
                             Elsevier Editorial System(tm) for The Lancet 

                                  Manuscript Draft 

 

 

Manuscript Number:  

 

Title: Did constraints in public healthcare spending in England produce a 

mortality gap? Counterfactual and longitudinal ecological study  

 

Article Type: Article 

 

Corresponding Author: Mr. Johnathan Watkins,  

 

Corresponding Author's Institution: King's College London 

 

First Author: Johnathan Watkins 

 

Order of Authors: Johnathan Watkins; Wahyu Wulaningsih; Charlie Da Zhou; 

Aisyah Mohd Noor; Jose Paulo Walican; Richard Sullivan; Lawrence P King; 

Mahiben Maruthappu 

 

Abstract: Background   

In 2010 the National Health Service (NHS) in England experienced 

substantial funding constraints. We sought to define the effect of public 

expenditure on healthcare (PEH) constraints on mortality. 

 

Methods  

We collected data on NHS resources and finances, as well as sex and age 
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Granger causality tests. Potential years of life lost (PYLL) were used as 
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significant after adjusting for unemployment and inflation, it was 

abolished upon controlling for NHS resources. Further investigation 

supported a causal pathway in which changes in real PEH effect changes in 

mortality primarily via changes in general practitioner (GP) numbers. 

Analyses by age group revealed that deaths in those ≥60 years of age were 

responsible for these associations. Deaths in care homes contributed more 

than 50% of higher-than-expected deaths; however, hospitals experienced a 

lower-than-expected number of deaths. 

 

Interpretation   

The change in public healthcare spending in England was inversely 

associated with rates of mortality with much of this association being 

mediated through GP numbers. These population-wide findings are 

specifically attributable to mortality in those aged 60 years and over 

with care home deaths being the principal contributor to this effect. 
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ABSTRACT 30 
 31 

Background   32 

In 2010 the National Health Service (NHS) in England experienced substantial funding constraints. 33 

We sought to define the effect of public expenditure on healthcare (PEH) constraints on mortality. 34 

 35 

Methods  36 

We collected data on NHS resources and finances, as well as sex and age group-stratified mortality 37 

data for England from 2001 to 2013. Counterfactual time-trend analyses were conducted to compare 38 

the actual mortality rates in 2011–2013 with the rates expected based on trends before the 2010 39 

flattening of real PEH. Fixed-effects regression analyses using PEH, NHS resource data, and 40 

mortality were also performed with Granger causality tests. Potential years of life lost (PYLL) were 41 

used as an alternative outcome. Place-of-death data were also collected. 42 

 43 

Findings 44 

There were an estimated 8,148 higher-than-expected deaths in 2012 (95% confidence interval 2,004 45 

to 14,292), 18,896 (12,641 to 25,152) in 2013, with a significant excess of 37,455 PYLL (29,789 to 46 

45,121) in 2013. Longitudinal panel-data regression revealed that each £10 per capita decline in real 47 

PEH was associated with an increase of 2.52 (2.09 to 2.96) deaths per 100,000. While this inverse 48 

association remained significant after adjusting for unemployment and inflation, it was abolished 49 

upon controlling for NHS resources. Further investigation supported a causal pathway in which 50 

changes in real PEH effect changes in mortality primarily via changes in general practitioner (GP) 51 

numbers. Analyses by age group revealed that deaths in those ≥60 years of age were responsible for 52 

these associations. Deaths in care homes contributed more than 50% of higher-than-expected 53 

deaths; however, hospitals experienced a lower-than-expected number of deaths. 54 

 55 

Interpretation   56 

The change in public healthcare spending in England was inversely associated with rates of 57 

mortality with much of this association being mediated through GP numbers. These population-58 

wide findings are specifically attributable to mortality in those aged 60 years and over with care 59 

home deaths being the principal contributor to this effect. 60 
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INTRODUCTION 61 

 62 

The National Health Service (NHS) in England has improved significantly over the past fifteen 63 

years, as indicated by reduced elective surgery times and preventable cardiovascular mortality, and 64 

increased cancer survival rates, among other advances
1
. However, demand for NHS services is 65 

increasing fast, due to rising patient expectations, and an ageing and growing population
1–4

. On the 66 

demand side, elective admissions and total referrals from January 2010 to 2014, for example, 67 

increased at annual average rates of 3.30% and 3.82%, respectively
5
. On the cost side, general 68 

inflation, which increased at an annual average rate of 3.04% during the same period (as measured 69 

using the Consumer Price Index; CPI), has been outstripped by healthcare cost inflation
4,6

