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Introduction: Depressive symptoms, even without a clinical diagnosis of depression, are common in

kidney failure patients and may be a barrier to completing the complex process of kidney transplant (KT)

evaluation. We assessed depressive symptom burden and association between depressive symptoms and

access to KT waitlist by age.

Methods: In a prospective cohort of 3728 KT patients (aged 18–88 years), the Center for Epidemiologic

Studies—Depression (CES-D) scale was used to measure depressive symptoms at evaluation. Depressive

symptom severity was defined as follows: none: 0; minimal: 1 to 15; mild: 16 to 20; moderate: 21 to 25;

severe: 26 to 60. Hazard ratios (HRs) of active listing within 1 year after evaluation were estimated using

Cox proportional hazards models, adjusted for clinical and social factors.

Results: At evaluation, 85.8% of the patients reported at least minimal depressive symptoms; the pro-

portion was lower among older patients: 18 to 29 years ¼ 92.0%; 30 to 39 years ¼ 88.3%; 40 to 49 years ¼
87.2%; 50 to 59 years ¼ 87.0%; 60 to 69 years ¼ 83.4%; and $70 years ¼ 82.0%. Chance of active listing

decreased with more severe depressive symptoms (log-rank, P < 0.001). After adjustment, every 5-point

higher CES-D score (more depressive symptoms) was associated with a 13% lower chance of listing

(HR ¼ 0.87, 95% CI: 0.85–0.90); the strongest association was found among patients aged $70 years

(adjusted HR [aHR] ¼ 0.73, 95% CI: 0.62–0.86). Furthermore, minimal (HR ¼ 0.69, 95% CI: 0.60–0.79), mild

(HR ¼ 0.57, 95% CI: 0.44–0.72), moderate (HR ¼ 0.53, 95% CI: 0.39–0.71), and severe (HR ¼ 0.44, 95% CI:

0.34–0.57) depressive symptoms were all associated with a lower chance of listing.

Conclusion: Older candidates were less likely to report depressive symptoms at KT evaluation. Regardless

of age, candidates who did report depressive symptoms, and even minimal symptoms, had a lower

chance of listing. Transplant centers should routinely screen patients for depressive symptoms and refer

the affected patients to mental health services to improve access to KT.
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K
idney failure patients are at high risk of depressive
symptoms, because of the increased burden of self-

care and physical symptoms related to kidney disease,
comorbidities, and reliance on dialysis.1–3
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Approximately 40% of kidney failure patients under-
going dialysis are affected by subclinical depressive
symptoms.4 Presence of depressive symptoms, even
without a clinical diagnosis of depression, is an impor-
tant predictor of adverse outcomes among patients with
kidney failure: dialysis patients with depressive symp-
toms have higher likelihood of medication noncompli-
ance,5 dialysis withdrawal,6,7 and dietary
indiscretion,8 and thus, are more likely to suffer from
cardiovascular events and mortality.8,9

Although extensive research sheds light on the high
burden and poor clinical outcomes of depressive
Kidney International Reports (2022) 7, 1306–1317
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symptoms in dialysis population, it is unclear whether
kidney failure patients who present depressive symp-
toms have obstacles in seeking KT. The KT candidacy
evaluation is a complex process, requiring a compre-
hensive assessment of each patient’s medical, surgical,
and psychosocial histories.10 Such a process may be
demanding for kidney failure patients, especially for
those with depressive symptoms, and may introduce
various stressors that potentially increase vulnerability
to psychological disorders and further hinder access to
the KT waitlist. Depressive symptoms affect treatment
adherence,11 which is crucial throughout the evalua-
tion process, and may impact patient selection by
health providers.12 In addition, although the severity
of depressive symptoms likely varies by age among KT
candidates, as has been observed in community-
dwelling populations,13 it is unclear whether the
presence of depressive symptoms affects the access to
KT regardless of candidate’s age.

The goals of this study included the following: (i) to
evaluate the severity of depressive symptoms by age,
(ii) to identify risk factors of depressive symptoms, and
(iii) to estimate the association of depressive symptom
severity with KT listing among adults of all ages being
evaluated for KT.
METHODS

Study Design

We leveraged a prospective cohort study of 3879 adult
kidney failure patients being evaluated for KT at the
Johns Hopkins Hospital (January 2009 to March 2020).
Eligible participants in this study were English
speaking and aged $18 years at the time of evaluation.
During the first evaluation visit at the transplant cen-
ter, the participants were asked to complete the CES-D
scale to assess depressive symptoms. Depressive
symptoms were solely measured for research purposes
and not considered during the listing meeting. In
analysis, we excluded participants who did not com-
plete the CES-D scale (n ¼ 151, 3.9%). The excluded
and included participants did not differ by age, sex, or
race/ethnicity (P > 0.09).

