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ABSTRACT

Introduction Reductions in local government spending
may have impacts on diets and health which increase

the risk of hospital admissions for nutritional anaemias.
Mechanisms include potential impacts of changes to local
authority (LA) services (eg, housing services) on personal
resources and food access, availability and provision. We
therefore investigated the association between changes
in LA spending and nutritional anaemia-related hospital
admissions. Specifically, we address whether greater
cuts to LA spending were linked to increased hospital
admissions for nutritional anaemias.

Design Longitudinal analysis of LA panel data using
Poisson fixed effects regression models.

Setting 312 LAs in England (2005-2018).

Main exposure Total LA service expenditure per capita
per year.

Main outcome Principal and total nutritional anaemia
hospital admissions, for all ages and stratified by age
(0-14, 15-64, 65+ years).

Results LA service expenditure increased by 9% between
2005 and 2009 then decreased by 20% between 2010
and 2018. Total nutritional anaemia hospital admissions
increased between 2005 and 2018 from 173 to 633
admissions per 100000 population. A £100 higher LA
service spending was associated with a 1.9% decrease
in total nutritional anaemia hospital admissions (adjusted
incidence rate ratio (alRR): 0.98, 95% CI: 0.96 to 0.99).
When stratified by age, this was seen only in adults. A
£100 higher LA service spending was associated with

a 2.6% decrease in total nutritional anaemia hospital
admissions in the most deprived LAs (alRR: 0.97, 95% Cl:
0.95t0 1.0).

Conclusion Increased LA spending was associated with
reduced hospital admissions for nutritional anaemia.
Austerity-related reductions had the opposite effect,
increasing admissions, with greater impacts in more
deprived areas. This adds further evidence to the potential
negative impacts of austerity policies on health and health
inequalities. Among other impacts, re-investing in LA
services may prevent hospital admissions associated with
nutritional anaemias.

INTRODUCTION
Nutritional anaemias related to poor diet are
an important public health issue, increasing
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study uses national data to assess relation-
ships between public sector spending and hospital
admissions.

= A fixed effect panel design allows us to examine
within local authority changes in both exposures
and outcomes.

= However, we examined hospitalisations only, which
does not give a full picture of burden of disease,
as measures such as general practice diagnoses
would.

= The natural experimental design means that we
cannot infer causality and research at the individual
level would assist with this in the future.

in prevalence over recent years. Nutritional
anaemias involve reductions in red blood
cells or their haemoglobin content due to
a low nutritional intake of certain micronu-
trients, particularly iron, vitamin B, and
folate.! Nutritional anaemias are associated
with a range of adverse health outcomes—for
example, iron deficiency anaemia can lead to
poor outcomes in those with coronary heart
disease.? Furthermore, nutrient deficien-
cies, which cause nutritional anaemias, are
important risk factors for diseases through
multiple physiological mechanisms.” * For
example, hospitalisations for iron deficiency
anaemias increased from 67592 in 2008-2009
to 181064 in 2016-2017.° A 2019 report by
the UK House of Commons Environmental
Audit Committee described the presence of
a double burden of malnutrition in the UK,
with overweight and obesity coexisting with
undernutrition, both leading to micronu-
trient deficiencies.’

The increase in hospital admissions for
nutritional anaemias has occurred at the
same time as large cuts to public services in
the UK.’ In 2010, the UK government intro-
duced austerity policies which led to consid-
erable changes to the UK benefits system and
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reductions in local authority (LA) funding and service
expenditure.” ® Reductions in LA funding had greater
impacts in urban and more deprived councils, especially
in the north of England, leading to differential impacts
on the wide range of services that LAs provide.”! These
services include social care, housing, highways and
transport, environment and regulatory and planning
and development services.'" Systematic review evidence
demonstrates that these services may be important in
improving the social determinants of health and health
inequalities.'* Research reports have found that reduc-
tions to LA service spending may have had negative
impacts on health and widened health inequalities."
For example, a £100 decrease in annual LA funding per
person has been associated with a decrease in life expec-
tancy at birth of 1.2-1.3 months between 2013 and 2017."*

The relationship between changes in local govern-
ment spending and risk of nutritional anaemia is unclear.
Much of the extant research on nutritional impacts of
austerity policies in the UK has focused on foodbank use
and not other potential outcomes such as hospital admis-
sions.'” Risk of nutritional anaemias caused by poor diets
may be plausibly impacted by changes to public sector
spending through a range of different mechanisms.
Decreases in adult social care expenditure, particularly in
more deprived LAs, may have led to fewer residential and
domiciliary care placements, which could have precipi-
tated changes in food provision to vulnerable people if
they are not able to access the food provided through
such care placements.'® Decreases in Meals on Wheels
services, lunch clubs and other food provision may also
have a similar effect.'” '® These services have been shown
to be important in providing vulnerable adults with the
calories and nutrients that they need, preventing malnu-
trition.'? * Thus, decreases in these services may directly
lead to increases in nutritional anaemias in these indi-
viduals due to deficits in nutrients. Fewer carers visiting
homes may also lead to issues with food acquisition as indi-
viduals may rely on carers for shopping, which may also
lead to changes in food intakes and potential nutritional
anaemias. Changes to LA environmental and regulatory
spending and planning and development spending may
influence access and availability of foods through changes
to local businesses, hygiene inspections and food regula-
tion, which may also lead to changes in food purchasing,
particularly takeaways.'