. These 70 

factors present the NHS with an enormous challenge, especially when burdened with the effects of 71 

the recent economic downturn. 72 

 73 

Healthcare funding is one among many public sectors affected by the recent global economic crisis. 74 

Between 2010–2011 and 2014–2015, funding for the NHS in England increased by £12.90 billion, 75 

but adjustment for general inflation revealed a real-term increase of £5.40 billion or cumulative 76 

real-term growth of 5.03% over this five-year period
7
, representing an average real-term growth rate 77 

of 1.23%. In October 2014, the NHS in England published the Five Year Forward View
1,8

, in which 78 

a £30 billion funding gap by 2020/2021 was estimated based on current rates of growing demand, 79 

flat real-term NHS funding and an absence of annual efficiency gains. With annual efficiency 80 

improvements of 0.80%, this gap could be reduced to £21 billion. Therefore, while the ‘financial 81 

gap’ that the NHS faces has been well quantified, the consequences for patients have yet to be 82 

explored.  83 

 84 

Here, we sought to determine how recent constraints in PEH in England may have affected 85 

mortality, and to predict the effects that these trends could have on patients should they have 86 

continued, unchanged, until 2020. In reporting the results of this study, we have used the term 87 

‘excess deaths’ to denote those cases in which the number of deaths exceeded the range expected by 88 

a trend. We do not equate this higher-than-expected number of deaths to avoidable or unnecessary 89 

deaths, since the only means of determining the latter would be to review the case notes of each 90 

patient.   91 
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METHODS 92 

 93 

Data collection 94 

Population mortality data for England were extracted from the UK’s Office for National Statistics 95 

(ONS)
9
 based on Medical Certificates of Cause of Death from the Registration Online system. Age-96 

standardised death rates (ASDR) were calculated with reference to a standard European population. 97 

Information on deaths by place of occurrence (care homes, hospice, home, hospital, and other 98 

establishments) was provided by Public Health England. Additionally, mortality data were collected 99 

for 325 lower-tier local authorities (LAs) based on 2010 boundaries with Cornwall and the Isles of 100 

Scilly combined due to the small population of the latter. 101 

 102 

Data on life expectancy were obtained from the ONS, whereas data on potential years of life lost 103 

(PYLL) from causes considered amenable to healthcare were obtained from the UK Health and 104 

Social Care Information Centre
10

. Age-standardised PYLL rates were calculated by weighting the 105 

number of ‘amenable’ deaths
10

 in a given year by a standard European population and the number 106 

of additional years that the deceased might have been expected to live in the presence of timely and 107 

effective healthcare.  108 

 109 

Nominal public expenditure on health (PEH) data for the financial years 1998/1999 to 2013/2014 110 

were collated from Her Majesty’s Treasury’s Public Expenditure Statistical Analyses
11

. To account 111 

for inflation, real PEH using 2013/2014 financial year prices was calculated as the product of 112 

nominal PEH and the gross domestic product (GDP) deflator for a given financial year, divided by 113 

100, which denoted the GDP deflator for the financial year 2013/2014. To ease interpretation, real 114 

PEH per capita was converted to units of ten pounds sterling. 115 

 116 

LA-level Indices of Multiple Deprivation (IMD) were provided by the UK Department for 117 

Communities and Local Government for 2010
12

. Population-weighted deprivation status was 118 

indicated by the average rank of the ranks of the five IMD variables, ranging from 1 to 325, in order 119 

of decreasing deprivation. 120 

 121 

Statistical analysis 122 
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In order to analyse the effects of the PEH constraints of 2010 in England, defined as the reduced 123 

rate of increase in nominal PEH and the reduction in real PEH (both overall and per capita), we first 124 

assessed the impact on mortality. Since complete population mortality data were available from 125 

2001 onwards, we used 2001 as the start of our observation period. Time-trend analyses using 126 

Poisson or quasi-Poisson regression models with either ASDR or PYLL rates as the dependent 127 

variable and calendar year as the independent variable were conducted to estimate the projected 128 

rates for 2011, 2012, and 2013 based on the 2001–2010 trend (Appendix: Statistical Supplement). 129 

