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Background. Few studies have examined the association between individual-level socioeconomic status and access to kidney
transplantation. This study aims to investigate the association between predialysis income and education, and access to (i) the
kidney waitlist (first listing), and (ii) kidney transplantation conditional on waitlist placement. Adjustment will be made for a number
of medical and nonmedical factors. Methods. The Swedish Renal Register was linked to national registers for adult patients in
Sweden who started dialysis during 1995 to 2013. We employed Cox proportional hazards models.Results.Nineteen per cent
of patients were placed on the waitlist. Once on the waitlist, 80% received kidney transplantation. After adjusting for covariates,
patients in the highest income quintile were found to have higher access to both the waitlist (hazard ratio [HR], 1.73; 95% confi-
dence interval [CI], 1.53-1.96) and kidney transplantation (HR, 1.33; 95% CI, 1.16-1.53) compared with patients in the lowest in-
come quintile. Patients with higher education also had better access to the waitlist and kidney transplantation (HR, 2.16; 95% CI,
1.94-2.40; and HR, 1.16; 95% CI, 1.03-1.30, respectively) compared with patients with mandatory education. Conclusions.

Socioeconomic status-related inequalities exist with regard to both access to the waitlist, and kidney transplantation conditional
on listing. However, the former inequality is substantially larger and is therefore expected to contribute more to societal inequalities.
Further studies are needed to explore the potential mechanisms and strategies to reduce these inequalities.

(Transplantation Direct 2018;4: e346; doi: 10.1097/TXD.0000000000000764. Published online 24 January, 2018.)
Renal replacement therapy (RRT) includes kidney trans-
plantation (KTx) and dialysis. Compared with dialysis,

KTx generally offers lower morbidity and mortality, in-
creased quality of life, and decreased costs to the family
and society.1-4
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Ensuring equity in access to the waitlist is an important
part of, and key intermediate step in, the effort to ensure eq-
uity in access to KTx. It is considered important that patients
in equal need of KTx have equal access. Previous interna-
tional studies have found that age, sex, race,5,6 education,5,7

and marital status7 are associated with access to the waitlist.
Socioeconomic status (SES), typically measured through in-
come, education and occupation,5,6,8 appears to play a com-
plex role.5

The results of studies on access to the waitlist that use
residential postcodes as a proxy for SES are contradictory.
Kihal-Talantikite et al9 report that, in France, living in disad-
vantaged neighborhoods did not affect the chance of access
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to the waitlist compared with living in advantaged neighbor-
hoods, whereas studies from the United States and the United
Kingdom have shown a negative effect of living in disadvan-
taged neighborhoods.6,8,10 Two studies from the United
States, investigating the effect of individual-level education,
found that patients with higher education had a greater
chance to be put on the waitlist compared with patients with
lower education.5,7

Previous studies have also shown inconsistent associations
between SES and access to KTx conditional on waitlisting.
Studies from the United Kingdom8 and France9 found that
patients living in disadvantaged neighborhoods had an equal
chance of KTx compared with patients living in advantaged
neighborhoods. However, Schold et al6 found a negative
effect of living in disadvantaged neighborhoods in the
United States. Regarding education, studies from the US
report that higher individual-level education was associ-
ated with a higher chance of KTx.5,7

Despite the increase in evidence of SES-related inequalities
in access to the waitlist and KTx, the relative influence of
individual-level SES remains poorly understood. The most
important limitations of previous studies are: (i) income
was measured at area-level (postal code or neighborhood
poverty),6,10 rather than an individual-level and this intro-
duced measurement error which may lead to bias estimation
of the effect of income; (ii) they included only a single mea-
sure of SES; and (iii) they included only a subsample of the
relevant population9 or lacked potentially important con-
founders such as blood type6 and comorbidities,5,6 which
may lead to overestimation of the SES effects.

Sweden has a publicly funded healthcare system and access
to the waitlist and KTx should not depend on SES after
adjusting for need and/or capacity to benefit.11 However,
individual-level SES-related inequalities in access to KTx
have been shown to exist in Sweden.12 There is a paucity of
studies on this topic worldwide, not to mention within the
context of the Nordic healthcare systems, investigating
individual-level SES and access to the waitlist andKTx condi-
tional onwaitlist placement. Therefore, using a Swedish pop-
ulation sample and register data, this study will investigate
whether there are SES-related inequalities in KTx, by study-
ing 2 specific questions: (i) Are predialysis income and educa-
tion associated with access to the kidney waitlist? (ii) Are
predialysis income and education associated with access to
KTx conditional on waitlist placement?

