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Abstract
Objective To investigate whether the policy of increasing National Health Service funding to a greater extent in deprived areas in England compared with more affluent areas led to a reduction in geographical inequalities in mortality amenable to healthcare.
Design Longitudinal ecological study.
Setting 324 lower tier local authorities in England, classified by their baseline level of deprivation.
Intervention Differential trends in NHS funds allocated to local areas resulting from the NHS resource allocation policy in England between 2001 and 2011.
Main outcome measure Trends in mortality from causes considered amenable to healthcare in local authority areas in England. Using multivariate regression, we estimated the reduction in mortality that was associated with the allocation of additional NHS resources in these areas.
Results Between 2001 and 2011 the increase in NHS resources to deprived areas accounted for a reduction in the gap between deprived and affluent areas in male mortality amenable to healthcare of 35 deaths per 100 000 population (95% confidence interval 27 to 42) and female mortality of 16 deaths per 100 000 (10 to 21). This explained 85% of the total reduction of absolute inequality in mortality amenable to healthcare during this time. Each additional £10m of resources allocated to deprived areas was associated with a reduction in 4 deaths in males per 100 000 (3.1 to 4.9) and 1.8 deaths in females per 100 000 (1.1 to 2.4). The association between absolute increases in NHS resources and improvements in mortality amenable to healthcare in more affluent areas was not significant.
Conclusion Between 2001 and 2011, the NHS health inequalities policy of increasing the proportion of resources allocated to deprived areas compared with more affluent areas was associated with a reduction in absolute health inequalities from causes amenable to healthcare. Dropping this policy may widen inequalities.

Introduction
Expenditure on the National Health Service in England as a whole has increased each year since its establishment, although this trend accelerated between 1999 and 2011.1 These additional resources led to increased activity in hospitals and primary care, decreased waiting times, improved survival, and improvements in the control of chronic conditions.2 The extent of the increase in expenditure differed across the country, with some areas experiencing greater increases than others.
Many countries experience noticeable inequalities in health between regions, often as a result of differing levels of socioeconomic deprivation.3 One policy approach to deal with these spatial inequalities is to allocate health service resources in ways that take into account these differences in health need.4 In England, central funding for the NHS raised through taxation is allocated to local commissioning organisations that provide or purchase primary, community, and secondary health services on behalf of their resident populations. The level of resources each commissioning organisation receives is determined by a national formula. Since the 1970s several different formulas have been used in an attempt to allocate resources more equitably to the commissioning organisations, based on the level of need in their populations.5 These local commissioning organisations then decide on how these resources are used based on their assessment of the needs of their populations.
In 1999 the UK government introduced a new objective for the allocation of resources in the NHS in England: “to contribute to the reduction in avoidable health inequalities.”6 To better achieve this objective a health inequalities component was introduced into the allocation formula in 2002, which targeted more resources at deprived areas.7 As a consequence, increases in allocations since that time have tended to favour more deprived areas. The local NHS commissioning organisations in these areas were free to use these additional resources to purchase primary or secondary healthcare or public health services, to better meet the needs of their populations and improve the quality of care they received.
This health inequalities approach to resource allocation was part of a wider strategy to reduce inequalities in health in England. In particular this strategy targeted the fifth of local authorities with the worst health and deprivation indicators (the spearhead group). Although the resource allocation policy was not specific to these areas, the spearhead areas did receive a greater increase in NHS resources than non-spearhead areas, because of their level of deprivation. These spearhead areas also received other additional support, including interventions to reduce social exclusion and intensive assistance through the national health inequalities support team.8
The policy of using the resource allocation mechanism to reduce health inequalities is based on the assumption that additional healthcare expenditure translates into improved population health outcomes. This clearly depends on the quality and effectiveness of care delivered and whether it tackles health needs. Although several reviews found little evidence of an association between healthcare expenditure and variations in mortality between countries,9 10 11 some studies that have investigated changes over time within countries where health service access is primarily based on need (rather than ability to pay), have found that increased investment of healthcare resources is associated with improved outcomes.12 13 14 However these studies have largely investigated the average effects of healthcare expenditure at the country or provincial level and have not assessed impacts on health inequalities. A recent study analysing differences in the trend in healthcare expenditure in each of the countries of the United Kingdom (England, Wales, Northern Ireland, and Scotland), found that since 1999 increased expenditure in England compared with the rest of the country was associated with an increase in the rate of decline of mortality amenable to healthcare.15 Our study extends this analysis by analysing the health inequalities impact of a specific policy to allocate additional resources to more deprived areas within England.
Recently, a great deal of debate has been about whether allocation of NHS resources in England should give greater weight to age compared with deprivation as an indicator of health need.16 17 18 19 Age has always been a major component of the resource allocation formula; however, concerns have been raised that the trend in resource allocation, since the introduction of the 1999 health inequalities policy, has not sufficiently taken into account increased demand for healthcare in wealthier areas, which, although they tend to have healthier populations, also tend to have older populations because residents live longer.
In 2012, the Advisory Committee on Resource Allocation proposed a new person based formula that removed the health inequalities component. In December 2012, NHS England decided against the implementation of this formula because of concern that, as it would increase the proportion of resources allocated to areas with better health outcomes, it was inconsistent with the organisation’s responsibilities to reduce inequalities in outcomes from NHS care.20 After a fundamental review of allocations policy in 2013, NHS England implemented a new formula, which combines the 2012 person based formula with a measure of “unmet need.” Even with this adjustment, however, the new formula gives less weight to deprived areas than does the current pattern of funding. As a result, planned NHS funding for local areas is set to decrease to a greater extent in more deprived areas compared with more affluent areas.21
Although one commentator has asserted that this health inequalities objective for the allocation of NHS resources, introduced in England in 1999, has had no effect,22 to our knowledge, no empirical investigation supports that assertion. A fundamentally important question to inform this debate is whether this 1999 policy did successfully reduce inequalities in health outcomes. We investigated whether this policy of increasing NHS funding to a greater extent in more deprived areas with the worst health outcomes, led to a reduction in geographical health inequalities in England.