We estimated excess or lower-than-expected deaths and PYLL by subtracting projected from the 130 

actual number of deaths or PYLL, and calculated the ratio of actual to projected rates. Life 131 

expectancy for 2011 and 2012 was estimated based on observed data from 1998 to 2010 using a 132 

univariate autoregressive integrated moving average (ARIMA) model (Appendix: Statistical 133 

Supplement). 134 

 135 

Analysis was repeated at the LA level, taking into account whether the Government Office Region 136 

(GOR) in which each LA is located experienced an increase in real PEH in 2010/2011 or not. Rate 137 

ratios were correlated against IMD.  138 

 139 

The robustness of our findings were evaluated through fixed-effects regression models controlling 140 

for economic variation – unemployment and the average annual CPI
9
 – or variations in healthcare 141 

resources, including the number of NHS staff and overnight beds in NHS hospitals
13

. Analyses 142 

were subsequently conducted for 1- to 3-year lag periods. To assess the directionality of 143 

associations, we conducted Granger tests of causality (Appendix: Statistical Supplement). 144 

 145 

To determine which NHS resources might have mediated any association between real PEH per 146 

capita and mortality, we ran eight different regression analyses using real PEH per capita and one of 147 

eight different NHS resource covariates: the number of NHS hospital doctors; general practitioners 148 

(GPs); qualified nurses in the NHS; qualified scientific, therapeutic and technical staff in the NHS; 149 

NHS ambulance staff; NHS clinical support staff; NHS infrastructure support staff 
14,15

; and the 150 

number of overnight beds in NHS hospitals
13

.  151 

 152 
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Age group-specific analysis was performed to estimate the difference in the number of observed 153 

and expected deaths during 2011–2013. Finally, these analyses were repeated by place of death in 154 

an effort to explain any observed differences between age groups. 155 

 156 

Details of the 2020 projection analyses are provided in the Statistical Supplement (Appendix).  157 

 158 

Rôle of the funding source 159 

 160 

No funding was received for the study. All the data are publicly available, with all authors having 161 

final responsibility for the decision to submit for publication. 162 

  163 
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RESULTS 164 

 165 

Before the start of reduced real PEH per capita in 2010 (Figure S1), the absolute number of deaths 166 

in England steadily decreased by an average of 0.77% per year. After 2010, the number of deaths 167 

increased by an average of 1.50% per year. Comparison between actual and predicted mortality 168 

rates pooled from both sexes showed 8,148 excess deaths in 2012 (95% confidence interval 2,004–169 

14,292) and 18,896 (12,641–25,152) in 2013 (Figure 1; results for sex-stratified analyses shown in 170 

Table S1). As a sensitivity analysis, we looked at life expectancy and found male and female life 171 

expectancy to be reduced in 2012 by 1.44 months (0.36 to 2.52) and 2.2 months (0.72 to 3.72), 172 

respectively, compared with the values anticipated by 2001–2010 trajectories (Table S2). There 173 

were no significant excess deaths or changes to life expectancy in 2011. 174 

 175 

In both men and women, the extent of excess death was greater (P<0.05) in LAs in GORs that 176 

experienced a reduction or no change in real PEH compared with those in GORs that experienced 177 

increased real PEH (Figure S2A). Among the latter group, there was a very weak positive 178 

correlation between mortality rate ratio and IMD rank, whereas a lack of significant correlation was 179 

observed among LAs in GORs that experienced reduced or stable real PEH in 2010/2011 (Figure 180 

S2B). 181 

 182 

To address the limitations of time-trend analyses, namely a lack of adjustment for confounding 183 

factors, and in this case, the non-healthcare effects of the 2008–2009 recession, fixed-effects 184 

regression analyses were conducted with different time lags between PEH and mortality. We found 185 

that over the study period, a £10 per capita decline in real PEH was associated with an increase of 186 

2.52 (2.09 to 2.96) deaths per 100,000 (Table 1). This significant inverse association remained for at 187 

least three years after the initial change (Table 1). By adjusting for unemployment and average CPI, 188 

we found the association between real PEH and population mortality to be significant both 189 

immediately and at lag intervals of one and two years (Table 1). Incorporating factors relating to 190 