The main contribution of the current registry-based study,
with extensive adjustment for predialysis medical, nonmedi-
cal factors and individual-level SES measures, is to divide
SES-related inequality into inequality of waitlisting and in-
equality of kidney allocation. Moreover, this study will
consider the research gaps regarding individual-level SES
inequality within RRT.

MATERIALS AND METHODS

Data Source

All data come from 4 databases: the Swedish Renal Regis-
ter (SRR)13 the Register of the Total Population,14 the Longi-
tudinal Integration Database for Health Insurance and
Labour Market Studies (LISA by Swedish acronym),15 and
the Scandia transplant database.16 The detailed information
of the databases has previously been described in Zhang et al.12
The SRR, with almost 100% coverage and a data reporting
incidence of 95%,17 includes data on all Swedish RRT pa-
tients. The Register of the Total Population includes marital
status and citizenship information while the LISA includes
SES-related data (eg, income and education) up to 10 years
before and after dialysis start. Information regarding waitlist
placement is derived from the Scandia transplant database.

In Sweden, there are 4 independent transplant centers with
(slightly) different policies of allocation of transplants. How-
ever, all 4 centers mainly consider blood group compatibility
and time on waitlist and should not consider SES. Because
some patients have multiple listings/retransplantations, only
the first listing/KTx is considered in the current analysis.

Study Population

The study included all adult end-stage renal disease
(ESRD) patients who started dialysis between 1 January 1995
and 31 December 2013, as recorded in the SRR (16 943 pa-
tients excluding those listed for multiorgan transplantation).
Each patient was followed to deceased-donor KTx, death,
or the end of the study (June 1, 2015). Patients who met the
following criteria were excluded: (i) the current treatment
modality was unknown (6 patients, 0.04%); or the patient:
(ii) recovered or died within 91 days of start of dialysis
(1819 patients, 10.74%), (iii) received preemptive transplan-
tation or living donor transplants after being placed on the
waitlist (173 patients, 1.02%), and (iv) was placed on the
waitlist before starting dialysis (261 patients, 1.54%). In
addition, 1019 observations were excluded due to missing
information for other important factors (ie, income [259
patients, 1.53%], education [357 patients, 2.11%], mari-
tal status [86 patients, 0.51%]). Therefore, the final sam-
ple included 13 982 adult patients on dialysis.

(i) SES indicators
SES indicators included predialysis income and education
1 year (or 5 years, in the sensitivity analysis) before dialysis
start. Income was defined as individual (after-tax) disposable
income (including income from work and benefits) derived
from the household disposable income adjusted for consump-
tion weights.18 The income variable was adjusted to the 2012
price level using the Consumer Price Index from Statistics
Sweden19 and was exchanged from Swedish krona (SEK) to
Euro (€) using 2012 average exchange rate (€1 = SEK8.7053).20

Income was divided into 5 income quintiles, from quintile 1, the
most disadvantaged quintile (income range: €-39 494-11 377),
to quintile 5, the most advantaged quintile (income range:
€20 992-1.24� 106). Negative income can occur if a person,
for example, is running a business at a loss in a particular year
(16 patients; 0.1% of the sample). Education was categorized,
according to the Swedish educational system, into mandatory
education (≤9 years), secondary education (>9-12 years), and
higher education (>12 years).
(ii) Confounding factors
Confounding factors included demographic variables and
clinical features at start of dialysis. Demographic variables in-
cluded age, sex, year of first dialysis, marital status, citizen-
ship, and whether the home county had a KTx center. There
are 4 KTx centers in Sweden, located in the 4 largest cities
(Stockholm, Gothenburg, Malmö, and Uppsala). A binary
variable of home county was created to capture any potential
advantage of living in an administrative area where KTx
was being performed and/or living close to the performing
hospital. Clinical features included primary renal diseases
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and comorbidities. Comorbidities included bloodmalignancy,
skin malignancy, other malignancy, hypertension, diabetes
mellitus, ischemic heart disease, cerebrovascular disease, and
peripheral vascular disease. For patients on the waitlist, data
also included ABO blood type information.

Statistical Analysis

The characteristics of patients, together and separately,
based on waitlist/transplantation status, are shown in
Table 1. It should be noted that the transplanted patients
are a subset of waitlisted patients. The continuous variables
are expressed as means and SDs and the categorical variables
are expressed as percentages. Between-group comparisons of
continuous and categorical variables were done using t and
χ2 statistics, respectively.

Time to waitlisting was calculated as the time from the
start of dialysis to the date of placement on the waitlist. Pa-
tients not waitlisted were censored at the time of death or at
the end of the study. Time to KTx was calculated as the time
from placement on the waitlist to the date of the KTx. Pa-
tients taken off the waitlist (temporary or permanently), or
remaining on the waitlist but not transplanted, were censored
at the time of death or at the end of the study.

