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Abstract
Background: Many countries use geographical funding formulae to distribute public funds for health care to local 
planning areas in proportion to need. In England, these aim to distribute resources in proportion to all healthcare 
needs regardless as to whether these are currently met or unmet. The National Health Service also has an additional 
objective to allocate resources to reduce health inequalities (i.e. differences in health between socioeconomic groups). 
Adjusting for unmet needs could help achieve this second objective, if a greater proportion of needs are unmet 
in disadvantaged socioeconomic groups with poorer health compared to more advantaged socioeconomic groups. 
Alternatively, if there are greater unmet needs for relatively expensive conditions that tend to affect older age groups 
(e.g. cancer), this could lead to a greater proportion of needs being unmet in more advantaged socioeconomic groups, 
who will tend to be older due to greater life expectancy. Adjusting for unmet needs would then lead to allocation 
of a greater share of resources to these more affluent populations with better health, potentially increasing health 
inequalities. It is, however, unclear how met and unmet healthcare needs should be measured in these formulae and 
how better accounting for unmet needs influences health inequalities.
Aim: We outline a framework for estimating the relative need in geographical healthcare resource allocation and 
show how the distribution of needed resources between local health planning areas in England changes when 
accounting for unmet needs due to underdiagnosis for 11 long-term conditions.
Design: We derive a synthetic data set for all people aged ≥ 30 years in England, in 2018, including age, sex, 
socioeconomic deprivation, region, local health planning area and whether people have diagnosed or undiagnosed 
long-term conditions. We calculated the annual primary and secondary care costs for each condition using linked 
electronic healthcare record data, then estimated needed expenditure for each health planning area for two scenarios: 
(1) when only accounting for diagnosed cases and (2) including all cases (diagnosed and undiagnosed). We examine 
how the distribution of need between places changes between these scenarios and the consequences of this for 
health inequalities.
Results: Based on the estimates of underdiagnosis used, areas with the lowest overall needs tended to have a 
greater proportion of their needs unmet. Adjusting resource allocation by accounting for these unmet needs due to 
underdiagnosis would move resources from areas with the highest level of needs to areas with lower overall needs. 
Moving to this ‘fair share distribution’ would tend to benefit less deprived areas more than more deprived areas, 
potentially widening health inequalities.
Conclusion: We show how accounting for unmet needs due to underdiagnosis in allocating resources could widen 
health differences between more and less deprived areas when underdiagnosis and treatment costs increase with 
age. Further research is needed to confirm our provisional estimates, but we provide a useful framework for improving 

https://crossmark.crossref.org/dialog/?doi=10.3310/GJBB0820&domain=pdf
https://doi.org/10.3310/GJBB0820
https://doi.org/10.3310/GJBB0820
https://orcid.org/0000-0002-4208-9475
https://orcid.org/0000-0002-0746-9229
https://orcid.org/0000-0002-4577-9869
https://orcid.org/0000-0002-3538-4417
https://orcid.org/0000-0002-2499-7656
https://orcid.org/0000-0002-6635-2127
https://orcid.org/0009-0005-9465-7867
https://orcid.org/0000-0003-0052-996X
mailto:benbarr@liverpool.ac.uk


40

NIHR Journals Library www.journalslibrary.nihr.ac.uk

DOI: 10.3310/GJBB0820� Health and Social Care Delivery Research 2026 Vol. 14 No. 17

assessments of relative need for healthcare resource allocation. Alternative approaches are likely to be needed where 
resource allocation policy additionally aims to reduce health inequalities.
Funding: This article presents independent research funded by the National Institute for Health and Care Research 
(NIHR) Health and Social Care Delivery Research programme as award number NIHR130258.
A plain language summary of this research article is available on the NIHR Journals Library Website https://doi.
org/10.3310/GJBB0820.

Introduction

Many countries use geographical funding formulae to dis-
tribute public funds for health care to provinces, regions 
or planning areas.1 The primary aim of these is to distrib-
ute healthcare resources in proportion to need2 so that 
each geographical area receives a fair share of funding. For 
example, Australia, Canada, New Zealand, Italy, Canada 
and the UK all use geographical funding formula, with the 
aim of achieving this objective.1

There is, however, much debate about what is meant 
by need for healthcare resources and how it should be 
measured for the purposes of geographical resource 
allocation.3 This is further complicated when considering 
that some need for healthcare resources is currently met 
(e.g. receiving appropriate treatment) and some is unmet 
(e.g. underdiagnosis and underprovision of care). The 
ethical and practical challenges of unmet need are prob-
lematic, because estimations of the amount of need are 
often based on historical healthcare utilisation data and 
these data only capture met needs. Systematic biases 
in estimating relative differences in the amount of need 
between geographical areas will mean resource allocation 
fails to respect the fair shares principle of distribution in 
proportion to need and may lead to discrimination against 
various groups of people – for example, by socioeconomic 
status, ethnicity, age, rurality and other equity-relevant 
characteristics – being baked into and perpetuated by 
resource allocation policy.