NHS resources into the regression model removed all significant associations (Table 1). Granger 191 

causality tests indicated that changes in PEH are more likely to drive changes in ASDR rather than 192 

the converse (Table S3).  193 

  194 
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Among the eight NHS resource variables assessed, the numbers of GPs, hospital doctors, technical 195 

staff, ambulance and infrastructure staff positively corresponded with PEH, whereas a strong 196 

inverse correlation was observed for the number of overnight beds (Table S4). When repeating the 197 

fixed-effects regressions while factoring in each NHS resource in turn, we found that the numbers 198 

of hospital doctors and GPs were each significantly associated with ASDR while eradicating the 199 

significant relationship between real PEH per capita and ASDR (Table 2). Granger causality tests 200 

were significant for changes in real PEH per capita causing changes in the number of GPs using a 201 

lag of one year; for number of hospital doctors and real PEH per capita, there were no significant 202 

findings (Table S5). Changes in the numbers of both hospital doctors and GPs were each 203 

significantly more likely to cause changes in mortality than the converse scenarios (Table S6). 204 

Inspection of annual percentage changes exposed a 2.13% fall in GP numbers in 2010 compared 205 

with 2009. By contrast, hospital doctor numbers rose by 1.28% (Figure S3). Taken together, these 206 

results suggest that among the variables assessed, the number of GPs is the principal mediator of 207 

real PEH’s putative effect upon mortality.  208 

 209 

The majority of excess deaths during 2011–2013 occurred in individuals aged 60 years and over 210 

with age groups <60 actually experiencing lower-than-expected numbers of deaths (Figure 2A). 211 

Reasoning that those <60 years of age are less likely to die even with suboptimal medical provision, 212 

we turned to a measure of premature mortality from causes considered amenable to healthcare, 213 

namely, PYLL. For the <60 age groups, this uncovered a significant excess of PYLL in those aged 214 

0–34 years in 2011 only, whereas for ≥60 age groups, significantly higher-than-expected PYLL was 215 

observed in all years (Figure 2B). Thus, for the most part, the observations on mortality in the lower 216 

age groups held in the PYLL analyses. Fixed-effects regression analyses in which PYLL was used 217 

instead of population mortality recapitulated the findings on ASDR (Tables S7 and S8). 218 

 219 

To determine if place of death could shed light on the age group discrepancy, we looked at age 220 

group-specific place of death. From 2011 onwards, there was an overall reduction in the proportion 221 

of deaths contributed by those <60 (Figure S4A), with care home deaths and deaths in other places 222 

being the exceptions to this trend (Figures S4B–F). Time-trend analyses of these data revealed care 223 

home deaths to be the major contributor to excess deaths across all age groups and in those ≥60 224 

years of age; however, in 2012 and 2013, this contribution was slightly superseded by hospice and 225 
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home deaths, respectively, in those <60 (Figures 3 and S5). Interestingly, the majority of lower-226 

than-expected deaths took place in hospitals with these numbers exceeding excess deaths occurring 227 

in other places in all years for those <60; the net result being lower-than-expected rather than excess 228 

deaths (Figures 3 and S5). 229 

 230 

Finally, we examined the effects that more recent trends may have had on mortality through to 2020 231 

should they have continued unchanged. Projected mortality rates for 2019 and 2020 based on 2001–232 

2013 trends were significantly higher than projections based on the 2001–2009 trends (Figure S6), 233 

which translated into a conservative estimate of 8,193 (468–15,917) and 8,810 (1,024–16,595) 234 

excess deaths in 2019 and 2020, respectively. Aggregating the point estimates from 2014 to 2020 235 

yielded 49,110 excess deaths (Figure S6).  236 
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DISCUSSION 237 

 238 

This study reveals that the recent PEH constraint may have been associated with approximately 239 

8,000 and 19,000 excess deaths in 2012 and 2013 respectively, while demonstrating that if the 240 

2001–2013 trends that encompassed reduced real-term PEH per capita were to have continued, a 241 

conservatively estimated ‘mortality gap’ of approximately 49,000 deaths would have arisen 242 

between 2014 and 2020. The inverse association between PEH and mortality was largely 243 

independent of wider macroeconomic changes, with deprivation status having negligible influence; 244 

however, NHS resources and GP numbers in particular were found to mediate the relationship 245 

between PEH and mortality. Deeper investigation pinpointed care home mortality in those aged 60 246 

and over as the primary driver of the impact of the 2010 constraint in PEH with hospital deaths and 247 

deaths among those aged less than 60 robust to spending changes. 248 

 249 

There are several mechanisms that likely account for the relationship between PEH and mortality. It 250 

could be argued that these trends are more related to the effects of the 2008–2009 recession on 251 