First, univariate Coxmodels were used to study the associ-
ation between income/education and access to the waitlist
and KTx, respectively (model 1, Tables 2-5).Then, for
income, 3-step multivariate Cox models (models 2-4,
Tables 2 and 4) were estimated stepwise adjusting for educa-
tion (model 2), demographic variables (model 3), and clinical
variables (model 4). Income and education were included si-
multaneously because education can be seen as a factor un-
derlying the association between income and access to KTx.
Moreover, we can also explore which was the stronger inde-
pendent factor that could inform inferences about mecha-
nisms. For education, we performed a similar analysis as
for income but without adjusting for income in a 2-step mul-
tivariate Cox model (models 2-3, Tables 3 and 5).

Sensitivity analyses were conducted estimating the associa-
tion between income 5 years before dialysis and the average
income over 5 years before dialysis compared with 1 year be-
fore dialysis in the main estimates (models 1-4, supplemental
digital content [SDC], Table S1, http://links.lww.com/TXD/
A60). We also ran the full models for men and women sepa-
rately to investigate whether the effects of income and educa-
tion differ by sex. Moreover, we reran our analysis excluding
patients with negative as well as very low disposable income
(cutoff, < SEK 70 000) to study if potential misclassification
of income threatens to affect the results.

Statistical significance was assumed for P values less than
0.05. All statistical analyses were performed using STATA
software, version 14.0 (Stata Corporation, College Station,
TX). The study has been approved by Lund Regional Ethical
Review Board (Dnr: 2014/144).

RESULTS

Baseline Characteristics

The final sample included 13 982 adult patients on dialy-
sis, 2694 (19.3%) of whom were placed on the waitlist.
Among patients on the waitlist, 2164 (80.3%) received a
KTx during the study period. Patient characteristics are
shown in Table 1. The mean age at starting dialysis was
63.7 years (SD, 15.1), 65.6% was males. According to the
univariate analysis, patients on the waitlist were younger,
more educated, had higher income, fewer comorbidities,
and were more likely to live closer to a transplantation centre
compared with patients not on the waitlist (ie, dialysis pa-
tients) (P < 0.001). However, there was no sex difference be-
tween patients on the waitlist and not on the waitlist
(P = 0.48).

Effect of SES on Access to the Kidney Waitlist

Table 2 shows the association between income and access
to the waitlist in 4 Cox models. The results from model 1
found a U-shaped relationship between income and access
to the waitlist while also showing that patients in quintile
5 had 1.66 times higher likelihood of accessing the waitlist
compared with patients in quintile 1 (reference group). The
effect of high income decreased substantially when simulta-
neously adjusting for education (model 2) although remain-
ing positive and significant. Adjusting for demographic
variables (model 3) dramatically increased the effect of
income while further adjusting for clinical factors
(model 4) did not influence the effect of income. The full
model (model 4) showed a clear positive association between
income and access to the waitlist, as well as removing the
U-shaped relationship.

Table 3 shows the association between education and ac-
cess to the waitlist in 3 Cox models. The results from model
1 found that patients with higher education had more than
3 times the likelihood of placement on the waitlist compared
with patients with mandatory education. Although adjusting
for other covariates reduced the effect, education was still sig-
nificantly positively associated with the likelihood of place-
ment on the waitlist in the fully adjusted model (model 3).

Younger age, being married, and having Swedish citizen-
ship was found to increase the likelihood of placement on
the waitlist. In the income model, neither sex nor living in
the county where the transplantation centre was located
was found to have any effect although a small positive effect
of male sex was noted in the education model.

Effect of SES on Access to KTx Conditional
on Waitlist Placement

Table 4 shows the association between income and access
to KTx for waitlisted patients in 4 Cox models. The results
frommodel 1 found that patients in quintile 5 had 1.27 times
higher likelihood of receiving KTx compared with patients in
quintile 1 (reference group). The effect of high income de-
creasedmarginally when simultaneously adjusting for educa-
tion (model 2). Adjusting also for demographic variables
(model 3) and clinical factors (model 4) slightly increased
the effect size and showed a clear significant positive associa-
tion between income and access to KTx. However, the effect
seemed to be mostly isolated to the lowest income quintile.

Table 5 shows the association between education and ac-
cess to KTx in 3 Coxmodels. The results frommodel 1 found
that higher education had no effect on access to KTx com-
pared with mandatory education. However, after adjusting
for demographic variables (model 2) and clinical factors
(model 3), a small, significantly positive association between
education and access to KTx could be noted.

A positive effect on the likelihood of receiving KTx given
waitlist was found for younger age, being married (versus
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TABLE 1.

