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Abstract
Background: Traditional socio-economic status (SES) factors that have been associated with access to renal
transplantation include race, gender and income. However, these traditional factors are neither specific nor sensitive
for ‘at risk’ status. There are now new and comprehensive SES assessment tools like the Social adaptability index
(SAI) that provide an accurate and reliable estimate of an individual’s social adaptability, and have been shown to
predict graft failure and access to renal transplantation.
Summary: In this review we describe the various SES factors that have been shown to be associated with graft
failure and access to renal transplantation. We also describe novel methods to quantify SES like the SAI. We also
discuss, based on literature review, potential interventions to improve access to renal transplantation in individuals
with lower SES.
Conclusion: There are several SES factors associated with access to renal transplantation. Quantifying SES
through tools like SAI can aid in identifying at risk patients, and thereby, can assist in targeting interventions towards
patients most likely to benefit from them and reducing disparities in access to renal transplantation.
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Known Disparities in Access to Renal Transplant

Introduction

Pre-transplant evaluation is one of the most crucial aspects of the
transplant evaluation process. It underscores the significance of
evaluating a patient’s transplant candidacy based on objective medical
criteria. However, several previous studies have demonstrated that
African Americans [1-4], elderly [7], and women [8] are less likely to
receive a renal transplant. The disparities that exist for African
Americans have been extensively documented; however, studies have
also shown that Hispanics, Asians and Native Americans also have
reduced access to renal transplantation [9-12]. There also exists a
difference in listing practices for transplant among different transplant
centers [13,14].