There are also pathways which may indirectly lead to
reductions in micronutrient consumption and nutri-
tional anaemias. Through factors including less housing
advice and support, less money spent on housing renewal,
poorer quality homes and lower spending on homeless-
ness, reductions in LA housing service spending may
lead to trade-offs between housing costs and paying for
other items, including healthy food, due to a reduction
in personal resources.” * As micronutrientrich foods
such as fruits and vegetables tend to be more expensive
than ultra-processed foods which are generally low in
micronutrients, these changes in resources may indirectly

lead to nutritional anaemias through changes in types of
foods purchased and consumed.** Lower LA highways
and transport spending may have similar impacts on
personal resources and therefore food purchasing due
to increased costs of public transport.'" * ** Decreases in
highways and transport spending may also lead to reduc-
tions in public transport (eg, number of different routes,
number of buses per day).!" ***® This may adversely affect
individuals’ access to supermarkets, potentially leading to
decreases in nutritious foods, increases in ultra-processed
foods and increases in takeaways.”” ** Finally, a decrease
in money spent on cultural services (including recre-
ation and sport, library services, culture and heritage
and open spaces) may indirectly lead to micronutrient
depletion through changes to lifestyle (such as physical
activity) and potential increases in stress and mental
health issues, though further research is needed in this
area.”!  Thus, there are a number of potential pathways
which may influence diagnoses of nutritional anaemias
(figure 1). We therefore aimed to investigate the associ-
ation between changes to LA service spending and prin-
cipal and total nutritional anaemia hospital admissions in
LAs in England. Given the role of LAs in addressing the
social determinants of health, we hypothesise that effects
may be stronger in more deprived LAs and those experi-
encing greater reductions in working age benefits.

METHODS

Data

Exposure variables

The time period for our analysis was 2005-2018.
Annual LA service expenditure is reported by the
Ministry of Housing, Communities and Local Govern-
ment, compiled and freely available from the Place-
based Longitudinal Data Resource (PLDR) for 326
LAs.”% These data are based on financial years rather
than calendar years. We used net expenditure data for
lower tier LLAs, which excludes income from services.
The Islands of Scilly and the City of London were not
included due to small populations, and an additional
12 LAs were excluded due to missing covariate data.
We calculated total net LA expenditure excluding
police services and fire and rescue services (as these are
funded by separate grants and precepts and provided
by separate authorities), education services (due to
changes in schooling provision over the study period),
public health services (due to data not being available
for all years due to changes in LA responsibilities)
and court services (due to data not being available for
all years).”” All data were adjusted for inflation using
the Consumer Price Index with 2015 as the reference

38
year.

Outcome variables

Hospital Episode Statistics (HES) is a database of all
National Health Service (NHS) hospitals’ admissions,
Accident and Emergency attendances and outpatient
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Figure 1 Logic model of potential pathways through which changes to LA spending may affect nutritional anaemias. LA, local
authority.

appointments in England.” For this study, we used
yearly LA-level counts of inpatient or day-case admis-
sions of nutritional anaemias in NHS hospitals avail-
able as safeguarded data sets from the PLDR.*"™*
These were iron deficiency anaemia (excluding iron
deficiency anaemia due to blood loss), vitamin B, defi-
ciency anaemia, folate deficiency anaemia and other
nutritional anaemias by LA. We obtained principal
nutritional anaemia hospital admissions data where
the nutritional anaemia was the ‘condition established
after study to be chiefly responsible for occasioning the
admission of the patient to the hospital for care’.** We
also obtained data for hospital admissions where nutri-
tional anaemias are a secondary diagnosis, an addi-
tional condition that an individual may have during a
hospital admission for a different principal diagnosis.
These were given by each age (0-14, 15-64, 65+) or
sex group individually. We aggregated these data to
obtain principal nutritional anaemia hospital admis-
sions and total nutritional anaemia hospital admissions
(consisting of both principal and secondary diagnoses).
In this paper, we focus on total nutritional anaemia
hospital admissions as they key outcome for a number
of reasons, including (1) principal nutritional anaemia
hospital admissions are relatively uncommon, and thus
total nutritional anaemia hospital admissions are more
reflective of the burden of nutritional anaemias in the

population and (2) the multisystem impact of nutri-
tional anaemias means that the primary diagnoses
may be considered to be a manifestation of nutritional
anaemias as they led to the patient being ill enough
to seek medical care. We used annual LA population
estimates from the Office for National Statistics (ONS)
to generate admission rates per 100000 population.*’

For sensitivity analyses, we also obtained counts of
nutritional anaemia admissions excluding those along-
side a principal or secondary diagnosis of another
condition that may cause nutritional deficiencies,
such as cachexia, malabsorption, malignancies and
diabetes (full list in online supplemental appendix
1). As with the main outcome variable above, these
data were obtained stratified by age or sex. These data
were also aggregated to obtain principal and total (ie,
principal and secondary) nutritional anaemia hospital
admissions.

