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1. Introduction
The Covid-19 pandemic has seen unprecedented global levels of mortality, with just over

5.4 million total deaths attributed to Covid-19 up to 2" January 2022 (WHO, 2022). In

addition, the total excess mortality associated with the Covid-19 pandemic during 2020

and 2021 has been estimated at roughly 14.9 million people (Rosengren, 2022). Excess

mortality is a measure of the number of deaths above the expected amount. England
contributed roughly 860,000 total deaths and 150,000 Covid-19 deaths towards the
global figures with the National Health Service (NHS) put under severe pressure trying
to cope with the vast number of people admitted to hospital; roughly 550,000 people

were admitted to hospital for Covid-19 in 2020 and 2021 (UKHSA, 2022a). In particular,

63% of those with long-term health conditions did not receive NHS treatment in April
2020 as a result of appointment cancellations, and 56% of cancer patients had their NHS

treatment cancelled or postponed (Benzeval et al., 2020). The number of patients in

hospital in January 2021 peaked at roughly 335,000 people and the total strain on the
NHS has resulted in longer wait times in Accident and Emergency (A&E) departments

and for other appointments.

The UK had the fourth highest excess mortality rate of 33 Organisation for
Economic Co-operation and Development (OECD) member countries with comparable
datain 2020, which was largely attributed to the relative timing of lockdown restrictions

(Suleman et al., 2021). The failure of healthy life expectancy to keep up with overall life

expectancy in the UKiis likely a factor that resulted in those aged 85 and older accounting

for 41% of all deaths during the first wave in 2020 (White, 2022, Caul, 2022). Underlying




health conditions have been found to increase the mortality risk from a Covid-19

infection, including the level of deprivation an individual lives in (Atkins et al., 2020,

Biswas et al., 2021, Cho et al., 2021, Williamson et al., 2020). Research has also shown

significant geographical heterogeneity in Covid-19 mortality, particularly through the

income gradient in excess mortality and other socioeconomic factors (Papageorge et al.,

2021, Decoster et al., 2021, Breen and Ermisch, 2021). Even for younger people aged 65

or less, the 10% of young people living in the most deprived areas experienced a Covid-
19 mortality rate 4 times greater than those living in the least deprived areas (Suleman

et al,, 2021).

While the most deprived areas appear to have had the greatest mortality risks
from Covid-19, ethnic minority groups were also disproportionately affected after
adjusting for socioeconomic and health factors, and level of deprivation. Ethnic minority
groups experienced worse mortality rates compared to White ethnic groups and key
workers receive higher levels of inadequate PPE in comparison to their White colleagues

(Ahmed et al., 2022a, Haque et al., 2020, Larsen et al., 2021). Pre-pandemic trends

showed that White ethnic groups experienced higher rates of excess mortality,
suggesting that the environmental and socioeconomic factors faced by ethnic minority
groups were disproportionately exacerbated by Covid-19 in comparison to White ethnic

groups.

Geographical differences in the level of deprivation are of particular interest in
England given that Local Authority spending aims to provide services to reduce

inequalities that exhibit geographical heterogeneity. Adult and child social care provides



support and care to at-risk individuals — whether it is the result of old age, disability, or
other health conditions — constituting just under 60% of all Local Authority spending in

England (Harris et al., 2019). Increasing demand for adult social care, driven by an

increase in the number of years lived in poor health has not been met by rises in Local

Authority funding and spending (Harris et al., 2019, White, 2022). Local Authority

spending for adult social care has fallen by 7% in nominal terms from 2009 to 2020, and
overall spending has fallen by 37%, on average. This has been largely due to changes in
how central government grants are allocated to Local Authorities, such that the most
deprived areas have experienced the largest cuts in grant funding —these are areas that
spend relatively less on adult social care. Despite the cuts to Local Authority spending,
it is an important factor in reducing the all-cause excess mortality rate. In contrast, NHS
Clinical Commissioning Group (CCG) funding is found to be positively associated with the
excess mortality rate, but this appears to be a consequence of poor health and old age

factors that require greater levels of funding per person.

The endogeneity issues surrounding NHS CCG funding when analysing its effect
on the all-cause excess mortality rate required the use of an Instrumental Variables
approach. The weighted population formulae for funding allocations outline that a
greater number of elderly people in an area, as well as poorer health outcomes, require

greater levels of funding per person (NHS England, 2021b). However, old age and

income — that are both associated with poor health — cannot be used as instruments for
NHS CCG funding. They both violate the exclusion restriction, given their association

with greater mortality risk, especially from Covid-19 (Chetty et al., 2016, Wellard, 2022,




Yanez et al., 2020). Therefore, historical NHS CCG funding was used as an instrument,

assuming that it is a good predictor of future levels of funding.

The remainder of this dissertation will be structured as follows. Section 2
describes the data and explains how the data was adjusted to allow for this analysis to
be carried out at the Local Authority level. Section 3 outlines the progression and
severity of Covid-19 throughout 2020 and 2021, as well as the government’s policy
responses. Section 4 focuses on the importance of health and social care spending for
life expectancy and health outcomes, while also describing how spending has changed
over the past decade. Section 5 presents the findings of the analysis and interpretation
of the results, including the context and mechanisms that influence the outcomes. Two
models are used in this section to compare the effects controlling for population density
and rural-urban classifications. Section 6 discusses the strengths and limitations of the

approach taken in this dissertation and Section 7 concludes.

2. Data and Measurement
In this paper, various datasets at the Lower-Tier Local Authority (LTLA) level and the NHS
CCG level were matched using NHS CCG and LTLA-level identifiers. There are 337 LTLAs
in the dataset and each of them is assigned to one of 106 CCGs. Most of the data is
available through the Office for National Statistics (ONS), NHS England and the Ministry

of Housing, Communities and Local Government.



Local Authority spending data is largely broken down into Lower-Tier and Upper-
Tier spending depending on whether an area is two-tier or single-tier. In single-tier
areas, one authority provides all services for the area and carries out all other local
government functions. Two-tier areas share local government functions, such that
county councils and district councils provide different services to their respective areas

(Paun et al., 2022). As a result, Local Authority data for single-tier areas included both

Upper- and Lower-Tier spending, while data for two-tier areas included the Lower-Tier
spending for each district council and then a single Upper-Tier spending value for all
district councils within their respective county council. For these smallest-level ‘Shire
Districts’ that are all two-tier areas, the county council spending data was assumed to
be distributed proportionally by population size to better compare total spending on
services between each Local Authority, regardless of whether they are single- or two-

tier areas.

There is large variation in the main characteristics of Local Authorities such as
population size, density, and rural-urban classification. Population sizes ranged from
1,420 to 1,112,305 people in 2015, and population density varied from 25 people per
km? in more rural areas to 16,425 people per km?. The large variations in population
sizes are a result of multiple NHS CCG area boundaries overlapping with Local Authority
areas that consist of many ‘Lower Layer Super Output Areas’ (LSOAs). These are smaller
areas of similar population sizes, with an average of 1,500 residents or 650 households

(DLUHC, 2015). In some cases, such as Preston, only one LSOA is in the NHS Fylde and

Wyre CCG, while all other LSOAs are in the NHS Greater Preston CCG. These within-Local



Authority differences are important to include in the dataset as there are other Local
Authorities that are split relatively evenly between two NHS CCGs, such as Sefton which

has over 100,000 people living in each CCG area.

