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GRAPHICAL ABSTRACT

Care processes and outcomes of deprivation across the clinical course of kidney
disease: findings from a high-income country with universal healthcare

This study contrasts the extent and consequences of inequity of care among people newly presenting

oA across the full clinical course of kidney disease, independent of comorbidities.
Methods Care processes — people in deprived areas...
% Routine. population data =, Present more l Less blood More missed
TzZaln  Grampian, UK @ urgently monitoring X appointments
o
| | Follow up: 2011-2021 @ @ !
’ Health outcomes HR kidney failure HR death
Incident presentafions: Incident eGFR<60  1.48(117-1.87)  1.21 (1.14-1.28)
oGFR < 60 [n = 51,190) ncident e ’ 17-1. . J14-1.
eGFR < 45 (n = 32,171) Incident eGFR < 45 1.29 (1.07-1.57) 1.13 (1.06-1.20)
eGFR <30 (n=17781) Incident eGFR<30  1.09 (0.93-1.28) 1.11 (1.04-1.29)
AKI (n=41,313) Incident AKI 1.12 (0.95-1.33) 1.18 (1.13-1.25)
C . Even with universal healthcare, serious and consistent inequities of kidney care exist.
onclusion .. . B .
The associations with poor outcomes are most marked earlier in the disease course.
Y - Sawhney, S. et al. NDT (2022)
‘?I::I;I:IP?.ANTA‘I‘ION @NDTSocial
ABSTRACT Methods. This population study of Grampian (UK) fol-

lowed incident presentations of acute kidney injury (AKI)
and incident estimated glomerular filtration rate (eGFR)
thresholds of <60, <45 and <30 mL/min/1.73 m? in

Background. No single study contrasts the extent and
consequences of inequity of kidney care across the clinical
course of kidney disease.

© The Author(s) 2022. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and
reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com



https://doi.org/10.1093/ndt/gfac224
mailto:simon.sawhney@abdn.ac.uk
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

KEY LEARNING POINTS

What is already known about this subject?

o There is a recognised lack of evidence for inequity of kidney care that covers a full population across a full clinical course
of kidney disease.

o Previous studies have shown associations between deprivation and adverse kidney health in snapshots of health datasets
or have shown poorer outcomes in specific disease subsets only (e.g. reduced access to transplantation for kidney failure).

What this study adds?

o Across all incident patients in the Grampian population, healthcare in deprived areas was more reactive (more acute initial
presentations and emergency hospital visits) and less proactive (less blood monitoring and outpatient attendances, less
preventative prescribing).

o Associations with mortality and kidney failure were most severe earlier in the clinical course (newly presenting eGFR
<60 mL/min/1.73 m? or AKI), in those of working age, and men.

o Age- and sex-adjusted associations were not substantially affected by any further adjustment of known medical factors

such as comorbidities.

What impact this may have on practice or policy?

access) is likely to be insufficient to close this inequity gap.

o Despite free universal healthcare in the UK, inequity of kidney care exists for people presenting at every stage of illness,
but with particularly large inequity in the initial access to preventative care at early stages in the clinical course.
o An overly medical approach to addressing these inequities (without focusing on social needs, health literacy, behaviour or

separate cohorts (2011-2021). The key exposure was area-
level deprivation (lowest quintile of the Scottish Index
of Multiple Deprivation). Outcomes were care processes
(monitoring, prescribing, appointments, unscheduled care),
long-term mortality and kidney failure. Modelling involved
multivariable logistic regression, negative binomial regression
and cause-specific Cox models with and without adjustment of
comorbidities.