The first geographical resource allocation formula was 
developed in the 1970s by the English NHS, but relatively, 
little attention has been applied to defining ‘need’ in the 
context of resource allocation either then or since. In 
1976, the Resource Allocation Working Party proposed 
a novel formula for allocating NHS resources to subna-
tional areas in response to ‘need’, rather than ‘supply’ or 
‘demand’, using standardised mortality as a measure of 
need. Need, however, was not explicitly defined nor was it 
clear how this related to mortality.2 The current formulae 
used by the NHS and in other countries to estimate rela-
tive differences in need between geographical areas are 
based on the ‘utilisation approach’.4 This uses data from 
electronic health records (EHRs) along with estimates of 
healthcare costs and measures of healthcare supply to 
estimate need as the predicted annual healthcare cost for 

each individual, conditional on supply (i.e. holding supply 
constant). A frequent criticism of this approach is that, as 
it relies on data from people who have accessed health 
care, it will only reflect the distribution of needs that are 
usually met by the health system and this may differ from 
the distribution of all needed expenditure if some groups 
systematically have unmet needs, for example if they are 
undiagnosed.5–7 It should be noted that as the utilisation 
approach adjusts for differences in supply, it does account 
for some unmet needs, where variation in undertreat-
ment is driven by differences in the availability of health 
care between places. Some biases in the approach will 
remain, however, particularly in relation to patterns of 
underdiagnosis. This has led people to propose an alter-
native ‘epidemiological approach’, which directly estimates 
the numbers of people with specific health conditions 
(diagnosed and undiagnosed) from epidemiological data 
(e.g. population surveys, risk factor measurements and 
mortality data). Need is then estimated as the sum of the 
number of cases in each area, weighted by an estimate of 
the needed costs associated with each condition.5,6 The 
epidemiological approach has also been criticised, largely 
because data limitations lead to uncertain estimates with 
limited disaggregation (e.g. by place, age, sex, deprivation, 
ethnicity and disease severity).5 It is also unclear what cost 
weights should be applied when aggregating across cases. 
Vallejo-Torres et al.5 criticise the approach for assuming 
costs are undifferentiated across different types of cases 
when they likely vary, for example, due to differences in 
severity. But, this is not a necessary assumption of the 
epidemiological approach but rather follows on from the 
first limitation of sparse data. In theory, if epidemiological 
approaches could estimate case prevalence with sufficient 
granularity (e.g. by age, sex, social class, ethnicity, region, 
severity and comorbidity) and appropriately differentiated 
cost weights could be applied, then this criticism would no 
longer hold.

Both approaches to estimation aim to estimate the levels 
of need as a function of (1) the numbers of people with 
various sets of characteristics (e.g. health conditions) and 
(2) the expected expenditure needed to meet the health-
care needs of people with those characteristics. These 
estimates of needed healthcare expenditure are then 
used to allocate budgets to geographical areas according 
to their share of total national needed healthcare expend-
iture, that is if a region has 10% of the total estimated 
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national needed healthcare expenditure, then they should 
receive 10% of the budget.

Unmet need can be defined as the shortfall between the 
resources needed by a population to provide a health sys-
tem’s standard package of care to all in the population who 
can benefit and the healthcare expenditure allocated to 
that population.8 Unmet needs in this context is composed 
of two components – underdiagnosis and undertreatment 
(or underprovision of care). In other words, there may 
be a shortfall in the amount of resources allocated to a 
population because the health system has failed to iden-
tify people in the population who can benefit from the 
standard package of care. Alternatively the health system 
may have correctly identified people who can benefit but 
have failed to allocate sufficient resources for all of those 
identified to receive all of the standard package of care 
from which they can benefit. Here, underdiagnosis and 
undertreatment can be defined broadly, with underdiagno-
sis including failure to identify any relevant characteristics, 
including risk factors and diseases, and undertreatment 
including insufficient provision of any services within 
the standard package, including preventative services, or 
the provision of services of an inadequate quality. These 
two components are reflected in the two components of 
resource allocation formulae – the population character-
istics that are predictors of need and the costs associated 
with these characteristics. A shortfall between resources 
needed and resources allocated results from allocation 
formulae not accounting for some characteristics that 
are predictors of need (e.g. undiagnosed conditions) and/
or underestimation of the costs associated with these 
characteristics. Refinements in this measurement aim to 
improve the identification of appropriate characteristics 
and/or more accurate measurement of the expected 
needed healthcare costs associated with those charac-
teristics (e.g. removing supply-induced patterns of costs). 
These improvements should then shift the distribution 
of resources to equalise the proportion of needs that are 
unmet between populations, so resource distribution is 
closer to a ‘fair share’, where resources are allocated in 
proportion to needs. In the analysis within this paper, we 
only focus on unmet needs related to underdiagnosis, as 
an illustration of this approach.