In the regression models we adjusted for the propor-
tion of the LA population that is working age, propor-
tion of LA population that is male, gross disposable
household income (GDHI) and unemployment rate.
The proportion of LA population that was working
age (aged 15-64) and male were calculated from ONS
data.” These covariates were included to account for
differences in changing LA demographics. We obtained
GDHI data, an area-level measure of individuals’
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available money for spending or saving following
payment of taxes and receipt of benefits, adjusted for
inflation, from the ONS.* LA unemployment rates were
also obtained from the ONS, who calculate them based
on a model using estimates from the Labour Force
Survey and counts of people claiming unemployment
benefits.*” GDHI and unemployment rate were used
as markers of available household resources at the LA
level. Time invariant factors were not adjusted for as
they were removed by the fixed effects model, however,
we also obtained Index of Multiple Deprivation (IMD)
and level of reductions in working-age benefits as they
were identified a priori as potential effect modifiers.
IMD 2015 was obtained from the Ministry of Housing,
Communities and Local Government.” We used the
population-weighted rank of average rank of LAIMD to
make quintiles of relative deprivation. We also used the
Uneven Impact of Welfare Reform data set (provided
by its authors) which estimated the cumulative reduc-
tions in working-age people’s benefits for each LA
due to welfare reforms since 2010.* Previous research
has found strong associations between reductions in
welfare benefits and clinical outcomes.”’ We derived
quartiles of this variable to assess level of reductions
to working-age benefits as a potential effect modifier.

Analyses

We descriptively examined total LA service expendi-
ture in 2005, 2010 and 2018, including differences
by covariates and proposed effect modifiers. We also
calculated percentage changes before (2005-2009)
and after (2010-2018) the introduction of austerity
measures. We tabulated mean principal and total
nutritional anaemia hospital admissions for the full
sample and stratified by age group, presented as rates
per 100000 population, and plotted their change over
time. We also plotted change over time stratified by
Sex.

We used a Poisson fixed effects panel regression
approach for the main analysis. Panel regression
models can be used to investigate LA units over time
while taking data clustering over time into account.”
Poisson fixed effects regression was used as a robust
approach to modelling count panel data.”® We used
cluster robust SEs to adjust for potential autocorrela-
tion and heteroskedasticity.”> We also created dummy
variables for each year and used them to account for
England-wide time effects. LA population was used as
an offset variable to account for population size. For
our primary analysis, we undertook a Poisson fixed
effects analysis to investigate the relationship between
total LA service spending and total nutritional anaemia
hospital admissions. We present adjusted models (with
covariates as proportion of the LA population that is
working age, proportion of the LA population that
is male, GDHI and unemployment rate). We also
subsequently stratified by IMD quintiles and level of
benefit reductions quartiles to test a priori hypotheses

regarding effect modification. We undertook analyses
stratified by age and sex. We separately analysed prin-
cipal nutritional anaemia hospital admissions as the
outcome, with adjusted and stratified Poisson models
as above.

We also undertook two sensitivity analyses. In the
first, we used as the outcome variable total nutritional
anaemia hospital admissions excluding admissions
alongside a diagnosis of another condition which may
cause a nutritional deficiency. While public sector
spending reductions could cause or exacerbate this
wider set of conditions, this sensitivity analysis focuses
on diagnoses of being admitted for nutritional anaemia
rather than with it. In the second sensitivity analysis, we
excluded social care expenditure from the exposure
variable. Unlike most areas of LA service expenditure,
some LAs had to increase their social care expendi-
ture after 2010 due to demand. Thus, LAs with higher
spending on social care may have higher levels of nutri-
tional anaemias, which may lead to issues of reverse
causality when social care is included in the exposure
variable.”* Our sensitivity analysis investigated the rela-
tionship between LA spending excluding social care
and total nutritional anaemia hospital admissions.

Patient and public involvement

Plans for this research were presented to a committee
of three public experts in November 2020. The public
experts provided feedback on the research plans and
appropriate changes were made following the meeting.

RESULTS

On average, LA service spending increased by 9%
between 2005 and 2009, and then decreased by 20%
between 2010 and 2018 (table 1). Mean total LA
spending per year is plotted in online supplemental
appendix 2. Between 2005 and 2009, LAs in Yorkshire
and the Humber (16%), the East Midlands (15%)
and the North West (14%) increased expenditure the
most, while London (4%) and the South East (5%)
increased expenditure the least. However, LAs with the
highest unemployment rates decreased expenditure
between 2005 and 2009. Following 2010, London had
the greatest decrease of 31%, followed by the Northern
regions (a 27% decrease for the North Eastand 21% for
both the North West and Yorkshire and the Humber).
More deprived LAs experienced greater cuts (28% in
the most deprived quintile compared with 12% for the
least deprived quintile). Greater reductions were also
seen in areas with higher unemployment rates and
larger reductions to working age benefits.