Methods
Setting
We used aggregated data between 2001 and 2011 on 324 lower tier local authorities in England based on 2009 boundaries. We excluded the City of London and the Isles of Scilly because of their small populations.

Data sources
The main outcome variable in our analysis was male and female mortality from causes amenable to healthcare in people aged less than 75 years in each local authority, for 2001 to 2011, which we obtained from the NHS Information Centre indicator portal.23 Amenable mortality is defined as mortality from causes for which there is evidence of preventability given timely, appropriate access to high quality care.9 It includes deaths classified by a set of underlying causes within specific age groups (see supplementary appendix 1 on bmj.com). The concept has been widely used as a tool to track the quality and performance of health systems over time.9 For additional analysis we also obtained data on years of life lost from causes amenable to healthcare, which was only available from 2003; mortality from causes amenable to healthcare excluding ischaemic heart disease; and mortality from causes other than those considered amenable to healthcare (that is, not amenable).
Our main exposure variable was the allocation of NHS funds to the local commissioning organisations (health authorities or primary care trusts) responsible for each local authority population for 2001 to 2011, obtained from the Department of Health.24 25 To provide a consistent time series of allocations and outcomes, we mapped allocations for local commissioning organisations to local authority populations. Where these organisations spanned more than one local authority, we apportioned the total allocation to each local authority based on their population size, using look-up tables provided by the UK Data Archive.26 We adjusted the allocation for each local authority in each year to 2012 prices using the gross domestic product deflator.27 We used these data along with Office for National Statistics (ONS) population estimates to calculate the NHS allocation per head of population for each local authority.
We have previously shown that local authority mortality trends are associated with trends in unemployment and household income.28 To control for these trends in our analysis we obtained data on the unemployment benefit claimant rate and average gross disposable household income for each year in each local authority, from the ONS.29 30

