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ABSTRACT

It is unclear whether a social gradient in health outcomes exists
for people with moderate-to-severe chronic kidney disease
(CKD). We critically review the literature for evidence of social
gradients in health and investigate the ‘suitability’ of statistical
analyses in the primary studies. In this equity-focused system-
atic review among adults with moderate-to-severe CKD, fac-
tors of disadvantage included gender, race/ethnicity, religion,
education, socio-economic status or social capital, occupation
and place of residence. Outcomes included access to health-
care, kidney disease progression, cardiovascular events, all-
cause mortality and suitability of analyses. Twenty-four studies
in the pre-dialysis population and 34 in the dialysis population
representing 8.9 million people from 10 countries were in-
cluded. In methodologically suitable studies among pre-dialy-
sis patients, a significant social gradient was observed in access
to healthcare for those with no health insurance and no home
ownership. Low income and no home ownership were asso-
ciated with higher cardiovascular event rates and higher mor-
tality [HR 1.94, 95% confidence interval (CI) 1.27–2.98; HR
1.28, 95%CI 1.04–1.58], respectively. Inmethodologically suit-
able studies among dialysis patients, females, ethnicminorities,
thosewith low education, no health insurance, low occupation-
al level or no home ownership were significantly less likely to
access cardiovascular healthcare than their more advantaged
dialysis counterparts. Low education level and geographic re-
moteness were associated with higher cardiovascular event
rates and higher mortality (HR 1.54, 95% CI 1.01–2.35; HR
1.21, 95% CI 1.08–1.37), respectively. Socially disadvantaged
pre-dialysis and dialysis patients experience poorer access to
specialist cardiovascular health services, and higher rates of

cardiovascular events and mortality than their more advan-
taged counterparts.

Keywords: causal pathways, chronic kidney disease, inequal-
ities, systematic review

INTRODUCTION

Chronic kidney disease (CKD) is amajor public health problem
with an estimated prevalence of 10–16% in the adult population
[1–4]. CKD is of particular interest in the study of health in-
equalities as, like many chronic diseases, there is a marked so-
cial gradient in the incidence of the disease. Factors of social
disadvantage including neighbourhood deprivation [5], low in-
come [6], low socio-economic status (SES) [7] and minority
ethnicity [6, 8] are strongly associated with higher rates of
CKD. There is also consistent evidence that disadvantaged in-
dividuals with CKD have poorer access to quality treatment in-
cluding kidney transplantation [9, 10]. While factors of social
disadvantage are associated with higher rates of CKD, it is
less clear whether a social gradient in health outcomes exists
within the prevalent moderate-to-severe CKD population
(pre-dialysis and dialysis), particularly in relation to cardiovas-
cular healthcare and cardiovascular mortality outcomes.

There has been a limited focus on health inequalities in the
CKD literature, and little examination of statistically appropri-
ate methods for assessing whether observed differences in out-
comes between population subgroups are related to factors of
social disadvantage. Careful consideration of causal pathways
and the variables included in multivariate models is required
to reduce the possibility of bias [11].
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Our study, therefore, has two aims. First, to systematically re-
view the literature for evidence of a social gradient in health for
adults with moderate-to-severe CKD, focusing on four key out-
comes: access to healthcare, kidney disease progression, cardio-
vascular events and all-cause mortality; and second, to examine
the suitability of each analysis for studying the impact of social
disadvantage. The study followed the PRISMA-Equity guide-
lines for reporting systematic reviews [12]. Our rationale for re-
viewing a social gradient in health was to identify areas of
inequity that could be addressed through targeted policy, and
priority setting in the delivery of health services for those
with the greatest need.

MATERIALS AND METHODS

Protocol and registration

The review has been registered with the international
prospective register of systematic reviews (PROSPERO; regis-
tration #CRD42013005786). Ethics approval was not required
for this study.