Results. There were 41 313, 51 190, 32 171 and 17 781
new presentations of AKI and eGFR thresholds <60, <45
and <30 mL/min/1.73 m?. A total of 6.1-7.8% of the
population was from deprived areas and (versus all others)
presented on average 5 years younger, with more diabetes
and pulmonary and liver disease. Those from deprived areas
were more likely to present initially in hospital, less likely
to receive community monitoring, less likely to attend ap-
pointments and more likely to have an unplanned emergency
department or hospital admission episode. Deprivation had
the greatest association with long-term kidney failure at the
eGFR <60 mL/min/1.73 m? threshold {adjusted hazard ratio
[HR] 1.48 [95% confidence interval (CI) 1.17-1.87]} and this
association decreased with advancing disease severity [HR
1.09 (95% CI 0.93-1.28) at eGFR <30 mL/min/1.73 m?), with
a similar pattern for mortality. Across all analyses the most
detrimental associations of deprivation were an eGFR thresh-
old <60 mL/min/1.73 m?, AKI, males and those <65 years
of age.

Conclusions. Even in a high-income country with universal
healthcare, serious and consistent inequities in kidney care
exist. The poorer care and outcomes with area-level deprivation
were greater earlier in the disease course.

Keywords: AKI, care processes, CKD, epidemiology, health
inequalities, prognosis

Care processes and outcomes in kidney disease

INTRODUCTION

Equitable health service design for people with long-term
illnesses such as kidney disease requires evidence on how
inequalities vary across the full clinical course [1]. Time
points of greatest relevance are those when improvements in
preventative healthcare could still feasibly modify the disease
course [2]. Addressing inequalities in integrated care is a core
objective of primary care services [3, 4], but the administrative
data used to inform policies are typically coarse, providing
limited insights into disease severity or progression [5]. This
limitation poses a challenge for determining where the most
pressing missed opportunities in care exist [3, 4].

Kidney disease, represented by chronic kidney disease
(CKD) stages and intervening episodes of acute kidney injury
(AKI), is a long-term condition where clinical course and
severity can be readily followed through serial blood tests. The
population burden of kidney disease is substantial, including
associations with multimorbidity, older age and a major effect
on mortality, morbidity and healthcare costs [6, 7]. As <10%
of those with CKD or AKI receive follow-up by a nephrologist
[8-13], prioritisation must occur, with coordination primarily
in the community. This means kidney care may be prone to in-
equitable population-level coordination, but unlike other long-
term conditions, a nuanced study across its full clinical course
and severity may be objectively possible using blood test data.

As described in a report into kidney care equity in the UK
[14] and consistent with reports from other high-income coun-
tries [15-18], ‘people from lower socio-economic groups are
more likely to develop CKD ... and die earlier. Nevertheless,
existing literature has been limited to isolated snapshots of
kidney disease focusing on disease subsets or recruited cohorts
rather than following a whole population over time [19-22].
Examples are studies focusing on ethnicity and the prevalence
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FIGURE 1: Logic model of assumptions for the bidirectional relationships between kidney disease clinical course, comorbidities and

socio-economic factors.

of CKD or kidney failure and of access to transplantation
[20, 21, 23-28]. The UK report concluded that there was
insufficient evidence to make specific recommendations for
intervention studies or policy [14, 29]. For instance, without
a lens on the full clinical course within a single study, it
would be hard to compare the extent of inequitable care
of those newly presenting with mild impairment [estimated
glomerular filtration rate (¢GFR) <60 mL/min/1.73 m?] with
those developing severe disease (é€GFR <30 mL/min/1.73 m?).
Even in a country with free universal healthcare, such as the
UK, recommended kidney care varies by severity: those with
severe disease are prioritised for specialist nephrology care,
whereas those with mild disease are often exclusively followed
up in primary care. In addition, the relative contributions of
social and medical factors towards overall health may shift as
disease progresses, with medical factors predominating among
those with more severe illness. Thus social deprivation may
have a ‘ceiling effect’ among those with advancing kidney
disease, but this has not previously been assessed.

The aim of this study was to assess, within the same
population-level analysis, the extent to which a socio-
economic gradient in care changes across the spectrum of
kidney health and the implications for subsequent health
outcomes and unscheduled care use. Specifically, we evaluated
the care processes and outcomes of people from deprived and
non-deprived backgrounds at different stages on a spectrum
from mild to severe kidney impairment, independent of
comorbidities. We hypothesised that inequitable care and
outcomes for those from deprived areas would exist across
all stages of kidney disease, but due to a ceiling effect, the
magnitude of this inequity would be greater for those at earlier
stages of kidney disease when the clinical course may also still
be more modifiable.

