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Background: Previous studies have shown that education level is associated with the prognosis of cadaveric
kidney transplant recipients. However, it is unclear whether education affects the prognosis of living kidney
transplant (LDKT) recipients. In addition, it remains to be determined whether the uneven distribution of
educational levels consistently affects the prognosis of LDKT recipients across ethnic groups (White, Black,
Hispanic and Asian).

Methods: After establishing inclusion and exclusion criteria, we conducted a retrospective study of LDKT
recipients who received their first single LDKT between 2005 and 2020. The LDKT recipients were divided
into lower- and higher-education groups according to categorize the educational level of recipients, and
transplant outcomes, including graft survival, patient survival, and death-censored graft survival (DCGS),
were analyzed and compared.

Results: Graft survival, DCGS and patient mortality were significantly better in the higher-education
group compared with those in the lower-education group (P<0.001), with the risk of graft failure, death
censored graft failure (DCGF) and patient mortality increasing by 11%, 15% and 7% in the lower-education
group, respectively. Furthermore, compared with the higher-education group, the risk of graft failure in
Black recipients increased by 18% [adjusted hazard ratio (aHR), 1.18; 95% confidence interval (CI): 1.07 to
1.30], and the risk of patient mortality among White recipients decreased by 7% (aHR, 0.93; 95% CI: 0.87
to 0.99). However, there were no significant differences in graft failure and patient mortality among Hispanic
and Asian recipients, respectively.

Conclusions: This study revealed that LDKT recipients with a higher education level had better
transplant outcomes. However, these transplant outcome differences were mainly found in White and Black
recipients. These data confirm the significant effect of different levels of education on the prognosis of
LDKT recipients.

Keywords: Living donor kidney transplant (LDKT); education disparity; graft survival; death censored graft

survival (DCGS); patient survival

© Translational Andrology and Urology. All rights reserved. Transl Androl Urol 2023;12(7):1137-1154 | https://dx.doi.org/10.21037/tau-23-288


https://crossmark.crossref.org/dialog/?doi=10.21037/tau-23-288

1138

Huang et al. Education disparity and LDKT outcomes

Submitted May 16, 2023. Accepted for publication Jun 30, 2023. Published online Jul 11, 2023.

doi: 10.21037/tau-23-288

View this article at: https://dx.doi.org/10.21037/tau-23-288

Introduction

Since the first successful living donor kidney transplant
(LDKT), approximately 50,000 LDKTs have been
performed annually in the US (1). Despite the significant
improvements in LDKT over the past 50 years, the kidney
transplant outcomes remain unsatisfactory. There are some
reasons why a kidney transplant may fail, such as human
leukocyte antigen (HLA) differences, immune reaction and
graft failure. Among those, graft failure is the most common
cause of transplant failure (2,3). Moreover, social factors
such as socioeconomic status (SES) also have adverse effects
on patient prognosis. Studies have shown that SES factors,
such as education level, income level, employment status,
citizenship status, and insurance coverage, are inherently
interconnected with patient prognosis. Additional medical
resources and social support can be obtained with a good
SES. Studies have also indicated that kidney transplant
recipients with higher SES might have graft survival and
patient survival rates compared to those with lower SES
(4,5). However, the effect of education level, as an essential
factor in the evaluation of SES, on the prognosis of LDKT

Highlight box

Key findings

® Our study found that the educational background of living
kidney transplant recipients can influence transplant outcomes.
In addition, the unequal distribution of educational background
across races may be a key factor influencing the prognosis of living
kidney transplantation across races.

What is known and what is new?

¢ Different transplant outcomes among kidney transplant recipients
with different educational backgrounds.

¢ Differences in transplant outcomes among living kidney transplant
recipients with different educational backgrounds, and these
differences are unevenly distributed across races.

What is the implication, and what should change now?

®  Our study can help clinicians identify differences in the prognosis
of living kidney transplant recipients from different educational
backgrounds to identify disadvantaged groups and help this
group of patients improve transplant outcomes through intensive
medication adherence and behavioral guidance.
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recipients remains unclear.

Previous studies have suggested that a higher educational
background might improve the patient’s health literacy,
leading to better medication adherence and, thereby, better
transplant outcomes (6,7). However, the prognosis of Black
patients tends to worsen after kidney transplantation (8,9),
which might be due to multiple reasons, social factors
including SES (9,10), transplant center effects, biological
factors including non-compliance (11), HLA differences
(12,13), and a more vigorous immune response (14).
Similar to other SES factors, educational levels may also be
unevenly distributed among different races.

Therefore, we hypothesize that education level might
be critical in the prognostic differences among different
ethnic groups. To test this hypothesis, the current study
aimed to employ data from the United Network for Organ
Sharing (UNOS) to investigate the correlation between
confounding factors and the prognosis of LDK'T recipients.
A retrospective study was conducted to compare and
validate the predictive differences in LDKT recipients with
different education levels, and to assess the correlations
between education level and the prognostic risk of LDKT
recipients across different ethnic groups. We present
this article in accordance with the STROBE reporting
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-23-288/rc).

Methods
Data source

The Organ Procurement and Transplantation Network
(OPTN) data and study file released in March 2021
were used in this study. The data included patients who
underwent LDKT between 2005 and 2020 (n=291,972),
with follow-ups through December 31, 2021. Data
collection was the sole responsibility of the authors; it
does not necessarily reflect the views or policies of the US.
Department of Health and Human Services, nor does it
refer to trade names and commercial products or imply
endorsements by the US government. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).
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Study population
Using the transplant-related database collected by UNOS,

we conducted a retrospective study of kidney transplant
recipients, analyzing the records of all adults (=18 years
of age) who received a kidney transplant between January
1, 2005, and December 31, 2020. The exclusion criteria
were as follows: (I) deceased donor kidney transplants; (II)
recipients <18 years of age; (III) recipients of unknown and
no education level; (IV) recipients of unknown race and
races other than White, Black, Hispanic, or Asian; and (V)
non-first kidney transplants, double kidney transplants, and
multi-organ transplants.