Brandily et al. (2021) explain that much of the literature on the impact of the

Covid-19 pandemic on mortality is based upon confirmed Covid-19 cases or deaths and
this method often leads to an underestimation of the pandemic’s true effects on total
mortality. Lockdowns and pressures on healthcare services meant that many people
who required healthcare were not able to access it, as resources were severely limited
given the large number of hospitalisations, especially in 2020. In addition, they conduct
an extensive review of the biases in the literature regarding measures based on COVID-
19 reported cases. They note that variations in testing capacities between, and
especially within, countries over time make it very difficult to compare the true effects
of Covid-19. Furthermore, when there is limited testing capacity it is often prioritised for
those with suspected infections, leading to overestimations of the true infection rate of
the general population. The indirect effects of the pandemic on mortality — deaths that
are a result of the pandemic as a whole but cannot be directly attributed to a Covid-19
infection — are considered the most important limitation of Covid-19 infection and death

data by Brandily et al. (2021), who use all-cause mortality data instead. They expand on

this by using all-cause excess mortality rates based on an average expected mortality

rate from 2018 and 2019, at the municipality level.

As there were many discrepancies in the number of reported and expected

deaths between institutions in England, and in how deaths are reported — death



occurrences or registrations — this analysis uses data solely from the Office for National
Statistics for monthly all-cause mortality at the Lower-Tier level from 2015 to 2021. They
calculate their expected annual mortality based on a 5-year average to reduce the extent
of single year outliers on expected deaths. For both 2020 and 2021, ONS use data from
2015 to 2019 for their expected deaths, so monthly values were used to calculate

expected mortality rates for the period end of March 2020 to the end of December 2021.

Most of the mortality data for 2020, with respect to Covid-19, begins from 25%
March 2020, the start of the first lockdown in England. Therefore, data for January,
February and part of March are excluded from calculations for 2020 expected deaths,
as these months have greater historical levels of mortality compared to non-winter
months. This was done so that counterfactual mortality is not biased for the 2020
period. The total all-cause and expected mortality data is then used to calculate the
mortality rates per 10,000 people for all Local Authorities, using population data at the
LSOA level to account for Local Authorities that reside in multiple NHS CCG areas. The
difference between total all-cause mortality and expected all-cause mortality rates are
finally used to determine the excess all-cause mortality rates per 10,000 people. More

formally, the excess all-cause mortality rate is defined as:

D, —[0.2 x Xy Dy]

P0p12015

EMR, = X 10,000

where EMR; and D, are the all-cause excess and total mortality rates,
respectively, in LTLA [ for 2020 and 2021. t is the five-year period 2015-2019 used to

calculate counterfactual mortality. Df is the number of deaths for each year ¢, excluding



January to March for the 2020 counterfactual. Popl2015 is the total population size for

each Local Authority [ in mid-2015, excluding prisoners. The excess mortality rate for
2020 is then adjusted to represent an annual mortality rate. This all-cause excess
mortality measure is unaffected by Covid-19 data reporting biases that exist over time
for each Local Authority. The average mortality rates for 2020 and 2021 are combined

to create an average mortality rate for the full sample period.

Table 1 presents the summary statistics for the variables used in this analysis.
The all-cause excess mortality rate per 10,000 ranged from -0.66 to 28.155, with a mean
of 14.166 excess deaths per 10,000 people. There was only one Local Authority with a
negative excess mortality rate, defined as fewer deaths than expected based on the
previous 5-year average. Torridge in the South West region of England saw a negative
excess death rate that totalled 11 fewer deaths than expected, with 20 fewer excess
deaths in 2021 and 9 more in 2020. Barnsley in Yorkshire had the highest excess death
rate at 28.155 more deaths than expected per 10,000 people, even though its share of
the population aged 60+ was roughly the mean share for all Local Authorities.
Interestingly, both areas had a similar mean annual gross pay in 2019, despite the large
difference in their excess mortality rates. Barnsley’s level of NHS CCG funding allocation
per person has been on average, £164.70 higher than that of Torridge from 2015 to
2022. However, these two Local Authorities have seen drastically different falls in their
spending levels per person between 2015 and 2019. Barnsley has seen reduction of
15.79%, or £273 spent on each person, while Torridge’s spending has only fallen by 0.3%,

or £4.52 in the same period.



Summary Statistics

Mean Min Max
Excess Mortality Rate per 10,000 14.166 -0.66 28.155
(5.169)
CCG Funding per person 2015 (£) 1,502.258 1,284 2,012
(115.485)
CCG Funding per person 2019 (£) 1,738.454 1,472 2,282
(128.291)
LA Spending per person 2015 (£) 1,749.29  1,078.239  26,244.95
(1,380.182)
Population Size 16,2398.2 1,420 1,112,305
(12,3296.5)
Share of Population Aged 60+ 24.814 8.61 39.57
(5.511)
Population Density (People/km?) 1,710.78 25 16,425
(2,594.991)
Annual Gross Pay 2019 (£) 31,348.49 20,971 92,675
(7,607.274)
Gender Pay Difference (£) 14,431.35 4,637 46,784
(5589.808)
Unemployment Rate 2015-16 4.486 1.88 10.08
(1.619)
Share of Non-White Population 10.513 1.1 71
(12.700)
Share of 65+ Population Male 45.807 42.8 50.7
(0.927)
Share of 17-64 Population Male 49.169 47.4 57.1
(0.939)

Table 1: Summary Statistics

While it is interesting to note the differences at the extreme ends of the excess
mortality, there does not appear to be any initial clear trend between the regions in
England, or rural-urban classification, and the change of Local Authority spending, or

NHS CCG funding, over time. Furthermore, there does not appear to be an apparent
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initial relationship between income and the levels of Local Authority spending or NHS
CCG funding, nor changes in their levels over time. This analysis builds on the literature
examining the effect of income on mortality resulting from Covid-19 by examining
whether historical Local Authority spending and NHS CCG funding allocations influence

all-cause excess mortality rates during the pandemic.

3. Background of Covid-19 in the United Kingdom
From 23" March 2020 to 315t December 2021, there were just over 860,000 deaths, with
roughly 150,000 deaths registered to be a result of Covid-19 or a recent Covid-19
infection. Furthermore, there were approximately 130,000 excess deaths based on the
above expected mortality figures. As expected, 2020 was the largest contributor to both
Covid-19 and excess deaths and the mortality rate fell in 2021. This can be partly
attributed to the vaccination roll out that began in early December 2020 and targeted
those aged 80+, followed by healthcare workers in mid-January 2021 (NHS England,

2020) (NHS England, 2021a). The vaccinations continued to be distributed to

subsequent age groups through to mid-June 2021, to protect the elderly who were at
greater risk in the case of infection. Additional third vaccination doses were given to the
most vulnerable groups from September 2021, to minimise the chances of serious

complications from infection (Knapton, 2021).
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Figure 1: Rate of primary infection (per 1,000 tests in those without prior infection) and reinfections (per 1,000 tests in those
with prior infection) in SARS-CoV-2 Immunity and Reinfection EvaluatioN (SIREN) participants per month in the UK, June

2020 to July 2022 (UKHSAL 2022b)

However, with increasing protection against Covid-19 came several variants of
concern. The first was the Alpha variant that was found to have a 52% greater risk of
leading to hospitalisation and 59% greater risk of death within 28 days of an infection,

compared to the first strain found in early 2020 (Nyberg et al., 2021). On 6" May 2021,

the Delta variant was declared as the second variant of concern in the UK (Sandle and
Smout, 2021) and was found to be 40 to 60% more transmissible than the Alpha variant

(SAGE, 2021), 85% more likely to lead to hospitalisation (Sheikh et al., 2021), and had a

64% greater risk of mortality (Challen et al., 2021). Finally, the first Omicron variant was

detected in the UK on 27" November 2021, originating from South Africa, which had a

relatively positive outlook regarding Covid-19 infections (Pitas et al., 2021). Omicron has

a 59% lower risk of hospitalisation and 69% lower risk of death than confirmed Delta

12



cases (Nyberg et al., 2022). The differing levels of severity means it is difficult to use

Covid-19 mortality as a form of comparison between years and for determining the true

effect of the pandemic on mortality.