Total nutritional anaemia hospital admissions have
increased since 2005, from 173 per 100000 popula-
tion in 2005 to 632 per 100000 population in 2018
(figure 2). Total nutritional anaemia hospital admis-
sions in 65+ adults increased between 2005 and 2010,
with the rate of increase slowing between 2010 and
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Table 1 Mean LA service expenditure in 2005, 2010 and 2018 and percentage change, stratified by socio-demographic
variables
Total per capita LA Total per capita LA  Total per capita LA Change Change Change
spending 2005 spending 2010 spending 2018 2005-2009 2010-2018 2005-2018
Total 845.4 (237.4) 861.6 (202.7) 690.9 (103.4) +9.2 -19.8 -18.3
Region
North East 1007.0 (153.9) 1060.7 (166.8) 776.7 (78.6) +11.5 -26.8 -22.9
North West 882.7 (192.5) 943.9 (187.0) 741.7 (82.9) +14.4 -21.4 -16.0
Yorkshire and the 773.1 (106.5) 839.5 (119.4) 661.7 (77.1) +16.1 -21.2 -14.4
Humber
East Midlands 705.0 (64.3) 776.7 (111.0) 620.0 (72.0) +14.5 -20.1 -12.1
West Midlands 770.2 (98.7) 768.7 (120.3) 655.8 (73.1) +5.5 -14.7 -14.9
London 1399.2 (272.7) 1263.1 (236.8) 870.0 (128.1) +3.6 -31.1 -37.8
South West 767.9 (64.2) 805.0 (74.5) 678.9 (52.0) +10.0 -15.7 -11.6
East of England 764.0 (48.9) 801.7 (49.9) 658.3 (42.1) +11.1 -17.9 -13.8
South East 754.0 (81.3) 742.9 (75.1) 651.6 (61.9) +4.7 -12.3 -13.6
Percentage male
<48.7% 825.5 (169.8) 851.5 (172.3) 687.6 (86.2) +10.0 -19.3 -16.7
48.7%-49.1% 855.1 (240.0) 859.5 (192.8) 658.8 (71.0) +8.0 -23.4 -23.0
49.1%-49.5% 811.2 (201.6) 834.0 (173.9) 674.7 (85.1) +9.6 -19.1 -16.8
>49.5% 907.9 (350.1) 906.6 (262.9) 725.5 (131.7) +8.2 -20.0 -20.1
Percentage working age
<62.6% 761.2 (60.2) 786.8 (73.6) 659.6 (69.7) +8.4 -16.2 -13.4
62.6%-64.5% 782.8 (141.0) 771.7 (111.8) 687.7 (84.2) +4.0 -10.9 -12.2
64.5%-66.3% 786.7 (117.9) 838.9 (153.9) 700.7 (93.1) +13.2 -14.5 -10.9
>66.3% 985.5 (347.5) 995.5 (275.0) 812.2 (151.8) +7.6 -18.4 -17.6
GDHI per capita®
<£15892 884.8 (198.6) 956.1 (174.3) 740.0 (94.0) +13.7 -22.6 -16.4
£15 892-£18346 782.9 (154.5) 795.8 (94.7) 659.9 (72.3) +11.7 -17.1 -15.7
£18 346-£21422 824.6 (245.3) 816.3 (173.0) 656.8 (67.0) +6.0 -19.5 -20.4
>£21422 893.9 (320.5) 891.9 (297.1) 708.5 (123.8) +7.2 -20.6 -20.7
Unemployment rate
<3.8% 722.9 (48.7) 785.9 (75.8) 658.2 (70.2) +19.9 -16.3 -9.0
3.8%-5.1% 802.5 (117.0) 732.2 (58.6) 690.2 (92.8) -2.1 -5.7 -14.0
5.1%-6.8% 926.7 (177.4) 761.0 (83.8) 801.8 (141.5) -12.3 +5.4 -13.5
>6.8% 1352.3 (335.9) 972.6 (227.9) 842.4 (64.0) -22.8 -13.4 -37.7
IMDt
1 (most deprived) 1068.2 (326.0) 1084.2 (242.4) 782.5 (121.7) +10.6 -27.8 -26.8
2 883.2 (246.4) 914.2 (201.6) 713.0 (116.2) +10.5 -22.0 -19.3
3 798.0 (136.5) 809.0 (97.1) 664.0 (54.3) +7.6 -17.9 -16.8
4 746.4 (120.1) 769.5 (102.1) 647.3 (74.5) +10.1 -15.5 -13.3
5 (least deprived) 732.1 (89.6) 733.1 (82.6) 648.0 (62.0) +6.8 -11.6 -11.5
Level of reductions to working age benefits per capita
1 (<£457) 726.6 (84.4) 731.3 (82.1) 643.6 (65.9) +7.4 -12.0 -11.4
2 (£457-£575) 805.8 (222.8) 819.3 (186.4) 675.5 (96.0) +8.6 -17.6 -16.2
3 (£575-£690) 868.8 (261.0) 885.8 (197.0) 694.2 (107.6) +9.2 -21.6 -20.1
4 (>£690) 985.3 (262.5) 1013.4 (208.1) 751.7 (108.8) +11.3 -25.8 -23.7

*GDHI is gross disposable household income per capita per year, an area-level measure of individuals’ available money for spending or
saving following payment of taxes and receipt of benefits.

TIMD, quintiles based on relative ranking of LAs.

IMD, Index of Multiple Deprivation; LA, local authority.