Our primary goal was to determine the prognostic
value of education level among LDKT recipients. LDKT
recipients were divided into two education level groups: the
lower-education group and the higher-education group.
The lower-education group included grade school [0-8],
high school [9-12], and General Educational Development
(GED). The higher-education group consisted of those
who attended college/technical school, associate/bachelor’s
degree, or a post-college degree.

Measures and definition of outcomes

Primary outcomes of this study included graft survival
(death-uncensored), patient survival, and death-censored
graft survival (DCGS). Death censored graft failure (DCGF)
was defined as time form transplantation until the date
of returned to dialysis or re-transplantation (whichever
occurred first). Patients who reached the study duration
endpoint without experiencing death-censored graft failure
or death were treated as censored observations. Patient
survival was defined as the time from transplantation to the
recipient’s death.

Statistical analyses

Person chi-square and student 7-tests were used in testing
associations for categorical and continuous recipient
baseline characteristics with highest education level
achieved, respectively. Comparative analyses of graft and
patient survival were performed using Kaplan-Meier
curves and log-rank test. Differences in the baseline
characteristics across education levels were eliminated using
propensity score matching. The baseline characteristics,
which were potential confounders, were adjusted using
Cox proportional hazards models to assess graft failure and

© Translational Andrology and Urology. All rights reserved.

1139

patient mortality, which included the following covariates:
recipient characteristics [education, age, race, body mass
index (BMI), type of health insurance, cause of end-stage
renal disease (ESRD), duration of dialysis, country of
citizenship, employment income, calculated panel reactive
antibody (CPRA), donor-recipient relationship, number
of HLA mismatches], and donor characteristics (age, sex,
and BMI). All covariates included in the Cox regression
hazard model were tested for compliance with the
proportional hazard assumption. We used Cox regression
hazard model to test the prognostic risk differences
among different races and levels of education, the adjusted
variables include recipient’s age, sex, education, BMI, ABO
compatible, primary insurance, cause of ESRD, dialysis
time, citizenship, working for income, donor-recipient
relationship, HLA-mismatch, CPRA, donor’s age, sex, BML.
All data were analyzed using R statistical software version
3.6.2 (RStudio is an open source form with more than one
developer, belonging to Posit Software, PBC, and is an
integrated development of the R language). All statistical
tests were two-sided, and a P value <0.05 was considered to
be statistically significant.

Results
Cobort statistics

After inclusion and exclusion, 76,150 adult LDKTs were
performed between January 1, 2005, and December 31,
2020. Among them, the number of LDKTs performed
on White people was the highest (n=50,476) and those
performed on Asians were the lowest (n=3,943). The
percentages of LDKTs who were White, Black and Asian
were higher in the higher-education group than in the
lower-education group; however, the lower-education
group contained a higher percentage of Hispanic recipients
compared to the higher-education group. Conversely, the
lower-education group comprised 24.1% (950/3,943),
34.0% (17,172/50,476), 37.5% (3,937/10,490), and 59.2%
(6,656/11,241) of Asians, Whites, Blacks, and Hispanics,
respectively (P<0.001) (Figure 1). Among Asians, patients
with a bachelor’s degree had the highest number of LDKTs.
Meanwhile, among the other three ethnic groups, patients
with high school-level education had the highest number
of LDK'Ts. Among Hispanics, patients with postgraduate
education levels had the least number of LDK'Ts, whereas
patients with Grade school levels had the least number of
LDKTs among the other three ethnic groups (Figure 2).
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Recipients from 2005-2020
N=(291,972)

Excluded
1. Deceased kidney transplant (N=196,015)
. Recipient age <18 (N=4,526)
. Education unknown or no education (N=5,563)
. Race unknown or another race (N=1,262)
. Previous kidney transplant (N=8,456)
. Bilateral kidney transplant (N=0)
. Mutipel organ transplant (N=0)
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Lower education group (34.0%)

Black (N=10,490)
Higher education group (62.5%)

Lower education group (37.5%)

Hispanic (N=11,241)
Higher education group (40.8%)

Lower education group (59.2%)

Asian (N=3,943)
Higher education group (75.9%)

Lower education group (24.1%)

Figure 1 The flowchart of study cohort identification. Higher-education group: attended college/technical school, associate/bachelor’s
degree, post-college. Lower-education group: grade school [0-8], high school [9-12], or GED. GED, General Educational Development.
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Figure 2 The number of living kidney transplants performed during the study period was stratified by recipient education level in the
different ethnic groups (White, Black, Hispanic, and Asian). GED, General Educational Development.
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Baseline characteristics