Distribution of resources in proportion to need is, however, 
not the only objective of geographical public healthcare 
funding policy. In England, the NHS additionally has an 
objective of allocating resource to geographical areas to 
reduce health inequalities9 (differences in health between 
more and less socially advantaged groups that are system-
atic, avoidable and unfair).10 Accounting for unmet needs 
and allocating resources to reduce health inequalities are 

often wrongly assumed to be one and the same issue. For 
example, in the UK, a simple formula adjustment using 
avoidable mortality, applied to 10–15% of the budget, 
conflates the two issues.3 This adjustment was originally 
introduced to ‘contribute to the reduction of avoidable 
health inequalities’. At the time, it was highlighted that 
this objective was not necessarily compatible with the 
distribution of resources in proportion to need, nor with 
the objective of maximising health gain. Subsequently, this 
adjustment has been referred to as an adjustment for both 
unmet need and health inequalities even though these 
objectives may conflict, as we highlight later.

The extent to which addressing unmet needs in resource 
allocation will affect health inequalities (i.e. whether it 
narrows or widens the gap in health status between more 
deprived populations with poorer health and more afflu-
ent populations with better health) will depend on the dis-
tribution of the shortfall between actual expenditure and 
needed expenditure between these populations. It may be 
the case that more deprived populations in the UK have 
worse access to health care, leading to a lower probability 
of diagnosis when people develop health conditions, and  
subsequently, inadequate treatment once diagnosed, 
and there is a greater gap between actual expenditure 
and needed expenditure in these populations compared 
to more affluent populations. Assuming that healthcare 
expenditure leads to some health benefits, then allocating 
a greater share of resources to these deprived populations 
to account for these unmet needs would reduce health 
inequalities. It could, however, be the case that people 
with health conditions, that are more prevalent at older 
ages (e.g. dementia and cancer), have a lower chance of 
being diagnosed and adequately treated. This could mean 
that there is a greater shortfall between actual expend-
iture and needed expenditure in older populations, par-
ticularly if diagnosing and treating these unmet needs are 
relatively more expensive compared to other conditions. 
As more affluent populations with better health and 
high life expectancy will tend to have older populations, 
adjusting for these unmet needs would allocate a greater 
share of resources to these more affluent populations to 
account for these unmet needs, leading to further health 
benefits that would increase health inequalities. Improving 
resource allocation to achieve an aim of allocating resource 
in proportion to need could therefore conflict with and 
potentially exacerbate health inequalities.

This paper is part of a wider study investigating multi-
ple approaches for adjusting NHS allocation formula to 
account for unmet needs. This wider programme of work 
included involvement of the public to support the plain 
English description of the aims and methods used in the 
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NHS resource allocation process. In this paper, we aim 
to clarify definitions of need for health care relevant to 
the geographical allocation of resources within a publicly 
funded healthcare system, such as the NHS, that aims to 
share resources in proportion to need. We then present a 
simple framework for thinking about estimating relative 
need in geographical healthcare resource allocation. We 
provide a simulation using data on diagnoses, estimates of 
underdiagnosis and costs from linked national healthcare 
data for 11 chronic conditions, showing how accounting 
for unmet needs in allocating resources in proportion 
to need changes the current distribution in resources 
between places. We discuss how achieving the objective 
of allocating resources in proportion to need may conflict 
with the objective of reducing health inequalities.

Methods

Defining need for health care
A useful starting point for defining the need for health-
care resources is the concept of ‘capacity to benefit’.11 
For a healthcare need to be present, the marginal 
productivity of health care must be positive. That is 
there should be an expectation of health benefit from 
consuming further healthcare resources.12,13 Culyer 
and Wagstaff highlight that while ‘capacity to benefit’ 
is a necessary condition of need, it does not indicate 
how much health care someone needs. They propose 
a definition for the amount of needed health care as 
the expenditure required to exhaust a person’s capac-
ity to benefit to zero. If marginal capacity to benefit is 
zero, the amount of need is, according to this notion, 
also zero.12,13 This definition is a useful upper bound on 
the amount of need, but it is a ‘Rolls Royce’ concept 
of need that is only attainable for a subset of individu-
als in society. Within publicly funded universal health 
systems, there is, however, generally some notion of a 
standard set of health services that are (or should be) 
available to all citizens and a set of best practice quality 
standards. This will vary between health systems and 
over time. This ‘standard package’8 of health care will be 
subject to a number of constraints relating to definitions 
of ‘health care’ (as opposed to social care e.g.) and to 
the costs and effectiveness of specific procedures and  
treatments. This may not be explicitly defined, and 
policy is often developed ‘assuming that whatever is 
currently on average delivered by the healthcare system 
is de facto the standard’.8 We therefore define the need 
for health care within a publicly funded healthcare 
system as the resources required to provide this stand-
ard package of care for all people in the population who 
can benefit.