Traditionally, disparities in access to renal transplantation have been
described extensively in terms of race, gender, income and geographic
location [1-4]. End-stage renal disease (ESRD) is known to be a major
cause of morbidity and mortality in the United States and worldwide
[5]. Furthermore, when compared with dialysis, kidney transplantation
has been shown to be more cost effective and associated with longer
survival and superior quality of life; and it is considered the treatment
of choice for patients with ESRD [6]. When comparing clinical
outcomes, different studies have estimated either graft or recipient
survival when measuring kidney transplant outcome. For access to
kidney transplantation, time between ESRD to wait-listing and/or time
between wait-listing to actual transplant is usually estimated. Any
intervention that is aimed to reduce disparities in access to healthcare
or clinical outcomes, for it to be successful and cost-effective, it is vital
to accurately identify the individuals most likely to benefit from that
particular intervention, so that limited health care resources are
utilized optimally. However, traditional factors known to be associated
with renal transplantation outcome or access like race and gender are
not sufficient to accurately identify if an individual patient is at risk for
inferior clinical outcomes. In this review, we discuss the various SES
factors that have been shown to be associated with graft failure and
access to renal transplantation. In addition, we describe novel tools like
the social adaptability index (SAI), which have been developed to
provide more accurate and reliable information about the ‘at risk’
status of an individual patient. The SAI is unique as it does not depend
on group characteristics like gender or race, and has been validated in
several different studies in varied clinical outcomes.
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In addition to the factors listed above, there are several other
socioeconomic factors that have been previously described to be
associated with access to renal transplantation. Our group has
previously demonstrated that patients, who are married or divorced/
separated, when compared to patients who are never married, have
higher access to renal transplantation, specifically in the age group
40-65 [15]. This effect of higher access persisted for married patients in
terms of receiving a transplant even after getting wait-listed. In
addition, the results were consistent across most of the subgroups
studied. Furthermore, it has been shown that being married has a
positive effect on the graft survival (but not overall survival) [16].
Studies have previously shown that marital status can be associated
with positive outcomes, including objective clinical outcomes [17].
Conversely, it has also been shown that transplantation itself might
affect marital relationships [18,19]. The significant impact of marital
status on access to renal transplantation could potentially be mediated
by several factors including higher indulgence in substance abuse in
unmarried individual, lower access to health care and living donors,
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inferior or absent health insurance, poor social network, lower income,
and mental health issues like depression and anxiety.
Previously, we have also shown that indulging in substance abuse
leads to reduced access to renal transplantation [20]. Polysubstance
abuse has been associated with a reduction in the likelihood of being
wait-listed for renal transplantation and receiving a kidney transplant.
Predicted graft and recipient survival are important elements of the
decision-making process in a pre-transplant evaluation. There exists a
reasonable concern among transplant professionals that a recipient’s
substance abuse might be associated with and can lead to accelerated
graft loss [21-24], because of changes in body physiology and patient
noncompliance. As a result, many transplant programs listing and
transplant criteria exclude patients who are actively involved in
substance abuse. Indeed, recipient’s active smoking status before
transplant has been shown to be associated with allograft loss [21].
Now the question is, based on the above, would it be reasonable to
exclude all patients who are active smokers, abuse alcohol or drugs
from being considered for renal transplant? To address this issue, we
have previously calculated a “utility cost” if patients with substance
abuse issues were transplanted at an equal rate to those with no
substance abuse. As per our estimate, it would equate an additional
renal allograft loss of 0.34% [20]. We believe that clinicians need to
find a more optimal middle ground, where decisions regarding
exclusion of patients from transplant are based on severity (e.g.,
possibly excluding patients with more than 25 pack years of smoking
[22]) and type (e.g., patients with moderate alcohol consumption
perhaps need not be excluded [25]) of substance abuse and assessment
of compliance by pre-transplant psychological evaluation of the
patient.
In addition, being unemployed has also been shown to be associated
with reduced access to renal transplantation. We have previously
shown that compared with unemployed patients, patients who are
retired/disabled or working part time or full time are more likely to be
placed on the waiting list for renal transplantation and once on the list
are more likely to receive a transplant [26]. We observed a smaller
effect size for transplant compared with listing/transplant which could
potentially be explained by the fact that the patients who are already
wait-listed represent a more homogenous sample. And indeed, patients
may get inactivated after being listed based on their health status;
however, value-laden judgment is minimized once the patients are on
the waiting list.
The reported disparities for unemployed patients are likely caused
by a combination of factors that have to do with the transplant
program or with the patients themselves. There are several potential
factors that might contribute towards transplant programs
unwillingness to list and transplant poorly employed candidates.
Firstly, one of the primary concerns of transplant centers is the
recipient’s ability to afford immunosuppressive medications posttransplant. The ability to procure immunosuppressive medications,
patient’s employment status, and expected graft and patient survival
after transplant are all linked phenomenon. Lack of employment can
lead to limited financial resources for the patient and subsequent
inadequate health care. This can lead to late referrals by nephrologists
and delayed evaluation by transplant centers. Furthermore, lack of
financial resources (which may be in part due to underemployment)
may also be associated with patient’s non-compliance, which is the
third leading cause of renal allograft loss after rejection and infection
[27], and remains a significant cause of patient mortality [28]. While
many factors may lead to non-compliance after transplant, incapacity
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to pay for expensive immunosuppressive medications might be
perceived as barrier by a transplant program. The second potential
mechanism has to do with insurance status, traditionally inferior in
poorly employed individuals. Specifically, being employed allows
patients to access employer group health insurance. A majority of the
population with health insurance coverage in the United States obtains
it through their employment [29]. There is evidence to suggest that
lack of insurance can significantly contribute toward non-compliance
and might be responsible for up to 35% of renal allograft loss
[28,30-32].
Another socioeconomic factor that has been consistently shown to
be associated with access to renal transplantation is recipient’s
education level. Similar to biologic factors, most of the socioeconomic
factors are not easily modifiable. Education level is unique in this
regards, as it might be amenable to modification, even at a later stage
in life, specifically health literacy. Theoretically, everyone in life should
have an equal opportunity of learning, but that is often not the case.
The relationship between education level and access to renal
transplantation in subjects of different racial or ethnic backgrounds
has been investigated in the past by our group. In a previous study we
have shown that racial disparities (when comparing white and African
American patients) do exist in access to renal transplantation, however,
such racial disparity might not be present in highly educated African
American patients [33]. In our study, with a sample size of 3224
patients with end-stage renal disease (ESRD), education data collected
from United States Renal Data System (USRDS), when compared to
white patients, the rate of college graduation was lower in African
Americans (16.7% vs. 10%). Furthermore, a lower percentage of
African Americans graduated from high school (30% vs. 38.6%). We
also found that African Americans were less likely to receive a
transplant (hazard ratio of 0.7, p<0.001 for getting wait listed or
transplanted without listing; and hazard ration of 0.58, p<0.001 for
receiving a transplant post wait-listing). Moreover, patients of African
American race were less likely to be either wait listed or receive a
transplant in the three less educated group of ESRD patients: hazard
ratio of 0.67 (p=0.005) in the never completed high school group,
hazard ratio of 0.76 (p=0.02) for the high school graduate group, and
hazard ratio of 0.65 (p=0.003) for the partial college educated group. It
is interesting to note that in the completed college educated group, the
difference was not found to be statistically significant (hazard ratio of
0.75, p=0.1), suggesting that higher education can help reduce racial
disparities.