In addition to the Covid-19 variants, there were also various levels of restrictions
on the public that began in March 2020 and ended in February 2022, that aimed to limit

the spread of the virus (Haddon et al., 2021). The first national lockdown was introduced

on the 26" March 2020 and restrictions were slowly eased from 10" May until 22
September, except for some local lockdowns that began on 4™ July. The second national
lockdown began on 14™ October 2020 and ended 2" December, although social
restrictions were still in place to limit the spread of the Alpha variant. The third and final
national lockdown began on 6™ January 2021 with indoor social gathering restrictions
easing from 17 May and all social restrictions eased on 19% July 2021. In the winter of
2021, there were some legal restrictions introduced for indoor venues, such as
compulsory facemasks, that aimed to limit the spread of the much more transmissible
Omicron variant and the strain on the NHS. 94.5% of adult beds were occupied in

hospitals on 19" December 2021 (Gallagher, 2021), with a peak of 50,295 NHS staff

absent with Covid-19 infections on 315t December 2021.
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As shown in Figure 2 and Figure 3, the number of cases does not reflect the total
number of deaths. This is partly due to the testing biases outlined previously and the
varying risk of serious infection with each Covid-19 variant of concern. Furthermore,
Figure 2 shows a steady increase in the number of cases beginning in July 2021, but the
trend in weekly deaths does not follow the same trend in the number of cases. In
addition, the lack of infections in the first few months of the pandemicin 2020, resulting
from constrained testing capacity, means that infections are not a very good predictor
of the number of deaths for the full sample period; this would result in biased or invalid
estimations. The vaccination program also reduced the likelihood of severe infection
and dying from an infection, altering the ability to compare Covid-19 infection and

mortality rates over time.

Despite the various policy responses by the UK government to each infection
wave, the UK had the fourth highest excess mortality rate of 33 OECD countries with
comparable data in 2020. This was largely attributed to the timing of lockdown

restrictions compared to other countries (Suleman et al., 2021). Consequently, the vast

number of infections led to substantial strain on NHS services, with the number of
patients waiting for a routine hospital appointment for longer than 52 weeks almost
reaching 200,000 in January 2021 (Perry, 2021). Furthermore, high numbers of Covid-19
cases resulted in reduced hospital and clinic capacity, and had been put under further

pressure with increasing numbers of staff absences related to Covid-19 (Edwards, 2020,

Scobie, 2021). Cancellations of appointments for those with long-term health

15



conditions, including cancer patients, could lead to knock-on effects on mortality that

are an indirect result of the Covid-19 pandemic (Benzeval et al., 2020).

Quicker lockdown responses to rising infection numbers could have reduced the
higher excess mortality rates for more deprived areas when compared to less deprived
areas, as well as reducing the pressure on the NHS. People living in worse conditions, or
greater levels of deprivation, have been found to have worse underlying health, leading
to Covid-19 mortality rates 3.7 times higher in the most deprived areas, for those
younger than 65. Despite significantly higher Covid-19 death tolls for the elderly, other
factors such as deprivation, underlying health and socioeconomic factors appear to
explain a large proportion of the differences in excess mortality rates between areas in

the same country. (Atkins et al., 2020, Biswas et al., 2021, Cho et al., 2021, Williamson

et al., 2020, Breen and Ermisch, 2021, Decoster et al., 2021, Papageorge et al., 2021).

4. The importance of public and health care spending for life expectancy and
health outcomes
Previous literature has focused on the effect of geographical heterogeneity in income

levels on mortality rates, such as research by Brandily et al. (2021) on the income

gradient in mortality from Covid-19. Using a difference-in-difference method, they
found that the poorest quartile of municipalities saw slightly more than 2.5 additional
excess deaths per 10,000 people than all other municipalities. Their results are also

robust to different infection waves, age, gender, and the exclusion of care home deaths
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from their sample. For this dissertation, a different approach will be used to determine
the effect of Local Authority and NHS CCG funding on mortality during the Covid-19
pandemic. An instrumental variables (IV) approach was used for NHS CCG funding due
to potential endogeneity issues regarding how NHS CCG funding is allocated. This
approach is used when endogenous regressors lead to biased or inconsistent estimates
due to the regressor being correlated with the error term in the model. An instrument
can be used to solve this endogeneity problem, provided that the instrument is
associated with the regressor but not the error term, and does not have a direct effect
on the outcome variable; the instrument is correlated with the regressor, which in turn

determines the outcome variable.

In this analysis, historical NHS CCG funding is as an instrument, assuming it is a
good predictor of future funding levels. According to NHS England, CCG Funding
allocations are determined by a weighted population that leads to greater levels of
funding the larger the share of older people given that they have a greater need per

person (NHS England, 2021b). Areas with poorer health also require a greater level of

funding per person. The number of people aged 60+ and average income in a given Local
Authority as instruments for NHS CCG funding were ruled out as they would both violate
the exclusion restriction of IV estimations; they both have an effect on excess mortality

rates that is not solely due to their impact on funding levels. Chetty et al. (2016) explain

that there is an association between income and life expectancy in the United States.
The Office for National Statistics has also found that individuals living in more deprived

areas experienced higher rates of avoidable mortality in 2020 than individuals living in

17



less deprived areas (Wellard, 2022). Therefore, income is not a good instrument for NHS

CCG funding as it directly affects excess mortality rates.

The number of people aged 60 and over was also ruled out as an instrument due
to the direct link to mortality rates, especially to Covid-19 mortality rates. Compared to
those aged 54 and younger, the mortality rate was 62 times greater for people aged 65

and over (Yanez et al., 2020). Even though greater mortality risk for older people is partly

taken into account by the expected mortality rate in a given local authority, the
significantly greater risk of mortality directly caused by a Covid-19 infection means it
would not be a valid instrument. Although there are some annual adjustments to NHS
CCG funding levels resulting from demographic changes over time, future funding levels

largely increase at the same rate per person in England, in a given local authority.