Characteristics at evaluation were self-reported or
calculated, including age, sex, race/ethnicity, body
mass index, type of dialysis, years on dialysis, smoking
history, education, marital status, and employment. On
the basis of the Charlson Comorbidity Index (CCI)
adapted for patients with kidney failure,14,15 we
ascertained comorbidities from self-report and supple-
mented the data with electronic medical chart
abstraction. Physical functional status of the partici-
pants at evaluation was also assessed, including frailty
($3 of the 5 components from the Fried physical frailty
Kidney International Reports (2022) 7, 1306–1317
phenotype),16 lower extremity impairment (Short
Physical Performance Battery score # 10),17 activities
of daily living (ADL) dependence ($1 activity),18 and
instrumental ADL (IADL) dependence ($1 activity).19

We obtained the patient urban/rural residence type
from self-reported zip code combined with data from
the United States Census Bureau.20 The percentage of
population below poverty level was obtained by link-
ing with the American Community Survey 2014 data.21

All clinical and research activities being reported are
consistent with the Declaration of Helsinki and the
Declaration of Istanbul. The study protocol was
approved by the Johns Hopkins University Institu-
tional Review Board. All participants provided written
informed consent.

Depressive Symptoms

Depressive symptoms were assessed using the 20-item
CES-D scale, which queries about the frequencies of 20
symptoms during the prior week.22 There are 4 possible
responses to each question which include the following:
“rarely or none of the time” (<1 day), “some or a little of
the time” (1–2 days), “occasionally or amoderate amount
of time” (3–4 days), and “most or all of the time” (5–7
days). Each question is assigned a score of 0 to 3, and
when summed, it creates a total score ranging from 0 to
60; a higher score represents greater severity of
depressive symptoms. On the basis of previously pub-
lished cutoffs for symptom severity,23 we categorized
the severity of depressive symptoms as follows: none (0
point), minimal (1–15 points), mild (16–20 points),
moderate (21–25 points), and severe (26–60 points).

Outcomes

The participants were followed until their first listing,
administrative censoring at March 2, 2021, or 1 year
after evaluation. The listing status was ascertained by
linking the cohort to the Scientific Registry of Trans-
plant Recipients, which includes data on all waitlisted
candidates in the United States. The Scientific Registry
of Transplant Recipients data set provided exact dates
of active and/or inactive listing. The events of interest
were any listing (inactive/active) and active listing.
Time to event was defined as the period from evalua-
tion to the event date or end of follow-up.

Descriptive Statistics

We examined distributions of characteristics overall
and by depressive symptom severity, using mean with
SD or median with interquartile range (IQR) for
continuous variables and proportion for categorical
variables. Differences by depressive symptom severity
were tested using analysis of variance tests, Kruskal–
Wallis tests, or Fisher exact tests, where appropriate.
1307
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We used restricted cubic splines to estimate the pro-
portion of patients reporting mild or more severe
depressive symptoms by continuous age with 4 knots
placed at percentiles based on previously recom-
mended approaches.24 We also compared depressive
symptom severity by age group (18–29, 30–39, 40–49,
50–59, 60–69, $70 years) using stacked bar chart.

Risk Factors of Depressive Symptoms

Risk factors of depressive symptoms were identified
from literature and conceptual framework, including
clinical factors (age, sex, race, time on dialysis, body
mass index, smoking, CCI), social factors (education,
marital status, employment, neighborhood poverty
level), and physical functional status (frailty, lower
extremity impairment, ADL dependence, IADL
dependence). To assess the associations between
depressive symptoms and risk factors, we used modi-
fied Poisson regressions to estimate adjusted preva-
lence ratio (aPR) of every 1 point increase in CES-D
score and aPR of mild/moderate/severe depressive
symptoms (CES-D $ 16) by each risk factor. In addi-
tion, we used proportional Venn diagrams to estimate
joint prevalence of depressive symptoms (mild/mod-
erate/severe symptoms), frailty, and other functional
disabilities (lower extremity impairment, ADL depen-
dence, or IADL dependence) at evaluation, owing to
their high co-occurrences in community-dwelling
older adults.25–27