Compared to the lower-education group, the higher-
education group had an older average age (49.61+13.96 vs.
48.60£14.74 years), a higher proportion of middle-aged
and older adults (74.5% wvs. 72.3%), lower BMI (26.72+4.10
vs. 27.21£4.27), more White recipients (70.2% vs. 59.8%),
more likely to have private health insurance (63.4% uvs.
47.7%), more likely to have history of diabetes (72.3% vs.
67.6%), more likely to be a US citizen (96.7% vs. 91.8%),
more likely to have an HLA mismatches >3 (75.1% uvs.
71.9%), the proportion of acute rejection was lower (6.9%
vs. 8.5%), the proportion of CPRA <30 was higher (23.8%
vs. 21.0%), a shorter duration (in years) of dialysis before
transplantation [1.16 (0.57, 2.23) vs. 1.42 (0.74, 2.65)], more
likely to have a working income source (53.1% wvs. 34.9%),
less likely to be related to the donor (45.9% vs. 55.3%),
received a kidney from an older living donor (43.69+12.09 wvs.
41.20£11.81), lower donor BMI (27.76+5.41 vs. 28.03+5.48),
median follow-up time was shorter [4.87 (2.00, 8.07) vs. 5.47
(2.54, 8.97)], total follow-up time was longer (257,209.03
vs. 170,578.1), the proportion of graft failure event was
lower (18.5% wvs. 25.1%), the proportion of DCGF event
was lower (9.7% vs. 13.1%), the proportion of patient death
event was lower (12.0% vs. 16.7%) (P<0.01 for all). The
leading causes of ESRD in the higher-education and lower-
education groups were glomerular disease (24.8%) and
diabetes (26.7%), respectively (1able I).

Graft survival, DCGS and patient survival

Overall, graft survival, DCGS and patient survival was
higher in the higher-education group than in the lower-
education group (P<0.001 for all) (Figure 3). Graft survival
was higher in the higher-education group than in the lower-
education group (P<0.01 for all) in other three ethnic
groups, except among Hispanics (P=0.382) (Figure S1).
DCGS was higher in the higher-education group than in the
lower-education group (P<0.05 for all) across all three ethnic
groups, except among Hispanics (P=0.265) (Figure S2).
Patient survival was higher in the higher-education group
than in the lower-education group (P<0.01 for all) across
all three ethnic groups, except among Hispanics (P=0.408)
(Figure S3). After propensity score matching, we still
observed similar results that the total graft, DCGS and
patient survival of the higher-education group was higher
than those in the lower-education group (P<0.01 for all)
(Figure 4). Graft survival, DCGS, and patient survival of
the three ethnic groups (White, Black, Asian) in the higher-

© Translational Andrology and Urology. All rights reserved.

14

education group were higher than in the lower-education
group (P<0.05 for all), expect for Hispanic (P=0.163,
P=0.717, 0.164 respectively) (Figures S4-56). After
considering the interrelationship between education and
race, we analyzed the prognostic results between different
races. Asian graft survival, DCGS, and patient survival
were significantly higher than the other three races in the
high-education group (P<0.05 for all) (Figure S7). Asian
graft survival and patient survival were significantly higher
than the other two races (White and Black) in the lower-
education group (P<0.01 for all), but it was no significant
of graft survival, DCGS and patient survival between Asian
and Hispanic (P=0.657, P=1, P=1, respectively) (Figure S8).

Five-, ten-, and fifteen-year survival analysis between the
two education groups

Overall, the 5-, 10-, 15-year of graft, DCGS and patient
survival rates were observed in the higher-education group
better than in the lower-education group (P<0.01 for all)
(Tables 2-4).

Among White, the 5- and 10-year of graft survival rate
in the higher-education group better than in the lower-
education group (P<0.01 for both). Among Black the 10-
and 15-year of graft survival rate in the higher-education
group better than in the lower-education group (P<0.01 for
both). Among Hispanic the 5- and 15-year of graft survival
rate in the higher-education group better than in the lower-
education group (P<0.01 for both). Among Asian the 10-
and 15-year of graft survival rate in the higher-education
group better than in the lower-education group (P<0.05 for
both) (Table 2).

Among White, the 5- and 10-year of DCGS rate in the
higher-education group higher than in the lower-education
group (P<0.01 for both). Among Black the 10- and 15-year
of DCGS rate in the higher-education group higher than
in the lower-education group (P<0.01 for both). Among
Hispanic the 10- and 15-year of DCGS rate in the higher-
education group higher than in the lower-education group
(P<0.05 for both). Among Asian the 5-, 10- and 15-year of
DCGS rate in the higher-education group higher than in
the lower-education group (P<0.05 for all) (Table 3).

Among White, the 5- and 10-year of patient survival
rate in the higher-education group better than in the lower-
education group (P<0.01 for both). Among Black the 10-
and 15-year of patient survival rate in the higher-education
group better than in the lower-education group (P<0.01
for both). Among Hispanic the 5- and 15-year of patient
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Table 1 Baseline characteristics of recipient kidney transplantation according to education level