MATERIALS AND METHODS
Modelling assumptions

Based on broader (non-kidney) chronic disease literature,
a complex role exists for socio-economic factors (e.g. income,
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employment, education, housing, access to care) in health and
healthcare, with food insecurity, financial strain and housing
instability highlighted as priorities [30]. For this study, socio-
economic metrics were obtained from the Scottish Index of
Multiple Deprivation (SIMD), which covers seven area-level
domains of income, employment, education, health, access
to services, crime and housing. Socio-economic factors may
associate with worse subsequent kidney disease and other
comorbidities, but bidirectionally also represent consequences
of ill health (Figure 1). For this analysis we assumed the former
predominated (forwards directional arrows). We tested this
association at different levels of kidney disease severity with
and without adjustment of comorbidities as a mediator. We
addressed the analysis in stages by assessing the variation in 1-
year mortality by area; 1-year healthcare processes, kidney fail-
ure and mortality by lowest quintile of Scotland for area-level
deprivation versus all other levels; long-term kidney failure and
mortality by lowest quintile for area-level deprivation versus
other levels and, in sensitivity analyses, we evaluated outcomes
across all quintiles of area-level deprivation and tested for
effect modification by age, sex and acuity of presentation (i.e.
evidence of prior or concurrent AKI within the prior 90 days).

Population

The Grampian Laboratory Outcomes Morbidity and Mor-
tality Study provides routine health data for all adult residents
in Grampian (adult population 473 226) [9, 31-33]. The
study includes complete capture and data linkage (2009-2021
for this analysis) of all hospital admission episodes [Scottish
Morbidity Record 01 (SMRO1)] [34], emergency department
visits (Accident and Emergency Data Mart) [35], outpatient
clinic episodes [Scottish Morbidity Record 00 (SMR00)] [34],
blood and urine tests from all locations [inpatient, community
including primary care or outpatient, National Health Service
(NHS), private practice] and prescribed medications [Prescrib-
ing Information System (PIS)] [36].

This analysis involved four subset cohorts nested within
the Grampian population containing all new presentations of
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kidney disease in Grampian between January 2011 and De-
cember 2018. In the main analysis the four cohorts represented
the first (incident) instance when the eGFR crossed thresholds
of above to below 60, 45, 30 ml/min/1.73 m?, respectively,
and the first (incident) instance of AKI among those with
evidence of no prior presentation in 2009-2010. To reflect the
real world in which high-risk patients may deteriorate and
cross thresholds quickly, these cohort criteria were enabled to
be non-mutually exclusive—a person presenting with either a
rapid or unmonitored decrease in eGFR to 40 ml/min/1.73 m?
could belong to both the <60 and <45 eGFR cohorts, or only
the <45 cohort if there was previous evidence of an eGFR
of 45-60 ml/min/1.73 m?. Similarly, in the main analysis, co-
presentation with AKI was allowed. In a sensitivity analysis,
cohorts were made mutually exclusive by excluding those
presenting concurrently with AKI from all other groups and by
excluding those progressing rapidly (or unmonitored) through
higher eGFR thresholds by adding lower boundaries (45-60,
30-44, <30 ml/min/1.73 m?).

To ensure we studied only new (incident) presentations
of kidney impairment without a ‘prevalent pool effect’ (i.e.
inadvertent mixing of prevalent and incident patients) we
excluded patients with prior evidence of kidney impairment
at the respective subset threshold in 2009 and 2010. We also
recognised a priori that a narrow interpretation of Kidney
Disease: Improving Global Outcomes (KDIGO) criteria with
repeat testing over at least 90 days could lead to underascer-
tainment of kidney disease among those with poor access to
blood testing (a care process outcome of study that would
thus lead to selection bias). To mitigate against this potential
selection bias of testing access, we focused on first presentation
of kidney impairment at the eGFR thresholds outlined above
without requirement for confirmatory testing.