Depressive Symptoms and Chance of Listing

Unadjusted cumulative incidence of any listing for KT
within 1 year after evaluation was estimated using the
Kaplan–Meier method; log-rank test was used to
compare the curves by depressive symptom severity.
After examining proportional hazards assumptions by
visually inspecting log-log plots, we fitted the
following 3 sets of Cox models to estimate crude HRs
and aHRs of any listing for KT by binary depressive
symptoms (mild/moderate/severe vs. none/minimal
symptoms), symptom severity, and every 5-point
higher CES-D score, respectively: (i) crude models; (ii)
clinical factor models adjusted for age group, sex,
Black, years on dialysis, body mass index, smoking,
and CCI; and (iii) clinical and social factor models
further adjusted for education, marital status,
employment, and neighborhood poverty level. We
further examined the association between chance of
listing and CES-D score by age group by including an
interaction term between age group and continuous
CES-D score; Wald test was used to examine the dif-
ferences between age groups. To account for patient
listing status, parallel analyses were performed for
active listing within 1 year as the outcome event.
1308
Statistical Analyses

All analyses were performed using Stata version 15
(StataCorp, College Station, TX). Two-sided P < 0.05
was considered statistically significant.

Missing Data

Covariates were missing for <0.6% of the cohort, with
a few exceptions: years on dialysis was missing in 4.8%
(n ¼ 179), CCI was missing in 14.2% (n ¼ 529),
neighborhood poverty level was missing in 14.3% (n ¼
532), and marital status was missing in 1.4% (n ¼ 52).
In addition, physical functional status was not assessed
in all participants: frailty was missing in 4.0% (n ¼
149) of the cohort, Short Physical Performance Battery
was missing in 15.8% (n ¼ 588), ADL was missing in
1.6% (n ¼ 60), and IADL was missing in 1.8% (n ¼ 68).
We used complete cases (n ¼ 3037) for primary
analysis.

Sensitivity Analyses

To confirm the robustness of our inferences, we
included several sensitivity analyses: (i) we examined
the risk factors of depressive symptoms using CES-D $
18 as the binary cutoff, which was previously proposed
in hemodialysis patients28; (ii) we imputed the missing
values for all covariates using multiple imputation
method with 10 iterations for all regression models; and
(iii) we included frailty, lower extremity impairment,
ADL dependence, and IADL dependence in the fully
adjusted Cox models to further estimate aHRs inde-
pendent of physical functional status.

RESULTS

Participant Characteristics

Among 3728 patients evaluated, median age was 56
years (IQR ¼ 45–65), 40.7% were female, 46.7% were
Black, and 70.6% received dialysis, with a median time
on dialysis of 0.8 year (IQR ¼ 0.0–3.0). At evaluation,
14.2% of the patients reported no depressive symp-
toms, 67.4% minimal, 6.6% mild, 4.6% moderate, and
7.2% severe symptoms (Table 1).

Overall, the proportion of patients reporting mild
or more severe depressive symptoms decreased with
age such that it remained >20% until age 55 years
and decreased steadily afterward (Figure 1). At eval-
uation, the proportion of patients with any depressive
symptoms was lower among older patients: 92.0% of
the patients aged 18 to 29 years; 88.3% of the patients
aged 30 to 39 years; 87.2% of those aged 40 to 49
years; 87.0% of those aged 50 to 59 years; 83.4% of
those aged 60 to 69 years; and 82.0% of those
aged $70 years reported minimal or more depressive
symptoms. Furthermore, the severity of depressive
symptoms was greater among younger age groups; in
Kidney International Reports (2022) 7, 1306–1317



Table 1. Characteristics of kidney transplant evaluation patients overall and by severity of depressive symptoms (N ¼ 3728)

Characteristics at evaluation
Overall

(N ¼ 3728)

Severity of depressive symptoms

None
(n ¼ 529)

Minimal
(n ¼ 2513)

Mild
(n ¼ 246)

Moderate
(n ¼ 173)

Severe
(n ¼ 267) P value

Age, median (IQR) 56.0 (45.0–65.0) 58.0 (48.0–67.0) 56.0 (45.0–65.0) 55.0 (46.0–63.0) 54.0 (43.0–62.0) 51.0 (39.0–58.0) <0.001