Providing the standard package of health care to every-
one who could benefit will likely cost more than the 
current expenditure, because (1) a proportion of people 
who could benefit from the standard package of care are 
not identified by the health system and therefore receive 
no treatment (undiagnosed need) and (2) some people 
diagnosed will only receive a proportion of the treatment 
included in the standard package of care (undertreat-
ment). We, therefore, define unmet need as the relative 
difference between the resources needed to provide the 
standard package of care to all in the population who 
can benefit and the healthcare expenditure allocated to 
that population.8

Estimating needed health care

Estimating the absolute amount of needed healthcare 
expenditure for each individual in the population can be 
decomposed into two components. Firstly, a matrix of 
characteristics (Pij) for each individual i in each subnational 
area j, indicating, for example, age, sex, morbidities, social 
characteristics and area-based characteristics of resi-
dence, which place them at risk of needing various kinds 
of care during the year. This could also include intersec-
tions between characteristics, for example comorbidities, 
age–sex interactions and so on. Secondly, a vector of cost 
weights (w) indicating the expected marginal increase in 
costs from receiving needed services within the standard 
package associated with each of these characteristics. The 
absolute needed expenditure for each subnational area 
(Nj) within a health system is then given by the formula 
shown in Figure 1.

Estimating fair shares
The target allocation fair share (Sj) for subnational area 
j is then estimated as the needed expenditure in area j 
divided by the sum of needed expenditure across all indi-
viduals in all subnational areas. This would allocate budg-
ets to geographical areas in proportion to need, meaning 
that all areas will experience the same relative level of 
unmet need.

The current distribution of funding may differ from this 
‘fair share’ allocation as shown by the orange line in 
Figure 2. Adjusting the current resource distribution to one 
that is in proportion to need would increase funding in the 
areas where current allocation is below the fair shares 

FIGURE 1 Formula showing estimation of needed health care.
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allocation (e.g. Place B) while decreasing funding where 
current allocation is above the fair shares allocation (e.g. 
Place A). In the hypothetical example in Figure 2, places 
with greater absolute needed expenditure also have more 
unmet affordable needs, but this is not necessarily the 
case. It could be the other way round or there may be a 
non-linear relationship between current allocation and fair 
share allocation, as we will see below.

The empirical challenge is then to estimate Pjj suffi-
ciently differentiated by relevant characteristics and w, 
adequately reflecting the absolute needed expenditure 
associated with each characteristic. In current utilisation 
approach used by the NHS, Pij is derived from EHRs and 
often includes a very rich set of characteristics (over 700 
variables in the case of the secondary care formula in 
the NHS in England), and w is derived from the average 
influence of these characteristics in Pij on expenditure 
conditional on differences in supply between places.4 
The extent that estimated shares reflect the target fair 
share distribution (as shown in Figure 2) will depend on 
whether Pij includes all relevant characteristics of indi-
viduals that influence their need for health care and/or 
whether the cost weights (w) reflect the needed cost 
(based on the standard package of care) associated 
with each of those characteristics. Criticism of cur-
rent utilisation approach used by the NHS is that it is 

missing data from Pij, for example on people who have 
not been diagnosed.

Deriving a synthetic data set for diagnosed 
and undiagnosed conditions (Pij)

To illustrate how the geographical distribution of needed 
healthcare expenditure for 11 conditions (diabetes, hyper-
tension, anxiety/depression, coronary heart diseases, 
stroke, chronic obstructive pulmonary disease, dementia, 
breast cancer, prostate cancer, lung cancer and colorectal 
cancer) may change when additionally accounting for the 
needed healthcare costs of undiagnosed cases compared 
to just diagnosed cases, we simulate a data set using 
empirical estimates of diagnosed prevalence for all individ-
uals aged ≥ 30 years in England from the Clinical Practice 
Research Datalink (CPRD) and estimates of the probability 
of disease among the undiagnosed derived from previous 
research.14 We focus is on these 11 diseases with a high 
burden on the UK population according to the Global 
Burden of Disease project. Not all NHS expenditures can 
be attributed to specific diseases; the last exercise that 
attempted to do this was the 2013–4 programme budg-
eting exercise and based on that data, these conditions 
account for 80% of all NHS expenditure that could be 
attributed to specific diagnoses.15