Jenkins R, et al. BMJ Open 2022;12:6059739. doi:10.1136/bmjopen-2021-059739

“1ybBuAdoa Aq paroslold 1sanb Aq £20Z ‘6T 1Mdy uo jwoo fwag uadolwa,/:dny woiy papeojumoq "Zz0z Joquaidas 6z Uo 6£2650-TZ0Z-uadolwa/oeTT 0T Se paysignd 1sii :uado NG


http://bmjopen.bmj.com/

Rate of principal nutritional anaemia hospital admissions excluding
those alongside other conditions which may cause nutritional deficiencies
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2013, and then increasing more steeply between
2014 and 2018. Rate of admissions in 65+s was 684
per 100 000 population in 2005 and 2103 per 100 000
in 2018. There was also an increase throughout the
study period for 15-64 year olds, from 88 per 100 000
population in 2005 to 364 per 100000 population.
Total nutritional anaemia hospital admissions also
increased slightly in 0-14s between 2005 and 2018,
from 19 to 57 admissions per 100000 population.
Rates of admissions also increased for both men
and women when stratified by sex, and women had
a higher rate of nutritional anaemias than men
(figure 3).

In 2018, the rate of principal nutritional anaemia
hospital admissions was 236 per 100000 population
(table 2). Rates increased with age (11 per 100000 popu-
lation for 0-14s, 154 for 15-64s and 717 for 65+s). The
rate of total nutritional anaemia hospital admissions in
2018 was 632 per 100000 population. Rates of total nutri-
tional anaemia hospital admissions also increased with
age—rates were relatively low in children (57 per 100000
population) but were 364 and 2102 per 100000 popula-
tion in adults (15-64 and 65+, respectively). Principal and
total nutritional anaemia hospital admissions increased
with deprivation for all age groups. Rates of admissions
increased with unemployment and level of benefit reduc-
tions and decreased with GDHI.
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Rates of principal and total nutritional anaemia hospital admissions by year, stratified by age. LA, local authority.

Poisson fixed effects analysis of the association between
total LA service spending and principal and total nutritional
anaemia hospital admissions
A £100 per capita higher LA service spending was associ-
ated with 1.9% lower total nutritional anaemia hospital
admissions (adjusted incidence rate ratio (IRR): 0.981,
95% CI: 0.964 to 0.999) (table 3). This relationship
was only statistically significant in adults aged =15
years. A £100 higher LA service spend per capita was
associated with 2.2% lower total nutritional anaemia
hospital admissions in the adjusted model for people
aged 15-64, and 2.1% lower rates in 65+, respectively
(IRR for 15-64: 0.978, 95% CI: 0.959 to 0.998; IRR for
65+: 0.979, 95% CI: 0.960 to 0.997). When stratified by
IMD, this relationship was statistically significant in the
first (most deprived) (adjusted IRR for all age groups:
0.974, 95% CI: 0.951 to 0.998) and fourth (adjusted IRR
for all age groups: 0.883, 95% CI: 0.831 to 0.939) quin-
tiles. This persisted in adults. When stratified by level
of reductions to working age benefits, this relationship
was present in the second quartile (adjusted IRR for all
age groups: 0.963, 95% CI: 0.935 to 0.991) and fourth
quartile for 65+ (adjusted IRR for 65+: 0.973, 95% CI:
0.947 to 0.999).

When we investigated this relationship stratified by
sex, we found that this relationship was statistically
significant for men only (table 4) (online supplemental
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Figure 3 Rates of principal and total nutritional anaemia hospital admissions by year, stratified by sex. LA, local authority.

appendix 3). A £100 per capita higher LA service
spending was associated with 2.5% lower total nutri-
tional anaemia admissions in men (adjusted IRR 0.975,
95% CI: 0.957 to 0.993). Similarly to above, the relation-
ship was statically significant in the first (adjusted IRR:
0.968, 95% CI: 0.944 to 0.993) and fourth (adjusted
IRR: 0.872, 95% CI: 0.817 to 0.932) IMD quintiles for
men, but none of the results were statistically signifi-
cant for women when stratified by IMD. When strati-
fied by reductions to working age benefits, higher LA
spending was statistically significantly associated with
lower hospital admissions for nutritional anaemias
in the second (adjusted IRR: 0.955, 95% CI: 0.926 to
0.985) and fourth (adjusted IRR: 0.970, 95% CI: 0.942
to 1.000) quartiles for men only.

When we investigated this relationship with principal
rather than total nutritional anaemia hospital admissions
as the outcome, this relationship was no longer statisti-
cally significant (adjusted IRR: 0.987, 95% CI: 0.963 to
1.011) (online supplemental appendix 4). LA spending
was not statistically significantly associated with prin-
cipal nutritional anaemia hospital admissions in any of
the age groups: 0-14 (adjusted IRR: 0.996, 95% CI: 0.945
to 1.051), 15-64 (adjusted IRR: 0.986, 95% CI: 0.957 to
1.015) and 65+ (adjusted IRR: 0.983, 95% CI: 0.957 to
1.009). When stratified by IMD, a statistically significant
relationship was present for the fourth quintile only (eg,
IRR for all ages: 0.838, 95% CI: 0.759 to 0.925).