Female, % 40.7 35.5 39.8 46.3 43.4 52.8 <0.001

Race/ethnicity, %

White 44.4 45.7 44.0 47.6 49.7 39.3 0.20

Black 46.7 47.3 47.1 42.7 38.2 50.6

Hispanic 3.2 2.1 3.2 4.9 4.0 3.4

Other 5.7 4.9 5.6 4.9 8.1 6.7

High school or less, % 44.3 42.1 44.2 49.2 41.6 47.2 0.32

Marital status, %

Single 24.5 18.7 23.8 26.8 26.7 38.9 <0.001

Married/cohabitating 58.3 66.1 59.8 51.5 50.6 39.6

Divorced/separated 12.9 10.6 12.3 17.2 16.3 17.7

Widowed 4.3 4.6 4.1 4.6 6.4 3.8

Employed, % 35.1 39.5 35.6 33.8 32.4 24.2% <0.001

Urban, % 97.3 97.4 97.2 97.3 96.0 98. 0.53

Neighborhood poverty level %,
median (IQR)

9.6 (6.0–15.1) 9.4 (6.0–14.4) 9.6 (5.9–15.0) 10.4 (6.1–17.8) 9.1 (5.9–14.4) 10.4 (7.1–19.3) 0.01

Smoking history, %

Nonsmoker 68.4 80.7 68.8 60.0 55.8 55.8 <0.001

Previous smoker 23.4 14.4 23.3 32.2 31.4 29.2

Current smoker 8.2 4.9 7.9 7.8 12.8 15.0

BMI (kg/m2), mean (SD) 28.7 (6.2) 28.4 (5.6) 28.7 (6.1) 29.0 (6.4) 28.8 (6.2) 28.6 (7.2) 0.71

Dialysis type, %

No dialysis 29.4 27.4 29.3 34.6 28.7 29.4 0.43

Hemodialysis 57.9 61.7 57.7 54.7 57.3 55.7

Peritoneal dialysis 12.7 11.0 13.0 10.7 14.0 14.9

Years on dialysis, median (IQR) 0.8 (0.0–3.0) 0.9 (0.0–3.5) 0.8 (0.0–3.0) 0.5 (0.0–2.4) 0.7 (0.0–2.4) 0.6 (0.0–2.7) 0.05