Absolute needed expenditure

Fair share allocation

35%
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Place A Place B

Subnational areas ranked absolute needed expenditure
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FIGURE 2 Absolute needed healthcare expenditure, fair share allocation based on the proportional approach, overmet and unmet affordable 
need relative to a hypothetical current allocation. Note: This illustrative example assumes a perfectly smooth and linear relationship between 
absolute needed expenditure and the rank of places, whereas in practice, the relationship is likely to be irregular and non-linear. We also 
assume that funding is adjusted for unavoidable differences in the cost of providing health care between local sub national areas.
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Following formula 1 above, we estimate Pij as a set of 
flags for these 11 conditions for each individual (i) in each 
subnational planning areas (j) in England in 2018 [at the 
time, these were known as Clinical Commissioning Groups 
(CCGs)]. We use data from 2018 because these were the 
latest data available for estimates of the probability of 
diagnosis derived from previous research.14 We derive this 
synthetic data set for all people in England in 2018, includ-
ing information on their age group (30–49, 50–59, 60–69, 
70–79, 80+ years), sex (male/female), deprivation quintile 
of the lower-layer super output area (LSOA) in which they 
live, their CCG and nine regions (East Midlands, East of 
England, London, North East, North West, West Midlands, 
South West, South East, Yorkshire and the Humber). We 
start with Office for National Statistics population esti-
mates for age and sex groups within each LSOA in England 
in 2018 and link this with information on the CCG of resi-
dence based on 2018 geography, region of residence and 
level of deprivation for each LSOA using the 2015 Indices 
of Multiple Deprivation (IMDs). LSOAs are small geograph-
ical areas covering the whole of England (32,844 in total), 
with an average population of 1500 each. The IMD score 
was split into five quintiles. This provided a data set of 28 
million individuals aged ≥ 30 years. We excluded people 
under 30 years, as diagnosis of these conditions at younger 
ages may be unreliable. We then imputed into this data 
set diagnostic flags for each of the 11 conditions based 
on the diagnosed prevalence taken from CPRD for 450 
population segments defined by age group × sex × IMD 
quintile × region. The individual flags were drawn from a 
Bernoulli distribution, with the probability reflecting the 
prevalence rate in the respective population segment. In a 
similar manner, undiagnosed cases were imputed into this 
data set for each of the 11 conditions based on the prob-
ability of having each condition, conditional on not having 
a diagnosis for the same 450 population segments defined 
by age group × sex × IMD quintile × region. Methods for 
deriving these estimates of underdiagnosis are reported 
elsewhere using a novel dynamic simulation model.14 For 
this illustrative example, we assume that the distribution 
of these conditions is independent.

Estimating costs weights (w) associated with 
each condition in each population segment

To derive an estimate of the needed healthcare expendi-
ture, including diagnosed and undiagnosed cases and the 
current expenditure on diagnosed cases, we calculated 
primary and secondary care costs for each condition 
using linked CPRD–Hospital Episode Statistics (HES) data. 
For primary care costs, we calculated individual annual 
costs based on prescriptions and the number of primary 

care in-person, home, telephone and telephone triage 
appointments. All costs are 2019–20 costs. We used 
Personal Social Services Research Unit 2020 costs per 
hour of patient contact for general practitioners (GPs) and 
nurses to cost appointments.16 We applied these to the 
latest estimates available for the average length of visit 
for each appointment type.16–20 Where the type of staff 
was unknown, we applied GP costs as per the Productivity 
of the English National Health Service reports produced 
by the Centre for Health Economics at the University 
of York.21

For prescription data, we used the NHS Business Authority 
British National Formulary (BNF) SNOMED mapping data-
base to map SNOMED codes to BNF codes,22 and then 
for each BNF presentation code, we applied the mean 
prescription item cost from the 2019–20 prescription cost 
analysis (PCA). Where BNF codes could not be matched 
(12% of all prescriptions), we applied the overall mean 
prescription cost from the PCA (£8.20 per prescription).23

For secondary care costs in line with the NHS general 
and acute formula approach,24 we applied a cost to each 
inpatient spell, outpatient attendance and accident and 
emergency attendance recorded during the financial year 
2018–9 (1 April 2018–31 March 2019). We used National 
Tariff prices 2018–9, where available, or reference costs, 
or, when also the latter was missing, specialty average. We 
removed inpatient spells and outpatient attendances with 
a health resource group, treatment function code or well-
baby flag eligible for maternity tariff. We truncated costs 
at £100,000 to remove outliers, likely removing very high 
costs associated with specialised care (see Appendix 1 for 
validation of costs’ estimates).

To derive condition-specific costs within each population 
segment, we fitted linear regression models in the CPRD 
linked to HES data, with annual cost as the dependent var-
iable, and region, gender, age group, deprivation quintile, 
disease diagnosis (binary) and the interactions of disease 
diagnosis, with age group and deprivation quintile as the 
predictors. We predicted from these models the cost of 
each condition within each region/gender/age group/dep-
rivation quintile stratum.