Exposure and comparator

Area-level deprivation was determined based on people
living in the lowest quintile of Scotland for the SIMD from
2016 [37]. In statistical analyses, we compared people from
deprived areas (lowest quintile of the SIMD) with those
from all other non-deprived areas (all other quintiles of the
SIMD). Specifically for data visualisation, we grouped people
by residential areas, distinguishing areas containing the lowest
quintile of the SIMD as ‘most deprived, areas of affluence
containing the top two quintiles of the SIMD as ‘most affluent’
and the remaining areas as neither deprivation nor affluence.

Covariates of interest

To determine eGFR, we used the Chronic Kidney Disease
Epidemiology Collaboration equation excluding the coefficient
for black race [38]. Additionally, the first (incident) instance
of AKI was determined using a KDIGO-based AKI algorithm
(changes in creatinine of 0.3 mg/dL within 48 hours, a 50%
increase within 7 days or a 50% increase from a baseline
creatinine estimated from the median of creatinine levels over
the previous 90 and 365 days), as described in greater detail
elsewhere [9, 31-32]. Additional covariates adjusted in models

Care processes and outcomes in kidney disease

were age, sex and comorbidities (cardiovascular disease,
coronary heart disease, heart failure, stroke, atrial fibrillation,
peripheral arterial disease, diabetes mellitus, hypertension,
cancer, liver disease and chronic pulmonary disease) based on
previously recorded International Classification of Diseases,
10th Revision hospital episode codes using validated coding
dictionaries as listed elsewhere [9, 39-41].

Outcomes

We studied kidney failure and mortality for all people
and care processes for surviving at least 1 year from initial
presentation. We evaluated mortality at 1 and 3 years and over
the long term with the last follow-up on 1 July 2021 (up to
10 years). Onset of kidney failure was either sustained eGFR
<15 mL/min/1.73 m? for at least 90 days on at least two
blood tests and all intervening tests or onset of chronic kidney
replacement therapy (dialysis or transplant).

Care processes assessed were the context of the initial
presentation (inpatient or community, from SMROI episode
dates), outpatient serum creatinine test within 90 days, urine
protein assessment within 1 year for those with a history of
diabetes mellitus (in accordance with screening guidelines)
[42], renin-aldosterone-angiotensin system (RAAS) blocker
prescription (British National Formulary subsection code
020505 in the PIS) within 1 year among those with a history
of myocardial infarction or heart failure (as per UK clinical
guidelines) [43, 44], kidney care clinic referral within 1 year
(SMROO0 specialty code AG for renal medicine) [34], non-
attendance at the clinic among those referred to a clinic,
emergency department use within 1 year and unscheduled
(emergency) hospital admission within 1 year of presentation
(SMRO1) [34].

Statistical analysis

We reported the number and characteristics of people from
deprived areas versus all other areas. To visualise the overall
extent of area-level variation and potential contribution of
deprivation (and affluence) on mortality at each point in the
clinical course, we plotted age- and sex-adjusted 1-year mor-
tality estimates across geographic areas in each kidney subset
(AKI and eGFR 45-60, 30-44 and <30 mL/min/1.73 m?).
We calculated estimates using a multilevel logistic regression
model with random intercepts for resident area and age and
sex as fixed effects using the ‘melogit’ package in Stata/SE 16
(StataCorp, College Station, TX, USA) [45].

Next, to quantify the influence of deprivation (worst
quintile of SIMD versus all other areas) on early outcomes, we
used multivariable logistic regression to calculate odds ratios
(ORs) for the association of deprivation on mortality adjusting
for age and sex and listed comorbidities for all patients. We
used the same approach for each of the care processes listed
in the outcomes section above. For processes reported as
counts (number of emergency department attendances, total
unscheduled inpatient care days), data were overdispersed and
analysed using negative binomial regression with confidence
intervals (Cls) derived from robust standard errors.
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Finally, to assess the long-term risks of kidney failure
and death (competing outcomes), we fitted long-term cause-
specific Cox models for those with and without deprivation.
Based on our a priori logic model (Figure 1), we theorised
that comorbidities were a mediator of poor health outcomes.
Accordingly, we fitted two models: one with age and sex ad-
justment and one with additional adjustment for comorbidities
(to determine the age- and sex-adjusted role of deprivation,
independent of known existing comorbidities).