Due to the differences in how NHS CCG funding and Local Authority spending are
determined, the latter was not considered to be an endogenous regressor that needed
to be instrumented for. Local Authorities spend their funds on a variety of different
services so the effects on mortality rates are more indirect in comparison to NHS CCG
funding. Children and adult social care accounts for just under 60% of all Local Authority
spending, while the remaining spending is on services that cover public health, housing,
planning, environment, transport, culture-related activities, and central-operating costs

(Harris et al., 2019). Only 7% is spent on public health services, which mostly aims to

reduce health inequalities, provide sexual health services and services to reduce alcohol

and drug abuse. NHS England is responsible for most of public health spending, and

18



more is spent on management and treatment of health conditions than on welfare

measures.

Children’s social care is a vital area of Local Authority spending because it can
have long-term health and education implications for children who are unable to access

it. Meyers et al. (2004) explain that childcare services have an important and positive

impact on children’s development when they are young, in the form of greater pre-
academic outcomes, and language skills that better prepare them for when they begin
their formal education. Although their research was conducted in the United States, the
findings are still valid for the United Kingdom since the availability and affordability of
childcare services has the greatest impact on low-income families. This is a result of the
greater developmental disadvantages faced by children from low-income families, and
greater spending on children’s services by Local Authorities helps to reduce this.
Improving children’s prospects for future income will help increase their life expectancy,

given the association between income and life expectancy (Chetty et al., 2016).

Another, more relevant, way in which children’s services spending is important
for this analysis on excess mortality rates is through the parental income channel.
Greater provision of childcare services by Local Authorities has a vital impact on female
earnings, mostly through the impact on employment rates. Only 40.5% of women with
one child work full-time, compared to just under 80% for men, and the full-time

employment rate for women decreases with more children (Hochlaf and Franklin, 2021).

Local authorities with the highest levels of childcare provision had an 11-percentage

point higher overall employment rate for women than the local authorities with the
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lowest levels of childcare provision. Increasing the availability of childcare services will
greatly benefit two-parent households by increasing total household income, as more
mothers are able to work a full-time job, or increase their working hours. Increasing
access to children’s services to improve female employment rates will have a greater
impact on reducing avoidable mortality in the shorter-term, compared to the long-term

improvements to children’s future health outcomes.

Adult social care is perhaps the most important channel through which Local
Authority spending influences mortality rates, as it consists of providing support to all
adults who require care, support, or other services at home. It also includes the
provision of care homes, ‘assisted living’ houses, and paying staff to support those living
there. As a result, higher levels of spending on adult social care reduces the likelihood
of hospitalisations and also the strain on the NHS, mostly through lowering the risk of
injuries to the elderly — “hip fractures alone cost the NHS almost £2 billion each year”
(LGA, 2019). This is a more preventative measure to improve health outcomes and the
benefits of these services can be seen in the short-term. However, the 7% fall in
spending on adult social care from 2009-2020 will likely have had a longer-term effect
on health outcomes for the elderly, even though 38% of all Local Authority spending is

on adult social care (Harris et al., 2019). Social isolation due to lockdowns and

restrictions on socialisation throughout most of 2020 and 2021 could have had an
indirect effect on mortality rates, particularly for the 3.1 million people aged 65 and over

that lived alone in 2018-19 — twice the rate of younger age groups (Lewis, 2021).
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A study by Stafford et al. (2018) found that care for those with 2 or more medical

conditions accounts for over half of primary and secondary care costs for the NHS, and
roughly 75% of all primary care prescriptions. The disparity in health outcomes between
the least and most deprived areas emphasises the health inequalities in England, as
those living in the least-deprived fifth of areas are expected to have 2 or more conditions
by the time they are 71 years old. Those in the most deprived fifth are expected to reach
that point by the time they are 61 years old. Those living in the most deprived areas
reaching the same level of illness a decade sooner than the least deprived areas is an
uncomfortable discrepancy in the healthy life expectancy of the elderly. This variation,

however, is not only limited to geographical factors.

In 2015 to 2017, males had a healthy life expectancy at birth that was half a year
shorter than for women, but this gap has closed since 2009 to 2011, as men have gained
6 months and women have lost 3 months of healthy life expectancy (Pratt, 2018). The
gender difference emphasises a worse picture for the elderly and when combined with
geographical differences in the UK, healthy life expectancy varies by 21.5 years and 15.8
years for women and men, respectively. The disability-free life expectancy at birth in
England has also fallen in recent years and women have seen a greater decrease of 1.2

years compared to men, 0.7 years (White, 2022). Furthermore, this fall, in combination

with increasing life expectancy, has led to an increase in the expected number of years
lived with disability, a greater increase for women compared to men. Advancements and

innovations in healthcare are allowing people to live longer, but the expected number
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of years lived in ill health or with a disability is increasing; healthy life expectancy has

been increasing at a slower rate than overall life expectancy in recent years.

Although spending on health and social care for the elderly is a key focus for the
NHS and Local Authorities, 30% of people with 4 or more medical conditions are under
the age of 65 and are disproportionately concentrated in more deprived areas. In
addition, the number of people with multiple health conditions is expected to increase
over the next five years such that it would require an increase in healthcare funding of

£4 billion, with total hospital activity expected to increase by 14% (Stafford et al., 2018).

Taking steps to improve healthy life expectancy through higher levels of spending on
pre-emptive, or preventative, healthcare measures will help reduce the number of
people with multiple conditions, provided that the spending is targeted towards more
deprived areas. This, however has not been the case as the most deprived Local
Authorities in England have seen the largest cuts to central government grants due to

the way in which their funding has changed over the last decade (Figure 4).
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Figure 4: Average contribution of different revenue sources to total fiscal revenues, by decile of deprivation,
2019-20.RBRs’ refers to income from retained business rates and ‘Grants’ refers to income from central
government grants. Councils are ranked according to deprivation — measured using average Index of

Multiple Deprivation scores from 2015. (Harris et al., 2019)

Since 2009-10, the funding system for local councils has changed from a needs-
based assessment to a less redistributive system that is mostly a result of more deprived
areas generating fewer funds from council taxes. Government grant revenues for Local
Authorities are determined using a set of multipliers based on the class of Authority and
the council tax they generated in the previous year, so more deprived areas that
generate less in council tax revenues receive proportionately lower government grant

revenues (DLUHC, 2019). Harris et al. (2019) describe the differences in funding sources

for the most and least deprived areas. The most deprived areas receive £842 per person
from Retained Business Rates (RBR) and grant funding, and £336 per person from
council tax revenues. The least deprived areas receive £288 per person from RBR and
grant funding, and £599 per person from council tax revenue. Even though more

deprived areas have higher levels of revenue per person, the needs of councils in
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different deprivation deciles vary significantly. More deprived councils spend a smaller
proportion of the overall revenue on adult social care, and more on public health and
children’s social services. The 37% fall in Local Authority spending per person from 2009-
2020, on average, has resulted in relatively larger reductions in spending on services for
more deprived councils, widening the inequalities in health and socioeconomic factors
over time. The inequalities in funding and spending reductions are an important

consideration for health outcomes with respect to the Covid-19 pandemic.