Frailty, % 20.7 8.3 19.7 32.2 28.7 41.0 <0.001

Lower extremity impairment, % 54.4 46.1 53.6 59.7 60.7 68.4 <0.001

ADL dependence, % 8.2 3.1 8.0 11.7 13.4 13.5 <0.001

IADL dependence, % 20.6 9.7 19.0 31.8 29.7 41.6 <0.001

Charlson Comorbidity Index, %

0 37.3 43.5 37.4 29.4 32.2 36.2 0.10

1 7.3 6.7 7.3 9.0 6.7 6.6

2 16.7 13.4 17.3 15.4 19.5 15.6

3 18.5 17.9 18.5 22.2 15.4 18.5

$4 20.2 18.4 19.5 24.0 26.2 23.0

Comorbidities, %

Myocardial infarction 9.3 9.6 9.0 10.0 10.1 10.7 0.86

Peripheral vascular disease 6.3 6.9 5.7 10.0 9.4 5.3 0.05

Cerebral vascular disease 6.0 2.6 5.8 6.3 7.4 11.5 <0.001

Dementia 0.4 0.2 0.3 0.9 0.7 0.8 0.39

Chronic lung disease 6.0 4.5 6.4 7.3 4.1 4.5 0.31

Rheumatological disease 6.9 4.5 7.1 9.1 4.0 9.6 0.04

Peptic ulcer disease 3.4 3.3 3.2 4.6 6.0 2.1 0.22

Diabetes 42.3 39.9 42.3 47.5 43.2 41.2 0.46

Diabetes with complication 34.4 40.0 34.6 34.1 28.7 30.0 0.12

Moderate/severe liver disease 3.6 1.4 3.4 6.3 6.7 4.6 0.004

Metastatic cancer 1.0 1.0 1.1 0.9 0.7 0.8 0.99

Leukemia 0.3 0.5 0.3 0.0 0.0 0.0 0.65

Lymphoma 0.8 0.7 0.9 0.5 2.0 0.0 0.27

HIV 3.3 2.2 3.2 3.2 3.4 5.3 0.29

Congestive heart failure 14.0 11.5 13.5 17.8 21.5 16.7 0.04

ADL, activities of daily living; BMI, body mass index; CES-D, Center for Epidemiologic Studies—Depression; IADL, instrumental activities of daily living; IQR, interquartile range.
The CES-D score ranges from 0 to 60. Depressive symptom severity was categorized as follows: none (0 point), minimal (1–15 points), mild (16–20 points), moderate (21–25 points), and
severe (26–60 points). Neighborhood poverty level was defined as the percentage of population below poverty level in the neighborhood. Percentages are presented unless otherwise
indicated. Differences that are statistically significant at P < 0.05 are in bold.
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Figure 1. Proportion of patients with mild or more severe depressive
symptoms (CES-D $ 16) by age at kidney transplant evaluation (N ¼
3728). The CES-D score ranges from 0 to 60, with the higher score
representing more severe depressive symptoms. Depressive symp-
tom severity was categorized as follows: none (0 point), minimal (1–
15 points), mild (16–20 points), moderate (21–25 points), and severe
(26–60 points). Age was treated as a continuous variable at evalu-
ation. Restricted cubic splines were used, and 95% CIs are depicted
as the region between the dotted curves. CES-D, Center for Epide-
miologic Studies—Depression.

Figure 2. Depressive symptom severity by age group among kidney
transplant evaluation patients (N ¼ 3728). The CES-D score ranges
from 0 to 60. Depressive symptom severity was categorized as fol-
lows: none (0 point), minimal (1–15 points), mild (16–20 points),
moderate (21–25 points), and severe (26–60 points). CES-D, Center
for Epidemiologic Studies—Depression.
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particular, severe symptoms were reported in 10.2%
of the patients aged 18 to 29 years, 13.0% of those
aged 30 to 39 years, 8.2% of those aged 40 to 49 years,
8.9% of those aged 50 to 59 years, 4.2% of those aged
60 to 69 years, and 2.2% of those aged $70 years
(Figure 2).
Risk Factors of Depressive Symptoms

After adjustment, proportion of patients reporting
mild/moderate/severe depressive symptoms was 1.59-
fold (aPR ¼ 1.59, 95% CI: 1.13–2.25) higher among
patients aged 18–29 years, but 44% lower (aPR ¼ 0.56,
95% CI: 0.39–0.79) among those aged $70 years,
compared with their counterparts aged 60 to 69 years.
In addition, male sex (aPR ¼ 0.76, 95% CI: 0.66–0.88),
Black race (aPR ¼ 0.76, 95% CI: 0.65–0.89), being
married/cohabitating (aPR ¼ 0.70, 95% CI: 0.60–0.81),
and employment (aPR ¼ 0.73, 95% CI: 0.62–0.87) were
associated with fewer depressive symptoms, whereas
previous smoker (aPR ¼ 1.56, 95% CI: 1.33–1.83),
current smoker (aPR ¼ 1.53, 95% CI: 1.21–1.93), and a
CCI score $ 4 (aPR ¼ 1.53, 95% CI: 1.21–1.93) were
associated with more depressive symptoms (Table 2).

Frailty, lower extremity impairment, ADL depen-
dence, and IADL dependence were all independently
associated with depressive symptoms. At evaluation,
30.1% of frail patients, 21.7% of patients with lower
extremity impairment, 28.1% of patients with ADL
dependence, and 30.2% of patients with IADL
dependence reported mild or more severe depressive
1310
symptoms at the same time (Supplementary Figure S1).
After adjustment, there was significantly higher pro-
portion of patients reporting mild/moderate/severe
depressive symptoms among those who were frail
(aPR ¼ 2.00, 95% CI: 1.71–2.33) and had lower ex-
tremity impairment (aPR ¼ 1.35, 95% CI: 1.13–1.60),
ADL dependence (aPR ¼ 1.74, 95% CI: 1.41–2.14), and
IADL dependence (aPR ¼ 2.12, 95% CI: 1.82–2.47)
(Table 2).

Unadjusted Cumulative Incidence of Listing by

Depressive Symptoms

Among 3728 patients being evaluated, 2180 patients
(58.5%) were listed, and 1673 (44.9%) were actively
listed within 1 year after evaluation. The median
follow-up time to listing was 6.0 months (IQR ¼ 2.1–
12.0), and median follow-up time to active listing was
12.0 months (IQR ¼ 3.4–12.0). The cumulative inci-
dence of any listing was lower among patients with
more severe depressive symptoms (log-rank, P <
0.001); at 1 year after evaluation, 67.5% of patients
with no symptoms, 59.1% of patients with minimal
symptoms, 53.8% of patients with mild symptoms,
51.8% of patients with moderate symptoms, and
47.0% of patients with severe symptoms were listed
(log-rank, P < 0.001) (Figure 3a). Similar trends were
noted for active listing (log-rank, P < 0.001)
(Figure 3b).