Analysis
We initially investigated the trends in NHS allocation per head of population as well as trends in mortality from causes amenable to healthcare and mortality not amenable to healthcare, within the 20% most deprived and 20% most affluent local authorities We defined these two groups based on the income deprivation component of the indices of multiple deprivation in 2000.31
There has been some debate about whether relative or absolute measures should be used to measure progress in dealing with inequalities, with leading experts arguing that absolute measures are more relevant to inform policy making.32 Others, however, have argued that relative measures should also be used,33 and the Global Commission on the Social Determinants of Health and other guidance recommends that both measures are assessed.34 35 36 37 We therefore calculated the change in resource allocation, change in mortality, and trends in inequalities in both absolute and relative terms. We assessed the change in inequalities due to mortality amenable to healthcare by comparing the absolute and relative differences in mortality between deprived and affluent areas between 2001 and 2011. We further explored the unadjusted association between the average annual change in NHS allocation and mortality amenable to healthcare in each local authority.
Finally, we used linear regression models to estimate the association between change in NHS allocation and changes in mortality after adjusting for confounding factors. As there are potentially unobserved confounders that vary between local authorities, we used a fixed effects approach to remove these differences between local authorities.38 This conservative approach involves including dummy variables for each local authority to assess the association between change in NHS allocations and change in mortality within each local authority. We included an annual trend term to adjust for the national long term trend in mortality. Based on our previous research28 we hypothesised that the effect of additional investment in healthcare may differ depending on the social circumstances of the population. We therefore included an interaction term between deprivation level (fifths of indices of multiple deprivation) and the allocation per head of population, allowing the association between change in NHS allocation and change in mortality to vary by level of deprivation. We used robust clustered standard errors to reflect the fact that populations were not sampled independently and to ensure that standard errors were robust to serial correlation in the data. To control for differences in economic trends between areas we included the annual gross disposable household income and unemployment claimant rate for each local authority in the model. We estimated the models separately using male and female mortality as the outcome (see supplementary appendix 2 for model formulas).

Robustness tests
We subjected our analysis to several tests to assess the robustness of our findings. Using standard regression diagnostics we assessed whether the association between absolute change in NHS funds and absolute change in mortality amenable to healthcare was linear (see supplementary appendix 3). To assess whether our models were sensitive to this assumption of linearity we also estimated models with our variables measured on a log scale, to investigate the association between relative (%) change in NHS resources and the relative (%) change in amenable mortality. We further adjusted this model for separate time trends in each local authority to test whether relative deviations from the linear trend in allocation in each local authority were associated with fluctuations in mortality (see supplementary appendix 4.)
To test the specificity and consistency of our analysis we also estimated models separately using years of life lost from causes amenable to healthcare, mortality from causes amenable to healthcare excluding ischaemic heart disease, and mortality from causes other than those considered amenable to healthcare as our outcomes. We hypothesised that we would find similar sized effects for different measures of mortality amenable to healthcare and no association between NHS resource allocation and mortality from causes not amenable to healthcare. To compare effect sizes across different outcomes we used standardised coefficients. (see supplementary appendix 4). As there were other, non-NHS interventions in spearhead areas during this period that may have influenced mortality, we estimated additional models, controlling for separate trends in mortality amenable to healthcare in spearhead and non-spearhead areas (see supplementary appendix 4).


Results
Trend in NHS resource allocation and inequalities in mortality amenable to healthcare
The allocation of NHS resources increased in real terms in the most deprived areas: by £865 (€1053; $1465)/head, from £1074/head in 2001 to £1938/head in 2011, representing an 81% increase. In more affluent areas allocations still increased, but to a lesser extent: by £621/head, from £881/head in 2001 to £1502/head in 2011: an increase of 70% (fig 1⇓). In both areas real terms resources per head increased each year until 2011.


Fig 1 Trend in NHS allocation per head in deprived and affluent areas and difference between the two, indicating how the level of resources allocated to deprived areas compared with affluent areas, has increased over time
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Between 2001 and 2011 mortality rates from causes amenable to healthcare and from causes not amenable to healthcare remained higher in deprived areas than in the more affluent areas. Mortality from causes amenable to healthcare fell in both groups, but this decline in absolute terms was greater in the more deprived areas. Mortality in males from these causes in deprived areas fell by 92 deaths, from 227 to 135 per 100 000 population, a relative decline of 41%, while in more affluent areas it fell by 51 deaths, from 131 to 81 deaths per 100 000, a relative decline of 39%. Mortality in females in deprived areas fell by 50 deaths, from 137 to 87 per 100 000, a relative decline of 37%, while in more affluent areas it fell by 31 deaths, from 90 to 59 deaths per 100 000, a relative decline of 34%. The absolute difference in mortality amenable to healthcare between deprived and affluent areas nearly halved from 95 deaths in males per 100 000 and 47 deaths in females per 100 000 in 2001 to 54 deaths per 100 000 and 28 deaths per 100 000, respectively, in 2011 (fig 2⇓). In relative terms the gap in male mortality amenable to healthcare declined slightly, from being 72% higher in deprived compared with affluent areas in 2001 to being 67% higher in 2011. Female mortality declined from being 52% higher in deprived areas in 2001 to being 47% higher in 2011. The level of inequality in male or female mortality due to causes not amenable to healthcare did not change noticeably in either absolute or relative terms (see fig 2).