Eligibility criteria

We searched widely for primary studies that reported one or
more of the above outcomes for adults with moderate-to-severe
CKD, pre-dialysis or dialysis. We included all studies that pro-
vided quantitative estimates of effect for the factors of disadvan-
tage proposed by the Campbell and Cochrane Equity Methods
group (i.e. place of residence, race/ethnicity, occupation,

gender, religion, education, SES and social capital—known by
the acronym PROGRESS) [12]. We did not restrict our search
on the basis of study design, length of follow-up, country of
publication or methodological quality.

Information sources

We searched relevant databases including MEDLINE, Pre-
MEDLINE, EMBASE, Cochrane Central Register of Controlled
Trials and CINAHL, without language restriction, from 1990 to
Week 5 July 2013 to reflect contemporary clinical practice. We
manually searched bibliographies of review articles and refer-
ence lists of core kidney journals (Figure 1).

Search strategy

The search strategy was developed by all authors, incorpor-
ating the Cochrane Renal Group’s specific search terms for
CKD (Supplementary Table S1). We included additional search
terms for inequality and equity, and terms for denoting ethnic
groups in Asia and Africa with the aim of identifying publica-
tions from low and middle income countries. We combined all
terms for moderate-to-severe kidney disease with factors in-
cluding social disadvantage, healthcare use, cardiovascular out-
comes and study types likely to yield quantitative estimates of
effect. Specific search terms for relevant study designs were ob-
tained from the methodology filters recommended by the Scot-
tish intercollegiate guidelines network (SIGN).We then applied
limits for research involving humans and studies published
from the year 1990 onwards.

F IGURE 1 : PRISMA flow diagram of included studies.
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Study selection and inclusion criteria

Studies were included if they reported quantitative outcomes
for the CKD population stratified by one or more of the PRO-
GRESS factors of disadvantage. We excluded studies that re-
ported incidence rates of CKD or end-stage kidney disease
(ESKD) from the general population, rather than outcomes
for the prevalent CKD population. We excluded studies that
did not report findings related to one of the four key outcomes
and studies among the kidney transplant population. Studies of
paediatric patients, as well as qualitative research, reviews or
opinion pieces were excluded.

Data collection process

Titles and abstracts were assessed by R.M., and full-text re-
view of potentially relevant studies was undertaken independ-
ently by two reviewers (R.M. and I.S.), with disagreements
resolved through discussion including the involvement of a
third reviewer (B.M.) where necessary. Extracted data from
each study included the following: author, title, journal, year
of publication, study design, number of participants, how the
population was identified, length of and loss to follow-up, the
main focus of the study, statistical methods used; participant
socio-demographic and clinical characteristics; CKD stage; fac-
tors of social disadvantage; outcomes for access to medical care
and healthcare utilization; kidney disease progression (CKD5 or
ESKD); cardiovascular events (e.g. for myocardial infarction,
non-haemorrhagic or haemorrhagic stroke, arterial revascular-
ization, cardiovascular death, major vascular event and other
cardiac death) and all-cause mortality.

Risk of bias in individual studies

The quality and suitability of included studies was independ-
ently appraised by R.M. and I.S. using amodified Effective Pub-
lic Health Practice Project (EPHPP) checklist for observational
studies that included items assessing the risk of selection bias,
handling of confounders and effect mediators, and assessment
of withdrawals and drop-outs [13, 14] (Supplementary
Table S2). A detailed assessment of the suitability of each pri-
mary study analysis, for studying the effect of social disadvan-
tage at the factor level, was undertaken. Each study was assessed
for potential bias due to (i) over-adjustment of effect mediators,
that is, intermediate variables that lie on the causal pathway be-
tween the exposure (factor of disadvantage) and the outcome;
(ii) the lack of adjustment for important confounders and (iii)
unnecessary adjustment for variables that are collinear with fac-
tors of social disadvantage already included [11]. Methodo-
logical suitability was classified as moderate to good if the
analysis contained a hypothesized relationship between the fac-
tor of disadvantage and the outcome, appropriate adjustment
for confounding variables, and avoidance of over-adjustment
for effect mediators and collinear variables (Supplementary
Table S2).