5. The impact of Covid-19 on the public and health expenditure gradient in
mortality in England

Due to the differences in the all-cause excess mortality rate in 2020 and 2021 within a
given Local Authority, this analysis will focus on the effect of historical Local Authority
spending and NHS CCG funding on the average excess mortality rate. A linear-log IV
model will be used with cluster-and-heteroskedasticity-robust standard errors so that
the estimator is robust to heteroskedasticity and any intra-cluster correlation. Since the
number of instruments is equal to the number of instrumented variables, a Generalised
Method of Moments (GMM) estimator is equivalent to that of Two-Stage-Least-Squares
(2SLS). The 2SLS estimator can be defined as:

2i=1zi —2) ;i —y)
iz —2)(x; — %)

By =
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where z is the exogenous regressor — the natural log of NHS CCG funding per
person in 2015, In(CCG15). x is the endogenous regressor In (CCG19) and y is the
outcome variable, ExcDR, the all-cause excess mortality rate. The 2SLS estimator is

only valid if it satisfies two conditions:
Cov(z,u) =0
Cov(z,x) # 0

The reduced-form first stage regression is defined as:
In(CCG19); =7, + T; In(CCG15); + T, X; +v

where iis a Local Authority indicator and X; is a matrix of the excluded
exogenous variables. The estimate of In(CCG19) is then used in a second stage
regression to determine the effect on the all-cause excess mortality rate. If it is
confirmed to be an endogenous variable then the estimates and standard errors
produced by this 2SLS method will be more consistent and efficient than the OLS

estimates. The second-stage regression is defined as:

MRate; = a + B, In(CCG19); + B, In(0ld); + B; In(LASpend15); + B, In(Pay);
+ Bs In(PayGap); + B¢ In(Size); + B In(UnEmp); + BgIn(Density);
+ By In(NonWhite); + B,y In(65PopMale) + B;1In (u65PopMale)

+6i

All models used in this dissertation include the following variables as controls:
population size (Size) and density (Density) due to their effect on either the spread of

Covid-19 through the general population, the population aged 60+ (0ld), gross annual
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pay (Pay), gender pay difference (PayGap), the unemployment rate for 2015-16
(UnEmp), the share of the Local Authority’s population that is non-white (NonW hite),
the share of the 65+ population that is male (65PopMale), and the share of the 17-24

population that is male (u65PopMale). Cooper et al. (2006) and McLeod et al. (2012)

both explain the negative effect of unemployment on health, and the size of the effect
increases the longer an individual is unemployed. This is likely because of
‘unemployment scarring,” such that the longer an individual remains unemployed, the
more difficult it is for them to find employment. Between 2007 and 2020, even those in
unemployment for 3 to 6 months were less likely to find a job in the next quarter than
those who were unemployed for less than 3 months, by 9 percentage points (Vassilev,
2021). The effect also becomes slightly larger for ethnic minorities, given the same
amount of time in unemployment. Furthermore, the likelihood of returning to work
declines with age, as only 12.2% of people in their 50s returned to work within three

months.

Young people experienced the largest consequences of long periods of
unemployment, even though they are much more likely to find another job within 3
months than all other age groups. Longer periods of unemployment resulted in lower
future earnings and had a two-fold effect on health. Unemployment alone is associated

with worse health outcomes (Cooper et al., 2006), and young people that see lower

future earnings likely experience worse health as a result of the association between

income and life expectancy. However, MclLeod et al. (2012) explain that the welfare-

regime of a country can influence the negative effect of unemployment on health, such
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that a more supportive welfare-regime can reduce the effect of unemployment on

health and mortality.

Members of ethnic minority groups experienced higher excess Covid-19
mortality rates than White ethnic groups, and the difference in the excess mortality
rates between ethnic minority and White groups was mostly attributed to location,
measures of disadvantages, occupation, living arrangements, and pre-existing health

conditions (Larsen et al., 2021). Although these factors accounted for a large proportion

of the variation in the excess Covid-19 mortality risk, Black African men were still 1.7 to
2.2 times more likely to die from Covid-19 than White men. Overall, the Covid-19
mortality risk was greater for most ethnic minority groups throughout 2020 and 2021,
which has been largely attributed to socioeconomic and health factors, as well as lower
vaccination rates in some groups that experienced elevated Covid-19 mortality risks

(Ahmed et al., 2022a). The increased mortality risk could also be linked to the greater

risk of exposure to Covid-19, as more ethnic minority key workers reported that they
were given not given adequate PPE compared to White colleagues. In particular, 50%,
42%, and 41% of Bangladeshi, Pakistani, and black African workers respectively,

reported that they were given inadequate PPE (Haque et al., 2020).

The share of the 65+ population that is male was included in the model as men
have a mortality risk 77% higher than women for all age groups, and those aged 65 and
over have a mortality risk 62 times higher than those aged 54 and younger (Yanez et al.,
2020). The share of the 17-64 population that is male was included to control for the

varying mortality risk between age groups. Additionally, a gender pay difference variable
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was included to account for any income-related differences in mortality risk between

genders, given the association between income and life expectancy (Chetty et al., 2016).

It is also important to account for the difference in gender pay due to the large
differences in full-time employment outlined previously regarding the provision of

children’s social care and childcare services.

Two-Stage-Least-Squares Model

The estimation results from the first 2SLS model (Model b), can be seen in Table 3. This
model rejects the null hypotheses of both weak-instrument-robust inference tests; the
Stock-Wright Lagrange Multiplier S-statistic, and Anderson-Rubin Wald tests. The null
hypotheses state that the coefficient of the endogenous regressor is equal to zero, and
that the overidentifying restrictions are valid, meaning that the endogenous regressor
In(CCG19) is valid. In addition, Model b also rejects the null hypotheses of the weak
identification and under-identification tests and, since the F-statistic of the weak
identification test is significantly larger than 10, In(CCG15) is considered to be a strong
instrument in this model. Most importantly, the null hypothesis of the endogeneity test
— that the endogenous regressor can be treated as exogenous — is rejected, and that

In(CCG15) is a valid instrument for In(CCG19) which is an endogenous variable.
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Linear-Log OLS — Model a

Excess Mortality

(a)
Excess Mortality Rate
Ln(CCG Funding 2019-20) 14.378"
(4.784)
Ln(Pop Aged 60+) 6.662"
(2.611)
Ln(LA Spending 2015-16) -3.734"
(1.729)
Ln(Gross Annual Pay 2019) -4.470°
(2.240)
Ln(Gender Pay Difference) 1.948
(1.099)
Ln(Population Size) -7.478™
(2.479)
Ln(Unemployment Rate 2015-16) 2.898
(1.547)
Ln(Population Density) 0.330
(0.400)
Ln(Share Population Non-White) 2.046™
(0.562)
Ln(Share 65+ Population Male) 68.138™"
(18.922)
Ln(Share 17-64 Population Male) -42.269"
(17.245)
Constant -123.877
(84.434)
N 333
R? 0.190
F Statistic 7.80

“p<0.05 " p<0.01, "™ p<0.001
Table 2: OLS Model Estimates

The results of the OLS estimations (Model a) can be seen in Table 2 and
comparing the OLS and 2SLS (Model b) models shows that the 2SLS model is a more
efficient estimator for the given model specification. This is expected considering that

In(CCG19) is an endogenous regressor.
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Linear-Log 2SLS — Model b

