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ABSTRACT

Background: Research focused on identifying vulnerable populations and revealing specific
risk factors for barriers along the pathway from ESRD to kidney transplantation has been
mostly descriptive and the causes of existing disparities remain unclear. However, several
socio-economic factors that are associated with the access to and the outcome of the kidney
transplantation have been identified. Summary: While the presence of racial, gender, and
geographic disparities is noted, we were interested mostly to describe potential socio-
economic factors associated with and possibly responsible for the presence of such disparities.
In this review we focused on five factors: education level, employment status, income, presence
of substance addiction or abuse, and marital status. We describe the new method to quantify
patients’ socio-economic status and identify the group of high risk in terms of the transplant
outcome, easily calculated social adaptability index, previously associated with clinical outcome
in several patient populations including those with kidney transplant. At the end, based on
literature analyzed we offer potential interventions that potentially can be used in order to
reduce the degree of disparities. Conclusion: Based on review of literature socio-economic
factors are associated with and possibly responsible for healthcare disparities. Social
adaptability index allows quantifying the degree of socio-economic status and identifying
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the group of high risk for inferior transplant outcome.

Existing disparities in kidney transplantation

The presence of disparities in organ transplantation has been
extensively reported’ and primarily involves racial, gender,
and geographic disparities. The outcome of existing studies is
measured as either graft or recipient survival or in terms
of access to transplantation (i.e. time between ESRD onset
and listing, and between listing and organ transplantation).
The latter outcome is important since graft and patient
survival are inversely related to time on dialysis.>™* While
Blacks have lower access’ and poorer outcome of the
transplantation, Whites are far more likely to receive a
preemptive kidney transplant and less likely to be exposed
to greater than 3 years of dialysis before transplantation.®
To recognize the source of disparities it is helpful to have a
clear understanding of the pathway from ESRD to trans-
plantation, which is somewhat complex (Figure 1). It seems
that at every stage of the process black patients are
disadvantaged.”’™'* Specifically, a substantial number of
ESRD patients are not presented with kidney transplantation
as an alternative to dialysis by their physicians. In the
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population of patients considered to be appropriate for
transplantation Blacks are less likely to be referred for
evaluation, found acceptable candidates and placed on the
waiting list, or undergo transplantation. Furthermore, patients
might be declined by the transplant program after initial
evaluation and those candidates that are placed on the list may
be later removed or become ‘‘temporarily unavailable’’
because of comorbid conditions or medical events.>'!!?
That being said, at least some of the discrepancy seems to be
caused by differences in clinical characteristics between the
patient groups.” On the other hand, recent study suggested
that racial disparities in access to transplantation are driven
by differences in the socio-economic status.'! However, it
does not seem that in this report the adjustment has been done
for the health status of the patients. In a similar study, with
adjustment done for comorbidity index, Blacks still had lower
access to transplantation'® and worse transplant outcome.'*
Aside from health status and socio-economic factors there are
other potential reasons for disparities: the rate of donation
might vary in different communities,'> lower level of health
literacy'® and lesser adherence to medical regimens in
Blacks'” (the latter point being disputed by other authors'®).

The presence of gender disparities is also debated in
literature. Women seem to have less access to deceased'® and
living20 donor kidney transplantation, but as in the case with
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Figure 1. The pathway from the onset of
ESRD to transplantation.
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racial differences, the degree to which comorbidities contrib-
ute to this association is not completely clear. In the study by
Segev et al., while gender disparities have been demon-
strated, age and comorbidities have been shown to be strong
effect-modifying factors.?'