We recognise that the influence of socio-economic factors
may span the full spectrum from deprivation to affluence;
however, for clarity we focused on deprived areas versus all
other areas in the main analysis. In sensitivity analyses we
included deprivation within five categories of SIMD quintiles
to determine whether any association of deprivation with
health outcomes was present only for those in the deprived
quintile versus all others or if there was a continuum of
association from deprivation to affluence. We used likelihood
ratio tests of nested models to evaluate interactions with age
(working age <65 vyears versus elderly >65 years) and sex.
Finally, as incident presentations could arise from both gradual
and rapid deteriorations, we tested for an interaction with
prior/concurrent AKI. Where the interaction P-value was <.1,
we reported results separately in a supplementary table. All
analyses were performed using Stata/SE 16 (StataCorp) [45].

RESULTS
Characteristics

Table 1 reports characteristics of people newly presenting
between January 2011 and December 2018 with AKI and
eGFR 45-60, 30-44 and <30 mL/min/1.73 m?. Within these
four subset cohorts there were 41 313, 51 190, 32 171 and
17 781 people, respectively. The respective proportions of
people from deprived areas were 7.8%, 6.0%, 6.5% and 7.1%.
Across cohorts, 54.4-57.7% were female and those from
deprived areas presented on average 5 years younger. A greater
proportion of those from deprived areas had diabetes, liver
disease and pulmonary disease (Table 1).

Care processes

Table 2 reports the association of deprivation with care
processes within each subset cohort. Across the spectrum of
kidney disease, those from deprived areas (versus other areas)
were more likely to first present in an inpatient setting rather
than through outpatient monitoring. Those from deprived
areas were less likely to have subsequent blood test monitoring
to evaluate for chronicity. While there were similar levels of
renal outpatient referral, those from deprived settings attended
their planned appointments less often, but were more likely
to attend the emergency department or have an unplanned
admission over the following year.

Mortality

Table 3 reports the association of deprivation with 1-year
and long-term health outcomes. For those presenting with an
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eGFR <60 mL/min/1.73 m? there was a significant (age- and
sex-adjusted) excess risk of death among those from deprived
areas at 1 year [OR 1.33 (CI 1.20-1.47)], which remained after
additional adjustment for comorbidities [adjusted OR 1.28 (CI
1.15-1.42)]. Excess mortality was also present over a long-
term follow-up to 10 years [Cox model adjusted hazard ratio
(HR) 1.21 (CI 1.14-1.28)]. At each time horizon the excess
mortality was attenuated for eGFR <30 mL/min/1.73 m? [1-
year adjusted OR 1.19 (CI 1.05-1.35); Cox model long-term
adjusted mortality HR 1.11 (CI 1.04-1.19)].

This pattern was also notable in Figure 2A-C of area-level
variation in 1-year mortality, with greater variation in mortal-
ity among those presenting with eGFR <60 mL/min/1.73 m?
(Figure 2A) than eGFR <30 mL/min/1.73 m? (Figure 2C).
The separation in estimated mortalities between deprived
(red) and affluent (blue) areas was also most evident in
eGFR <60 mL/min/1.73 m?. The same pattern remained
evident at 3 years (Supplementary Figure la—c) and with AKI
(Supplementary Figure 2a, b).

Kidney failure

Table 3 also reports the long-term HRs of deprived areas
(versus other areas) for kidney failure up to 10 years after
initial presentation. The greatest excess of kidney failure was
among those presenting with eGFR <60 mL/min/1.73 m* [HR
1.48 (CI1.17-1.87)] and the association was attenuated among
those presenting with an eGFR <30 mL/min/1.73 m? [HR 1.09
(CI0.93-1.28)].