Higher-education group

Lower-education group

Variable (N=47,435) (N=28,715) P value
Recipient age, mean (+ SD) 49.61 (+13.96) 48.60 (+14.74) <0.01
Recipient age (years), n (%) <0.01
<40 12,116 (25.5) 7,959 (27.7)
40-60 23,483 (49.5) 13,878 (48.3)
>60 11,836 (25.0) 6,878 (24.0)
Recipient sex, male, n (%) 29,612 (62.4) 18,133 (63.1) 0.047
Donor-recipient ABO match, yes, n (%) 46,729 (98.5) 28,334 (98.7) 0.074
Recipient BMI mean (+ SD) 27.76 (+5.41) 28.03 (+5.48) <0.01
HLA mismatch =3, n (%) 35,614 (75.1) 20,647 (71.9) <0.01
CPRA <0.01
<30% 38,895 (23.8) 22,812 (21.0)
>30% 4,693 (75.1) 2,812 (71.9)
Unknown 3,847 (1.1) 3,091 (1.1)
Recipient dialysis, (years, median, IQR) 1.16 (0.57, 2.23) 1.42 (0.74, 2.65) <0.01
Recipient ethnicity, n (%) <0.01
White 33,304 (70.2) 17,172 (59.8)
Black 6,553 (13.8) 3,937 (13.7)
Hispanic 4,585 (9.7) 6,656 (23.2)
Asian 2,993 (6.3) 950 (3.3)
Recipient primary payment, n (%) <0.01
Private insurance 30,056 (63.4) 13,702 (47.7)
Non-private insurance 17,379 (36.6) 15,013 (52.3)
History of diabetes, n (%) 34,307 (72.3) 19,411 (67.6) <0.01
Cause of ESRD, n (%) <0.01
DM 10,615 (22.4) 7,674 (26.7)
Hypertension 7,415 (15.6) 6,159 (21.4)
Glomerular disease 11,754 (24.8) 6,181 (21.5)
Polycystic kidneys 7,104 (15.0) 2,817 (9.8)
Other 10,547 (22.2) 5,884 (20.5)
Acute rejection, n (%) 3,289 (6.9) 2,450 (8.5) <0.01
Recipient citizenship, n (%) <0.01
US citizens 45,846 (96.7) 26,366 (91.8)
Resident alien 471 (1.0) 807 (2.8)
Non-resident alien 1,118 (2.4) 1,542 (5.4)

Table 1 (continued)

© Translational Andrology and Urology. All rights reserved.
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Table 1 (continued)
Variable Higher(—s(i:;ii;sr; group Lower;zcil;cge’l;i:)g) group P value
Working for income? Yes, n (%) 25,188 (53.1) 10,022 (34.9) <0.01
Donor-recipient relationship, n (%) <0.01
Related 21,765 (45.9) 15,885 (55.3)
Unrelated 25,670 (54.1) 12,830 (44.7)
Donor age, mean (+ SD) 43.69 (x12.09) 41.20 (x11.81) <0.01
Donor sex, male, n (%) 18,121 (38.2) 10,607 (36.9) <0.01
Donor BMI, mean (= SD) 26.72 (+4.10) 27.21 (x4.27) <0.01
Median follow-up time (years, median, IQR) 4.87 (2.00, 8.07) 5.47 (2.54, 8.97) <0.01
Total follow-up time (years) 257,209.03 170,578.14 <0.01
Graft failure, n (%) 8,761 (18.5) 7,216 (25.1) <0.01
DCGF, n (%) 4,585 (9.7) 3,750 (13.1) <0.01
Patient death, n (%) 5,698 (12.0) 4,804 (16.7) <0.01

SD, standard deviation; BMI, body mass index; HLA, human leucocyte antigen; CPRA, calculated panel reactive antibody; IQR,
interquartile range; ESRD, end-stage renal disease; DM, diabetes mellitus; ABO, donor-recipient ABO compatible; DCGF, death censored

graft failure.

survival rate in the higher-education group better than in
the lower-education group (P<0.01 for both). Among Asian
the 10- and 15-year of patient survival rate in the higher-
education group better than in the lower-education group
(P<0.05 for both) (Table 4).

Cox proportional bazards model

Compared to the higher-education group, the lower-
education group had an 11% higher risk of graft failure
[adjusted hazard ratio (aHR), 1.11; 95% confidence interval
(CI): 1.06 to 1.16], a 15% higher risk of DCGF (aHR, 1.15;
95% CI: 1.08 to 1.22) and a 7% higher risk of mortality
(aHR, 1.07; 95% CI: 1.02 to 1.14). Compared with the
White group, the other ethnic groups showed the following
risks of graft failure, DCGF and mortality rates: the Black
recipients revealed an insignificant difference in graft
failure risk ratio (aHR, 1.05; 95% CI: 0.99 to 1.11), a 46%
higher risk of DCGF (aHR, 1.46; 95% CI: 1.35 to 1.57) a
22% lower risk of mortality (aHR, 0.78; 95% CI: 0.72 to
0.84); the Hispanic recipients had a 25% lower risk of graft
failure (aHR, 0.75; 95% CI: 0.70 to 0.80), a 10% lower risk
of DCGF (aHR, 0.90; 95% CI: 0.82 to 0.98) and a 35%
lower risk of patient mortality (aHR, 0.65; 95% CI: 0.59 to

© Translational Andrology and Urology. All rights reserved.

0.71); and the Asian recipients had a 36% lower risk of graft
failure (aHR, 0.64; 95% CI: 0.57 to 0.72), a 23% lower
risk of graft failure (aHR, 0.77; 95% CI: 0.66 to 0.90) and
a 44% lower risk of patient mortality (aHR, 0.56; 95% CI:
0.48 to 0.65) (Figures 5-7).

Subgroup analysis

The risks of graft failure and patient mortality in each ethnic
group were compared between the lower- and higher-
education groups. Among the White ethnic group, there
was a 31% unadjusted increased risk of graft failure (HR,
1.31; 95% CI: 1.25 to 1.37), a 32% unadjusted increased
risk of mortality (HR, 1.32; 95% CI: 1.25 to 1.39), and a
7% adjusted decreased risk of mortality (aHR, 0.93; 95%
CI: 0.87 to 0.99) in the lower-education group compared to
the higher-education group. Among the Black ethnic group,
the unadjusted risks of graft failure and mortality increased
by 27% (HR, 1.27; 95% CI: 1.16 to 1.38) and 35% (HR,
1.35; 95% CI: 1.20 to 1.51), and the adjusted risks of graft
failure increased by 18% (aHR, 1.18; 95% CI: 1.07 to 1.30)
in the lower-education group as compared to the higher-
education group. Among the Asian ethnic group, there was
a 26% unadjusted increased risk of graft failure (HR, 1.26;
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Figure 3 Crude Kaplan-Meier estimates of graft (A), DCGS (B), and patient survival (C), in total recipients stratified according to the

different education groups. DCGF, death censored graft survival.