Modelling fair shares

The estimated needed expenditure for each CCG was 
then estimated as the sum of Pij * w, the set of flags for 
these conditions for each individual (i) in each popula-
tion segment multiplied by the respective cost estimate 
for each condition (w) within each respective population 
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segment for each CCG (j) in England. We initially did this 
by only including diagnosed cases and then including all 
cases (diagnosed and undiagnosed) and we examined how 
the distribution of need across CCGs changes. Assuming 
a fixed budget (i.e. the expenditure on diagnosed cases), 
we then allocate this total budget to each CCG based 
on its share of absolute needed healthcare expenditure 
and compare the initial distribution (only including diag-
nosed cases) to this ‘fair share’ distribution. To investigate 
potential consequences for health inequalities for such an 
adjustment, we plot the change in funding that each CCG 
would experience moving from the current funding to fair 
shares by the level of deprivation of each CCG. Deprivation 
was measured by the average IMD25 of each CCG.

Results

Figure 3 shows the estimated costs (w) for each disease 
by age group and deprivation. Annual costs per case of 
disease tended to increase with age and deprivation, with 

large differences between conditions, with some cancers 
having high costs and less difference by age and depriva-
tion in the average costs per case. The regional pattern 
(data not shown) shows higher costs in London across 
all conditions and, to a lesser extent, higher costs in the 
North West.

Figure 4 shows the absolute estimated needed expendi-
ture, taking into account diagnosed and undiagnosed prev-
alence and costs associated with each condition (panel 1 
– purple line) and the distribution of this expenditure when 
just based on diagnosed cases (panel 1 – orange line). The 
total expenditure needed to treat all cases (diagnosed and 
undiagnosed) is much higher than the expenditure required 
to just treat those currently diagnosed. Around 63% of 
needs are currently met and 37% are unmet. Treating 
these unmet needs would require an 60% increase in the 
budget. Assuming a fixed budget, however, and sharing 
out the existing national expenditure on diagnosed cases 
in proportion to the absolute needed expenditure for each 
CCG, accounting for diagnosed and undiagnosed cases, 
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FIGURE 3 Total primary and secondary average annual care per person, with each condition for each age group/deprivation quintile stratum. 
CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease.
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give the black line in panel 2. The distribution of expend-
iture based on diagnosed cases is not hugely different 
from this fair share distribution. It is slightly higher than 
the fair share distribution for those CCGs with the high-
est needs and slightly lower than the fair share for CCGs 
with lower levels of need, although there is quite a lot of 
variation between individual CCGs. So high-need CCGs, in 
this example, actually have overmet affordable needs, and 
lower-need CCGs have unmet affordable needs. Adjusting 
resource allocation towards one that is in proportion to 
needs by accounting for these unmet needs due to under-
diagnosis would move resources to these lower-need 
CCGs from CCGs with the highest level of needs.

Figure 5 shows the relative change in funding for each CCG 
that would result from shifting to an allocation accounting 
for unmet needs, by the average level of deprivation in 
each CCG. There is a strong negative relationship with 
deprivation. Moving to this fair share distribution would 
tend to benefit less deprived CCGs and shift resources 
away from the most deprived CCGs.

Figure 6 shows the geographical pattern of estimated 
unmet needs due to underdiagnosis, that is, the relative 
shortfall between current spending on diagnosed cases 
and absolute needed expenditure when accounting for 
undiagnosed cases. The estimated proportion of needs 
unmet due to underdiagnosis varies between 32% and 
41%. The model indicates lower levels of unmet need due 

to underdiagnosis in London and lower levels in the North 
West and higher levels in South outside London.

Discussion

We outline a simple framework for estimating the rela-
tive need in geographical healthcare resource allocation, 
decomposing this into a matrix of characteristics and 
a set of cost weights. The utilisation and epidemiolog-
ical approaches to resource allocation are alternative 
approaches of measuring these two components. Our sim-
ulation is illustrative, and it is not intended to provide an 
alternative to the current NHS formulae used in England.

There are several limitations that would need to be over-
come before such an approach could be incorporated into 
resource allocation. Firstly, the matrix of characteristics in 
our example is relatively simple, with only 11 conditions 
being differentiated by age, sex, region and deprivation 
quintile, with no account taken of the clustering of comor-
bidities. Given that the patterns of unmet need were differ-
ent among the disease we included, it is likely that adding 
more conditions in our modelling could alter the overall 
patterns of unmet need. However, given that the diseases 
we modelled were those with the highest burden and 
expenditure, adding additional diseases may not have had 
a large effect. In comparison, however, the current NHS 
formula includes over 700 characteristics. The strength of 

1. Comparing current expenditure per capita (orange)
to absolute needed expenditure (purple), unmet needs (grey) 
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FIGURE 4 Comparing expenditure on diagnosed cases of 11 conditions in each CCG to absolute needed expenditure and fair shares 
additionally accounting for undiagnosed cases in each CCG.
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accounting for undiagnosed cases.

using EHRs in these formulae is the richness of the data 
they provide. It is unlikely that epidemiological models 
will ever be able to estimate patterns of underdiagnosis 
to the same level of granularity. Although there will always 
be a higher level of uncertainty when estimating needs 
that are missing from EHRs, this is not a reason to not 
include this information when it is available. There is no 
reason why utilisation data and epidemiological estimates 
of underdiagnosis cannot be combined, for example by 
weighting diagnostic flags in utilisation data by the inverse 
probability of being diagnosed. This would mean that the 
current utilisation based formulae could be adjusted for 
levels of underdiagnosis for specific conditions in specific 
population groups.