Adjusted Chance of Listing by Depressive

Symptoms

After adjustment, mild/moderate/severe depressive
symptoms were associated with lower chances of any
listing (aHR ¼ 0.75, 95% CI: 0.66–0.85) and active
Kidney International Reports (2022) 7, 1306–1317



Table 2. Correlates of CES-D score and mild/moderate/severe depressive symptoms (CES-D $ 16) among kidney transplant evaluation patients
using complete case analysis

Factor
CES-D score, per 1 point increase

aPR (95% CI)
Mild/moderate/severe depressive symptoms

aPR (95% CI)

Age (vs. 60–69 yr), yr

18–29 1.51 (1.26--1.81) 1.59 (1.13--2.25)

30–39 1.49 (1.31--1.71) 1.55 (1.20--2.01)

40–49 1.45 (1.30--1.62) 1.70 (1.36--2.13)

50–59 1.32 (1.20--1.45) 1.39 (1.14--1.70)

$70 0.74 (0.66--0.84) 0.56 (0.39--0.79)

Male 0.84 (0.78--0.90) 0.76 (0.66--0.88)

Black 0.90 (0.84--0.98) 0.76 (0.65--0.89)

Years on dialysis 0.99 (0.98--1.00) 0.98 (0.96–1.00)

BMI, per 5 kg/m2 1.02 (0.99–1.05) 1.01 (0.95–1.08)

Smoking (vs. nonsmoker)

Previous smoker 1.36 (1.26--1.48) 1.56 (1.33--1.83)

Current smoker 1.45 (1.29--1.64) 1.53 (1.21--1.93)

CCI score (vs. 0)

1 1.03 (0.89–1.19) 1.04 (0.77–1.40)

2 1.13 (1.02--1.25) 1.15 (0.92–1.44)

3 1.13 (1.01--1.25) 1.23 (0.99–1.52)

$4 1.23 (1.11--1.36) 1.38 (1.13--1.70)

High school or below 0.95 (0.89–1.03) 0.97 (0.83–1.12)

Married/cohabitating 0.82 (0.76--0.89) 0.70 (0.60--0.81)

Employed 0.81 (0.75--0.88) 0.73 (0.62--0.87)

Neighborhood poverty level, per 10% 1.03 (0.99–1.08) 1.06 (0.97–1.15)

Frailty 1.61 (1.48--1.74) 2.00 (1.71--2.33)

Lower extremity impairment 1.28 (1.18--1.40) 1.35 (1.13--1.60)

ADL dependence 1.42 (1.26--1.59) 1.74 (1.41--2.14)

IADL dependence 1.56 (1.44--1.69) 2.12 (1.82--2.47)

ADL, activities of daily living; aPR, adjusted prevalence ratio; BMI, body mass index; CCI, Charlson Comorbidity Index; CES-D, Center for Epidemiologic Studies—Depression; IADL,
instrumental activities of daily living.
The CES-D score ranges from 0 to 60, with the higher score representing more severe depressive symptoms. aPRs with 95% CIs are presented from modified Poisson models. All models
adjusted for all clinical and social factors, including age group, sex, Black race, years on dialysis, BMI, smoking status, CCI, education, marital status, employment, and neighborhood
poverty level. The aPRs for clinical and social factors were estimated among patients with all clinical and social factors nonmissing (n ¼ 3037); the aPRs for physical functional
measures were estimated among patients with both clinical and social factors and corresponding functional measure nonmissing (frailty, n ¼ 2894; lower extremity impairment, n ¼
2665; ADL dependence, n ¼ 2981; IADL dependence, n ¼ 2971). Associations that are statistically significant at P < 0.05 are in bold.
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listing (aHR ¼ 0.69, 95% CI: 0.60–0.80). Even patients
with minimal symptoms showed lower chances of any
listing (aHR ¼ 0.73, 95% CI: 0.65–0.83) and active
listing (aHR ¼ 0.69, 95% CI: 0.60–0.79) compared with
their counterparts with no symptoms (Table 3). The
chances of any listing and active listing decreased with
higher depressive symptom scores; every 5-point
higher (worse) CES-D score was associated with 9%
lower likelihood of being listed (aHR ¼ 0.91, 95% CI:
0.88–0.93) and 13% lower likelihood of being actively
listed (aHR ¼ 0.87, 95% CI: 0.85–0.90) (Table 3).