Fig 2 Trends in mortality amenable and not amenable to healthcare in deprived and affluent areas and difference between the two, indicating how inequalities have changed over time (mortality calculated as weighted average for groups of local authorities). AS=age standardised
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Association between increased allocation of NHS funds and declines in mortality amenable to healthcare
Figure 3⇓ shows the association between the average annual increase in NHS allocation in each local authority area and the average annual decrease in male (r=−0.41, P<0.001) and female mortality (r=−0.24, P<0.001) from causes amenable to healthcare. Those areas that experienced the greatest absolute increase in NHS funds between 2001 and 2011 experienced the greatest absolute decline in both male and female mortality amenable to healthcare. 


Fig 3 Association between average annual increase in NHS allocation in each local authority area and decrease in mortality amenable to healthcare between 2001 and 2011
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This unadjusted correlation, however, cannot determine the independent association between increased NHS allocation and declines in amenable mortality. Our regression models indicated that absolute increases in the allocation of resources to each area was associated with absolute declines in mortality amenable to healthcare, when controlling for the national trend in mortality and differences in economic trends between areas (table⇓). The size of this effect differed across levels of deprivation, with the greatest effect found in the most deprived areas. In the most deprived 20% of local authorities, each additional £10m of NHS resources was associated with a reduction in four male deaths per 100 000 (95% confidence interval 3.1 to 4.9) and 1.8 female deaths per 100 000 (1.1 to 2.4) from causes amenable to healthcare. In contrast, the association between the absolute increase in NHS resources and absolute improvements in male and female mortality amenable to healthcare in the more affluent parts of the country was not significant (first or second fifths, table).
Reduction in deaths from causes amenable to healthcare, 2001-11, associated with allocation of increased NHS funds. 


View this table:	View popup
	View inline






The estimates in the table suggest that the increase in NHS resources in deprived areas accounted for a reduction in the absolute gap between deprived and affluent areas of 35 male deaths per 100 000 (27 to 42) and 16 female deaths per 100 000 (10 to 21, see supplementary appendix 5 for calculations) from causes amenable to healthcare. The total gap in male and female mortality amenable to healthcare between deprived and affluent areas decreased by 41 deaths and 19 deaths per 100 000, respectively. This indicates that much of the reduction in the gap between 2001 and 2011 could be explained by the trends in allocation of NHS resources during this time. As we had found in previous research,28 declines in unemployment and increasing trends in household income were also associated with reductions in mortality (see supplementary appendix 6). As we controlled for these in our regression models, the results indicate that the effect of increased NHS resources was over and above any effect from local economic trends.

Robustness tests
Conditional on the interaction with deprivation, the association between absolute change in NHS allocation and change in mortality amenable to healthcare was approximately linear (test for non-linearity: P=0.16, see regression diagnostic in supplementary appendix 3). This indicates that using a linear model comparing the absolute changes in our variables, as presented in the table, is appropriate. As a further test of whether our model was sensitive to this assumption we investigated the association between the relative increase in resources in an area and the relative decline in mortality by log transforming these variables. We found that each 10% increase in resources was associated with a 1.35% (95% confidence interval 0.61% to 2.1%) reduction in male mortality amenable to healthcare and a 0.85% (0.05% to 1.66%) reduction in female mortality. Evidence of any interaction between level of deprivation and the effect of a relative increase in funds on the relative decrease in mortality was lacking.
We tested the specificity and consistency of our findings using alternative specifications. Using potential years of life lost from causes amenable to healthcare as our outcome we found similar results to those using the under 75 year old mortality rate. Using mortality from causes amenable to healthcare excluding ischaemic heart disease we found similar effect sizes. The association in any of our models between increased NHS allocation and change in mortality from causes not amenable to healthcare was not significant. Controlling for separate trends in spearhead and non-spearhead areas did not substantially change our findings, nor did controlling for separate trends in each local authority (see supplementary appendix 4).


