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Abstract 

Background Helicopter Emergency Medical Services (HEMS) in the United Kingdom (UK) are provided in a mixed 
funding model, with the majority of services funded by charities alongside a small number of government-funded 
operations. More socially-deprived communities are known to have greater need for critical care, such as that pro-
vided by HEMS in the UK. Equity of access is an important pillar of medical care, describing how resource should be 
allocated on the basis of need; a concept that is particularly relevant to resource-intensive services such as HEMS. 
However, the Inverse Care Law describes the tendency of healthcare provision to vary inversely with population need, 
where healthcare resource does not meet the expected needs in areas of higher deprivation. It is not known to what 
extent the Inverse Care Law applies to HEMS in the UK.

Methods Modelled service areas were created with each small unit geography locus in the UK assigned to its closest 
HEMS operational base. The total population, median decile on index of multiple deprivation, and geographic area 
for each modelled service area was determined from the most recently available national statistics. Linear regression 
was used to determine the association between social deprivation, geographic area, and total population served 
for each modelled service area.

Results The provision of HEMS in the UK varied inversely to expected population need; with HEMS operations 
in more affluent areas serving smaller populations. The model estimated that population decreases by 18% (95% 
confidence interval 1–32%) for each more affluent point in median decile of index of multiple deprivation. There 
was no significant association between geographic area and total population served.

Conclusion The provision of HEMS in the UK is consistent with the Inverse Care Law. HEMS operations 
in more deprived areas serve larger populations, thus providing a healthcare resource inversely proportional 
with the expected needs of these communities. Funding structures may explain this variation as charities are more 
highly concentrated in more affluent areas.
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Introduction
Helicopter Emergency Medical Services (HEMS) in the 
United Kingdom (UK) are provided in a mixed funding 
model, with the majority of services delivered by charities 
alongside a small number of government-funded opera-
tions. These services typically provide critical care at the 
site of serious illness or injury, with onward transport to 
hospital care [1].

The social determinants of health are well-established, 
with a clear association between social deprivation and 
higher incidence of disease, including critical illness 
and major trauma [2, 3], and poor health outcomes [4]. 
Most socially-deprived populations have higher require-
ments for critical care services, and worse outcomes in 
critical illness [3, 5]. HEMS have the potential to miti-
gate inequalities associated with social deprivation, with 
their focus on critical illness and geographic isolation, by 
delivering more rapid pre-hospital care in isolated areas.

The Inverse Care Law, first described in 1971, explains 
that the availability of good medical care tends to vary 
inversely with the need for it in the population served [6]. 
Provision of resource on the basis of need is at the core 
of healthcare equity, which also recognises social deter-
minants as key drivers of healthcare requirements [4]. In 
a healthcare system that delivers equity, resources would 
be distributed not simply equally per capita, but accord-
ing to expected need [7]. Such equity of access to HEMS 
might be seen if each resource served similar population 
numbers, or indeed, responded to the social determi-
nants of health in its target population by concentrating 
services in areas of social deprivation or geographic isola-
tion. The degree to which HEMS, a limited and expen-
sive resource [8], are organised to best support their local 
communities is unknown.

The aim of this study was to quantify the current provi-
sion of UK HEMS relative to population, geographic area 
covered, and the degree of social deprivation experienced 
by populations served.

Methods
The locations of HEMS operational bases in the UK were 
plotted using publicly available information [9]. Given 
the broad range of operational structures of HEMS in the 
UK, sites were included with no adjustment for level of 
care provided, such as physician-staffing, or diurnal vari-
ation in provision of care. Due to focus on HEMS, this 
analysis only considered aeromedical pre-hospital emer-
gency care assets; dedicated interhospital transfer ser-
vices and enhanced care services delivered by road were 
excluded.

Population and deprivation variables were derived 
from small area geographies available for each of the four 
UK nations, named Lower Layer Super Output Areas in 

England and Wales [10], Data Zones in Scotland [11], and 
Super Output Areas in Northern Ireland [12]. These local 
geographies were developed to allow dissemination of 
small area statistics, and while population numbers vary 
between nations, the geographies aim to contain simi-
lar population numbers within each nation. Each nation 
in the UK reports a separate area-based index of multi-
ple deprivation, ranking these small area geographies 
by a number of metrics of social deprivation includ-
ing employment, income, health, crime, education, and 
housing; which are often analysed as deciles [13]. This 
rank system allows the identification of deprived areas 
that might experience higher levels of unemployment, 
poorer housing quality, lower incomes, or more difficult 
access to services, or conversely of affluent areas where 
living standards might be higher. A lower number corre-
sponds with a more deprived area.