Sensitivity analyses

We evaluated associations of mortality and kidney fail-
ure with deprivation across all quintiles of the SIMD
(Supplementary Table 1). Findings were materially consistent,
with the greatest rate of kidney failure and death in the most
deprived quintile and the lowest rate in the most affluent
quintile. We detected no interactions with prior/recurrent
AKI (all P-values >.1), but did detect significant interactions
with age and sex. As reported in Supplementary Table 2, the
associations between deprivation and kidney failure and death
were greater among males than females and greater among
those of working age (<65 years) than the elderly (>65 years).
Finally, we also created mutually exclusive cohorts by excluding
patients with AKI from eGFR threshold cohorts and excluding
high-risk individuals with rapid eGFR decreases from a higher
eGFR threshold cohort. This led to smaller cohort sizes but not
materially different findings, with poorer outcomes for those
from deprived areas and the greatest impact in the eGFR 45-
60 mL/min/1.73 m? group (Supplementary Table 3).

DISCUSSION

Health service design is most successful when health condi-
tions of greatest burden can be targeted at time points that
enable prevention or modification of the disease course [1].
Beyond focusing solely on snapshots of disease prevalence,
a detailed whole population view over the clinical course is

S. Sawhney et al.
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Care processes and outcomes in kidney disease

FIGURE 2: Age- and sex-standardised 1-year mortality risk of people with new-onset (A) eGFR <60 ml/min/1.73 m?, (B) eGFR <45 ml/min/1.73 m? and (C) eGFR <30 ml/min/1.73 m?

« »

grouped by localities of deprivation (red “+”), affluence (blue “I”), and all other areas (yellow “0”).

»

«

»

«

needed but is difficult to obtain. Here we provide population-
level insights into the care and long-term outcomes attributable
to socio-economic deprivation across the spectrum of the
AKI/CKD clinical course. Those from deprived backgrounds
developed kidney impairment on average 5 years younger and
had a higher burden of comorbidities. For all people newly
presenting with AKI or CKD at any severity threshold, we
found greater mortality, kidney failure and use of unscheduled
healthcare among those from deprived versus non-deprived
areas. Even though healthcare in the UK is free at the point of
use, uptake of healthcare in deprived areas was more reactive
(more likely to present in an acute setting, more emergency
hospital visits) and less proactive (e.g. less outpatient blood
monitoring, less preventative prescribing). Despite the poorer
health outcomes and greater comorbidities, there was no
difference in renal outpatient clinic referral and those referred
were substantially less likely to attend appointments.

Of particular importance, the greatest associations between
deprivation and clinical outcomes (especially kidney failure)
were early in the clinical course at first presentation with
an eGFR <60 ml/min/1.73 m? or AKI. This is plausible
because those with poorer kidney function may already have
recognised advanced disease, whereby prevention may be less
of an option. In addition, adjustment of comorbidities (a
potential mediator of poor outcomes) made little difference to
risk estimates. This implies that an overly medical approach to
addressing inequities (without focusing on social needs, health
literacy, behaviour or access) may be insufficient to close the
inequity gap. One process we report here was the substantially
increased clinic non-attendance in deprived areas. Adverse
prognostic implications of clinic non-attendance have previ-
ously been reported for those attending diabetes clinics and
driven by multifactorial reasons [46, 47]. Evidence of inequity
in access to transplantation is also recognised [28], and poor
health literacy has been associated with poorer kidney health
outcomes in research mainly limited to kidney failure [48].
We also found the poorest outcomes among men and those
of working age, which supports the need for further work
understanding barriers to accessing kidney care. The extent to
which these factors are causal and could be modified by an
intervention is uncertain and the current lack of qualitative
research is an acknowledged limiting factor [24].