unemployment rates and socioeconomic shifts
16,17

. However, our findings from the economic 252 

factor-adjusted fixed-effects regression twinned with the observation that the largest changes in 253 

mortality and PYLL were observed in the over-85 age group who are less likely to be affected by 254 

unemployment suggests a direct effect from the changes in PEH, with our investigation suggesting 255 

the number of GPs to be the dominant mediating factor. 256 

 257 

This study and others have demonstrated that reductions in healthcare resources are associated with 258 

increased mortality, and PEH constraints have been associated with increases in mortality in a range 259 

of specific diseases from breast cancer to HIV
18,19

. Specifically, insufficient equipment, delays in 260 

delivery of care due to funding shortages and staffing pressures have each been associated with 261 

poor service
20,21

. In England, there has been some evidence of a worsening in some NHS 262 

performance measures, such as prolonged waiting times, delayed cancer diagnoses, and 263 

‘unacceptable death rates’ in some hospitals
22,23

. Reduced fractions of national health expenditure 264 

on primary care
24

 and general practice
25

 have been noted. Declining numbers of GPs since 2009–265 

2010
14

, which may be accounted for by an inability to train and recruit new GPs and a failure to 266 

retain existing GPs has resulted in the emergence of a potential workforce crisis
24,26

. Insufficient 267 
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NHS primary care provision may be transferring patient burden onto secondary care services. 268 

However, our discovery that hospital mortality was lower-than-expected, while care home and 269 

home mortality were significantly higher-than expected suggests that the mortality burden has in 270 

turn been shouldered most prominently by community healthcare. One possible explanation for 271 

these findings is the recent drive to move patients who have reached their ceiling of care with poor 272 

prognoses away from the hospital environment and into either care homes or their own homes in 273 

order to offer a more comfortable and dignified death, as well as to free up hospital beds for active 274 

treatment cases. Indeed, recent guidelines have specified that patients with “a rapidly deteriorating 275 

condition, which may be entering a terminal phase” warrant entry into a Fast Track Pathway for 276 

nursing home placement, at the discretion of the supervising clinician
27

. We note however that our 277 

finding regarding care home and home mortality is somewhat muddied by the substantial if not 278 

predominant contribution to community healthcare from private and social care budgets
28

. The 279 

difficulty in obtaining consistently defined annual social care and private healthcare spending for 280 

England precluded us from considering these in our study.  281 

 282 

Our analyses of PYLL and place of death only partly explain the age-group discrepancy, which 283 

exists even for the findings on care home mortality (Figure 3A). We suggest that increased frailty 284 

and reduced physiological reserve – neither of which are directly captured by PYLL – may explain 285 

why those aged 60 and over were so susceptible to PEH constraints while those less than 60 were 286 

unaffected and in some cases experienced lower-than-expected numbers of deaths. 287 

 288 

It is important to note that this study was not intended to analyse trends that accorded with changes 289 

in government policy. Instead, the study objectives were to analyse and characterise how a 290 

particular period that saw real-term flattening or reduction in spending affected certain healthcare 291 

outcomes. As such, the exclusion of 2014 – which saw a rise in PEH of more than 2% above 292 

inflation – was in line with the objectives of the study. Nonetheless, this study does have 293 

implications for policy-makers. First, it demonstrates that the decelerated increase in public 294 

healthcare funding, albeit protected during the economic recession, may have adversely affected 295 

population mortality. This has likely been exacerbated by increased demands on healthcare services 296 

and healthcare costs rising above inflation. Second, the finding that the elderly population and those 297 

in care homes were the most vulnerable to the recent financial challenges makes a strong case for 298 
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targetted interventions to ensure appropriate management of these patient groups
1
. Maintenance of 299 

GP numbers in line with demand may be one effective means of achieving this. Third, the finding 300 

that each £10 per capita decline in real PEH was associated with an increase of between 2 and 3 301 

deaths per 100,000, may suggest that if population growth is not itself to be addressed and standards 302 

are to be maintained, then PEH, in a healthcare system dominated by the public sector, may have to 303 

increase in line with population growth as well as inflation. In this respect, it is worth noting that 304 

general inflation was about 3% per year on average between 2010 and 2014 and the estimated 305 

population of England between mid-2010 and mid-2014 increased at an annual average rate of 306 

