336263/Eurohealth-26-2-2020-eng.pdf#page=53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://www.nature.com/articles/s41591-022-01909-w
https://www.longwoods.com/content/26655
https://www.longwoods.com/content/26655
https://pubmed.ncbi.nlm.nih.gov/25646760/
https://pubmed.ncbi.nlm.nih.gov/25646760/
https://pubmed.ncbi.nlm.nih.gov/22350393/
https://pubmed.ncbi.nlm.nih.gov/22350393/
https://pubmed.ncbi.nlm.nih.gov/21914191/
https://pubmed.ncbi.nlm.nih.gov/21914191/
http://dx.doi.org/10.3399/bjgp20X713897
http://dx.doi.org/10.1073/pnas.2006520117
http://dx.doi.org/10.1073/pnas.2006520117
https://www.who.int/publications/i/item/9789240052093
https://www.who.int/publications/i/item/9789240052093
http://journals.sagepub.com/doi/
http://journals.sagepub.com/doi/
http://dx.doi.org/10.1177/08404704221093982
https://human-resources-health.biomedcentral.com/articles/
https://human-resources-health.biomedcentral.com/articles/
http://dx.doi.org/10.1186/s12960-020-00529-0
http://journals.sagepub.com/doi/
http://dx.doi.org/10.1177/2632084320947559
http://dx.doi.org/10.1177/2632084320947559
https://linkinghub.elsevier.com/retrieve/pii/S0140673621002312
https://apps.who.int/iris/handle/10665/336296
https://apps.who.int/iris/handle/10665/336296
https://human-resources-health.biomedcentral.com/articles/
http://dx.doi.org/10.1186/s12960-019-0376-2
http://dx.doi.org/10.1186/s12960-019-0376-2
https://apps.who.int/iris/bitstream/handle/10665/336263/Eurohealth-26-2-2020-eng.pdf#page=53
https://apps.who.int/iris/bitstream/handle/10665/336263/Eurohealth-26-2-2020-eng.pdf#page=53

	﻿Assessing needs-based supply of physicians: a criteria-led methodological review of international studies in high-resource settings
	﻿Abstract
	﻿Background
	﻿Criteria for estimating needs-based supply
	﻿Criteria related to the conceptual basis
	﻿Criteria related to the data basis
	﻿Criteria related to the feasibility of the approach
	﻿Criteria related to future changes and developments

	﻿Methods
	﻿Results
	﻿Description of studies
	﻿Review of studies against criteria
	﻿Choices and reporting of the conceptual basis
	﻿Selection and justification of indicators of need (Criterion 1.1)
	﻿Potential influence of supply (Criterion 1.2)



	﻿Evaluating the validity of the data basis
	﻿External validity (Criterion 2.1)
	﻿Internal validity (Criterion 2.2)
	﻿Timeliness and availability (Criterion 2.3)

	﻿Modelling and translation into physician capacity
	﻿Translation into provider requirements (Criterion 3.1)
	﻿Model validation (Criterion 3.2)
	﻿Level of analysis (Criterion 3.3)

	﻿Integration of future trends and developments
	﻿Projection variables (Criterion 4.1)
	﻿Planning horizon (Criterion 4.2)

	﻿Overview of findings
	﻿Discussion
	﻿Strengthening the conceptual basis and transparency of the underlying theory of need
	﻿Strengthening the availability and validity of the data basis
	﻿Improved modelling and translation into physician capacity
	﻿Incorporating future trends and developments
	﻿Strengths and limitations of this review

	﻿Conclusions
	﻿References