Characteristics of all patients, not waitlisted as well as waitlisted patients, and patients receiving a kidney transplant

Characteristics
Not on the waitlist

(n = 11 288)
On the waitlist
(n = 2694)

Pa (not on the waitlist vs
on the waitlist) KTx (n = 2164)b

Pc (on the
waitlist vs KTx)

Age at first dialysis, y <0.001 <0.001
18-39 1.8 15.3 16.7
40-49 3.8 22.7 22.7
50-59 10.4 34.7 35.4
60+ 84.0 27.3 25.2

Male 65.5 66.1 0.48 65.8 0.50
Year of first dialysisd 2004 (5.1) 2003 (4.9) <0.001 2003 (4.7) 0.01
Education <0.001 0.02
Mandatory 55.1 31.0 30.1
Secondary school 34.4 45.6 45.4
Higher education 10.5 23.4 24.5

Marital status <0.001 0.04
Married 53.0 50.3 50.9
Single 15.0 29.3 29.8
Divorced 15.4 17.3 16.5
Widowed 16.6 3.1 2.9

Disposable income <0.001 0.16
Quintile 1 (€-39 494-11 377) 20.3 18.5 18.6
Quintile 2 (€11 378-13 904) 21.0 15.8 15.9
Quintile 3 (€13 905-16 423) 21.2 15.1 14.6
Quintile 4 (€16 424-20 991) 19.7 21.2 20.6
Quintile 5 (€20,992-1.24 � 106) 17.8 29.4 30.3

Swedish citizenship 85.7 85.4 <0.001 85.7 0.04
Missing 11.2 9.4 8.8

KTx centere 47.6 51.6 <0.001 50.7 0.04
Primary renal disease <0.001 <0.001
APKD 3.7 14.1 15.2
Diabetic nephropathy 28.1 19.7 16.1
Glomerulonephritis 9.6 26.3 28.2
Hypertension 14.6 7.7 7.1
Pyelonephritis 3.7 3.7 4.1
Unspecified kidney disease 13.6 8.1 8.4
Other 26.7 20.5 21.0

Comorbidities
Blood malignancy 4.1 0.5 <0.001 0.5 0.76
Skin malignancy 1.1 0.5 <0.001 0.5 0.69
Other malignancy 12.3 2.5 <0.001 2.4 0.75
Hypertension 70.8 69.3 <0.001 69.3 0.96
Diabetes mellitus 36.2 20.5 <0.001 17.2 <0.001
Ischemic heart disease 35.1 10.1 <0.001 9.3 0.01
Cerebrovascular disease 12.6 5.0 <0.001 4.4 0.01
Peripheral vascular disease 14.8 3.5 <0.001 2.4 <0.001

Died 84.5 33.4 <0.001 25.6 <0.001
Blood typef <0.001
O 39.1 36.1
A 43.2 45.8
B 12.4 12.3
AB 5.3 5.8

a P values show the difference between patients not waitlisted and patients on the waitlist.
b Note that transplanted patients are a subset of waitlisted patients.
c P values show the difference between patients on the waitlist and patients who get transplant.
d Year of first dialysis was treated as a continuous variable.
e Whether patients’ home county has a Tx center.
f Limited to patients placed on the waitlist.

Disposable income was divided into quintiles, where quintile 1 represents the most disadvantaged and quintile 5 the most advantaged. Continuous variables are presented as means (and standard deviations);
categorical variables are presented as per cent of the total. Groups were compared by t-test for continuous variables, and chi-square for categorical variables.

APKD, adult polycystic kidney disease.
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TABLE 2.

Association between income and access to the waitlist, by Cox proportional hazard regression (n = 13,982)

Variables included
in the model

Model 1, crude: HR of
income (95% CI)

Model 2, adjusted for
education: HR (95% CI)

Model 3, adjusted for
Model 2 + demographic
variables: HR (95% CI)

Model 4, adjusted for
Model 3 + clinical variables:

HR (95% CI)

Disposable income (ref, quintile 1)
Quintile 2 0.83a (0.73-0.95) 0.80a (0.70-0.91) 0.93 (0.82-1.06) 0.99 (0.87-1.13)
Quintile 3 0.79a (0.69-0.90) 0.72b (0.63-0.83) 0.88 (0.77-1.01) 0.97 (0.84-1.11)
Quintile 4 1.14c (1.00-1.28) 0.93 (0.82-1.05) 1.21a (1.07-1.37) 1.29b (1.14-1.46)
Quintile 5 1.66b (1.48-1.86) 1.18a (1.05-1.32) 1.76b (1.56-1.99) 1.73b (1.53-1.96)