95% CI: 1.02 to 1.56) and a 43% unadjusted increased risk
of mortality (HR, 1.43; 95% CI: 1.08 to 1.90) in the lower-
education group compared to the higher-education group.
Among the Hispanic ethnic groups, the risk ratios for graft
failure and mortality rates before and after adjustment were
not statistically significant in the lower-education group
compared to the higher-education group (Zuble 5).

Discussion

In this study, the data of 76,150 LDKT recipients obtained
from the UNOS database between 2005 and 2020 were
analyzed. The results demonstrated that the high-education

© Translational Andrology and Urology. All rights reserved.

group had better graft and patient survival rates than
the low-education group across different ethnic groups.
The risk of graft failure increased with lower education
in the Black ethnic group. The risk of patient mortality
decreased with lower education in the White ethnic group.
However, there was no significant difference in the risk
of graft failure and patient mortality between the two
education level groups in the Hispanic and Asian ethnic
groups. Furthermore, this study also confirmed the adverse
effects of low educational levels on the prognosis of LDK'T
recipients.

This research also indicated that educational level was
closely related to the prognosis of recipients, which might

Transl Androl Urol 2023;12(7):1137-1154 | https://dx.doi.org/10.21037/tau-23-288
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Figure 4 Propensity scores matched Kaplan-Meier estimates of graft (A), DCGS (B) and patient survival (C) in all recipients stratified
according to the different education groups. DCGS, death censored graft survival.

be inseparable from the post-transplant nursing care of
patients. We observed a similar phenomenon in other
diseases, where highly educated patients with gastric cancer
and those who underwent knee surgery had better outcomes
than those with low levels of education (15,16). A better
educational background can help patients understand basic
health information related to their disease, resulting in
better adherence to immunosuppressive drugs after kidney
transplantation. In the study by Ghods et 4/. It was suggested
that one possible mechanism by which lower levels of
education may lead to poorer transplant outcomes may
be lower adherence to immunosuppressive regimens (17).
In addition, educational background may also influence

© Translational Andrology and Urology. All rights reserved.

patients’ proper use of therapeutic drugs, with studies
finding that compliance with oral anticoagulants was 21%
higher in the most educated patients with atrial fibrillation
than in the least educated (18). Consistent with the current
results, a previous study suggested that higher education
levels might lead to higher incomes (19), which might
translate into better healthcare services and regular long-
term use of immunosuppressants. In addition, the social
support received by recipients with high educational levels
was relatively high. For example, they might seek healthcare
service support through online advertising or social media,
while recipients with low education levels might have poor
social support and poor access to healthcare. In several
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Table 2 Effect of education level on crude graft survival stratified by race.
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Race

Five-year (%)

Ten-year (%)

Fifteen-year (%)

Total
Higher-education group
Lower-education group
P value

White
Higher-education group
Lower-education group
P value

Black
Higher-education group
Lower-education group
P value

Hispanic
Higher-education group
Lower-education group
P value

Asian
Higher-education group
Lower-education group

P value

87.3 (87.0-87.7)
84.5 (84.0-85.0)
<0.01

87.7 (87.2-88.1)
84.0 (83.4-84.7)
<0.01

83.1 (82.0-84.2)
78.1 (76.6-79.6)
0.38

92.6 (91.4-93.8)
91.6 (89.5-93.7)
<0.01

87.9 (86.7-89.1)
88.9 (88.0-89.8)
0.49

68.2 (67.6-68.9)
62.6 (61.8-63.5)
<0.01

68.7 (67.9-69.5)
61.7 (59.9-63.6)
<0.01

61.7 (59.9-63.6)
55.6 (53.5-59.9)
<0.01

77.8 (75.2-80.5)
70.2 (65.5-75.2)
0.38

69.3 (67.0-71.8)
69.6 (67.8-71.4)
0.017

44.7 (43.2-46.4)
37.6 (35.9-39.4)
<0.01

45.4 (43.6-47.4)
35.7 (33.6-37.9)
0.19

35.7 (31.6-40.2)
31.7 (27.8-36.1)
<0.01

58.0 (50.8-66.2)
52.9 (45.6-61.4)
<0.01

48.4 (43.7-53.5)
47.7 (43.9-51.8)
<0.01

The data in parentheses represent 95% confidence interval.

studies, we observed a similar trend, with significantly better
transplant outcomes for higher-education recipients than
for lower-education recipients in the overall population
receiving kidney transplants (6,19,20).

Previous studies have confirmed that social factors,
such as low education levels, poverty, and unemployment,
could affect medical outcomes, thereby adversely affecting
human health (19,21). However, unlike most social factors,
the effects of a low education level on the prognosis of
LDKT recipients might change to a certain extent. One
study indicated that improving nephrologists’ awareness

of patients’ transplantation and education before and after
transplantation could improve the impact of low education
levels to a certain extent (22). In addition, the current study
showed that diabetes is an independent risk factor for poor
prognosis in LDKT recipients. A previous study confirmed
that individuals with low educational levels were more
likely to develop diabetes due to poor health behaviors,
work, and life stress (23). Moreover, a 2017 annual kidney
transplantation report showed that diabetes could affect the
prognosis of recipients. Among the main pathogenic factors,
ESRD caused by diabetes has the worst prognosis (24).
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Table 3 Effect of education level on death censored graft survival stratified by race
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Race

Five-year (%)