The association of continuous CES-D score with any
listing remained significant within age groups, except
for the 18 to 29 years group (P ¼ 0.21). In addition, the
association was greater among patients aged $70 years
than those aged 18 to 29 years (P for interaction ¼
0.039); every 5-point higher CES-D score was associated
with a 23% lower chance of any listing (aHR ¼ 0.77,
95% CI: 0.68–0.88) among patients aged $70 years
(Figure 4a). Meanwhile, the association between higher
CES-D score and active listing was similar across age
Kidney International Reports (2022) 7, 1306–1317
groups (all P for interaction > 0.05), whereas the
greatest magnitude of association was also found among
patients aged $70 years (aHR ¼ 0.73, 95% CI: 0.62–
0.86) (Figure 4b).
Sensitivity Analyses

First, risk factors for depressive symptoms were similar
using the cutoff of CES-D score $ 18 (Supplementary
Table S1). Second, after multiple imputations to ac-
count for missing data, risk factors of depressive
symptoms remained robust, whereas the association
between years on dialysis and binary depressive
symptoms became significant (aPR ¼ 0.98, 95% CI:
0.96–1.00) (Supplementary Table S2); the associations
of binary depressive symptoms, symptom severity, and
CES-D score with any listing and active listing were
similar (Supplementary Table S3). Third, impact of
depressive symptoms on any listing and active listing
remained robust in both significance and magnitude
after accounting for frailty, lower extremity
1311



Figure 3. Unadjusted cumulative incidence of (a) any listing and (b) active listing for kidney transplant within 1 year after evaluation by
depressive symptom severity among evaluation patients (N ¼ 3728). The CES-D score ranges from 0 to 60. Depressive symptom severity was
categorized as follows: none (0 point), minimal (1–15 points), mild (16–20 points), moderate (21–25 points), and severe (26–60 points). CES-D,
Center for Epidemiologic Studies—Depression.
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impairment, ADL dependence, or IADL dependence
(Supplementary Table S4).
DISCUSSION

In this prospective cohort of 3728 kidney failure pa-
tients, 85.8% of the patients suffered at least minimal
depressive symptoms at KT evaluation. The burden
and severity were particularly high among patients
younger than 55 years. Patients reporting mild or more
severe depressive symptoms had 25% lower chance of
being listed for KT and 31% lower chance of being
actively listed within 1 year after evaluation, adjusted
for clinical and social factors; even those reporting
1312
minimal depressive symptoms showed 27% lower
chance of any listing and 31% lower chance of active
listing. More specifically, every 5-point higher (worse)
CES-D score was associated with 9% lower chance of
any listing and 13% lower chance of active listing
within 1 year after evaluation; worse CES-D scores
were more likely to affect listing among candidates
aged $70 years.

Our findings suggest that there is a high burden of
depressive symptoms among kidney failure patients at
evaluation, although most patients experience minimal
symptoms. The high burden of depressive symptoms
among patients with chronic kidney disease and dial-
ysis patients has been previously observed.4 Our
Kidney International Reports (2022) 7, 1306–1317



Table 3. Chance of listing for kidney transplant within 1 year after evaluation by depressive symptoms among transplant evaluation patients
using complete case analysis

Outcomes
Crude model

(n ¼ 3728) cHR (95% CI)
Clinical factor adjusted model
(n ¼ 3112) aHR (95% CI)

Clinical and social factor adjusted model
(n ¼ 3037) aHR (95% CI)

Any listing

Mild/moderate/severe symptoms 0.78 (0.69--0.87) 0.71 (0.63--0.81) 0.75 (0.66--0.85)

Severity of depressive symptoms

No symptoms Reference Reference Reference

Minimal symptoms 0.82 (0.73--0.92) 0.71 (0.63--0.80) 0.73 (0.65--0.83)

Mild symptoms 0.72 (0.59--0.88) 0.56 (0.45--0.69) 0.59 (0.48--0.73)

Moderate symptoms 0.70 (0.55--0.88) 0.62 (0.49--0.79) 0.67 (0.52--0.85)

Severe symptoms 0.58 (0.47--0.71) 0.47 (0.38--0.58) 0.51 (0.41--0.63)

Continuous score (5 points worse) 0.92 (0.90--0.94) 0.90 (0.87--0.92) 0.91 (0.88--0.93)

Active listing

Mild/moderate/severe symptoms 0.67 (0.58--0.77) 0.65 (0.57--0.75) 0.69 (0.60--0.80)

Severity of depressive symptoms

No symptoms Reference Reference Reference

Minimal symptoms 0.74 (0.65--0.84) 0.67 (0.59--0.77) 0.69 (0.60--0.79)

Mild symptoms 0.61 (0.49--0.77) 0.54 (0.42--0.68) 0.57 (0.44--0.72)