Education (ref, mandatory)
Secondary school 2.03b (1.86-2.22) 1.28b (1.17-1.40) 1.25b (1.14-1.37)
Higher education 2.99b (2.68-3.34) 1.97b (1.76-2.20) 1.82b (1.63-2.04)

Age at first dialysis (ref, 18-39), y
40-49 0.74b (0.65-0.84) 0.75b (0.66-0.85)
50-59 0.45b (0.40-0.51) 0.52b (0.46-0.60)
60+ 0.08b (0.07-0.09) 0.10b (0.09-0.12)

Sex (ref, female)
Male 1.01 (0.93-1.10) 1.03 (0.95-1.12)

Year of first dialysisd 0.96b (0.95-0.97) 0.97b (0.96-0.98)
Marital status (ref, married)
Single 0.78b (0.71-0.86) 0.76b (0.69-0.84)
Divorced 0.86a (0.77-0.96) 0.87c (0.78-0.97)
Widow 0.43b (0.34-0.53) 0.41b (0.33-0.51)

Citizenship (ref, non-Swedish)
Swedish 1.15 (0.97-1.37) 1.22c (1.02-1.45)
Missing 1.07 (0.85-1.33) 1.15 (0.91-1.44)

Home countye (ref, no KTx center)
KTx center 1.02 (0.95-1.10) 0.99 (0.92-1.07)

For the definition of quintiles 1 to 5, see Table 1.
a P < 0.01.
bP < 0.001.
cP < 0.05.
d Year of first dialysis was treated as a continuous variable.
e Whether patients’ home county has a Tx center.

Model 1: crude HR of disposable income; model 2: HRs were adjusted for education; model 3: adjusted for model 2 + demographic variables (age at first dialysis, sex, year of first dialysis, marital
status, citizenship, and home county); model 4: adjusted for model 3 + clinical variables, which included primary renal disease and comorbidities.

CI, confidence interval; HR, hazard ratio; ref, reference group.

© 2018 Wolters Kluwer Zhang et al 5
being widowed), and having A, B, or AB blood type. Sex, liv-
ing in the county in which the transplantation centre was lo-
cated, and having Swedish citizenshipwere not found to have
an effect on access to KTx.

Sensitivity Analysis

Access to the Kidney Waitlist
When using income 5 years before dialysis, the effect of in-

come decreased compared with the main estimates (model 1
in SDC, Table S1, http://links.lww.com/TXD/A60). The ef-
fect of high income increased when using the average income
over 5 years before dialysis (model 2, SDC, Table S1, http://
links.lww.com/TXD/A60). Both changeswere relatively small.

Access to KTx Conditional on Waitlisting
When using income 5 years before dialysis, the effect of in-

come decreased and became nonsignificant compared with
the main estimates (model 3, SDC, Table S1, http://links.
lww.com/TXD/A60). Using the average income over 5 years
before dialysis, the effect of high income decreased compared
with the main estimates but remained significant (model 4,
SDC, Table S1, http://links.lww.com/TXD/A60).
Men and Women Separately
For both men and women, the effects of income and edu-

cation on access to the waitlist/KTx were similar to the main
estimates (SDC, Table S2 and S3, http://links.lww.com/TXD/
A60), as were the effects of other factors (eg, citizenship).

Excluding Patients With Negative and Very Low
Disposable Income

Excluding patients with negative and very low disposable
income (< SEK 70,000) (SDC, Table S4, http://links.lww.
com/TXD/A60), did not change the results compared to the
main analysis in any meaningful way.

DISCUSSION

This study indicates that, in Sweden, differences linked to
patients' SES exist in the likelihood of being placed on the
kidney waitlist and getting a KTx. After multivariate adjust-
ment, patients in the highest income group had a more than
1.7 times and 1.3 times increased chance of access to the
waitlist and KTx, respectively, compared with patients in
the lowest income group. Patients with higher education
hadmore than 2 times and 1.15 times higher chance of access
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TABLE 3.

Association between education and access to the waitlist, by Cox proportional hazard regression (n = 13,982)

Variables included in the model
Model 1, crude HR of
education (95% CI)

Model 2, adjusted for
demographic variables HR (95% CI)

Model 3, adjusted for Model 2 + clinical
variables HR (95% CI)

Education (ref, mandatory)
Secondary school 2.11a (1.93-2.31) 1.38a (1.26-1.51) 1.35a (1.23-1.48)
Higher education 3.32a (2.99-3.68) 2.37a (2.13-2.63) 2.16a (1.94-2.40)

Age at first dialysis (ref, 18-39), y
40-49 0.77a (0.68-0.88) 0.78a (0.69-0.89)
50-59 0.51a (0.45-0.58) 0.59a (0.52-0.66)
60+ 0.08a (0.07-0.09) 0.11a (0.09-0.13)