The characteristics of the population served by each 
HEMS resource was determined with the construction 
of modelled service areas. These modelled service areas 
were created so that each small area geography in the 
UK was assigned to its nearest HEMS resource. Popu-
lation statistics from small area geographies closest to 
each HEMS resource were then combined to give the 
total population, geographic area, and median decile on 
the index of multiple deprivation served by each HEMS 
resource. Population statistics were extracted from the 
most recently available iteration of national index of 
multiple deprivation statistics (Northern Ireland 2017, 
England and Wales 2019, and Scotland 2020) [10, 12, 
14]. As HEMS organisations work closely with regional 
and national ground-based emergency medical services 
(EMS) [1], which are delivered independently in each 
of the four UK nations, the nearest local geography was 
determined on a national basis to best represent typi-
cal operations. The derivation of these modelled service 
areas, using the East of England as an example, is demon-
strated in Fig. 1.

Statistical analysis
Univariate and multivariate linear regression with 
log-transformation was used to assess the association 
between total population and both geographic area cov-
ered (in  km2) and relative deprivation served by each 
operational base (defined by the median decile of index of 
multiple deprivation within each modelled service area), 
reported as coefficients with 95% confidence intervals 
(95% CI) and p-values, and visualised with a scatter plot.

Sensitivity analysis was undertaken with Spearman’s 
rank correlation coefficient for the same variables. A 
p-value < 0.05 was considered statistically significant. 
Choropleth mapping allowed identification of opera-
tional geographies by relative deprivation and geographic 
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area. Analysis was undertaken using the osrm and sf 
packages in R (R Foundation for Statistical Computing, 
Vienna, Austria) [15, 16].

Results
Thirty-six operational HEMS bases across the UK were 
identified, with two sites each hosting two operational 
daytime teams, giving 38 resources for analysis.

The median total population of the modelled service 
areas was 1,571,203 (range 304,465 to 8,636,383) and 
the median area served was  4555km2 (range 2,379 to 
27,895km2). The full population characteristics for each 
modelled service area is seen in Supplementary Table 1. 
The area assigned to each operational HEMS resource, 
with population characteristics, is demonstrated in Fig. 2.

Univariate linear regression demonstrated a signifi-
cant association between log-transformed total popula-
tion and median decile of index of multiple deprivation, 
with smaller populations served in more affluent areas 
 (R2 = 0.086, F(1, 36) = 4.48, p = 0.041).

The model estimated that population served by each 
HEMS resource decreases by 18% (95% CI 1–32%) for 
each point increase in median decile of index of multiple 
deprivation (Fig. 3).

On univariate analysis, no association was demon-
strated between geographic area served and total popu-
lation  (R2 = − 0.008, F(1, 36) = 0.70, p = 0.41). The results 
of both univariate and multivariate analysis are demon-
strated in Table 1.

Discussion
The aim of this study was to quantify current provision 
of HEMS in the UK relative to population, geographic 
area covered, and the degree of social deprivation expe-
rienced by populations served. Delivery of HEMS in the 
UK is compatible with the Inverse Care Law, with pro-
vision varying inversely with expected population need 
just as documented in the original description of the 
law. Specifically, HEMS resources serving more deprived 
areas cover larger populations [6]. The total population 
served by HEMS resources in the UK was not associated 
with geographic area, an unexpected finding as it would 
seem logical that helicopter transport would have greater 
use where populations are more remote. Therefore, in a 
system delivering equity, more remote services might 
be expected to serve smaller populations. While these 
results are statistically and likely operationally significant, 
the models reflect only a small proportion of the variabil-
ity observed.

Fig. 1 Plots demonstrating an example of the construction of modelled service areas. Left pane demonstrates the borders of small area 
geographies for the East of England with HEMS base locations (dots), and the right pane shows the distribution of each small area geography to its 
nearest HEMS resource (dots). Each area of uniform colour demonstrates the modelled service areas from which population statistics were extracted
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Fig. 2 Bivariate choropleth map demonstrating the modelled service areas for each HEMS resource with population and socioeconomic 
characteristics. HEMS bases are indicated in orange. HEMS, helicopter emergency medical service
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The potential for more deprived areas to have greater 
need for HEMS or other pre-hospital critical care is 
consistent with evidence demonstrating the impact of 
socioeconomic status in pre-hospital care. For example, 
deprived areas have been shown to experience features 
associated with poorer outcomes, such reduced likeli-
hood of bystander CPR, and features associated with 
greater requirement for advanced intervention, with 
more responses from pre-hospital critical care [17, 18]. 
The reduced availability of enhanced resource in more 
deprived communities has also been demonstrated for 
conventional ambulance transfer to advanced hospital 

care [19]. Together, these findings demonstrate a mis-
match between the expected needs of communities and 
the resources available for their care.