Effect measures

Odds ratios, hazard ratios and their 95% confidence inter-
vals (CIs), comparing outcomes by each factor of disadvantage,
were extracted. If multivariable models were not used, then

proportions or rates were tabulated. Any interactions between
factors of social disadvantage (e.g. gender and ethnicity), in-
cluded in the primary studies, were tabulated.

Data synthesis

Factors of social disadvantage were reported in the studies as
categorical characteristics; therefore, the most disadvantaged
groups were those with lowest income, lowest education level,
no health insurance, less skilled occupation groups or un-
employed, female gender, rural/remote rather than metropol-
itan geographical location or those in the minority or most
disadvantaged racial/ethnic groupwithin the context of the par-
ticular study. A social gradient in health was determined to be
present if there were significantly worse health outcomes in the
most disadvantaged groups compared with the least disadvan-
taged groups [11].

The heterogeneous nature of the study designs, and the mul-
tiple outcomes reported, meant our data were not statistically
amenable to meta-analysis [15]. Rather we tabulated the data
by the study, for dialysis and pre-dialysis groups, and plotted
the results for each outcome using a novel graph (created in
ggplot, R statistical software, http://docs.ggplot2.org/current/)
that showed the nature of the social gradient by the correspond-
ing factor of disadvantage, and the suitability of the analysis
(Figure 2a and b).

RESULTS

Study selection

We screened 1116 references, identified 177 potentially eli-
gible papers and finally included 58 studies (Figure 1). For the
outcome of ‘access to healthcare’, 11 studies met the inclusion
criteria and reported access to cardiac catheterization, angio-
plasty, coronary artery bypass grafting, cardiac rehabilitation,
nephrologist care, prescription of blood pressure and statin
medication, access to dialysis and very late (delayed) start dia-
lysis by factors of disadvantage (Supplementary Table S3). For
the outcome of CKD progression, 14 studies measured progres-
sion with doubling of serum creatinine, annual change in esti-
mated glomerular filtration rate (eGFR) or ESKD requiring
dialysis or kidney transplantation (Supplementary Table S4).
For the outcome of cardiovascular events or cardiovascular
mortality, 12 studies met the inclusion criteria and reported
rates or hazard ratios for ischaemic or haemorrhagic stroke,
major cardiovascular events (amputation, bypass surgery, aor-
tic dissection or congestive heart failure), non-fatal and fatal
myocardial infarction or cardiovascular mortality (Supplemen-
tary Table S5). The final outcome of all-cause mortality in CKD
patients was reported as a rate or ratio in 39 studies (Supple-
mentary Table S6).

Study characteristics

Of the 58 included studies, 51 were cohort studies, 5 were
cross-sectional and 2 were randomised controlled trials
(RCTs), representing 8.9 million participants from 10 countries
(Supplementary Tables S3–S6). The largest study reported
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outcomes for 3.89 million participants with CKD and the smal-
lest study included 168 participants. The mean follow-up time
for the cohort and RCT studies was 4 years (range 1–11 years).
Forty-five of the 58 studies (78%) were based on patient

populations from the USA; 3 from Canada; 2 each from the
UK, China and Japan; and 1 each from Australia/New Zealand,
Brazil, Korea and Singapore. The ethnic groups were specific to
each country and region. Of 58 studies, 24 reported outcomes for