Regarding geographic disparities, Axelrod et al. suggested
that patients living farther from the transplant center had
reduced access to deceased donor kidney transplantation and
increased risk of post-transplant death.”” Other authors
suggest that living in impoverished areas, rather than the
distance to transplant center may be the basis for geographic
disparities.” Geographic differences in perceptions of neph-
rologists regarding patient candidacy for kidney transplant,
perceived barriers to kidney transplant, and proposed
strategies to increase rates of kidney transplant® as well as
differences in perceptions among rural and urban patients
about aspects of transplant’* may contribute to geographic
disparities in transplant. On a scale of the entire country,
the waiting time is dramatically different between different
regions of the US, with unadjusted median wait time for
deceased donor kidney being the longest in New York,
California, Washington (>4 years) and shortest in Utah,
Nebraska, Arkansas, Kentucky (1.4 years).25

As it has been discussed above, disparities in time to
transplantation and in the transplant outcome had been
described in literature mostly in relation to race, gender and
geographic location. While the mechanism of disparities in
access to healthcare and in clinical outcome might be unclear
(e.g. patient insurance status, education level, social support,
availability of the organ for transplant, etc.); socio-economic
characteristics probably make a significant contribution
(the fact which might be underappreciated in a some of the
studies®®). In that context it is important to make a distinction
between several terms sometimes used interchangeably but
not necessarily synonymous: disparities, differences, and
barriers." The differences (e.g. differences in outcome
between Black and White patients based on patient health
status) refer to a broader concept than disparities, latter
having a social injustice implications and mostly pointing to
social disadvantage or discrimination of a particular group.*’
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Barriers also are not equal to disparities, as the presence
of barriers implies objective reasons for limited access to
health care or for inferior outcome; while in case of disparities
the differences are avoidable. As opposed to ‘‘differences’
that may be explained by biologic as well as socio-economic
factors, ‘‘disparities’” are based on unequal distribution
of socio-economic factors. Disparities therefore are likely to
be explained by the association between socio-economic
factors and access to care as well as the outcome. We will try
to examine this concept in details below.

For the purpose of this review we decided to focus
specifically on the role of socioeconomic factors that have
been recently examined in relation to kidney transplant
outcome. These characteristics are distributed unequally in
the racial groups and they found to be associated with the
clinical outcome (e.g. employment status,”® health insurance
type,30 education level,30 marital status,31 substance abuse32),
may affect the outcome of kidney transplantation.

Association of socio-economic factors with
kidney transplant outcome

Education level

Below we will discuss the association between education
level with both access to transplantation and transplantation
outcome (i.e. graft and recipient survival). Since education is
one of a very few modifiable socio-economic factors, it makes
an attractive target for intervention. Indeed, it has been
demonstrated that the racial disparities in access to trans-
plantation'® and transplant outcome'* may be alleviated in
patients with higher levels of education.

Access to transplantation

It has been shown that college graduates were three times as
likely to be wait-listed or receive a kidney transplant when
compared to patients with less than 12yr of education.*
Furthermore, we previously demonstrated an incremental
increase in odds of being listed and then transplanted with
increased education level.'> Several potential mechanisms
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may explain this association. Better educated individuals may
seek the transplant organ through the means that are not
available to less educated patients, or they might not be aware
of. Better education may be associated with improved health
literacy, which improves odds of being listed.** In addition,
education had modifying effect on racial differences in access
to transplantation. Black patients were less likely to be wait-
listed/transplanted in three less educated groups (i.e. those
never completed high school, high school graduates and those
with partial college education). However, the difference
in likelihood and time to listing lost statistical significance
in those who completed college education. Interestingly in
patients who were already listed, significant racial disparity
in time from listing to transplantation persisted across
all levels of education.'® It is possible that the listing
process where human decision is involved to a large extent
(Figure 1) is more prone to communication barriers between
patients and health care professionals and to potential bias
and disparities. The decision of the primary nephrologist
to refer a patient to a transplant program and the decision
of the transplant program to consider a particular patient as a
candidate may both be biased. In contrast, a patient’s position
on the list is less prone to human bias and discrimination
but may be more affected by biologic factors, such as
comorbidity.