Secondly, we assume that the needed costs for each 
person with each condition in each population segment 
are the same as the average costs for people with the 
same characteristics. This is broadly the same as the 
approach used in the national formula. The national 
formula does additionally adjust for differences in costs 
related to supply, while we were not able to do this, as 
we did not have indicators of supply in the CPRD data we 
used. This issue could, however, be addressed relatively 
easily using data that are available to the NHS. The bigger 
issue is that average costs may not reflect patterns of 
needed costs. For example, if some conditions are more 
likely to be undertreated than others, using average costs 
as costs weights (w) will underestimate the relative needs 

in populations with higher prevalence of those conditions. 
This will still be true even if these average costs are condi-
tional on supply. One way that has been proposed for esti-
mating cost weights that better reflect needed costs is to 
estimate these in a subset of high-performing subregions, 
as these are more likely to reflect the variation in needed 
costs than the national average variation in costs which 
will be biased by poor-performing and more resource- 
constrained subregions.26 A further problem when apply-
ing costs to undiagnosed cases, as in the case of our model, 
is that it is difficult to assess what costs would be needed 
for these cases if they were diagnosed and treated. We 
assume that these are the same as average costs, but one 
could argue that they should be higher as there are addi-
tional case finding costs, or alternatively lower, as they will 
tend to, on average, be at an earlier disease stage, than 
diagnosed cases.

Thirdly, our simulation depends on highly uncertain esti-
mates of underdiagnosis.27 The patterns observed could 
therefore relate to inaccuracies in these estimates. It is 
likely, however, that estimates of underdiagnosis will 
improve in accuracy and in granularity (e.g. accounting 
for disease stage) as further data become available; for 
example, the increasing availability of electronic health-
care data linked to representative biometric population 
sampling. Our approach, however, provides a framework 
for combining future estimates with current utilisation 
approaches to better account for unmet needs.
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Fifthly, we were not able to include ethnicity in our 
simulation, as estimates of underdiagnosis were not 
available broken down by ethnicity. This, however, could 
be addressed as coding of ethnicity in health records is 
improved and more data become available to enable more 
precise modelling of underdiagnosis by ethnic group.

Sixthly, we have used data on diagnoses and estimates of 
underdiagnosis from 2018, and it is possible that patterns 
of a diagnosis and underdiagnosis have changed since that 

time. Additionally, the geographical planning areas used 
by the NHS in England have now changed from CCGs 
to larger areas called Integrated Care Boards (ICBs). The 
methods we outline, however, could be relatively easily 
updated alongside addressing the other more substantial 
limitations outlined above in applying this approach within 
the resource allocation process. The approach to resource 
allocation has not changed with the establishment of 
ICBs, with needs estimated at the individual level and 
then aggregated to the geographical area used in resource 
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allocation. The same approach could be used when apply-
ing the methods we outline here.

Our simulation suggests that unmet needs due to under-
diagnosis from these conditions could be higher in less 
deprived places. This seemingly contradicts other research 
that has highlighted an inverse care law in access to health 
care.28,29 Other research has, however, found that relative 
levels of underdiagnosis were higher in more affluent 
groups.30 Work by Asthana et al. using a similar morbidity- 
based model for Coronary Heart Disease to account for 
unmet needs also found that this would shift resources 
away from deprived areas towards older and more rural 
populations.6 Our finding of higher levels of unmet needs 
in more affluent populations is largely because our esti-
mates of underdiagnosis14 increased substantially with 
age. Lower probability of diagnosis at older age within con-
ditions or lower probability of diagnosis for conditions that 
tend to effect older age groups (e.g. cancer and dementia) 
will tend to lead to more unmet needs in local areas with 
older populations, particularly if these conditions are 
associated with high costs. As mean age and deprivation 
tend to be inversely correlated, due in part to lower life 
expectancy in deprived areas, this will tend to lead to 
higher unmet needs in more affluent areas with higher 
life expectancy. The difference between our findings and 
previous research may reflect that previous research has 
not taken account of how unmet needs increase with age, 
and this may have changed over time as disease burden is 
increasing concentrated at older ages. As healthcare costs 
become increasingly concentrated at older ages and dif-
ferences in life expectancy between affluent and deprived 
areas widen, this could mean increased unmet needs in 
more affluent populations with longer life expectancy rel-
ative to unmet needs in more deprived areas.