0.79%
9
. 307 

 308 

This is the first study to provide an in-depth dissection of the potential effects of public healthcare 309 

funding constraints on mortality. Methodologically, this study incorporated both a counterfactual 310 

time-trend and a longitudinal panel-data approach; typically, studies only employ one of these 311 

techniques. A limitation of the study is that the mortality rates used were not risk-adjusted. Given 312 

that this data represented the entire population, risk-pooling likely mitigated the impact of such 313 

changes. Our analysis was observational and retrospective, lacking the resolution to identify causal 314 

pathways and the specific implications of funding changes. However, our proposed mechanism of 315 

effect is supported by our employment of Granger causality testing and the identification of the 316 

NHS resource most strongly linked with mortality. Finally, our analysis did not capture other 317 

healthcare-related expenditures such as research and development, education and training, and 318 

social care, the latter of which would have provided further insight into the place-of-death findings.  319 

 320 

In summary, we have found that funding constraints were associated with a change in overall 321 

population mortality, which is congruent with the substantial body of evidence linking PEH to 322 

health outcomes
29,30

. Our findings thus support the need for continued intervention and investment 323 

if healthcare ambitions are to be realised.  324 
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FIGURE LEGENDS 432 

Figure 1: Time-trend projections of ASDR per 100,000 individuals. ASDR (left hand y-axis) and 433 

the difference in the number of deaths between actual and predicted mortality (right hand y-axis) 434 

per year from 2001 to 2013 are shown. The black and blue lines represent actual ASDR for the 435 

2001–2010 and 2011–2013 periods, respectively. The red line represents predicted ASDR using 436 

2001–2010 as an observation base while the 95% confidence intervals are denoted by the beige-437 

coloured area. The grey bars denote the differences between the number of deaths observed and the 438 

number predicted for 2011–2013 where positive values correspond to excess deaths and negative 439 

values represent lower-than-expected deaths. Error bars represent 95% confidence intervals. *P < 440 

0.05, **P < 0.01 and ***P < 0.001. 441 

 442 

Figure 2: Age group-stratified rate ratios and 95% confidence intervals for predicted compared to 443 

observed mortality (A) and healthcare-amenable mortality indicated by PYLL (B) in England per 444 

year from 2011 to 2013. Mortality and PYLL rates were predicted using 2001–2010 data as an 445 

observation base. 446 

 447 

Figure 3:  Rate ratios and 95% confidence intervals for predicted compared to observed rates per 448 

year from 2011 to 2013 for deaths occurring in care homes (A), hospices (B), homes (C), hospitals 449 

(D) and other establishments (E), stratified by age group (less than 60 years and 60 years or over). 450 