Transplant outcome

Education level is associated with kidney transplant outcome,
and there is a trend of incremental lowering of the hazards for
both graft failure and recipient mortality with advanced
education level.*® Similar to the access to transplantation, the
degree of disparities in graft and recipient survival between
African Americans and whites gradually decreased with
increasing level of education."* Theoretically, higher educa-
tion levels may improve health literacy, leading to a better
medication adherence and potentially to a better outcome.
Indeed, the confounding effect of education makes sense as it
is unequally distributed in races,”® and it has an association
with transplant outcome® and access to transplantation.
These alleviating effects of education could be explained in
a number of ways. Poor education level might serve as a
communication barrier between patients and health care
professionals. Also, there is an evidence to suggest that higher
educational level is associated with better compliance.>

Income level

Individuals with lower income are less likely to be interested
in transplantation, found medically suitable, and to complete
the pre-transplant workup.’® While income information is
not always available for analyses, receiving benefits from the
government programs (e.g. Medicaid or Medicare) has been
used as an indicator for low-income status in some studies.
Specifically, having private insurance is beneficial compared
to Medicaid or Medicare to graft and recipient survival, even
when the analysis was stratified by the racial groups.®®
Several potential mechanisms might contribute to this
association, in particular, cost related non-compliance
with medication regimen has been postulated.>’ Extension
of Medicare immunosuppression benefits from 3 years to
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lifetime among kidney transplant recipients aged >65 years
or disabled attenuated income-associated differences in long-
term renal graft survival (difference in 5 year graft survival
between low vs. high income groups of 5.4% almost
disappeared under the new policy).*® While it is tempting
to explain the association between income and transplant
outcome by direct association due to inability to afford care,
it does not seem to be the only mechanism. Lower income
was found to be a significant and independent predictor
of graft survival in an analysis of 621, mostly White renal
transplant recipients from United Kingdom, where patients
receive free medical care. Acute rejection was significantly
more frequent for patients with low income compared with
the high-income group (36% vs. 27%).>°

There is an interaction between racial disparities and
income, so that low-income may accentuate racial disparities.
Patzer et al. observed in an analysis of 35,346 subjects that
the degree of racial disparities differs as neighborhood
poverty increases. In this study, Black patients were less
likely to be wait-listed than Whites in all neighborhoods but
this disparity was most striking in the poorest communities
where Blacks were 57% less likely to be listed than Whites.’
A similar association between poverty and disparity was
described in other publications.*® However, despite its strong
association with outcome the income level does not fully
explain the presence of racial disparities. The racial disparity
in graft survival between Black and non Black patient group
eligible for the lifetime benefit was still plresent.41 Still, it
seems reasonable to suggest that focusing on poor commu-
nities may be an effective way to improve fair allocation of
kidney allografts.

Employment status

Employment rates after solid organ transplantation have been
reported as low as 45-55%**7* driven by poor health, acute
rejection episodes, and fear of loss of health insurance or
disability benefits.***>*’ On the other hand, transplant
recipients who worked prior to transplantation and have
higher pre-transplant incomes and levels of education, as well
as those without diabetes and receiving the kidney from the
living donor are more likely to return to work.***¢ It has been
reported that solid organ transplant recipients who return
to work differ in several aspects from those who do not,
including shorter periods of pre-transplant disability and
unemployment (age 35-50 years), higher educational level,
retention of health insurance, and a professional job.*®
Furthermore, post-transplant employment is associated
with better transplant outcome. Specifically, working full
time at the time of transplantation and at 12 months post
transplantation is beneficial to graft and recipient survival. In
addition, working part time by choice and not working by
choice at the time of transplantation or a short time after
transplantation was associated with inferior outcome compare
to those working full time.”® Of course, in the complex
relationship between socio-economic factors and outcome the
association may be explained by direct effect of employment
on clinical outcome (e.g. better health insurance coverage
associated with employment,® higher income and ability to
pay for medication®®), or by confounding effect of other
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factors (e.g. employment could reflect the patient’s general
well being). Employment may be associated with higher
level of physical activity, better glycemia control,*® lower
prevalence of cardio-vascular disease® and depression.”®

Interestingly, working full-time at 5 years post-transplant
was associated with worse outcome.”’ The potential explan-
ation for this phenomenon might be the fact that transplant
recipients are covered by Medicare during their first three
post-transplant years; therefore, at 5 years post-transplant
those not working are either on disability or use some
other resources to pay for medical services. In other words,
the recipients who do not work are frequently supported
through government agencies, while those who chose to seek
employment often lose government benefits.*>*> Therefore,
it is possible that healthier individuals who elect to work
might have a high enough income to disqualify them from
government benefits, yet have insufficient resources to cover
all their medical expenses.*” Other explanations are possible,
but are less convincing (e.g. full-time employment has been
demonstrated to be associated with lower levels of self-
reported medication adherence'®).