Novel Ways to Quantity and Estimate Individual
Socioeconomic Status
As previously mentioned, there are several socioeconomic factors
that can affect access to renal transplantation, including sex, race,
income and geographic location. However, it should be noted that
identifying a specific individual as at risk, based on their race or sex
lacks sensitivity and specificity, and can often be inaccurate. For
example, a person who in an African American, but has high income
and a college degree or high education level might not necessarily be at
risk. To alleviate this issue, we developed a comprehensive, easy to
calculate tool to assess an individual’s socio-economic status called the
Social Adaptability Index (SAI). SAI is calculated as a sum of five
scores related to employment status, education level, marital status,
substance abuse and income. To eliminate the problem of scalability in
SAI, each individual component is graded on a scale of 0–3 without
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additional weighting, so that each individual component contributes
equally (from 0 to 3 points) to the final calculation of the SAI.
The grading system that has been used in several studies validating
the SAI is as follows: 1) Employment status: 0=unemployed, not
working due to medical conditions, or not working by choice;
1=retired; 2=working part time; 3=working full time. 2) Education
level: 0=did not complete high school; 1=graduated high school;
2=graduated college; 3=doctoral degree or any post college education.
3) Marital status: 0=not married (including never been married and
widowed); 1=divorced or separated; 2=married without children;
3=married with children. In terms of defining the married category, it
included individuals with partner in household, married with partner
not living in the household, living as married or living with a partner.
In addition, if there was data lacking for children, if the individual was
married and the number of people in the household was >2, we
considered that individual married with children (marital status=3);
otherwise, we considered the individual married without children
(marital status=2). 4) Substance abuse: 0=abusing all three substances,
drugs, alcohol and tobacco; 1=abusing two of above three substances; 2
= abusing one of above three substances; 3=not using any substances.
Alcohol addiction was defined as present if any of the following criteria
were met in the individual: (i) total number of days individuals used
more than 9 drinks over the last 12 months was greater than 24; (ii)
total number of days individuals used more than 4 drinks over the last
12 months was greater than 48; (iii) total number of days individuals
used more than 1 drink over the last 12 months was greater than 240.
Drug addiction was defined based on marijuana or cocaine use history
available in the dataset. In specific, drug addiction was defined as
positive if the individual used marijuana or cocaine at least once over
the last 30 days period. And finally, tobacco addiction was defined as
positive if any of the following factors were true: (i) self-described as a
smoker at the time of initial evaluation; (ii) the individual smoked
cigarettes immediately prior to the evaluation (within 30 min); (iii)
number of cigarettes used in the past 5 days was greater than four.
Finally the definition of income was variable in different studies and
was primarily based on information available in that particular data
set. In some studies, having health insurance was used a proxy for
higher income level.
SAI has been shown to be associated with mortality in several
different population subsets that include general American population
[34], patients with diabetes mellitus [35], patients with chronic kidney
disease [36], with end state renal disease (ESRD) [37], and those who
had received a kidney transplant [38]. Higher SAI has also been shown
to be associated with significant reduction in risk for graft loss and
recipient mortality [38]. In addition, SAI has also been associated with
parameters for access to health care, like access to renal
transplantation. In a recent study, higher SAI was found to be
associated with higher likelihood of being placed on the waiting list
and receiving a transplant after being wait-listed [39]. SAI has been
validated in multiple different populations as above, and is a
reasonable quantifiable estimate on an individual patient’s
socioeconomic status. Various studies done with SAI and its
association with different clinical outcomes in diverse populations are
shown in Table 1. A conceptual model with underlying hypothesis and
observed associations of SAI is described elsewhere [36].
Some of factors that lead to disparities in healthcare are likely not
amenable to change at the healthcare provider or system level.
However, a few interventions can be undertaken that might show
clinical benefit. Specifically, education programs geared towards
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improving health literacy may improve the outcome in patients
identified as at risk status based on low SAI scores [40]. In addition,
navigation systems that streamline the process of transplant evaluation
could potentially improve access to renal transplantation [41]. One
might also consider incorporating an employment specialist into the
healthcare team that evaluates a patient for transplantation, to provide
vocational support pre and post-transplant. Ensuring continued
employment can certainly aid in reducing disparities in access to
healthcare and eventual clinical outcomes. Incorporation of care
managers in to the transplant evaluation team can potentially assist the
patients with self-management skills and willingness and commitment
to make positive health behavioral changes [42].
Patient population

Outcome

Hazard
ratio

p value

General US population [34]

Mortality

0.87

<0.001

Chronic kidney disease [36]

Mortality

0.88

<0.001

End stage renal disease
Mortality
[37]

0.97

0.006

Diabetes mellitus [35]

0.9

<0.001

1.19

<0.001

End stage renal disease
Renal transplant
[39]

1.06

<0.001

Renal
[38]

0.89

<0.05

0.89

<0.05

Mortality

End stage renal disease Renal
[39]
listed

transplant

patients

transplant/wait-

Graft loss

African
American
renal
Acute rejection
transplant patients [43]

Table 1: Association of the social adaptability index (SAI) with clinical
outcomes in different studies.

Conclusion
To conclude, based on literature review, disparities do exist in access
to renal transplantation, not only based on traditional at risk factors
like female sex, African American race, rural location, but also based
on other factors like being unemployed, marital status, active substance
abuse, low income or education level. The intervention programs can
identify at risk patients using novel SES assessment tools like the social
adaptability index (SAI).
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