These findings may be explained by funding structures. 
The majority of HEMS in the UK are charity funded, 
and there is evidence across the broader sector that such 
organisations are more prevalent in more affluent areas 
[20]. This hypothesis is supported by evidence of a pub-
lic willingness to pay for helicopter medical services that 
outstrips their expected benefit in quality adjusted life 
years when compared to other medical interventions 
[21]. More affluent communities have greater resources 

Fig. 3 Scatter plot with linear regression line (blue) with 95% confidence interval (grey) for the univariate association between log-transformed 
total population and median index of multiple deprivation for each UK HEMS operational asset. HEMS, helicopter emergency medical service, IMD, 
index of multiple deprivation

Table 1 Results of univariate and multivariate linear regression for log-transformed total population of each HEMS modelled service 
area by median decile of index of multiple deprivation and log-transformed geographic area

Spearman’s rank correlation coefficient demonstrated a negative correlation between population served and median index of multiple deprivation (Spearman’s 
Rho = − 0.38, p = 0.019), but no correlation between the size of area served and total population (Spearman’s Rho = − 0.081, p = 0.63)

Univariate logistic regression estimate 
(95% Confidence Intervals)

p Value Multivariate logistic regression 
estimate (95% Confidence Intervals)

p Value

Median Decile of Index of Multiple 
Deprivation

− 0.20 (− 0.39 to − 0.01) 0.041 − 0.21 (− 0.40 to − 0.02) 0.035

Area in  km2 (log-transformed) − 0.17 (− 0.58 to 0.24) 0.41 − 0.19 (− 0.58 to 0.20) 0.318
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to support such services [22]. These funding structures 
might also be seen as a continuation of the market forces 
that were thought to be the basis of Tudor Hart’s Inverse 
Care Law [6]. Historical factors related to the origins of 
HEMS in the UK might also have a role, while early ser-
vices in Cornwall and Scotland served areas of relatively 
high deprivation, subsequent rapid expansion of services 
occurred in the relatively affluent South of England [23]. 
Another explanation may be the concentration of social 
deprivation in cities, less suited to HEMS operations 
compared to more rural areas. However, this explana-
tion should be tempered by the presence of longstanding 
HEMS operations in major UK urban areas, our findings 
that area of coverage is not associated with populations 
served, and increasing suburbanisation of social depriva-
tion [24, 25].

There are no other published data assessing the pro-
vision of HEMS across the UK by population and soci-
odemographic characteristics. The study methodology 
is strengthened by use of national level statistics, with 
accepted utility in determining allocation of healthcare 
resource [26], and geospatial modelling, with poten-
tial to define and quantify service areas and population 
characteristics.

However, this study does have limitations. Importantly, 
we assessed only the availability of helicopter transporta-
tion assets, not enhanced care teams, where availability 
might be by both road and air. No distinction was made 
between HEMS bases that provide solely pre-hospi-
tal critical care at the site of illness or injury, and those 
where availability for this role might be impacted by an 
additional remit for inter-hospital transfers. The decile 
of index of multiple deprivation was determined for each 
nation, giving a relative deprivation within each nation 
of the UK, but does not account for differences in the 
relative deprivation between nations. Assumptions were 
made that HEMS response to an area would typically be 
made by the closest resource, and may not reflect local 
service characteristics; including the occasional use of 
alternative base locations and standby points. While 
there is some evidence that areas experiencing higher 
deprivation have a greater requirement for pre-hospital 
critical care [18], the interventions that HEMS provides 
are complex and specialised, and it is not known to what 
extent requirements match area-level deprivation. We 
have used geographic and socioeconomic characteris-
tics of the derived service areas as a marker of expected 
requirements for HEMS, and while these are known to 
influence the conditions to which HEMS responds [2, 3], 
other factors may also be important in determining the 
relative need of each population served.

Further work is required to assess the delivery of 
enhanced care services by ground assets, and how these 

services respond to the expected needs of more deprived 
populations. Policy should consider how to better distrib-
ute HEMS resource to better meet expected need, apply-
ing these findings and service planning methodology to 
mitigate health inequalities [27].

Conclusion
The provision of HEMS in the UK is consistent with the 
Inverse Care Law. HEMS operations in more deprived 
areas serve larger populations, thus providing a health-
care resource inversely proportional with the expected 
needs of these communities. Funding structures likely 
explain this variation; charities are more highly concen-
trated in more affluent areas.