Sex (ref, female)
Male 1.08 (1.00-1.18) 1.10b (1.01-1.19)

Year of first dialysisc 0.97a (0.96-0.98) 0.98a (0.97-0.99)
Marital status (ref, married)
Single 0.76a (0.69-0.84) 0.75a (0.68-0.82)
Divorced 0.85d (0.77-0.95) 0.87b (0.78-0.97)
Widowed 0.44a (0.35-0.55) 0.42a (0.34-0.53)

Citizenship (ref, non-Swedish)
Swedish 1.28d (1.07-1.52) 1.35a (1.13-1.61)
Missing 1.20 (0.96-1.50) 1.28b (1.02-1.60)

Home countye (ref, no KTx center)
KTx center 1.06 (0.98-1.14) 1.02 (0.94-1.10)

aP < 0.001.
bP < 0.05.
cYear of first dialysis was treated as a continuous variable.
dP < 0.01.
eWhether patients’ home county has a Tx center.

Model 1: Crude HR of education; model 2: HRs were adjusted for demographic variables (age at first dialysis, sex, year of first dialysis, marital status, citizenship, and home county); model 3: adjusted for
model 2 + clinical variables, which included primary renal disease and comorbidities.

6 Transplantation DIRECT ■ 2018 www.transplantationdirect.com
to the waitlist and KTx, respectively, compared with patients
with only mandatory education.

Separate Cox models were constructed, using different
groups of covariates to assess their relative contribution on
the likelihood to be waitlisted/get a transplant, especially
how the effect of income and education changed when
adding more covariates. When income was used as the mea-
sure of SES, education seemed to be a modifier especially for
the difference between the highest and lowest income group
in the probability to be waitlist. In particular, the likelihood
of listing for the highest income group was reduced, but still
statistically significant, after adjustment for education. How-
ever, education did not have much effect on the difference be-
tween the highest and lowest income group as to access to
KTx. Retrospectively, when education was used as a measure
of SES, the likelihood of waitlisting for the higher education
group decreased, whereas the likelihood of getting a trans-
plant slightly increased when adding covariates gradually.

The socioeconomic gradient was found to be stronger for
placement on the waitlist compared with receiving a trans-
plant once on the waitlist. The decision to put a patient on
the waitlist is probably more subjective and more vulnerable
to inequality because this entails a closer relationship be-
tween the treating physician and the patient. The transplanta-
tion decision once on the waitlist is more objectively based on
medical factors without the patient necessarily meeting the
transplantation surgeon.

Moreover, the association between education and access
to waitlist is stronger than the association between income
and access towaitlist. Because of the more subjective decision
to waitlist compared with KTx, this could be explained by
education potentially capturing other aspects, such as knowl-
edge and attitudes to disease and treatment, compliance and/or
communication skills. Education could therefore be expected
to be more related to the likelihood of being waitlisted com-
pared to income, even when income potentially captures as-
pects of general health (see below).

Income 1 year before dialysis runs the risk of capturing pa-
tients’ general health status as a result of the kidney disease as
well as their SES status. We therefore conducted sensitivity
analyses using both income 5 years and the average income
over the 5 years before dialysis. These measures should be
less influenced by the patients’ kidney-related health status
and should therefore be purer SES measures. The downside
of using them is that income levels may have changed over
the period and that the income 5 years before dialysis may
not be a good indicator of current SES. The results of the sen-
sitivity analysis using average income over 5 years before di-
alysis were similar but somewhat lower compared with the
main analysis on access to KTx given on the waitlist. When
income 5 years before dialysis was used as income measure-
ment, the effect of income was further reduced (hazard ratio,
1.15) and only significant on the 5% level. This indicates that
income 1 year before dialysis captures aspects of general
health, and given a positive effect of health on likelihood of
access to KTx, that the estimated association of SES on access
to KTx is potentially overestimated. This could also explain
why the association between income and KTx is stronger
compared with the association between education and
KTx, given that education is not affected by current health
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TABLE 4.