F IGURE 2 : Impact of factors of disadvantage on health outcomes by methodological suitability of the study. (a) In pre-dialysis populations with
moderate-to-severe CKD, predominantly CKD stage 3–5. (b) In dialysis populations. A social gradient in health is shown with a downward
pointing arrow, no gradient with a diamond and an inverse gradient (i.e. disadvantaged groups have better outcomes) with an upward pointing
arrow. The suitability of each factor is highlighted with a grey shape denoting low suitability and a black shape denoting moderate-to-high suit-
ability. The study source is cited next to each symbol.Where two ormore results for a given factor are reported in a single study, a decision wasmade
to plot the result for the largest subpopulation. For example, where multiple ethnic groups are reported separately we used the comparison of the
two largest groups in the study population, e.g. Whites versus Blacks, rather than Whites versus Native Americans. Similarly, where results were
stratified by subgroup (e.g. age group) we have plotted only the results for the group with the largest population. Results for all subgroups are
reported in the tables.
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participants withmoderate-to-severe, predominantly CKD stage
3–5 (pre-dialysis), and 34 reported outcomes for participants on
dialysis. The majority of studies, 54 of 58 (93%), were published
in the year 2000 or later.

Education was categorized as either the number of years of
formal schooling (in two studies) or as highest educational level
achieved (in four studies). Individual income was reported in
five studies, using a poverty threshold in three studies, or in-
come bands from national census surveys in two studies. Health
insurance status was reported in five studies and categorized de-
pendent on the specific healthcare context. In the US studies,
these categories included Private insurance, Medicare, Medic-
aid or Uninsured. Employment was reported in three studies,
either by the occupational group, or by status (employed versus
unemployed). Housing was reported in two studies and was
classified as either homeless versus not, or owns a home versus
does not own a home (e.g. subsidized renter). Family support was
reported in two studies with the categories of ‘lives alone’ versus
‘lives with others’, or by marital status grouped as single, di-
vorced/widowed or married. Area-level SES was reported in
three studies according to a national deprivation index or the
gross domestic product (GDP) of the region. Geographic re-
moteness was reported in one study and was categorized both
by distance to the kidney unit and by rural–urban commuting
area.

Risk of bias within studies

The appraisals of bias focused on the suitability of the ana-
lyses in each primary study for examining the effect of individ-
ual factors of social disadvantage (Supplementary Table S2).
Across the 58 studies, 129 analyses of factors of social disadvan-
tage were reported, with a mean of two factors per study, most
commonly gender and ethnicity. Thirty-seven of these analyses
(30%) were assessed to be of moderate-to-good suitability. The
most common reason for suboptimal suitability, and therefore
potentially biased estimates, was over-adjustment in multivari-
able models with the inclusion of effect mediators. Unnecessary
adjustment for collinear variables was also observed in several
of the analyses. Typically, this involved the inclusion of several
factors of disadvantage in a multivariate model such as income,
education and health insurance status. Adjustment for relevant
confounders, such as age, sex and participating site or country,
was appropriate in most analyses.

Results of individual studies

Table 1 reports the results and 95% CIs for each factor of
disadvantage and outcome, from analyses rated to be of mod-
erate-to-good suitability, for both pre-dialysis and dialysis
groups. Supplementary Tables S3–S6 report all odds ratios
and hazard ratios by outcome for each study included in
the review.

Synthesis of results

The results for the CKD 3–5 (pre-dialysis) populations from
all studies are summarized in Figure 2a, with the solid circles
indicating the methodologically suitable studies. For the out-
come of access to healthcare, those with low health insurance
and no home ownership were significantly less likely to access

cardiovascular and nephrology health services than their more
advantaged counterparts. For the outcome of CKDprogression,
minority ethnicity (particularly African-Americans) and resi-
dence in an area of low SES were factors associated with accel-
erated progression; female gender showed a largely protective
effect. For the outcomes of cardiovascular events and all-
cause mortality, low income and no home ownership were as-
sociated with higher event rates and higher mortality (Table 1).