First Stage Regression Excess Mortality
(1b) (2b)
Ln(CCG Funding 2019-20) Excess Mortality Rate
Ln(CCG Funding 2015-16) 0.914™
(0.022)
Ln(CCG Funding 2019-20) 18.743"
(5.134)
Ln(Pop Aged 60+) 0.010 6.503"
(0.009) (2.561)
Ln(LA Spending 2015-16) 0.002 -4,188™
(0.005) (1.558)
Ln(Annual Gross Pay 2019) -0.029" -4.300
(0.012) (2.211)
Ln(Gender Pay Difference) 0.010 1.992
(0.006) (1.082)
Ln(Population Size) -0.014 -7.337"
(0.009) (2.431)
Ln(Unemployment Rate 2015-16) -0.008 2.554
(0.005) (1.522)
Ln(Population Density) 0.004" 0.304
(0.002) (0.392)
Ln(Share Population Non-White) -0.005 2.216™
(0.003) (0.557)
Ln(Share 65+ Population Male) -0.063 70.552""
(0.082) (18.690)
Ln(Share 17-64 Population Male) -0.115 -41.585"
(0.056) (17.009)
Constant 1.704™ -166.811"
(0.451) (84.534)
Observations 333
Uncentered R? 0.905
Centered R? 0.188

“p<0.05 "p<0.01, " p<0.001
Table 3: 2SLS Model b Estimations

The linear-log model specification used in this analysis has the benefit of allowing
for simple interpretation of the regression coefficients. A 10% increase in NHS CCG
funding in 2019 is associated with an increase in the all-cause excess mortality rate of

1.874 deaths per 10,000 people. It is partly surprising that the level of NHS CCG funding
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is associated with an increase in the excess mortality rate, but areas with higher levels

of healthcare spending often have poorer health (NHS England, 2021b). This

relationship between funding and the level of health of a given area makes the
interpretation of this finding more difficult. Since areas with poorer health have greater
relative healthcare needs, there will be more funding allocated to those areas. Areas
with higher levels of healthcare funding will therefore appear to have worse excess
mortality rates in this analysis, but this is a result of the underlying poor health rather
than healthcare spending itself. Furthermore, it is difficult to determine what the excess
mortality rates would have been for a given Local Authority with poor health, if they had

lower levels of funding.

Finally, while there is a positive association between NHS CCG funding and the
excess mortality rate, it does not mean that more healthcare spending per person leads
to worse mortality rates because of the underlying reverse causality between them.

James et al. (2017) provide support for this and explain that a 10% increase in healthcare

spending in OECD countries is associated with an increase in life expectancy of 3.5
months, between 1995 and 2015, and that similar rates of improvements in healthier

lifestyles is associated with a gain of 2.6 months. However, Watt et al. (2019) outline

that, from 2014 to 2020, there has been a 25% reduction in real spending on public
health and this is not meeting the needs of an aging population that is developing
chronic illnesses at an increasing rate, illnesses that require increasing levels of NHS

support.
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A 10% increase in Local Authority spending in 2015 is associated with 0.419 fewer
deaths per 10,000 people. Furthermore, when estimating the effect of more recent
spending in 2019 instead, the effect on excess mortality increases to 0.440 fewer deaths
per 10,000 people even though the average nominal amount spent per person for all
Local Authorities in 2019 was 2.64% lower than in 2015. This is even lower when
considering the real change in spending. We can infer from this that spending on services
provided by Local Authorities has a slightly larger short-term effect in reducing the
excess mortality rate, despite the nominal and real fall in spending levels. This is perhaps
most likely transmitted through adult social care and the positive health benefits that it

creates for the older population — those most at risk of dying from Covid-19 infections.

Change in
service spending (%)
I 40 to 46
I 30 to -39
B 20 to -29
[ 1-10t0-19
[ 1-9 and greater

Figure 5: Map of change in service spending in Wales, Scotland, and England, 2009-10 to 2017. ( Gray and Barford

2018)
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Findings by Gray and Barford (2018) provide support for the benefit of greater

levels of spending by Local Authorities, but also explain that the inequalities in spending

reductions throughout the UK result from austerity policies. Figure 5 shows the large

variation in service spending cuts throughout the UK and, although their data for

England excludes public health and some social care spending, the most deprived areas

have seen the largest cuts to service spending. This is also seen in Figure 6. These cuts

to services have been found to increase the mortality rate for those aged 60+, and cuts

to both public health and social care spending from 2010 to 2014, was associated with

45,000 excess deaths between 2012 and 2014 (Watkins et al., 2017).
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Figure 6: Changes to English Local Government service spending, 2009-10 to 2016-17 by deprivation classification.

( Gray and Barford, 2018)
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The direction of the effect of income on excess mortality is as expected, however
it is surprising that the estimated effect is not statistically different from zero. It is
possible that the health effects of lower incomes are partially absorbed by ethnicity,
gender ratios, and healthcare spending between Local Authorities, as these are all
factors that can affect mortality rates. The effect of the gender pay difference was also
found to be statistically insignificant, which contradicts the hypothesis that excess
mortality would increase with the gender pay difference. It is also possible that the
effect is greater when looking at the historical difference, considering the gender pay

gap in the UK has been decreasing over time, from 12.6% in 2008 to 7.4% in 2020.

The variation in the gender pay gap still remains problematic, and the biggest
pay gap within the UK was as large as 15.5% in 2020 (Smith, 2020). The difference in the
rates of employment types is perhaps a more important factor to control for. Only 50%
of women without children were in part-time employment before the Covid-19
pandemic, and only 20.3% of women with three or more children were in full-time
employment — 20.2 percentage points lower than for women with one child (Hochlaf

and Franklin, 2021). Only 10% of men were in part-time employment, which highlights

the disparity in employment between men and women. Although there are large
differences in employment rates, given the association between income and life
expectancy, overall disposable household income is likely a better indicator that

captures geographical heterogeneity in quality of life.

Ahmed et al. (2022b) highlighted the differences in Covid-19 on mortality

between ethnic minority groups. In comparison to White ethnic groups, all ethnic
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minority groups had higher rates of Covid-19 mortality, and Bangladeshi and Pakistani
males had mortality rates significantly higher than all other groups. This is in stark
contrast to pre-pandemic mortality rates, where the White group had significantly

higher age-standardised mortality rates than all other ethnic groups (Cooke et al., 2021).

The association found between ethnicity and all-cause excess mortality during the
pandemic follows the ONS pandemic-trend, as a 10% increase in the proportion of non-
white ethnicities in a given Local Authority is associated with 0.222 more deaths per
10,000 people. Despite the positive relationship, the size of the effect is relatively small

in comparison to the other variables that have been controlled for.

The share of the 65+ population has by far the largest relative effect on excess
mortality rates. A 1% increase in the share of people aged 65 and over that are male is
associated with an increase in the excess mortality rate of 0.706 deaths per 10,000.
Although this association has been given as just a 1% increase, the range in the share of
the 65+ population that is male is 7.9 percentage points, with a standard deviation of
0.927 (Table 1). In comparison, the share of the population aged 17 to 64 that is male is
associated with a fall in the excess mortality rate; a 1% increase is associated with 0.627
fewer deaths per 10,000 people. This second result perhaps indicates that, although
men experienced a 77% greater mortality risk from Covid-19, the indirect effects of the
pandemic increased the mortality risk for women under 64 years old. The Office for
National Statistics findings suggest that this could be an explanation for the results from

Model b (Brain and Payne, 2021). Women’s well-being was more negatively affected

than men’s during the pandemic, even though men experienced a higher Covid-19
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mortality rate. This highlights the benefit of using all-cause excess mortality as the

outcome of interest, as it can capture these indirect effects on mortality.