Association between income and access to KTx for patients on the waitlist (n = 2,694), by Cox proportional hazard regression

Variables included
in the model

Model 1, crude HR of
income (95% CI)

Model 2, adjusted for
education HR (95% CI)

Model 3, adjusted for
model 2 + demographic
variables HR (95% CI)

Model 4, adjusted for
model 3 + clinical variables

HR (95% CI)

Disposable income (ref, quintile 1)
Quintile 2 1.14 (0.99-1.32) 1.14 (0.99-1.32) 1.17a (1.01-1.35) 1.22b (1.05-1.42)
Quintile 3 0.98 (0.84-1.13) 0.98 (0.85-1.14) 0.98 (0.84-1.14) 1.03 (0.88-1.20)
Quintile 4 1.14 (1.00-1.31) 1.14 (1.00-1.31) 1.18a (1.03-1.36) 1.25b (1.08-1.44)
Quintile 5 1.27c (1.12-1.44) 1.25c (1.10-1.42) 1.29c (1.13-1.48) 1.33c (1.16-1.53)

Education (ref, mandatory)
Secondary school 0.97 (0.88-1.08) 0.95 (0.85-1.05) 0.92 (0.83-1.02)
Higher education 1.06 (0.94-1.20) 1.08 (0.95-1.21) 1.09 (0.96-1.23)

Age at being listed (ref, 18-39), y
40-49 0.78c (0.67-0.90) 0.77c (0.66-0.89)
50-59 0.79c (0.68-0.91) 0.78c (0.68-0.90)
60+ 0.81b (0.69-0.94) 0.81b (0.69-0.95)

Sex (ref, female)
Male 0.99 (0.90-1.08) 1.00 (0.91-1.09)

Year of being waitlistedd 1.00 (0.99-1.01) 1.01 (0.99-1.02)
Marital status (ref, married)
Single 1.04 (0.94-1.16) 1.06 (0.95-1.17)
Divorced 0.87a (0.77-0.98) 0.90 (0.80-1.01)
Widowed 0.80 (0.62-1.04) 0.73a (0.56-0.95)

Citizenship (ref, non-Swedish)
Swedish 1.09 (0.90-1.32) 1.11 (0.91-1.35)
Missing 1.10 (0.86-1.42) 1.12 (0.86-1.45)

Home countye (ref, no KTx center)
KTx center 0.89a (0.82-0.97) 0.94 (0.86-1.03)
Blood type (ref, O)
A 2.03c (1.85-2.24)
B 1.50c (1.30-1.73)
AB 3.42c (2.81-4.17)

For the definition of quintiles 1-5, see Table 1.
a P < 0.05.
b P < 0.01
c P < 0.001.
d Year of being waitlisted was treated as a continuous variable.
e Whether patients’ home county has a Tx center.

Model 1: Crude HR of disposable income; model 2: HRs were adjusted for education; model 3: adjusted for model 2 + demographic variables (age at being waitlisted, sex, year of being waitlisted, marital status,
citizenship, and home county); model 4: adjusted for model 3 + clinical variables, which included blood type, primary renal disease and comorbidities.
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status. However, to disentangle the health and income (SES)
effects, we would need to adjust further for general health,
which unfortunately is not available in the current data set.

The data include patients with negative or very low dispos-
able income, who accordingly are categorized in income
quintile 1. There are several potential reasons for such low in-
come level despite that the Swedish social insurance systems
should guarantee everyone a certain “liveable” income level.
The main concern is that these individuals might belong
to very rich households that, for example, evade tax or live
on savings during a particular year. This potential mis-
classification could introduce an underestimation of the
effect of income. However, excluding patients with a dis-
posable income below SEK 70, 000 resulted only in a very
small reduction of the association between income and
likelihood of getting a transplant compared with the base-
line results. This indicates that the results are not sensitive
to potential misclassification of rich individuals as poor
due to negative or very low disposable income during a
particular year.
We could also show that A, B, and AB blood types were all
associated with a higher probability of receiving KTx com-
pared with O blood type, whereas 1 study found the positive
association only for A and AB blood types.9 This discrepancy
could potentially be explained by the relative proportion of
different blood types in different countries.21 In addition, a
small positive effect of male sex was shown when estimating
the effect of education on access to the waitlist. The possible
reason for this may be that disposable income is lower for
women thanmen, which is captured by the sex variable when
income is not adjusted for.

The current results are consistent with studies from the
United States,5,7 showing that higher education was associ-
ated with greater likelihood of being placed on the waitlist
and undergoing KTx and the International Dialysis Out-
comes and Practice Patterns Study,22 which found that educa-
tion was not associated with access to KTx when adjusting
for income. The current results regarding income are also
consistent with studies from the United States,6,10 showing
an association between living in lower SES neighborhoods



TABLE 5.