Ten-year (%)

Fifteen-year (%)

Total
Higher-education group
Lower-education group
P value

White
Higher-education group
Lower-education group
P value

Black
Higher-education group
Lower-education group
P value

Hispanic
Higher-education group
Lower-education group
P value

Asian
Higher-education group
Lower-education group

P value

92.8 (92.5-93.1)
91.1 (90.7-91.4)
<0.01

93.7 (93.4-94.1)
91.9 (91.4-92.4)
<0.01

87.5 (86.5-88.4)
84.1 (82.8-85.5)
0.38

92.0 (91.0-93.0)
92.6 (91.8-93.3)
0.4

95.6 (94.6-96.5)
95.0 (93.4-96.7)
<0.01

82.4 (81.8-82.9)
78.6 (77.8-79.3)
<0.01

84.6 (84.0-85.2)
80.3 (79.4-81.2)
<0.01

72.1 (70.4-73.8)
68.9 (66.9-71.0)
<0.01

78.4 (76.2-80.7)
79.8 (78.2-81.5)
0.016

86.0 (83.7-88.3)
79.6 (75.3-84.1)
0.027

67.2 (65.6-68.8)
62.6 (60.6-64.6)
<0.01

70.8 (69.0-72.7)
64.8 (62.2-67.4)
05

51.2 (46.7-56.1)
50.6 (45.8-55.9)
<0.01

62.6 (57.7-68.0)
63.9 (59.9-68.1)
<0.01

70.6 (63.6-78.4)
68.7 (62.2-76.0)
0.013

The data in parentheses represent 95% confidence interval.

Diabetes is a significant factor affecting the risk of death
among LDKT recipients in the US; among them, type 1
diabetes has the highest mortality rate (25).

The annual family income of the lower-education
group also has a significant impact on the management
and treatment of diabetes. In general, education level is
positively correlated with the patient’s annual family income.
However, with the increase in medical costs, diabetic
patients are required to control disease progression through
lifelong medication, which also imposes a considerable
economic burden on patients with low educational levels.

© Translational Andrology and Urology. All rights reserved.

In 2007, the average annual medical expenditure of diabetic
patients in the US was $11,744, which was 2.3 times higher
than that of non-diabetic patients (26). This might also be
another important reason for the poor prognosis of patients
with low educational levels.

Regular long-term use of immunosuppressants after
transplantation is critical for graft survival. However, the
income sources and insurance coverage of recipients with
lower-education group are unlikely to support the regular
use of immunosuppressants. In this study, recipients
with low education levels were less likely to have private
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Table 4 Effect of education level on crude patient survival stratified by race
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Race

Five-year (%)

Ten-year (%)

Fifteen-year (%)

Total
Higher-education group
Lower-education group
P value

White
Higher-education group
Lower-education group
P value

Black
Higher-education group
Lower-education group
P value

Hispanic
Higher-education group
Lower-education group
P value

Asian
Higher-education group
Lower-education group

P value

92.4 (92.1-92.7)
90.8 (90.4-91.2)
<0.01

91.8 (91.4-92.1)
89.5 (89.0-90.0)
<0.01

92.8 (92.0-93.5)
90.4 (89.3-91.4)
0.29

96.3 (95.4-97.1)
95.4 (93.8-97.0)
<0.01

94.1 (93.2-95.0)
94.2 (93.5-94.9)
0.55

77.7 (77.1-78.3)
73.5 (72.7-74.3)
<0.01

76.2 (75.5-77.0)
70.7 (69.7-71.7)
<0.01

78.6 (77.0-80.2)
72.2 (70.1-74.4)
<0.01

86.8 (84.5-89.1)
81.9 (77.9-86.1)
0.42

83.5 (81.6-85.5)
82.1 (80.6-83.7)
0.032

58.4 (56.8-60.2)
51.4 (49.6-53.2)
<0.01

56.7 (54.8-58.7)
47.3 (45.1-49.6)
0.66

56.7 (52.1-61.6)
50.5 (45.9-55.5)
<0.01

76.9 (70.9-83.3)
65.7 (57.7-74.8)
<0.01

68.9 (63.7-74.5)
65.3 (61.3-69.6)
<0.01

The data in parentheses represent 95% confidence interval.

insurance and a stable source of work income than those
with high education levels, which might also contribute to
the poor outcomes of recipients with low education levels.
Public health insurance has a precise time limit for post-
transplant immunosuppressants and requires patients to
bear part of the drugs’ costs (27), leading to a pessimistic
attitude towards high medical costs among low-educated
recipients and ultimately resulting in a poor prognosis.
Compared to public health insurance, private insurance
companies bear a high proportion of medical expenses,

thereby significantly reducing the patient’s expenses,
which reduces the patient’s financial pressure after surgery,
resulting in better compliance with immunosuppressants,
and helping patients achieve better transplant outcomes. A
previous study reported similar outcomes among patients
who underwent liver transplants; the study revealed that
patients with other types of medical insurance had lower
survival rates than those with private medical insurance (28).