 451 



Regression Variable Lag (year) Coefficient p-value SE 

No controls Real PEH 

0 -2.524 (-2.961 − -2.088) <0.001 0.261 

1 -2.437 (-2.791 − -2.084) <0.001 0.213 

2 -2.225 (-2.522 − -1.929) <0.001 0.161 

3 -1.839 (-2.119 − -1.559) <0.001 0.126 

Economic 

controls 

Real PEH 

0 -1.371 (-2.094 − -0. 647) <0.001 0.093 

1 -1.628 (-2.384 − -0.872) <0.001 0.09 

2 -1.89 (-2.874 − -0.906) 0.002 0.085 

3 -0.984 (-2.224 – 0.257) 0.141 0.07 

Unemployment 

0 -5.047 (-19 – 8.91) 0.486 2.031 

1 -1.005 (-13.72 – 11.71) 0.879 3.57 

2 1.011 (-12.01 − 14.04) 0.881 2.81 

3 -9.605 (-20.6 − 1.394) 0.108 0.387 

Average CPI 

0 -2.022 (-4.165 − 0.121) 0.079 0.41 

1 -1.703 (-3.595 – 0.19) 0.094 0.375 

2 -0.895 (-2.798 – 1.009) 0.37 0.226 

3 -0.608 (-2.948 – 1.731) 0.618 0.084 

NHS 

resource 

controls 

Real PEH 

0 -0.936 (-2.428 – 0.557) 0.233 0.055 

1 -1.23 (-3.033 – 0.573) 0.197 0.028 

2 -1.426 (-3.008 – 0.155) 0.095 0.032 

3 -1.125 (-2.63 – 0.38) 0.164 0.06 

Number of 

staff 

0 >-0.001 (>-0.001 −  <0.001) 0.73 <0.001 

1 >-0.001 (>-0.001 −  <0.001) 0.796 <0.001 

2 >-0.001 (>-0.001 −  <0.001) 0.453 <0.001 

3 >-0.001 (>-0.001 −  <0.001) 0.267 <0.001 

Number of 

overnight beds 

0 0.002 (<0.001 −  0.003) <0.001 <0.001 

1 0.001 (<0.001 −  0.002) 0.041 <0.001 

2 <0.001 (-0.001 −  0.002) 0.431 <0.001 

3 <0.001 (-0.001 −  0.003) 0.554 <0.001 

Table 1: Fixed-effects regression analysis of population mortality and real PEH 

per capita with 0 to 3 year time lags, 2001-2013. The number of sex-country-years 

was 26. Numbers in brackets denote 95% confidence intervals. Results with 

significant p-values (<0.05) are in bold. Values less than 0.001 but greater than 0 are 

denoted by <0.001. Values greater than -0.001 but less than 0 are denoted by >-0.001. 

SE: Standard Error. 

  

Table



Real PEH per capita (£10s) 
NHS resource  

(names on the right)  

Coefficient p-value SE Coefficient p-value SE 

-2.105 

(-3.039 – -1.171) 
<0.001 0.158 -0.008 (-0.023 – 0.008) 0.331 <0.001 

Ambulance 

staff 

-2.611 

(-3.016– -2.206) 
<0.001 0.27 

<0.001 

(<0.001 – 0.002) 
0.028 <0.001 

Clinical 

support staff 

-0.094 

(-1.862 – 1.674) 
0.918 0.041 

-0.0175 

(-0.03 – -0.005) 
0.011 <0.001 

General 

Practitioners 

-1.166 

(-1.901 – -0.431) 
0.005 0.08 

0.002 

(<0.001 – 0.003) 
<0.001 <0.001 Hospital beds  

0.919 

(-0.789 – 2.627) 
0.303 0.008 

-0.006 

(-0.009 – -0.003) 
<0.001 <0.001 

Hospital 

doctors 

-3.153 

(-3.939 – -2.367) 
<0.001 0.422 

0.001 

(>-0.001 – 0.002) 
0.078 <0.001 

Infrastructure 

support staff 

-2.644  

(-3.03 – -2.258) 
<0.001 0.274 

<0.001 

(<0.001 – 0.001) 
0.008 <0.001 

Nursing and 

midwifery 

staff 

-1.151 

(-2.167 – -0.136) 
0.041 0.107 

-0.004 

(-0.007– -0.002) 
0.006 <0.001 

Technical, 

scientific and 

therapeutic 

staff 

 

Table 2: Fixed-effects regression analyses of population mortality and real PEH 

per capita adjusted for NHS resource, 2001-2013. Results are presented for eight 

regression analyses whereby population mortality was regressed on real PEH per 

capita and one of eight NHS resource variables (right-most column). The number of 

sex-country-years was 26. Numbers in brackets denote 95% confidence intervals. 

Results with significant p-values (<0.05) are in bold. Values less than 0.001 but 

greater than 0 are denoted by <0.001. Values greater than -0.001 but less than 0 are 

denoted by >-0.001. SE: Standard Error. 

 

 

 



2001
2002

2003
2004

2005
2006

2007
2008

2009
2010

2011
2012

2013

Year

Ag
e-

st
an

da
rd

ise
d 

de
at

h 
ra

te
s 

pe
r 1

00
,0

00

−20000

0

20000

40000

60000

80000

100000

D
eaths

400

450

500

550

600

650

Actual
Forecast

Figure 1

**
***

350

Figure



●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Rate ratio

0.8 0.9 1.0 1.1 1.2 1.3

Rate ratio

0.90 0.95 1.00 1.05 1.10

Rate ratio

0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6

Rate ratio

0.80 0.85 0.90 0.95 1.00 1.05 1.10

0.8 1.0 1.2 1.4 1.6 2.6 2.80.90 0.95 1.00 1.05 1.10 1.15 1.20

Rate ratioRate ratio

1.8 2.0 2.2 2.4

All 
(age-

standardised)

0−34 years
35−49 years
50−54 years
55−59 years
60−64 years
65−69 years
70−74 years
75−79 years
80−84 years
≥ 85 years