Discussion
Our study has shown that geographical inequalities in mortality from causes amenable to healthcare declined in absolute terms during the 10 year period in which NHS resource allocation policy was used explicitly “to contribute to the reduction of avoidable health inequalities.” However, in relative terms, inequalities remained fairly constant. Most of the observed reduction in absolute health inequality over this period can be explained statistically by this health inequalities policy. Each £1.00 of additional NHS resource allocated to the most deprived areas was associated with greater absolute improvements in mortality amenable to healthcare than each £1.00 of additional NHS resources invested in more affluent areas.
Strengths and limitations of this study
Several strengths in our analysis enhanced its validity. We analysed change over time within local authorities, providing more robust evidence than a simple cross sectional analysis. This enabled us to control for potentially unobserved confounders that vary between local authorities, as well as controlling for observed differences in economic trends. Further controlling for separate time trends in each local authority, we found our results were unchanged, indicating that they were unlikely to be explained by linear trends in unobserved confounders that vary between local authorities. As recommended in guidance for non-experimental studies 39 we used a non-equivalent dependent variable (mortality from causes not amenable to healthcare) to investigate the specificity of our analysis. Such variables are those that should not be influenced by a change in the exposure (that is, NHS allocation), but are likely to be influenced along with the outcome by unobserved confounding factors. Finding that change in NHS allocation was not associated with mortality from causes not amenable to healthcare but was associated with amenable mortality, strengthens the validity of our results.
However several limitations remain. We cannot rule out the possibility that the associations we observed were due to other confounding factors that we were not able to adjust for in our analysis. Other research has indicated that changes in risk factors (for example, smoking) rather than improvements in treatment explain a greater of proportion of the reduction in inequalities in ischaemic heart disease.40 However, when we excluded ischaemic heart disease from our analysis, the associations between increased allocations and reduction in mortality from other amenable causes remained.
During this time other non-NHS policies were implemented to tackle social exclusion in deprived areas. In particular those designated as spearhead areas in the government’s strategy to reduce health inequalities. These policies may have had an impact on health outcomes that could explain some of the narrowing of inequalities observed. However evaluations of some of the most substantial of these policies have not yet shown an impact on mortality,41 42 43 and when we further adjusted for separate effects in spearhead areas we found that additional NHS resources were associated with improved health outcomes independent of any spearhead effect (see supplementary appendix 4).
There are limitations with using mortality from causes amenable to healthcare as our primary outcome. Firstly, it is not possible to entirely disentangle the factors other than healthcare, such as socioeconomic conditions, that influence this outcome.44 However, our results were not changed when we adjusted for socioeconomic trends. Secondly, as this outcome only includes deaths up to the age of 75, it will not reflect reductions in mortality over age 75 or improvements in quality of life. Therefore our analysis may underestimate the full impact of resource increases, particularly for older age groups.45
Although there are limitations with using mortality amenable to healthcare as our primary outcome, it could be considered appropriate in this context as it has been selected by the government as an indicator of NHS performance, allowing performance of the NHS to be judged against its own objectives.15
Finally, our analysis assumes that contemporary inputs in term of additional resources are associated with contemporary outcomes and we did not seek to take lagged effects into account. This problem is unlikely to have a major effect on our results as our main exposure and outcome variables followed approximately linear trends over time, although these trends varied between areas.46