Existing studies suggest that Black recipients often have
poor prognoses after transplantation (8,29-31). However,
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Characteristics

Recipient educational level ~College or graduate school

High school or lower

Recipient age 18-39
40-60

>60

Recipient gender F
M

Recipient race White
Black

Hispanic

Asian

Recipient BMI -
ABO compatible No
Yes

Recipient primary insurance Nonprivate
Private

Cause of ESRD DM

Hypertensive nephrosclerosis
Glomerular diseases

Translational Andrology and Urology, Vol 12, No 7 July 2023

1.11 (1.06-1.16, P<0.001

0.85 (0.80-0.89, P<0.001
1.27 (1.20-1.36, P<0.001

1.01 (0.96-1.05, P=0.825

1.05 (0.99-1.11, P=0.123)
0.75 (0.70-0.80, P<0.001)
0.64 (0.57-0.72, P<0.001)
1.01 (1.00-1.01, P<0.001)
0.90 (0.76-1.06, P=0.220)
0.92 (0.88-0.97, P=0.001)

0.79 (0.74-0.83, P<0.001)
0.67 (0.63-0.71, P<0.001)

(
(
Polycystic kidneys 0.45 (0.40-0.49, P<0.001)
Other  0.72(0.67-0.76, P<0.001)
Dialysis years before TX - 1.04 (1.03-1.05, P<0.001)
Recipient citizenship US Citizen

Resident alien

Non-resident alien

0.78 (0.67-0.91, P=0.002)
0.71 (0.59-0.85, P<0.001)

Donor-recipient relationship Related
Unrelated 0.96 (0.91-1.01, P=0.079)
Recipient work for income No -
Yes 0.83 (0.79-0.88, P<0.001)
Recipient CPRA <30% -
=30% 1.01 (0.94-1.08, P=0.764)
Donor age - 1.01 (1.01-1.01, P<0.001)
Donor gender F -
M 0.94 (0.90-0.98, P=0.004)
Donor BMI - 1.01 (1.01-1.02, P<0.001)
HLA mismatch <3 -

=3 1.13 (1.07-1.20, P<0.001)
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Figure 5 Risk factors for graft failure according to the Cox regression analyses. BMI, body mass index (calculated as weight in kilograms

divided by height in meters squared); ABO, donor-recipient ABO compatible; ESRD, end-stage renal disease; DM, diabetes mellitus; TX,

transplant; HLA, human leukocyte antigen; CPRA, calculated panel reactive antibody; CI, confidence interval.

in our study, it was found that Black recipients had a worse
prognosis risk for DCGF compared to White recipients,
with no significant difference in graft failure and patient
mortality. This may be related to the improvement of
transplantation strategies in recent years and the emphasis
on postoperative care. Extant literature demonstrates that
the gradual improvement of education level could narrow
down the difference in prognosis between Black and White
recipients (6). This also suggests that relevant measures
could be taken to alleviate the difference in education level,
thereby reducing the difference in transplant outcomes

© Translational Andrology and Urology. All rights reserved.

among different ethnicities. In addition, the current
study also showed no significant differences in transplant
outcomes among Hispanics before and after matching the
baseline characteristics between the different education
groups.

The current study also compared the prognostic risk
among different education groups across the four ethnic
groups. The results showed no significant differences in the
prognostic risk of graft failure and mortality rate among
Hispanic recipients between the two education groups with
or without adjustment for relevant covariates. But in the
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Characteristics

Recipient educational level

Higher-education group
Lower-education group

1.15 (1.08-1.22, P<0.001)

Recipient age 18-39 -
40-60 0.55 (0.51-0.59, P<0.001)

>60 0.40 (0.36-0.44, P<0.001)

Recipient gender F -
M 0.88 (0.82-0.93, P<0.001)

Recipient race White -
Black 1.46 (1.35-1.57, P<0.001)

Hispanic 0.90 (0.82-0.98, P=0.022)

Asian 0.77 (0.66-0.90, P=0.001)

Recipient BMI - 1.01 (1.00-1.02, P<0.001)
ABO compatible No -
Yes 0.86 (0.68-1.07, P=0.176)

Recipient primary insurance Nonprivate -
Private 0.93 (0.87-0.99, P=0.030)

Cause of ESRD DM -

Hypertensive nephrosclerosis

Dialysis years before TX
Recipient citizenship

Glomerular diseases
Polycystic kidneys
Other

US Citizen

Resident alien
Non-resident alien

1.02 (0.93-1.11, P=0.674)
0.98 (0.89-1.07, P=0.577)
0.59 (0.51-0.68, P<0.001)
0.93 (0.85-1.02, P=0.137)
1.02 (1.00-1.03, P=0.040)
0.90 (0.75-1.08, P=0.277)
0.66 (0.52-0.82, P<0.001)

Donor-recipient relationship Related -
Unrelated 0.97 (0.91-1.03, P=0.341)

Recipient work for income No -
Yes 0.92 (0.86-0.98, P=0.011)

Recipient CPRA <30% -
=30% 1.01 (0.92-1.11, P=0.768)

Donor age - 1.01 (1.01-1.02, P<0.001)
Donor gender F _
M 0.88 (0.83-0.94, P<0.001)

Donor BMI - 1.01 (1.00-1.02, P=0.011)
HLA mismatch <3 -
=3 1.24 (1.15-1.34, P<0.001)
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Figure 6 Risk factors for DCGF according to the Cox regression analyses. BMI, body mass index (calculated as weight in kilograms

divided by height in meters squared); ABO, donor-recipient ABO compatible; ESRD, end-stage renal disease; DM, diabetes mellitus; TX,

transplant; CPRA, calculated panel reactive antibody; HLA, human leukocyte antigen; DCGE, death censored graft failure; CI, confidence

interval.

other three races, we can find differences in prognostic risk
before or after adjusted. After adjusting for confounders,
White recipients with higher education levels had a
higher risk of mortality, while Black recipients with lower
education levels had a higher risk of graft failure, reflecting
the impact of education on the predictive risk of recipients.
The effects of education levels were illustrated in the White
and Black ethnic groups. After adjusting for confounding
factors, the risk of mortality among White recipients in

© Translational Andrology and Urology. All rights reserved.