In comparing population sizes of Local Authorities, a 10% increase is associated
with 0.734 fewer deaths per 10,000 people. The direction of this effect is not as expected
given that the infection rate has been found to increase with population size and density

(Zhang et al., 2021), although it is difficult to control for these factors considering the

biases present in Covid-19 data. It is also surprising that the effect of population density
is not statistically different from zero as it would be expected that proximity, and

therefore population density, increases the likelihood of transmission.

Rural-Urban Effect on Mortality

Controlling for the rural-urban classification of all Local Authorities could be a better
predictor of excess mortality than population density as people tend to live further away
from each other in rural areas, and are therefore likely to have lower levels of Covid-19

transmission. Sutton et al. (2020) suggest that a larger proportion of older people live in

rural areas, while younger age groups are more concentrated in urban areas. They found
that while Covid-19 infection rates were higher in urban areas due to their density, rural
areas saw higher levels of consistent Covid-19 mortality rates. This could also help to
explain the negative relationship between population size and excess mortality rates.
Additionally, these findings and greater funding requirements for more sparsely

populated areas, as outlined in the NHS CCG weighted population formulae, provide
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further evidence to support the positive effect of NHS CCG funding on excess mortality
rates during the pandemic. This is a result of larger areas having “unavoidably higher
costs of delivering health care due to location alone, known as the Market Forces

Factor”(NHS England, 2021b). Therefore, rural areas with a relatively larger proportion

of old people and have higher funding requirements per person helps to explain the
mechanisms that lead to the positive association between healthcare funding and

mortality rates.

An alternate specification controlling for rural-urban classification, and an
interaction variable of the rural-urban classification and the 60+ population variable can
be seen in Table 4. This was included due to the relationship between rural areas and

the proportion of old people highlighted by Sutton et al. (2020). The first stage

regression remains the same but the second stage estimation can be defined as:

MRate; = a + B, In(CCG19); + B, In(LASpend15); + B3 In(Pay);
+ B, In(PayGap); + Bsln (Size); + B¢ In(UnEmp);
+ B In(NonWhite); + BgIn(65PopMale) + B9 In(u65PopMale)

+ 6.rural; X In(0ld); + €;
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Linear-Log IV-2SLS Model (Rural)

First Stage Regression

Excess Mortality

(1c) (2¢)
Ln(CCG Funding 2019-20) Excess Mortality Rate
Ln(CCG Funding 2015-16) 0.934™
(0.023)
Ln(CCG Funding 2019-20) 14.476™
(5.379)
Ln(LA Spending 2015-16) 0.008 -4.424™
(0.005) (1.543)
Ln(Annual Gross Pay 2019) -0.021 -5.071"
(0.011) (2.208)
Ln(Gender Pay Difference) 0.009 1.913
(0.005) (1.079)
Ln(Population Size) -0.007 -6.809™
(0.008) (2.235)
Ln(Unemployment Rate 2015-16) -0.006 2.761
(0.005) (1.479)
Ln(Share Population Non-White) -0.003 1.798™
(0.002) (0.592)
Ln(Share 65+ Population Male) -0.058 67.083"
(0.073) (17.913)
Ln(Share 17-64 Population Male) -0.162" -34.730"
(0.060) (15.644)
Mainly Rural (= 80%) x 0.004 5.766"
Ln(Pop Aged 60+) (0.008) (2.361)
Largely Rural (50-79%) x 0.004 5.776"
Ln(Pop Aged 60+) (0.008) (2.359)
Urban with Significant Rural (26-49%) x 0.005 5.956"
Ln(Pop Aged 60+) (0.008) (2.351)
Urban with City and Town x 0.005 5.817"
Ln(Pop Aged 60+) (0.008) (2.359)
Urban with Minor Conurbation x 0.004 6.065"
Ln(Pop Aged 60+) (0.008) (2.355)
Urban with Major Conurbation x 0.004 6.019"
Ln(Pop Aged 60+) (0.008) (2.346)
Constant 1.614™ -135.427
(0.412) (83.581)
Observations 333
Uncentered R? 0.909
Centered R? 0.221

“p<0.05 " p<0.01, ™ p<0.001
Table 4: 2SLS Model ¢ Estimations
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By controlling for the relationship between the proportion of old people and
more rural areas, we see that the impact of a 10% increase in NHS CCG funding on excess
mortality rates falls by 0.427 deaths per 10,000 people, which is quite a substantial
difference. This model likely captures some health risks due to old age and how rural a
given area is with regards to funding levels based on need. However, the relationship
we see in Table 4 suggests that increases in the number of older people living in more
urban areas has a slightly larger effect on excess mortality than in more rural areas, a
difference of 0.029 deaths per 10,000 people. This is likely linked to the extent of Covid-
19 transmission in more urban areas that are more densely populated, but the very small
difference in the excess mortality rates also suggests that the results are more likely due
to the greater mortality risk for older people than the spatial and geographical

characteristics of rural and urban areas.

Brandily et al. (2021) explain that the income gradient in mortality they find is

robust to controlling for differences between rural and urban areas. Furthermore, they
find that poor housing conditions explain the largest share of the income gradient that

affects transmission. Dewilde (2021) outlines the trends in West-European countries of

worsening living conditions for low-income households, but also explains that
socioeconomic policies have a greater effect on living conditions than incomes. The
housing-affordability ratio has been increasing in England and Wales, from roughly 3.5
to 9.1, in 1997 and 2021 respectively. This is a measure of the proportion of an
individual’s annual earnings that they would typically expect to spend on purchasing a

home (Smith, 2022). These increasing house prices in England link to further findings by

39



Dewilde (2021), that increasing house prices over time are associated with worsening

levels of living-conditions deprivation for renters and low-income earners. The direct of
the effect of income on excess mortality found in Model c is therefore as expected, a
10% increase in income was associated with 0.507 fewer deaths per 10,000 people

during the pandemic.

The share of non-white ethnic groups in a given Local Authority remains positive
in Model ¢, but controlling for the rural-urban classification of Local Authorities has
slightly reduced the size of this effect by 0.042 deaths per 10,000 people for a 10%
increase in the share. Ethnic minority groups are still found to be disproportionately
affected by the pandemic despite the pre-pandemic trends of higher age-standardised

mortality rates in White ethnic groups. Suleman et al. (2021) explain that the variation

in the excess mortality rates of ethnic groups is not limited to between only White and
non-White groups. In the first wave in 2020, Black African men were 3.7 times more
likely to die than British White men, and during the second wave Bangladeshi men were
5 times more likely to die from Covid-19 than White men. Despite the greater mortality
risk of non-White ethnic groups, the variation between these groups suggests that other
socioeconomic factors are greater risk factors for Covid-19-related deaths, but these
socioeconomic disadvantages can also be a result of institutional factors that are a

detriment to non-White ethnic groups.

A greater proportion of males in the 65+ population continues to have a strong
effect on the excess mortality rate when controlling for rural and urban classifications,

although the effect is slightly smaller when compared to Model b that controls for
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population density. The effect of an increase in the share of the 17-64 age group that is
male remains negative as well, substantiating the earlier results and that younger
women were indirectly affected to a greater extent by the pandemic, rather than

through Covid-19 infections directly.