Our broad finding of inequity of kidney care and out-
comes is consistent with literature covering kidney diseases,
cardiovascular disease and diabetes [14, 17, 21, 24]. The
novel clinical course perspective of this analysis addresses
a gap of existing literature [24] and spotlights a possible
need for greater attention early (upstream) in the disease
course and to non-medical factors. To restate a core public
health principle, ‘so long as we continue to fight the battle
downstream...we are doomed to frustration, repeated failure,
and perhaps ultimately to a sicker society’ [2]. To determine
the potential for interventions, further granular assessment
of contributing non-medical factors should be guided by
qualitative work to understand the lived experiences of those
with early CKD and AKI. For instance, more than one-
third of people in our analysis did not receive timely blood
and urine monitoring in outpatient or community settings,
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even though this is advocated in clinical guidelines for both
groups [49, 50]. Other potential factors may include the
implications of health literacy, lifestyle, trust, stigmatisation
and how high-risk individuals engage with healthcare along
potentially complex individual care pathways. A first step
at presentation of CKD/AKI is the initial recognition and
communication of its existence. Tensions exist here between
early communication to promote self-management versus
concerns about causing unnecessary anxiety or unnecessary
disruption [51-53]. Collectively these factors will need to
be considered within the context of existing practice [54]
and primary care stakeholders planning the integration of
community and outpatient care of those with long-term
conditions and multimorbidity [3, 4].

Strengths of this study include a population approach with
data capture of all in the region, in all contexts and with long
recruitment and follow-up periods. The analysis included both
outcomes and care processes to contrast outcomes at all levels
of kidney severity, including AKI. Our analysis focused on care
in a high-income country with integrated universal healthcare.
Thus the stark findings are despite the availability of care in
Scotland, which is based on clinical need rather than the ability
to pay. Healthcare has evolved in Scotland, England, Wales
and Northern Ireland, and each faces similar challenges, with
rising demand, tight budget limits and clinicians in each nation
following the National Institute for Health and Care Excellence
referral guidelines for AKI and CKD. Thus our analysis can be
expected to be generalisable for care in England, Wales and
Northern Ireland [55]. However, it can be assumed that the
challenges for countries with fragmented or private healthcare
provision may be even greater.

Of note, in 2004 the Quality and Outcomes Framework
(QOF), a pay-for-performance scheme, was introduced across
the UK, which used a range of quality indicators to incentivise
general practices to improve long-term condition manage-
ment, practice organisation and patient experience of care [56].
Our analysis predates the coronavirus 2019 pandemic and the
introduction of new policies in the new primary care contract
in Scotland (in 2018) [4]. This included removal of the QOF
in Scotland and a shift to investment in general practitioner
clusters, professional groupings of general practices focused
on improving quality of care to improve ‘wellbeing, health
and reduce health inequalities’ [4]. Accordingly additional UK-
wide analyses are warranted in the future.

A further limitation is the use of an area-level rather
than individual-level deprivation measure. This may have
led to underestimation of the full extent of the influence
of deprivation because areas may contain residents from
a mixture of backgrounds and social statuses, leading to
bias towards the null. We also note that while we focused
on socio-economic differences, we did not evaluate ethnic
differences. As reported in Table 1, ethnicity is poorly recorded
in administrative health datasets in Scotland, unlikely to
be missing at random, and therefore not imputable. The
importance of ethnicity is reported in detail in other studies,
whereas in Grampian an overwhelming (>95% in the previous
census) white European population predominates. Similarly,
health literacy, migrant status, body weight, obesity, smoking
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and alcohol intake are poorly recorded in hospital episode
morbidity data and therefore not included in this analysis,
but all would be relevant to understand health behaviour.
Finally, our study used real-world data captured for clinical
reasons rather than in a protocolised fashion. This is a strength
because it reflects existing clinical practice, but it is not possible
to interpret the clinical context and indications for blood
test monitoring (which would be needed to more precisely
understand and separate acute from chronic presentations and
respective care requirements) nor disentangle the bidirectional
relationship between kidney disease and accumulating non-
kidney comorbidities, for which routine health data sources
can provide only limited longitudinal information about
disease severity at different time points.

In conclusion, by following the clinical course of kidney
disease in a high-income country, we noted serious and
consistent inequities of care and outcomes that were inde-
pendent of comorbidities and greatest early in the disease
course among those newly presenting with mild CKD and
AKI. Greater understanding is now needed about how people
initially present and how they access the support they require.
This should include non-medical factors and incorporate lived
experiences of those with early CKD or affected by AKI.
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