Marital status

The positive impact of marital status on clinical outcome has
been demonstrated.’'™* In the transplant recipients being
married is associated with greater odds of being transplanted
and also with better outcome of transplantation itself.
Specifically, compared to patients between the ages 40 and
65 who have never been married, those who have been
married had higher access to renal transplantation both in
terms of shorter time from ESRD onset to listing, and from
listing to being transplanted.>* Furthermore, being married
had positive effect for the graft (but not recipient) survival.
Interestingly, when males and females were analyzed separ-
ately, the same positive association between being married
and graft survival was observed in male recipients, but not in
females.”!

As with other socio-economic factors, the effect may
be confounded by other variables. In particular, compared to
those that have not been married, the recipients who have
been married had higher percent of Whites and lower percent
of Blacks, shorter duration of ESRD, lower percent of patients
with prior kidney transplant but higher percent of dia-
betics.>'** While multivariate models have been adjusted for
these variables, residual confounding is still possible.
Alternatively, the effect of being married on the transplant
access and outcome may be mediated by lower income and
inferior health insurance, reduced access to healthcare and
living donors, less developed social network, depression,
lower quality of life, and negative health behaviors in terms
of alcohol and drug abuse. In addition married people might
also benefit from somebody else monitoring their health
status.

Substance abuse

Due to concern that a recipient’s substance abuse might
lead to accelerated graft loss many transplant programs
exclude patients with active substance abuse (tobacco, alcohol
or drugs). Analysis of 1,077,699 patients has demonstrated
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that patients with ESRD who are abusing or dependent on
tobacco, alcohol, or illicit drugs are less likely to be placed
on the waiting list for kidney transplant, and once on the list
are less likely to be transplanted.”® Indeed, substance
abuse has been associated with inferior clinical outcome
and with poor compliance;’® in addition intravenous drug use
is a risk factor for hepatitis C.>’ Active substance abuse has
been linked to inferior transplant outcome. Specifically, it has
been demonstrated that a history of recipient alcohol
dependency at the time of ESRD onset has a negative effect
on graft and recipient survival.*? It seems reasonable that the
decisions to exclude patients with substance abuse should be
based on severity, type of substance abuse and assessment of
compliance as well as psychological evaluation of the patient.
In donors with substance abuse, only tobacco smoking, but
not alcohol or drug abuse have been associated with inferior
transplant outcome®® and therefore there is no evidence
to support avoiding the kidneys from donors with IV drug use
or alcohol dependency in transplantation.

Quantification of socio-economic status:
social adaptability index (SAI)