Association between education and access to KTx for patients on thewaitlist (n = 2,694), by Cox proportional hazard regression

Variables included in the model
Model 1, crude HR of
education (95% CI)

Model 2, adjusted for
demographic variables,

HR (95% CI)

Model 3, adjusted for
model 2 + clinical variables,

HR (95% CI)

Education (ref, mandatory)
Secondary school 0.99 (0.90-1.09) 0.97 (0.88-1.08) 0.95 (0.86-1.05)
Higher education 1.12 (1.00-1.25) 1.14a (1.02-1.28) 1.16a (1.03-1.30)

Age at being waitlisted (ref, 18-39), y
40-49 0.79b (0.68-0.91) 0.78b (0.67-0.91)
50-59 0.82b (0.72-0.94) 0.82b (0.71-0.95)
60+ 0.87 (0.75-1.00) 0.88 (0.75-1.02)

Sex (ref, female)
Male 1.01 (0.92-1.11) 1.02 (0.93-1.12)

Year of being waitlistedc 1.01 (1.00-1.01) 1.01 (1.00-1.02)
Marital status (ref, married)
Single 1.05 (0.95-1.17) 1.07 (0.96-1.19)
Divorced 0.88a (0.78-1.00) 0.91 (0.81-1.03)
Widowed 0.83 (0.64-1.07) 0.75a (0.57-0.97)

Citizenship (ref, non-Swedish)
Swedish 1.15 (0.95-1.39) 1.19 (0.99-1.44)
Missing 1.15 (0.90-1.48) 1.19 (0.92-1.54)

Home countyd (ref, no KTx center)
KTx center 0.90a (0.83-0.98) 0.95 (0.87-1.04)

Blood type (ref, O)
A 2.02e (1.83-2.22)
B 1.48e (1.29-1.71)
AB 3.42e (2.81-4.17)

a P < 0.05.
b P < 0.01.
c Year of being waitlisted was treated as a continuous variable.
d Whether patients’ home county has a Tx center.
e P < 0.001.

Model 1: Crude HR of education; model 2: HRs were adjusted for demographic variables (age at being listed, sex, year of being waitlisted, marital status, citizenship, and home county); model 3: adjusted for
model 2 + clinical variables, which included blood type, primary renal disease and comorbidities.
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and decreased likelihood to complete steps to KTx. Contrary
to this, other studies from France9 and the United Kingdom8

found no effect of SES neighborhoods on likelihood of being
waitlisted or receiving KTx. In the current study, though the
effect size of SESwas lower for getting a transplant compared
with being placed on the waitlist, it was still significant. These
conflicting results between the current study and prior studies
may be due to use of different SES measures: individual-level
versus area-level SES (eg, neighborhood deprivation, degree
of urbanization,9 and Carstairs score to assess social depriva-
tion8). In addition, differences in healthcare systems between
countries might be another possible reason for these conflict-
ing results.

Potential reasons for SES discrepancies in access to KTx
lie with both the patients and the healthcare provider. From
the healthcare provider side, studies have found bias in iden-
tifying potential transplant candidates.23 From the patient
side, SES-disadvantaged patients may have more, and more
severe, comorbidities and worse adherence compared with
SES-advantaged patients.5,24 Lower education is associated
with factors, such as smoking, less exercise, and overweight,
by themselves relative contraindications to transplantation
or factors with impact on comorbidities that are contrain-
dications.25 Differences in knowledge, attitudes to disease
and treatment, and preference for transplantation may lead
to different treatment choices by SES-disadvantaged patients
compared to SES-advantaged patients.8 Hence, SES may have
both a direct effect on access to KTx process (eg, through dis-
crimination) and an indirect effect (operating through patients’
preference).26 The SES inequalities shown above are therefore
not necessarily due to discrimination. However, they will still
contribute to societal inequalities in health and wealth, and
as such, it is of interest to mitigate them.

A limitation of this study is that althoughwe controlled for
many important confounding factors, we lack information
on other unobserved factors (eg, more measures of general
health, adherence, race/ethnicity, patients’ preference, and
physician bias) and other biochemical data (eg, serum albu-
min level and other measures of inflammation; levels of para-
thyroid hormone) which also are associated with access to
KTx.9 Additionally, we have information on comorbidities
but not about their severity, nor about changes during follow-up.

In addition to the limitations above, there are important
strengths. Instead of geographically defined SES, 2 classic
individual-level SES indicators, education and income, were
used andwere expected to better capture the SES and thereby
give more accurate effect estimates. In addition, population
based national register data with almost 100% coverage and
a data reporting incidence of 95%17 gives the study high power
and excellent generalizability to ESRD patients in Sweden.

http://www.transplantationdirect.com
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CONCLUSION

Individual-level low income and education both are associ-
ated with a reduced chance of access to the waitlist and KTx
among Swedish ESRD patients. However, the factors behind
the observed SES inequalities in SwedishHealthCare System,
which aims to provide good and equal healthcare for all
Swedish citizens, are unknown. To this end, further studies
are needed to identify the mechanisms behind these inequal-
ities to construct interventions to reduce SES barriers and to
assess if these inequalities are unfair inequalities.
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