0.47
0.00017
0.032
0.14
0.27
0.6
0.31

<0.0001
0.81
0.84

P values

0.12

0.056
0.0019
<0.0001
0.01

0.00034
<0.0001
0.49

<0.0001
<0.0001
0.033
0.62

<0.0001
<0.0001
0.67
0.9
0.53

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

0.11
<0.0001
<0.0001
<0.0001
0.0061
0.0025
0.03

<0.0001
0.16

<0.0001
0.59

P values

●

●

●

●

●

●

●

●

●

●

2011

2012

2013

A B

Figure 2

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

0.0093
<0.0001
<0.0001
<0.0001
0.00013
<0.0001
0.32

<0.0001
<0.0001
0.33

<0.0001

<0.0001
<0.0001
<0.0001
<0.0001
0.0023
<0.0001
0.019

<0.0001
<0.0001
0.28

<0.0001

Mortality rate PYLL rate

All 
(age-

standardised)

0−34 years
35−49 years
50−54 years
55−59 years
60−64 years
65−69 years
70−74 years
75−79 years
80−84 years
≥ 85 years

All 
(age-

standardised)

0−34 years
35−49 years
50−54 years
55−59 years
60−64 years
65−69 years
70−74 years
75−79 years
80−84 years
≥ 85 years

●●



Figure 3

1.00 1.05 1.10 1.15 1.20

<0.0001
0.035

<0.0001

1.00 1.10 1.20 1.30 1.40

<0.0001
<0.0001
<0.0001

1.00 1.10 1.20 1.30 1.40

ASDR
< 60 years
≥ 60 years

2011

Rate ratio

P values
●●

●

●

●

ASDR
< 60 years
≥ 60 years

2012

Care home deaths

<0.0001
<0.0001
<0.0001

ASDR
< 60 years
≥ 60 years

2013
●

●

0.95 1.00 1.05

<0.0001

0.95 1.00 1.05 1.10 1.15

1.00 1.05 1.10 1.15 1.20

●

●

●

●

<0.0001
0.26

<0.0001

ASDR
< 60 years
≥ 60 years

2011

ASDR
< 60 years
≥ 60 years

2012

ASDR
< 60 years
≥ 60 years

2013

Home deaths

<0.0001
0.0003

<0.0001●

●

Rate ratio

0.95 1.00 1.05

0.093
0.48
0.042

1.00 1.05 1.10

0.95 1.00 1.05

0.58
0.55
0.29

●●
●●

P values

Hospice deaths

●

●

<0.0001
<0.0001
<0.0001

●

●

0.85 0.90 0.95 1.00

<0.0001
<0.0001
<0.0001●

●

0.0001
<0.0001

0.0007

0.85 0.90 0.95 1.00

●

●

<0.0001
0.3

0.90 0.95 1.00

●

●

0.013
<0.0001

0.033

Hospital deaths

Rate ratio

Rate ratio

●
●

0.90 1.00 1.10 1.20 1.30 1.40

<0.0001
0.00031
<0.0001●

●

0.90 0.95 1.00 1.05 1.10 1.15 1.20

0.0016
0.012
<0.0001●

●

Deaths in other places

A B C

D E

Rate ratio

P values

P values P values



Research In Context Panel
Click here to download Necessary additional data: LANC_RiC_PEHconstraints.docx

http://ees.elsevier.com/thelancet/download.aspx?id=1086579&guid=2101203b-1e39-4508-ab82-9aac23b10282&scheme=1


Statistical Supplement
Click here to download Supplementary Material: LANC_supplement_PEHConstraints.docx

http://ees.elsevier.com/thelancet/download.aspx?id=1086568&guid=c18c772d-d63e-4342-8ed5-b61cddc6ddfd&scheme=1


Supplementary Tables
Click here to download Supplementary Material: LANC_supptables_PEHConstraints.docx

http://ees.elsevier.com/thelancet/download.aspx?id=1086608&guid=91440b3c-d726-48bf-a8f8-56cd6e89dcee&scheme=1


Supplementary Figures
Click here to download Supplementary Material: LANC_suppfigures_PEHConstraints.pdf

http://ees.elsevier.com/thelancet/download.aspx?id=1086571&guid=0f8deeff-a788-473d-84bb-a31f38d43a43&scheme=1


Supplementary Figure Legends
Click here to download Supplementary Material: LANC_suppfigurelegends_PEHConstraints.docx

http://ees.elsevier.com/thelancet/download.aspx?id=1086575&guid=434307aa-bbb1-40b5-89c7-3c4b8de5587a&scheme=1