Sensitivity analysis: excluding diagnoses which may cause a
nutritional deficiency

The increase in nutritional anaemias over time (figure 2)
was much less steep when nutritional anaemia admissions
alongside a diagnosis of a condition which may cause a
nutritional deficiency were excluded (online supple-
mental appendix 5). When nutritional anaemia hospital
admissions that were alongside a principal or secondary
diagnosis of another condition which may cause a nutri-
tional deficiency were excluded in the Poisson regression
analysis, generally the relationship between LA spending
and total nutritional anaemia hospital admissions was not
statistically significant (eg, adjusted IRR for all age groups:
0.991, 95%CIL: 0.974 to 1.009) (online supplemental
appendix 6). There were some significant relationships
in the middle IMD and level of reductions to working age
benefits (eg, adjusted IRR for quintile 2 of reductions to
working age benefits for 15-64: 0.960, 95% CI: 0.924 to
0.997).

Sensitivity analysis: total LA service expenditure excluding
social care

When social care was excluded from the exposure vari-
able, a £100 increase in LA service spending was associ-
ated with a 4.0% decrease in total nutritional anaemia
hospital admissions (adjusted IRR: 0.960, 95% CI: 0.939
to 0.982) (online supplemental appendix 7). This rela-
tionship remained in the 15-64 age group (adjusted IRR
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Table 3 Association between LA service spending and total nutritional anaemia hospital admissions, shown as the incident

rate ratio and stratified by age (95% Cls in brackets)

Incidence rate ratio for total nutritional anaemia hospital admissions by LA with a £100
increase in total LA service spending

All ages

0-14

15-64

65+

Full sample*

IMDt
1 (most deprived)

5 (least deprived)

0.981 (0.964 to 0.999)
p=0.038

0.974 (0.951 to 0.998)
p=0.032

0.991 (0.949 to 1.035)
p=0.678

1.016 (0.976 to 1.058)
p=0.431

0.883 (0.831 to 0.939)
p<0.001

1.011 (0.955 to 1.070)
p=0.712

0.974 (0.904 to 1.050)
p=0.488

0.943 (0.834 to 1.066)
p=0.348

1.030 (0.980 to 1.082)
p=0.251

1.032 (0.938 to 1.135)
p=0.524

0.929 (0.790 to 1.092)
p=0.371

1.014 (0.860 to 1.195)
p=0.870

Level of reductions to working age benefits per capita

1 (lowest reductions)

1.011 (0.961 to 1.063)
p=0.680

0.963 (0.935 to 0.991)
p=0.010

0.992 (0.952 to 1.032)
p=0.671

4 (greatest reductions) 0.975 (0.949 to 1.003)

p=0.077

1.013 (0.877 to 1.170)
p=0.864

0.955 (0.889 to 1.026)
p=0.208

1.029 (0.928 to 1.141)
p=0.587

0.935 (0.824 to 1.061)
p=0.294

0.978 (0.959 to 0.998)
p=0.033

0.971 (0.943 to 0.999)
p=0.043

0.999 (0.957 to 1.043)
p=0.960

1.019 (0.968 to 1.073)
p=0.472

0.851 (0.792 to 0.915)
p<0.001

0.989 (0.922 to 1.063)
p=0.768

1.000 (0.946 to 1.056)
p=0.985

0.954 (0.920 to 0.989)
p=0.010

0.995 (0.955 to 1.036)
p=0.803

0.973 (0.941 to 1.006)
p=0.104

0.979 (0.960 to 0.997)
p=0.024

0.974 (0.950 to 0.999)
p=0.038

0.982 (0.936 to 1.030)
p=0.452

1.006 (0.966 to 1.047)
p=0.779

0.891 (0.838 to 0.946)
p<0.001

1.018 (0.966 to 1.072)
p=0.505

1.013 (0.962 to 1.067)
p=0.616

0.963 (0.935 to 0.992)
p=0.012

0.985 (0.942 to 1.030)
p=0.500

0.973 (0.947 to 0.999)
p=0.043

*Adjusted by percentage working age, percentage male, GDHI and unemployment rate.

TIMD, quintiles based on relative ranking of LAs.

GDHI, gross disposable household income ; IMD, Index of Multiple Deprivation ; LA, local authority.

for 15-64: 0.958, 95% CI: 0.934 to 0.983) and the 65+
age group (adjusted IRR for 65+: 0.958, 95% CI: 0.936
to 0.980) when stratified by age. Statistically significantly
greater reductions in nutritional anaemias were seen in
the first and fourth IMD quintiles, suggesting effect modi-
fication by deprivation. Little effect modification was seen
by level of reductions to working age benefits.