Abbreviations
HEMS  Helicopter emergency medical services
EMS  Emergency medical services
UK  United Kingdom
CI  Confidence intervals
IMD  Index of multiple deprivation

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13049- 024- 01248-4.

Supplementary Material 1.

Acknowledgements
The authors wish to acknowledge the freely shared R code for bivariate cho-
ropleth mapping developed by Mr Colin Angus, available at: https:// github. 
com/ Victi mOfMa ths/ 30Day MapCh allen ge2021/ blob/ main/ Day26_ Choro 
pleth.R

Author contributions
RM conceived the research, performed the analysis, and wrote the initial draft. 
All authors made meaningful contributions to the manuscript, including in 
providing context and interpretation of the results.

Funding
Unfunded research.

Availability of data and materials
Data are freely available. The analytical code is available from the author upon 
reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
None declared.

Author details
1 ScotSTAR, Scottish Ambulance Service, Hangar B, 180 Abbotsinch Road, 
Paisley PA3 2RY, UK. 2 Emergency Department, University Hospitals Coventry 
& Warwickshire NHS Trust, Walsgrave, Coventry CV2 2DX, UK. 3 The Air Ambu-
lance Service, Blue Skies House, Butlers Leap, Rugby CV21 3RQ, UK. 4 Academic 
Department of Military Emergency Medicine, Royal Centre for Defence 

https://doi.org/10.1186/s13049-024-01248-4
https://doi.org/10.1186/s13049-024-01248-4
https://github.com/VictimOfMaths/30DayMapChallenge2021/blob/main/Day26_Choropleth.R
https://github.com/VictimOfMaths/30DayMapChallenge2021/blob/main/Day26_Choropleth.R
https://github.com/VictimOfMaths/30DayMapChallenge2021/blob/main/Day26_Choropleth.R


Page 7 of 7McHenry et al. Scand J Trauma Resusc Emerg Med           (2024) 32:73  

Medicine (Research and Clinical Innovation), Birmingham, UK. 5 Department 
of Research, Audit, Innovation, and Development (RAID), East Anglian Air 
Ambulance, Norwich, UK. 

Received: 24 May 2024   Accepted: 14 August 2024

References
 1. Beaumont O, Lecky F, Bouamra O, Kumar DS, Coats T, Lockey D, et al. 

Helicopter and ground emergency medical services transportation to 
hospital after major trauma in England: a comparative cohort study. 
Trauma Surg Acute Care Open. 2020;5: e000508.

 2. Corfield AR, MacKay DF, Pell JP. Association between trauma and socioec-
onomic deprivation: a registry-based, Scotland-wide retrospective cohort 
study of 9,238 patients. Scand J Trauma Resusc Emerg Med. 2016;24:90.

 3. Welch CA, Harrison DA, Hutchings A, Rowan K. The association between 
deprivation and hospital mortality for admissions to critical care units in 
England. J Crit Care. 2010;25:382–90.

 4. Marmot M. Social determinants of health inequalities. The Lancet. 
2005;365:1099–104.

 5. McHenry RD, Moultrie CEJ, Quasim T, Mackay DF, Pell JP. Association 
between socioeconomic status and outcomes in critical care: a system-
atic review and meta-analysis. Crit Care Med. 2023;51:347.

 6. Hart JT. THE Inverse Care Law. The Lancet. 1971;297:405–12.
 7. Culyer AJ, Wagstaff A. Equity and equality in health and health care. J 

Health Econ. 1993;12:431–57.
 8. Taylor C, Jan S, Curtis K, Tzannes A, Li Q, Palmer C, et al. The cost-effec-

tiveness of physician staffed Helicopter Emergency Medical Service 
(HEMS) transport to a major trauma centre in NSW. Australia Injury. 
2012;43:1843–9.

 9. The UK’s Air Ambulance Charities - Air Ambulances UK [Internet]. [cited 
2024 Jan 18]. Available from: https:// www. airam bulan cesuk. org/ the- uks- 
air- ambul ance- chari ties/

 10. Lower Layer Super Output Area [Internet]. [cited 2023 Nov 27]. Available 
from: https:// www. datad ictio nary. nhs. uk/ nhs_ busin ess_ defin itions/ 
lower_ layer_ super_ output_ area. html

 11. Data Zone Boundaries 2011 [Internet]. SpatialData.gov.scot. [cited 2023 
Nov 27]. Available from: https:// spati aldata. gov. scot/ geone twork/ srv/ api/ 
recor ds/ 7d3e8 709- 98fa- 4d71- 867c- d5c82 93823 f2

 12. Super Output Areas (Census 2011) [Internet]. Northern Ireland 
Statistics and Research Agency. [cited 2023 Nov 27]. Available from: 
https:// www. nisra. gov. uk/ suppo rt/ output- geogr aphy- census- 2011/ 
super- output- areas

 13. Noble M, Wright G, Smith G, Dibben C. Measuring multiple deprivation at 
the small-area level. Environ Plann A Econ Space. 2006;38:169–85.