In the dialysis populations, the social gradient in access to
healthcare was highly evident (Figure 2b). Females, ethnic mi-
norities, those with low education, lack of health insurance, low
occupational level, no home ownership or low family support
were significantly less likely to access cardiovascular health ser-
vices or home dialysis than their more advantaged counter-
parts. For the outcomes of cardiovascular events and all-cause
mortality, minority ethnicity showed a largely protective effect,
whereas low education level and geographic remoteness were
factors associated with higher event rates and higher mortality.

All but two of the studies that were judged suitable and re-
ported a statistically significant social gradient in access to
healthcare and health outcomes were among the US popula-
tions (Figure 2a and b).

DISCUSSION

This review suggests that socially disadvantaged adults with
moderate-to-severe CKD including those on dialysis might ex-
perience a social gradient in access to specialist cardiovascular
and nephrology services. Specific factors including low educa-
tion level, low income, low rates of home ownership and geo-
graphic remoteness were significantly associated with worse
cardiovascular and mortality outcomes. Of particular note,
our review also demonstrates that even within a predominantly
insured dialysis population, those who are socially disadvan-
taged have lower access to healthcare than more advantaged
dialysis patients. This is evident in the likelihood of a delayed
start to dialysis, and less access to home-based dialysis, statin
medications and specialist cardiac services such as cardiac
rehabilitation.

Our review identified a number of studies where female gen-
der and minority ethnicity were protective for CKD progression
and all-causemortality. It is likely that this effect represents a bio-
logical or genetic contribution to disease progression andmortal-
ity risk, rather than effects driven by disadvantage.

The assessment of study suitability demonstrated that many
studies over-adjusted for effect mediators that lie on the causal
pathway between social disadvantage and CKD outcomes (such
as prior diabetes or cardiovascular disease). This is problematic
as it can lead to a biased estimate of the effect of social disad-
vantage by blocking some of the effect of social disadvantage on
outcomes. Jager et al. [39] have previously emphasized these er-
rors in the renal literature. A further issue of unnecessary ad-
justment for collinear variables (i.e. including several
measures of social disadvantage in the statistical model) was
also identified. A more detailed discussion of these methodo-
logical issues is available in Schisterman et al. [40].
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Table 1. Summary effect of factors of disadvantage across all CKD outcomes for studies with moderate-to-good suitability of analysis, by CKD 3–5 pre-dialysis and dialysis groups

Outcome Factor of disadvantage

Female gender Minority ethnicity Low
education

Low income Low insurance Low occupational
level

No home
ownership

Low family
support

Low area SES/
geographic
remoteness

Moderate-to-severe CKD, predominantly stage 3–5, pre-dialysis
Access to healthcare – – – – Anti-hypertensive use:

uninsured versus insured
OR 0.59 (0.40–0.85)a [16]

– Access to
nephrologist:
homeless versus
housed OR 0.49
(0.37–0.66)a [17]

– –

CKD progression eGFR decline/3 years:
males versus females
mean difference 0.45
mL/min (P > 0.05) [18];
eGFR decline/year:
females versus males
OR 0.47 (0.26–0.84)a

[19];
Males versus females
HR 1.38 (1.01–2.07)a

[20]

Progression from CKD 3 or 4
to ESKD: Blacks versus
Whites RR 4.6 (2.3–10.1)a

[21]
eGFR decline/year: Blacks
versus Whites OR 1.47
(0.73–2.95); Hispanics
versus Whites OR 1.85
(0.90–3.82);
Chinese versus Whites OR
0.10 (0.01–0.81)a [19]

– – – – – – eGFR decline/year: most
deprived quintile versus
least deprived HR 2.17
(1.14–4.51)a [20]
Creatinine elevation or
ESKD: most deprived
quartile versus least
deprived; white men
HR 2.1 (1.4–3.0)a; white
women HR 0.8 (0.5–
1.4); black men HR 0.8
(0.4–1.4); black women
HR 1.4 (0.9–2.3) [22]

Cardiovascular
events/mortality

Composite outcome—
stroke, CHF,
complications from
CAD: females versus
males HR 0.69 (0.47–
1.00) [23]