6. Strengths and Limitations
To some extent, the findings in this dissertation were initially unexpected but the
underlying mechanisms that drive the results aid our understanding of these results. A
large reason for the direction of the effects found on excess mortality could be a result
of the instrumental variables method used in the analysis and the endogeneity issues
that required the use of this method. NHS CCG funding, as explained by NHS England, is
determined by a combination of the proportion of elderly within their area, poorer
health, health inequalities, and areas with low population densities that consequently

appear to have a larger proportion of old people (NHS England, 2021b). Areas with a

relatively high accumulation of health risk factors, and subsequent healthcare needs in
more sparsely populated areas — that require extra infrastructure to ensure healthcare
coverage of the entire local population — have higher levels of healthcare spending per

person, which drives the positive association with excess mortality rates.

The direction of the effect of population size on the excess mortality rate is also
a curious finding, and so is the statistically insignificant effect of population density.

There has been extensive research on the relationship between population density and
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Covid-19 mortality rates in OECD countries (Jahangiri et al., 2020, Dalziel et al., 2018). In

particular, Pascoal and Rocha (2022) have found that there is a positive association

between the two in France. Other research outlines the positive relationship between
population size and transmission of Covid-19 that attempts to control for the intensity
of quarantine, social distancing measures, and the proportion of the population

vulnerable to serious cases of infection in different countries (Zhang et al., 2021). These

findings were all determined using time-series analyses that have the benefit of being
able to control for lockdown periods and other policy interventions to limit the spread
of the virus, a disadvantage of the IV approach used in this dissertation. Data limitations
of population data at the LSOA level meant that population size and demographic
changes could not be controlled for due to the variation of CCG funding within many

Local Authorities.

Another limitation of the approach used in this dissertation compared to a time-
series approach, is that vaccination rates in local authorities could not be controlled for
since they changed significantly over time. On 1% January 2021, the average first and
second vaccination dose uptake percentages in England were 2.15% and 0.03%
respectively. On 1t January 2022, the first and second dose uptakes were at 81.72% and
75.67% respectively, with an additional third dose uptake of 56.56%. Over the course of
a single year, the vaccination rate in England changed drastically, so it was difficult to

control for without using a time-series approach.

Using a similar difference-in-difference approach to Brandily et al. (2021) of

separating Local Authorities into deciles or quartiles by NHS CCG funding, or Local
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Authority spending, could have provided further insight into the public and health
expenditure gradient in mortality. However, the findings imply that the total effect of
Local Authority and NHS CCG spending is less than the total effect of the remaining
variables, but it does not at all suggest that spending is unimportant in understanding

the heterogeneity in the excess mortality rate in England.

Linear-Log OLS — Model d

Excess Mortality

(d)
Excess Mortality Rate
Ln(Pop Aged 60+) 7.187"
(2.812)
Ln(Gross Annual Pay 2019) -6.110™
(2.198)
Ln(Gender Pay Difference) 2.062
(1.079)
Ln(Population Size) -7.878™
(2.747)
Ln(Unemployment Rate 2015-16) 3.138"
(1.353)
Ln(Population Density) 0.341
(0.436)
Ln(Share Population Non-White) 1.508™
(0.534)
Ln(Share 65+ Population Male) 54.848"
(22.401)
Ln(Share 17-64 Population Male) -47.291™
(18.097)
Constant 41.836
(112.156)
N 337
R? 0.164
F Statistic 8.07

“p<0.05 " p<0.01, ™ p<0.001
Table 5: OLS Model d
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A basic comparison of both Model b and Model ¢ to an OLS model that excludes
NHS CCG funding and Local Authority spending (Table 5) highlights their impact on the
all-cause excess mortality rate. We see that the magnitude of the effects on the excess
mortality rate increase for almost all regressors in the Model d; the estimated
coefficients of the variables are overestimated. Including health and social care spending
in the model appears to partly absorb the effects of other factors on mortality rates,
possibly a result of need-based spending that benefits disadvantaged groups to a
relatively greater extent. Interestingly, the effect of the unemployment rate in 2015
becomes statistically significant when spending is not included. However, this does not
necessarily contradict previous research on the negative relationship of long-term, or
historical, unemployment on health outcomes, but could instead suggest that the
welfare-regime in the UK provides enough support to the unemployed to reduce the

consequences on their health (McLeod et al., 2012).

7. Conclusion
Despite the limitations and constraints of Instrumental Variables models, this analysis
has been able to show that both health and social care spending have had significant
effects on the all-cause excess mortality rate throughout the pandemic. An increase in
NHS CCG funding of 10% is associated with 1.874 to 1.448 more deaths per 10,000
people, while the same increase in Local Authority spending is associated with 0.419 to
0.442 fewer deaths per 10,000 people, when controlling for population density and

rural-urban classification, respectively. It seems clear that more government funding for
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Local Authorities is needed to allow them to provide services to the population at a local
level — services that have clear benefits to the most disadvantaged groups, regardless of
ethnicity or gender. Spending on these services indirectly improves health outcomes of
these groups through various mechanisms. Reductions in unemployment rates,
especially for women, lead to increases in income levels and reductions in gender pay
differences. Improvements to healthy life expectancies will allow elderly people to live
independently for longer. These mechanisms are likely to significantly reduce the overall

strain on the NHS.

Increases to NHS CCG funding are likely to improve health outcomes, despite the
positive association with excess mortality rates, provided that the increases to funding
are targeted towards preventative measures of health care. The current need-based
funding methods appear to be the driving force for this surprising positive association

with mortality rates, even when controlling for factors that influence health outcomes.

There are a wide variety of environmental and lifestyle factors that can influence
both historical and current spending on health and social care. Controlling for these
factors is particularly difficult for determining the true impact of the pandemic on the
public and health expenditure gradient in mortality — housing conditions and the
number of people living in a house can vary between both cultures and regions. Cultural
differences between Local Authorities, or even regions, can alter the measured
outcomes on excess mortality rates, either through the population’s behaviour, or the
institutions that implemented policies to minimise transmission of Covid-19, and deaths

from Covid-19 infections. As a simple comparison, as of August 2022 China still requires
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testing prior to international travel and on arrival, with a minimum of 10 days quarantine
(FCDO). The United Kingdom discontinued mass testing and the legal obligation to self-
isolate in the case of a positive Covid-19 test at the end of March 2022, and does not

require anyone flying into the UK to test either before or after arrival (DfT_and DHSC,

2022). Despite the contrasting policy approaches between these two countries, it aims
to highlight the differences that culture or institutions can have on mortality rates and
the different ways in which the excess mortality rate can be influenced through the

health of the population.

Although health and social care spending is the focus of this dissertation, the
findings suggest they are not the biggest contributors to inequalities in all-cause excess
mortality during the Covid-19 pandemic. While health, income and socioeconomic
inequalities appear to be better predictors of mortality rates, health and social care
spending are still important to consider as their spending is target towards reducing the
extent of these inequalities and therefore their impact on mortality. Understanding how
spending has historically targeted the most disadvantaged areas, how funding is
provisioned in the case of Local Authorities in England in particular, and the contexts of
the inequalities discussed in this dissertation, are vital in understanding the mechanisms
through which Covid-19 affects mortality rates with respect to health and social care

spending.
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