DISCUSSION

This analysis of data from 2005 to 2018 found that
reductions in spending due to austerity policies may
have increased nutritional anaemia hospital admissions,
especially in more deprived areas. LA service spending
increased by 9% between 2005 and 2009 then decreased
by 20% between 2010 and 2018, following the introduc-
tion of austerity policies in 2010. Total nutritional anaemia
hospital admissions also increased between 2005 and
2018. We found that a £100 higher LA service spending
was associated with 1.9% lower total nutritional anaemia
hospital admissions. This was driven by admissions in
adults. A 2.6% lower admission rate was seen with a £100
higher expenditure in the most deprived LAs, suggesting
greater impacts by deprivation, especially since these LAs

experienced greater service spending reductions overall
(a 28% reduction was seen in the most deprived quin-
tile compared with a 12% reduction in the least deprived
quintile between 2010 and 2018). However, we also found
that a £100 higher expenditure was statistically signifi-
cantly associated with a reduction in admissions in quin-
tile 4 (one of the least deprived quintiles), suggesting
that there may be impacts across the spectrum of LAs in
terms of deprivation. Regardless of the relative effects of
spending across levels of deprivation, the far greater cuts
to spending in more deprived areas mean the absolute
impact on nutritional anaemias will have been felt dispro-
portionately in these areas.

We found that total nutritional anaemia hospital admis-
sions increased between 2005 and 2018. This aligns
with previous research suggesting decreases in micro-
nutrient consumption and corresponding increases in
nutritional anaemias in the UK. * *® We identified an
overall increase in total nutritional anaemia hospital
admissions which plateaued between 2010 and 2013, and
then increased again. Research has found that between
2007 and 2011 the percentage of patients known to have
had nutritional screening increased from 67-78% to
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Table 4
stratified by sex (95% Cls in brackets)

Impact of LA service spending on total nutritional anaemia hospital admissions, shown as the incident rate ratio and

Incidence rate ratio for total nutritional anaemia hospital admissions by LA with a £100
increase in total LA service spending

Male

Female

All ages
Full sample* 0.981 (0.964 to 0.999) p=0.038
IMDt
1 (most deprived) 0.974 (0.951 to 0.998) p=0.032
2 0.991 (0.949 to 1.035) p=0.678
8 1.016 (0.976 to 1.058) p=0.431
4 0.883 (0.831 to 0.939) p<0.001

5 (least deprived) 1.011 (0.955 to 1.070) p=0.712
Level of reductions to working age benefits per capita

1 (lowest reductions) 1.011 (0.961 to 1.063) p=0.680

2 0.963 (0.935 to 0.991) p=0.010
3 0.992 (0.952 to 1.032) p=0.671
4 (greatest reductions) 0.975 (0.949 to 1.003) p=0.077

0.975 (0.957 to 0.993) p=0.007

0.968 (0.944 to 0.993) p=0.012
0.988 (0.947 to 1.030) p=0.563
1.009 (0.962 to 1.058) p=0.707
0.872 (0.817 to 0.932) p<0.001
1.001 (0.936 to 1.071) p=0.967

1.013
0.955
0.983
0.970

0.962 to 1.067
0.926 to 0.985
0.944 to 1.024
0.942 to 1.000

p=0.623
p=0.004
p=0.419
p=0.048

—_ = = | =
—_— =

0.992 (0.974 to 1.010) p=0.358

0.980 (0.956 to 1.005) p=0.118
1.005 (0.962 to 1.050) p=0.818
1.032 (0.989 to 1.076) p=0.151
0.902 (0.851 to 0.956) p<0.001
1.029 (0.967 to 1.094) p=0.367

1.020 (0.962 to 1.083) p=0.506
0.981 (0.951 to 1.011) p=0.210
0.999 (0.960 to 1.040) p=0.960
0.986 (0.957 to 1.015) p=0.330

*Adjusted by percentage working age, percentage male, GDHI and unemployment rate.

TIMD, quintiles based on relative ranking of LAs.

GDHI, gross disposable household income ; IMD, Index of Multiple Deprivation ; LA, local authority.

86-95%.%7 Therefore, the increase in nutritional anaemia
hospital admissions between 2005 and 2010 may be an
artefact of increased screening over this period, with the
plateau over the following years representing nutritional
screening reaching near-saturation of hospital admis-
sions. Given that nutritional screening was approaching
saturation as austerity was being rolled out, an increase in
nutritional anaemias after 2010—during austerity—may
be in part explained by changes in LA spending as per
our hypothesis.

We found that the impact of LA spending on nutritional
anaemia admissions was statistically significant in men but
not women. This may be due to biological mechanisms—
men have higher dietary reference values than women for
most micronutrients (with the exception of iron to cover
for iron losses during menstruation for women), although
there is a lack of nuance in these reference values with
regards to more subtle differences in growth and matu-
ration rates and health vulnerabilities.”® Analyses of UK
National Diet and Nutrition Survey data have found that
women were more vulnerable than men to micronutrient
deficiencies. It is possible that some women vulnerable
to micronutrient deficiencies were already likely to be
admitted with nutritional anaemias prior to austerity poli-
cies, particularly due to monitoring during pregnancy,
whereas these impacts may have pushed men who were
vulnerable to deficiencies into being admitted with nutri-
tional anaemias. With regards to differences in causal
pathways, it has been suggested that women have been
more affected by the UK government’s austerity policies
than men.” Thus, we might have expected to see greater
or more statistically significant effects in women. Further

individual level research, taking into account causal path-
ways, is needed to understand these sex differences.