Improving resource allocation formula so that they better 
meet the objectives of allocating resource in proportion 
to need could increasingly shift resources from more 
deprived areas with poorer population health to less 
deprived areas with better health. As these resources 
improve health outcomes in these places,31 this is likely to 
widen the health gap between more deprived and more 
affluent places, increasing health inequalities. The objec-
tive of equal access for equal need and the objective of 
reducing health inequalities may therefore conflict.

It is perhaps not surprising that these two objectives can 
conflict. The principle of proportionality applied in allocat-
ing resources to achieve ‘equal access for equal need’2,3 
follows a different underlying logic than approaches that 
aim to maximise equality in health. The logic of proportion-
ality means that everyone’s needs should be met to some 

extent (in proportion), whereas the logic of maximisation 
means that some people’s needs could not be met at all. 
This principle of proportionality is a simple application 
of the more general theory of fair distribution known in 
the philosophy literature as ‘proportional satisfaction of 
claims’.32,33 The implications of these divergent objectives 
have rarely, however, been made explicit in healthcare 
resource allocation policy.

One approach could be for the NHS to make explicit what 
proportion of the budget is to be allocated with the goal 
of equal access for equal need and what proportion is allo-
cated to contribute to a reduction in health inequalities, 
clarifying the formula components that aim to achieve 
these goals. While this could be seen as a departure from 
the principle of equal access for equal need,8 an alterna-
tive conception would be to recognise that while we can 
measure the amount of need as the expenditure needed 
to provide a set of services, most theories of fair distribu-
tion recognise that differences in strength of need claim 
should also be taken into account.32 Areas with a greater 
burden of lifetime illness could be viewed as having a 
greater strength of need claim, having a stronger claim 
on the health benefits of healthcare resources than areas 
with a lesser burden of lifetime illness. The proportion of 
the budget that is set aside for these separate objectives 
is a political and democratic decision.34

In this paper, we have clarified definitions of met and 
unmet need for health care relevant to the geographi-
cal allocation of healthcare resources, and we present 
a simple framework that decomposes measurement of 
healthcare needs into two components – a matrix of 
characteristics for each individual, and a vector of cost 
weights indicating the expected marginal increase in 
costs from receiving needed services associated with 
these characteristics. Using a simulation, we show how 
estimates of underdiagnosis of conditions can be incor-
porated into this framework, showing how accounting for 
underdiagnosis in this simulation changes the distribution 
of needed resources. As the estimates of underdiagnosis 
used indicate a higher level of underdiagnosis at older 
ages, the effect of adjusting for these unmet needs would 
be to allocate a greater share of resource to less deprived 
areas, increasing health inequalities. This indicates that 
while improvements can be made to formulae to enable 
the more effective allocation of resources in proportion 
to the amount of need, these may contradict the other 
objective of NHS resource allocation – to reduce health 
inequalities. To maintain its objective to reduce health 
inequality, it is likely the NHS will need to continue to 
allocate a proportion of its budget based on a measure of 
poor population health.
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Appendix 1 Cost validation

We compared our consultation costs with the University 
of York Centre for Health Economics estimates 
(Table 1).21 Both estimates appear similar, with our costs 
being slightly lower.

We also compared our prescription costs with those from 
the NHS Business Services Authority PCA for England, 
2019–20.23 Here, our estimates were somewhat lower; 
however, the PCA includes all NHS community care set-
tings, whereas our estimates are limited to those from GP 
records (Table 2).

TABLE 1 Comparison between our estimates of GP consultation costs and those by University of York Centre for Health Economics

Version Contacts/person Total costs (scaled up) Cost/person Cost/contact

York 5.26 11.99 billion 213 40.5

Ours 4.88 10.86 billion 193 39.7

TABLE 2 Comparison between our estimates of GP prescribing costs and those from NHS business services authority PCA

Version Items/person Total costs (scaled up) Cost/person Cost/item (£)

PCA 20.1 9.2 billion 165 8.21

Ours 16.9 6.3 billion 112 6.62

https://doi.org/10.3310/GJBB0820
https://doi.org/10.3310/GJBB0820
www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandwellbeing/articles/riskfactorsforundiagnosedhighbloodpressureinengland/2015to2019
www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandwellbeing/articles/riskfactorsforundiagnosedhighbloodpressureinengland/2015to2019
https://doi.org/10.2139/ssrn.5385942
https://doi.org/10.2139/ssrn.5385942



	Accounting for Needs in Geographical Health Care Resource Allocation
	Introduction
	Methods
	Defining need for health care

	Estimating needed health care
	Estimating fair shares

	Deriving a synthetic data set for diagnosed and undiagnosed conditions (Pij)
	Estimating costs weights (w) associated with each condition in each population segment
	Modelling fair shares
	Results
	Discussion
	Additional information
	List of abbreviations
	References
	Appendix 1 Cost validation