– – Composite outcome -
stroke, CHF,
complications from
CAD: <US$15 000 per
annum versus
≥$15 000 per annum
HR 1.94 (1.27–2.98)a

[23]

– – – – –

All-cause mortality – All-cause mortality: Blacks
versus Whites: age <65
years, HR 2.11 (0.83–5.37);
age 65–75 years, HR 1.13
(0.68–1.88); age > 75 years,
HR 0.89 (0.65–1.21).
Mexicans versusWhites: age
<65 years, HR 2.20 (0.95–
5.10); age 65–75 years, HR
1.07 (0.61–1.87); age >75
years, HR 0.92 (0.59–1.42)
[24]

– – – – All-cause
mortality:
homeless versus
housed: HR 1.28
(1.04–1.58)a [17]

– –

Continued
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Table 1. Continued

Outcome Factor of disadvantage

Female gender Minority ethnicity Low
education

Low income Low insurance Low occupational
level

No home
ownership

Low family
support

Low area SES/
geographic
remoteness

Dialysis
Access to healthcare Cardiac catheterization:

females versus males
OR 0.66 (0.49–0.88)a

[25];
Very late start dialysis:
females versus males
OR 1.70 (1.65–1.76)a

[26];
Cardiac rehabilitation:
<65 years, males versus
females HR 1.10 (0.74–
1.38) [27]; ≥65 age:
males versus females
HR 2.04 (1.62–2.58)a

[27]

PD use: Blacks versus
Whites OR 0.45 (0.38–
0.52)a; [28]
Cardiac catheterization:
Whites versus Blacks RR
1.41 (1.13–1.77)a [29]
Statin use: Blacks versus
Whites OR 0.47 (0.43–
0.50)a; Hispanics versus
Whites OR 0.52 (0.48–
0.56)a; Other versus Whites
OR 0.72 (0.64–0.81)a [30]
Cardiac rehabilitation: <65
years: Blacks versus Whites
HR 0.71 (0.49–1.03) [27];
≥65 years, Blacks versus
Whites HR 0.50 (0.34–
0.72)a [27]
Very late start dialysis:
Blacks versus Whites OR
1.01 (0.97–1.06); Hispanics
versus Whites OR 1.47
(1.38–1.56)a; Asians versus
Whites OR 1.66 (1.49–
1.85)a; Other versus Whites
OR 1.88 (1.72–2.05)a [26]

PD use: 9 years
schooling versus >12
years schooling OR
0.48 (0.40–0.58)a; 9–
12 versus >12 years
OR 0.66 (0.57–0.76)a

[28]

– Very late start dialysis:
uninsured versus privately
insured OR 1.55 (1.46–1.66)a;
Medicare only versus Private
OR 1.03 (0.97–1.09);
Medicaid versus Private OR
0.94 (0.88–1.00); Medicare or
Medicaid versus Private OR
0.88 (0.82–0.94)a; Veterans
versus Private OR 0.98 (0.93–
1.03) [26]
Cardiac rehabilitation:
Medicaid coverage versus not
OR 0.59 (0.42–0.85)a [27]

Very late start
dialysis:
employed versus
unemployed OR
0.83 (0.79–0.88)a

[26]

PD use: not
home owner
versus home
owner OR 0.70
(0.60–0.83)a [28]

PD use:
lives with
family
versus lives
alone OR
1.45 (1.20–
1.74)a [28]

–

Cardiovascular events/
mortality

– – CV mortality: Above
high school
education versus
elementary education
HR 0.54 (0.32–0.91)a

; middle school versus
elementary HR 0.81
(0.53–1.26); high
school versus
elementary HR 0.79
(0.49–1.28) [31]

– – – – – –
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Our findings of a social gradient in health related to educa-
tion, income and home ownership are consistent with a recently
published study in the UK [41] and other reports focusing on
several chronic diseases including arthritis, chronic lung disease,
neurological diseases and stroke [42–44]. Similarly, suboptimal
health insurance cover, especially for ethnic minorities in the
USA, has been associated with poorer cardiovascular outcomes
[45]. It is important to note that while the US Medicare system
does cover up to 90%of peoplewith ESKDonce they start dialysis
[46], it does not cover the CKD stage 3–5 and the pre-dialysis
population that are under 65 years of age.