Implications for policy
Our results have important implications for current policy. At a time when there is important political debate about whether a resource allocation policy introduced in 1999 to reduce health inequalities should be discontinued,47 48 our analysis provides evidence that this policy contributed to a reduction in absolute differences in health between areas and led to relative inequalities remaining constant during a period when they could have widened.
There has been a great deal of debate about whether progress on health inequalities should be assessed in absolute or relative terms.35 49 Several leading experts in health inequalities have also concluded that absolute measures are of primary importance to policy makers, particularly for identifying major problems that need to be tackled.32 50 Absolute measures reflect the gain in terms of deaths prevented from a reduction in health inequalities for a given level of investment. When the overall level of mortality is falling, it is likely that relative inequalities will increase.51 In this context a declining rate difference (absolute measure) should be considered as evidence of progress, even when the rate ratio (relative measure) remains constant.51
Our study shows that increases in resources allocated to each area between 2001 and 2011 were associated with a reduction in mortality amenable to healthcare. This was true regardless of whether absolute or relative measures were used in the analysis. Our estimates predict that the greater increase in resources allocated to deprived areas compared with affluent areas will have narrowed inequalities during this time. We observe a noticeable decline in absolute inequalities in mortality, while relative inequalities remained fairly constant. In relative terms the resources allocated to deprived areas only increased by 10% more than those allocated to affluent areas. Our analysis indicates that we would only expect this to contribute to a small reduction in relative inequalities of 0.9% for female mortality and 1.35% for male mortality, which is consistent with what we observed.
Our findings therefore suggest that the resource allocation policy contributed to this reduction in absolute inequalities and may have helped relative inequalities remain constant rather than widen. If the resources available to deprived areas had increased at an even greater rate, our findings suggest that this could have led to a reduction in relative inequalities as well as to absolute inequalities.
It has been argued that in deprived communities a higher proportion of poor health is not amenable to healthcare and therefore increasing health service investment in more deprived areas may not be efficient if the goal is to improve the health of the poorest.22 Contrary to this argument, our analysis suggests that health service investment in poorer communities results in greater absolute benefits in terms of increased survival than investment in more affluent areas. We observed a greater health gain in deprived areas per additional £1.00 invested compared with more affluent areas, indicating that increasing NHS investment in deprived areas may be an efficient strategy to improve population health.
The new person based resource allocation formula, developed by Dixon et al52 and proposed by Advisory Committee on Resource Allocation, defines need largely in terms of past health service utilisation rather than as “a capacity to benefit.”53 Our results suggest that a better starting position may be to determine the pattern of resource allocation that will maximise benefits in terms of both improving average outcomes and reducing inequalities in outcomes. A 2013 report by the Kings Fund suggested that it may be time to use resource allocation as a tool to deliver wider policy objectives.54 Reducing avoidable health inequalities had been a policy objective for the past decade and our study offers evidence that this policy was successful. Under the Health and Social Care Act of 2012, NHS England remains tasked with reducing inequalities in healthcare outcomes. Our research suggests that continuing with a resource allocation policy that prioritises deprived areas should help the NHS achieve this goal in relation to mortality amenable to healthcare.
With the introduction of the 2012 Health and Social Care Act in England, responsibility for public health has moved from the NHS to local government. The secretary of state for health at the time said that council funding for public health should be spent on tackling poverty related health need, whereas the allocation of NHS resources to local commissioning organisations should reflect “what is likely to give rise to a demand for NHS services.”47 This downplaying of the role of the NHS in reducing inequalities in health outcomes, seems to be based on the premise that the NHS does not play an important role in reducing health inequalities. Our analysis, however, indicates that the health service in England may have made an important contribution to reducing geographical health inequalities over the past decade through the 1999 resource allocation policy.

Conclusions
The policy of allocating greater NHS resources to more deprived areas led to a reduction in absolute health inequalities in mortality amenable to healthcare. Investment of NHS resources in more deprived areas was associated with a greater improvement in outcomes than investment in more affluent areas. Our study suggests that any change in resource allocation policy that reduces the proportion of funding allocated to deprived areas may reverse this trend and widen geographical inequalities in mortality from these causes.
What is already known on this topic
	The new health inequalities resource allocation policy, introduced in 1999 for the National Health Service in England, led to a greater increase, over the next decade, in NHS funding allocated to deprived areas compared with affluent areas

	This was the first time anywhere in the world that health service resource allocation policy had been used to try and reduce inequalities in health outcomes

	It is not known whether this policy was successful in contributing to a reduction of health inequalities



What this study adds
	Between 2001 and 2011, the policy of increasing NHS funding at a greater rate in deprived areas than in more affluent areas was associated with a reduction in absolute health inequalities from causes amenable to healthcare, while relative inequalities remained constant

	The association between additional NHS funds and reduced mortality was stronger in deprived areas than more affluent areas

	Each £1.00 (€1.22; $1.70) of additional NHS resource invested in the most deprived areas was associated with greater improvements in mortality amenable to healthcare than each £1.00 of additional NHS resources invested in more affluent areas; this led to a narrowing of the gap between deprived and affluent areas in this health outcome
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