As it has been discussed above, socially disadvantaged
individuals may be prone to have inferior medical outcomes,
in particular Blacks,sg’60 women,61 and residents of rural
(as opposed to urban) regions.®® Disparities (as opposed to
broader term ‘‘differences’”) in relation to the disadvantaged
populations are likely to be based on socio-economic factors
unequally distributed in groups based on race, gender, or
geographic location. However, defining disadvantaged popu-
lation based on rigid criteria of skin color, gender, or
geographic location may be prone to errors lacking specificity
and sensitivity. The better approach is to quantify the degree
of disadvantaged status, which would be important for both
clinical practice and research. Strong evidence suggests that
lower socio-economic status is a health risk factor independ-
ent of genetic and many clinical indicators.?>63-¢7
A measure proposed an index based on employment, accom-
modation and living situation was proposed in the past and
was only weakly associated with symptoms, quality of life,
global functioning and disability.®® More recently a Social
Adaptability Index (SAI) has been proposed. SAI is a
composite indicator based on employment, education level,
income, marital status, and substance abuse. Each of these
factors has been demonstrated to have strong association with
clinical outcome.?*? SAT is calculated based on these factors
(each graded on a scale of 0-3 as described in Table 1 and
contributing between 0 and 3 points to the SAI). SAI therefore
ranges between 0 and 15 points. It seems to be a useful tool
for clinicians and researchers to identify population at risk
of inferior clinical outcome and also the disadvantaged groups
prone to disparities. This index had strong and significant
association with mortality in different groups of individuals,
including general American population,®® patients with
diabetes,”® those with chronic kidney disease,”! dialysis
patients’> and those with kidney transplant.”® Specifically,
SAI is associated with graft and recipient survival in renal
transplant recipients. Higher SAI levels were associated with
a significant reduction in risks for graft loss and recipient
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Table 1. The socioeconomic status included in the SAI, each graded on a scale of 0-3.

Score for SAI calculation

0

2 3

Employment status Unemployed, not working due to  Retired
medical conditions, not working
by choice

Not married (including never
being married and widowed)

Did not complete high school

Marital status
Education level

Substance abuse Abusing drugs, alcohol and
tobacco
Income (x $1000 per <20

year per household)’

20-50

Divorced or separated
High school graduate

Abusing two of three
substances

Working part time Working full time

Married without children Married with children

College graduate Post-college education or

doctorate degree
Abusing one of three No substance abuse
substances

>50-100 >100

"The categories of income are based on quartiles in a particular patient population. Numbers presented in the table are based on NHANES-3 data,
though the scale was modified since income categories greater than $50,000/year per household were not available in NHANES-3 for the population

used in the SAI analysis.®*~"!

mortality. The mechanism of this association might be
mediated by lower level of adherence, lower health literacy,
possibly less developed social structure and greater degree of
objective barriers to care in the recipients with lower SAL”?
In addition to its association with clinical outcome the SAI
predicts access to kidney transplantation (measured as time
to being placed on the list and also as time to being
transplanted among those who were listed).”* Each increment
of the SAI (which in this study ranged from O to 12 due to
lack of data on some of the components of the SAI) increases
the chances of being listed by 19% and the chances of being
transplanted (among those already listed) by 6%.”* ESRD
patients with lower SAI may be at risk of lower referral
rates, delays in work-up, less regular follow-up, lower rate of
listing and inferior rate of transplantation even when already
on the waiting list. Lower SAI in this study was also
associated with racial minorities and female sex similarly to
existing data demonstrating that racial minorities and women
are at risk of disparities.”>’>7¢

SAI therefore seems to be a reasonable quantifiable
indicator of belonging to a disadvantaged population, which
is prone to experiencing disparities and associated with poor
outcome and inferior access to healthcare.

Potential interventions

The mechanism of disparities is likely to be multifactorial
and some underlying socioeconomic factors may in fact be
modified. Specifically, we would like to underscore the
significance of education which is associated with income,”’
insurance status®® and employment.”® Based on the data
presented above we think that few interventions might be
beneficial in alleviating disparities. Specifically, education
programs and improving health literacy may improve the
outcome in those with lower SAL’® Patient navigation
systems might streamline the process of pre-transplant
evaluation and improve access to transplantation.®”
Reimbursement policies and benefit extensions might be
considered.®® In addition, one might consider integrating an
employment specialist into the healthcare team to provide
vocational support. Furthermore, minimization of substance
abuse by increasing awareness of patients to factors associated

with successful listing and transplantation might also improve
the SAI and transplant outcome.

Conclusion

Based on current literature disparities do exist in access to
kidney transplantation and its outcome. Socio-economic
factors (i.e. education level, employment status, income
level, marital status and substance abuse) being unequally
distributed in disadvantaged groups are likely to play a
significant role in the observed disparities. The intervention
programs should be focused on sub-populations at higher risk
determined by quantified indicator of disadvantaged social
status such as social adaptability index.
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