 14. National Statistics. The Scottish Index of Multiple Deprivation 2020. The 
Scottish Government

 15. Interface between R and the OpenStreetMap-based routing service 
OSRM. J Open Source Softw. 2023. https:// doi. org/ 10. 21105/ joss. 04574

 16. Pebesma E. Simple features for R: standardized support for spatial vector 
data. R J. 2018;10:439.

 17. Barnard EBG, Sandbach DD, Nicholls TL, Wilson AW, Ercole A. Prehospital 
determinants of successful resuscitation after traumatic and non-trau-
matic out-of-hospital cardiac arrest. Emerg Med J. 2019;36:333–9.

 18. McHenry RD, Moultrie CE, Cadamy AJ, Corfield AR, Mackay DF, Pell JP. 
Pre-hospital and retrieval medicine in Scotland: a retrospective cohort 
study of the workload and outcomes of the emergency medical retrieval 
service in the first decade of national coverage. Scand J Trauma Resusc 
Emerg Med. 2023;31:39.

 19. Lilley R, de Graaf B, Kool B, Davie G, Reid P, Dicker B, et al. Geographical 
and population disparities in timely access to prehospital and advanced 
level emergency care in New Zealand: a cross-sectional study. BMJ Open. 
2019;9: e026026.

 20. McDonnell D, Mohan J, Norman P. Charity density and social need: a 
longitudinal perspective. Nonprofit Volunt Sect Q. 2020;49:1082–104.

 21. Olsen JA, Donaldson C. Helicopters, hearts and hips: using willingness 
to pay to set priorities for public sector health care programmes. Soc Sci 
Med. 1998;46:1–12.

 22. Kumar A, Chakrabarti S. Charity donor behavior: a systematic literature 
review and research agenda. J Nonprofit Public Sect Mark. 2023;35:1–46.

 23. Pollock A. Historical perspectives in the ambulance service. In: Wankhade 
P, Mackway-Jones K, editors. Ambulance services: leadership and man-
agement perspectives. Cham: Springer; 2015. p. 17–28. https:// doi. org/ 
10. 1007/ 978-3- 319- 18642-9_2.

 24. Lloyd CD, Norman PD, McLennan D. Deprivation in England, 1971–2020. 
Appl Spat Anal Policy. 2023;16:461–84.

 25. The Royal London Hospital Helicopter Emergency Medical Service: first 
phase 1990. - Abstract - Europe PMC [Internet]. [cited 2024 May 1]. Avail-
able from: https:// europ epmc. org/ artic le/ med/ 14167 22

 26. Carstairs V. Deprivation indices: their interpretation and use in relation to 
health. J Epidemiol Commun Health. 1995;49:S3-8.

 27. Luo W, Yao J, Mitchell R, Zhang X, Li W. Locating emergency medical 
services to reduce urban-rural inequalities. Socioecon Plann Sci. 2022;84: 
101416.

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

https://www.airambulancesuk.org/the-uks-air-ambulance-charities/
https://www.airambulancesuk.org/the-uks-air-ambulance-charities/
https://www.datadictionary.nhs.uk/nhs_business_definitions/lower_layer_super_output_area.html
https://www.datadictionary.nhs.uk/nhs_business_definitions/lower_layer_super_output_area.html
https://spatialdata.gov.scot/geonetwork/srv/api/records/7d3e8709-98fa-4d71-867c-d5c8293823f2
https://spatialdata.gov.scot/geonetwork/srv/api/records/7d3e8709-98fa-4d71-867c-d5c8293823f2
https://www.nisra.gov.uk/support/output-geography-census-2011/super-output-areas
https://www.nisra.gov.uk/support/output-geography-census-2011/super-output-areas
https://doi.org/10.21105/joss.04574
https://doi.org/10.1007/978-3-319-18642-9_2
https://doi.org/10.1007/978-3-319-18642-9_2
https://europepmc.org/article/med/1416722

	Equity in the provision of helicopter emergency medical services in the United Kingdom: a geospatial analysis using indices of multiple deprivation
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