Our study suggests that these decreases in LA service
spending may have health impacts. This supports other
studies which suggest that decreases in LA service
spending may adversely affect health and mortality."* ®
Our research adds new evidence that there may be asso-
ciations with nutritional anaemias in addition to other
health outcomes previously examined. As nutritional
anaemias are important risk factors for diseases, this may
be one pathway through which reductions in LA service
expenditure may be associated with health. More deprived
areas also experienced greater reductions in LA service
spending, meaning the absolute increase in nutritional
deficiencies attributable to service spending cuts will have
been greater in more deprived areas, which already have
greater health needs. This aligns with other evidence that
austerity measures had a greater impact in more deprived
areas and may have widened health inequalities due to
the role of LA services in improving the social determi-
nants of health.”'"'*?

This research has several strengths. We are the first to
examine associations between austerity policies and nutri-
tional anaemia hospital admissions. We used a large panel
data set with coverage of all NHS hospitals for 312 LAs in
England, over a long time period (2005-2018). We used a
fixed effects modelling strategy and were able to account
for all time-invariant factors that differ between LAs and
changing population sizes, allowing us to assess within-LA
change in hospital admissions over time. Furthermore,
our sensitivity analysis found a stronger relationship
between total LA service spending and total nutritional
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anaemia hospital admissions when social care spending
was excluded. This suggests that social care spending may
be blunting the relationship between LA service spending
and total nutritional anaemia hospital admissions, likely
due to higher levels of nutritional anaemias requiring
higher levels of social care spending.”* This further
supports our hypothesis that austerity measures may have
led to increased nutritional anaemia hospital admissions.

Our study also has some limitations. As previously
described, we used counts of nutritional anaemia
hospital admissions, which may be an artefact of hospital
processes such as more screening leading to more diag-
noses. As we used data on hospital admissions, we did
not examine diagnoses bygeneral practice, which may
give a more complete picture of potential impacts on
nutritional anaemias at the population level. We were
also unable to break admissions down by severity, or to
access data from laboratory tests, which may have picked
up more cases of anaemia than were coded in the HES
data. Further research could usefully explore these issues,
as well as potential impacts of anaemia on the need for
transfusions. Furthermore, the relationship we have
described was only statistically significant when total
nutritional anaemia hospital admissions were included
as the outcome measure and not when principal nutri-
tional anaemia hospital admissions were the outcome.
Therefore, it is possible that the relationship seen may
be a result of LA service spending being associated with
increases in people accessing hospitals for other health
conditions and nutritional anaemias also being present,
leading to more total nutritional anaemia hospital admis-
sions which would otherwise have been in the community
and undiagnosed. One possibility is that such increases
in hospital access may be due to more general impacts of
austerity policies on health outcomes. Additionally, our
exposure data were per financial year and our outcome
data were per calendar year, representing a potential
mismatch in time periods assessed. Another limitation is
that we did not obtain outcome data by both age and sex.

Sensitivity analyses excluding hospital admissions
alongside a medical condition which may cause a nutri-
tional deficiency did not identify a relationship between
LA service spending and total nutritional anaemia
hospital admissions. This suggests that the relationship
between LA spending and nutritional anaemia hospital
admissions is driven by changes in the prevalence of
these other conditions. The degree to which nutritional
anaemias may be caused by other medical conditions is
difficult to assess in routine data without more detailed
clinical parameters and we excluded a range of common
conditions such as cancers and type 2 diabetes where
nutritional deficiencies are common. These diseases
have a nutritional component, particularly with regards
to their association with obesity, and thus may represent
wide-ranging impacts of austerity policies on nutrition in
terms of both nutritional anaemias and chronic disease.
Together our analyses suggest that the burden of nutri-
tional anaemias is increasing over time and that this is

more apparent in areas with greater levels of deprivation,
greater levels of medical comorbidity and potentially in
areas with more severe reductions in LA spending.”'

Our panel study suggests that reductions in LA service
spending due to UK austerity policies may be associated
with an increase in nutritional anaemias. This adds further
evidence to the growing evidence base regarding poten-
tial impacts of these policies on health and health inequal-
ities. Nutritional anaemias have wide-ranging impacts on
health. Thus, policymakers should consider associations
between fiscal policies and health prior to their introduc-
tion. This is particularly pertinent given the budget deficit
as well as possible further reductions in LA budgets along-
side tax rises coupled with an emerging cost of living
crisis. In the context of the proposed levelling-up agenda
in England, this study adds more evidence to support
the need for reinvestment in LA services as a means to
improve population health outcomes and reduce health
inequalities.” Nutritional anaemias fell between 2005 and
2009, a period of a national health inequalities strategy
in England which entailed sustained investment in LAs,
the NHS, prevention and the welfare system (including
tax credits, supplemental funds for pregnant women and
increases in the national pension).* Policymakers should
draw on this past success and consider including health
outcomes in the allocation criteria for levelling-up invest-
ments.’* Indeed, a national health inequalities strategy is
once more needed to level up health across the country.
However, individual-level research is needed to eluci-
date pathways between changes to LA service spending
and nutritional anaemias, particularly with regards to
different areas of LA service spending.

Conclusion

Overall our analyses conclude that increased LA spending
was associated with reduced hospital admissions for nutri-
tional anaemia, with austerity having the opposite effect.
This research adds to other accumulating evidence of the
negative impacts of austerity and the importance of main-
taining and increasing public sector spending.
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