different education levels was reversed, which may be due
to the fact that the baseline characteristics in the lower-
education group is not conducive to the long-term survival
of white recipients in the lower-education group. After
adjusting for confounding factors, the risk of graft failure in
Black patients remains higher in the low-education group.
However, including insufficient variables for adjustment
and a lack of fully adjusting the effects of other variables on
patient prognosis might have caused this change. Therefore,
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Characteristics
Recipient educational level

Higher-education group
Lower-education group

1.07 (1.02-1.14, P<0.001)

Recipient age 18-39 -
40-60 2.05 (1.87-2.25, P<0.001)

>60 4.23 (3.84-4.65, P<0.001)

Recipient gender F -
M 1.11 (1.05-1.16, P<0.001)

Recipient race White -
Black 0.78 (0.72-0.84, P<0.001)

Hispanic 0.65 (0.59-0.71, P<0.001)

Asian 0.56 (0.48-0.65, P<0.001)

Recipient BMI - 1.01 (1.00-1.01, P=0.022)
ABO compatible No -
Yes 1.03 (0.82-1.28, P=0.809)

Recipient primary insurance Nonprivate -
Private 0.88 (0.83-0.94, P=0.001)

Cause of ESRD DM -

Hypertensive nephrosclerosis

Dialysis years before TX
Recipient citizenship

Glomerular diseases
Polycystic kidneys
Other

US Citizen
Resident alien

Non-resident alien

0.63 (0.58-0.67, P<0.001)
0.43 (0.40-0.47, P<0.001)
0.33 (0.29-0.37, P<0.001)
0.59 (0.54-0.683, P<0.001)
1.06 (1.05-1.07, P<0.001)
0.57 (0.45-0.72, P<0.001)
0.67 (0.51-0.87, P=0.003)

Donor-recipient relationship Related -

Unrelated 0.97 (0.92-1.04, P=0.414)

Recipient work for income No -

Yes 0.74 (0.69-0.79, P<0.001)

Recipient CPRA <30% -

230% 0.99 (0.91-1.08, P=0.826)

Donor age - 1.01 (1.01-1.01, P<0.001)

Donor gender F _

M 0.99 (0.93-1.04, P=0.599)

Donor BMI - 1.01 (1.00-1.01, P=0.022)

HLA mismatch <3 -
=3

1.07 (1.00-1.14, P=0.062)
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Figure 7 Risk factors for all-cause patient mortality according to the Cox regression analyses. BMI, body mass index (calculated as weight

in kilograms divided by height in meters squared); ABO, donor-recipient ABO compatible; ESRD, end-stage renal disease; DM, diabetes

mellitus; TX, transplant; HLA, human leukocyte antigen; CPRA, calculated panel reactive antibody; CI, confidence interval.

the effects of high education level on the risk of graft failure

in White recipients might not have been truly reflected.

This research has certain limitations that should be

noted. First, this study analyzed and compared the results
of LDKT for a cohort between 2000 and 2020 for different
educational level groups. However, during this period,
there were significant innovations in healthcare services
after LDK'T, such as immunotherapy and postoperative
care, as well as changes in donor and recipient selection.

© Translational Andrology and Urology. All rights reserved.

These potential confounding factors should be analyzed
and explained. Second, this was a retrospective study that
lacked control over all potential confounding factors.
Although the variables collected in the UNOS database
were sufficiently rich, they did not fully cover all of the
baseline characteristics of patients; therefore, some crucial
variables might have been missed. Finally, data quality is
often a critical issue when analyzing large databases such
as UNOS because of missing or incorrect information in
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Table 5 The crude and adjusted proportional hazard ratios of the different education groups stratified by recipient race

Outcome White

Black Hispanic Asian

Graft failure, HR (95% ClI)
Higher-education
Lower-education 1.31 (1.25t0 1.37)

Patient mortality, HR (95% CI)
Higher-education
Lower-education 1.32 (1.25t0 1.39)

After adjusted covariates, aHR (95% CI)
Graft failure

Higher-education
Lower-education 1.01 (0.96 to 1.07)

Patient mortality

Higher-education

Lower-education 0.93 (0.87 to 0.99)

Reference

1.27 (1.16 to 1.38) 0.95(0.86t0 1.06)  1.26 (1.02 to 1.56)

Reference

1.35 (1.20 to 1.51) 1.04 (0.90t0 1.20)  1.43 (1.08 to 1.90)

Reference

1.18 (1.07 to 1.30) 0.92(0.81t01.04)  1.23(0.94 to 1.61)

Reference

0.89(0.77t01.02)  0.98(0.83t01.17)  0.79 (0.55 to 1.14)

The model was adjusted for the following covariates: recipient’s education, age, sex, BMI, ABO compatible, primary insurance, cause of
ESRD, dialysis time, citizenship, working for income, donor-recipient relationship, HLA-mismatch, CPRA, as well as the donor’s age, sex,
BMI. HR, hazard ratio; aHR, adjusted hazard ratio; Cl, confidence internal; BMI, body mass index; ABO, donor-recipient ABO compatible;
ESRD, end-stage renal disease; HLA, human leucocyte antigen; CPRA, calculated panel reactive antibody.

the data. Such issues are difficult to address in retrospective
studies but are vital for large databases, which is one of the
disadvantages of retrospective analysis.

Conclusions

In conclusion, a higher educational level could positively
affect the prognosis of LDKT recipients and dramatically
improve their outcomes. However, the degree to which
educational level affects prognosis is inconsistent across
races. Our findings may benefit nephrologists by helping
patients achieve long-term recovery after transplantation.
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