Strengths and limitations

The strengths of our study include an extensive literature
search across four key health outcomes in CKD that resulted
in data of more than 8.9 million people in 10 countries. We cre-
ated a new checklist to assess the suitability of analyses for ex-
ploring the impact of social disadvantage, and in addition, a
novel graph that provides a visual summary of the direction
of the gradient and the suitability of the study for analysis of
health inequalities. Our review clearly separates the evidence
by specific factors of disadvantage, rather than combining
them in a single measure of SES. This is important because
the mechanisms that lead to each factor of social disadvantage
are often different, as are the subsequent interventions that may
help mitigate their effects. Our review is limited by the small
number of primary studies addressing the effects of the same
factors of social disadvantage (e.g. low income) on the same
health outcomes (e.g. all-cause mortality), making it impracti-
cal to conduct a pooled analysis of effect. Similarly, there were
few studies that reported the impact of the same factor of disad-
vantage across all outcomes, which limited the ability to assess
the downstream effect of poor access to health care on subse-
quent cardiovascular events or mortality and look further for
consistency in our findings. It is unclear whether the large pro-
portion of primary studies from the USA may have biased the
results; more studies from other countries are needed to enable
between-country comparisons.

Implications for policy and further research

This study suggests that inequalities in healthcare provision
and cardiovascular outcomes exist for pre-dialysis and dialysis
patients, and that these inequalities are broader than just re-
duced access to kidney transplantation. The communication
of this knowledge to key stakeholders is an important first
step in designing and implementing policies that may be effect-
ive. The training of CKD health professionals is one way to ad-
dress health inequalities by making those who are directly
responsible for patient care more aware of the barriers that
the less advantaged groupsmight face. Broader policy initiatives
at the government level designed to minimize the disadvantage
associated with low employment could consider workplace re-
tention strategies for people with CKD, and reintegration pol-
icies to support return to work after a serious health event, such
as a myocardial infarct or initiation of dialysis. At the popula-
tion health level, multi-faceted and multi-level public health
policies such as tobacco control have been shown to be effective
in reducing health inequalities [47], and may be effective in
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reducing cardiovascular mortality for disadvantaged CKD po-
pulations with high rates of smoking.

Further research with a focus on social determinants of
key health outcomes including quality of life in CKD is needed.
Examination of the multi-factorial reasons why access to health-
care does not automatically translate into change in health
outcomes should be undertaken, assessing factors such as genetic
differences, patterns of disease, effectiveness of interventions,
cultural and social variations that affect rates of utilization,
and attitudes to prevention and behaviour change [48]. Research
is also needed to investigate the effectiveness and cost-
effectiveness of policy interventions to reduce inequalities in
CKD morbidity and mortality [49].

Our review supports consistent evidence in the published lit-
erature of a social gradient in access to healthcare for adults with
moderate-to-severe CKD pre-dialysis and dialysis; and some
evidence of a gradient in CKD progression; cardiovascular
events and all-cause mortality for specific factors of disadvan-
tage. Most notably, people with the lowest education levels, low-
est incomes, no home ownership and those who are most
geographically remote have significantly worse cardiovascular
and mortality outcomes than those in the more advantaged so-
cial groups. The suitability of the analyses for investigating ef-
fects of factors of social disadvantage on health outcomes could
be improved with attention to the adjustment in statistical mod-
els. Further studies are required to investigate the reasons for
the gradient in access to healthcare and health outcomes and
to identify effective interventions to reduce social disadvantage
in this population.
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