Moderate symptoms 0.51 (0.38--0.67) 0.49 (0.36--0.65) 0.53 (0.39--0.71)

Severe symptoms 0.46 (0.36--0.58) 0.40 (0.31--0.51) 0.44 (0.34--0.57)

Continuous score (5 points worse) 0.87 (0.85--0.90) 0.86 (0.84--0.89) 0.87 (0.85--0.90)

aHR, adjusted hazard ratio; cHR, crude hazard ratio.
The CES-D score ranges from 0 to 60, with the higher score representing more severe depressive symptoms. Depressive symptom severity was categorized as follows: none (0 point),
minimal (1–15 points), mild (16–20 points), moderate (21–25 points), and severe (26–60 points). cHRs and aHRs with 95% CIs were presented from adjusted Cox proportional hazards
models. Clinical factor adjusted model adjusted for age group, sex, Black race, years on dialysis, body mass index, smoking history, and Charlson Comorbidity Index; clinical and social
factor adjusted model further adjusted for education, marital status, employment, and neighborhood poverty level. Associations that are statistically significant at P < 0.05 are in bold.
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finding that 18.4% of patients at evaluation had
depressive symptoms was slightly lower than the pre-
viously reported estimates of 23.1% among a cohort of
US adult patients undergoing hemodialysis using the
same CES-D threshold.29 Despite the higher proportions
of Black (61.8% vs. 45.0%) and low education (52.8%
vs. 44.3%) in the prior study population,29 the dif-
ferences suggested that the burden of depressive
symptoms might be lower in kidney failure patients
being evaluated for KT, which included 30% candi-
dates who are preemptive recipients. These differences
may be attributable to the relatively better health sta-
tus among patients being referred for KT evaluation.
Moreover, there might be social desirability bias. Even
though we stated that depressive symptoms were only
being assessed for research purposes, patients may
respond to the questions in a way that they think
would present themselves as better candidates for KT.
Thus, it is possible that we underestimated the true
burden of depressive symptoms among patients un-
dergoing KT evaluation, and the potentially higher
burden of depressive symptoms requires particular
attention.

Our study confirmed substantial differences in
depressive symptom severity across the age spectrum
among KT evaluation patients: depressive symptoms
are more prevalent and more severe among younger
patients. This pattern is consistent with the findings
from the general population.13 Apart from age dispar-
ities, our findings that KT evaluation patients who
Kidney International Reports (2022) 7, 1306–1317
were female, non-Black, smoking, living alone, unem-
ployed, and had more comorbidities were more likely
to have depressive symptoms are consistent with the
findings from chronic kidney disease and dialysis pa-
tients.30–32 This finding highlights the subgroups who
bear a higher burden of depressive symptoms and may
need mental health services. Furthermore, we extended
previous findings that frailty and functional disabilities
are related to depressive symptoms among general
older adults33–36 and dialysis patients29 into evaluation
patients regardless of age or dialysis status. More
importantly, we identified the prevalent co-occurrence
of depressive symptoms and frailty or other functional
disabilities among evaluation patients. It has been
found in previous studies that frailty,37,38 physical
impairment,39 and functional dependence40 are all
associated with decreased chance of KT listing, elevated
risk of waitlist mortality, and worse KT access. Thus,
KT candidates with both more depressive symptoms
and frailty or functional disabilities are likely more
vulnerable to adverse outcomes while waiting for a KT.

Although existing studies have demonstrated that
kidney failure patients with depressive symptoms are
at high risk of developing poor clinical outcomes
including mortality,41–44 we sought to understand the
impact of depressive symptoms on patients’ access to
KT listing. Our findings suggest that kidney failure
patients with more depressive symptoms have lower
chance of being listed for KT within 1 year after
evaluation, independent of clinical and social factors
1313



Figure 4. Impact of depressive symptoms on (a) chance of any listing and (b) chance of active listing for kidney transplant within 1 year after
evaluation by age group using complete case analysis. The CES-D score ranges from 0 to 60, with the higher score representing more severe
depressive symptoms. Adjusted HRs with 95% CIs were presented from adjusted Cox proportional hazards models adjusted for age group, sex,
Black race, years on dialysis, BMI, smoking history, Charlson Comorbidity Index, education, marital status, employment, and neighborhood
poverty level. BMI, body mass index; CES-D, Center for Epidemiologic Studies—Depression; HR, hazard ratio.
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and physical functional status; even among patients
with minimal symptoms, approximately 30% lower
chance of listing was observed. Our results are
consistent with a cross-sectional study by Szeifert
et al.,12 in which hemodialysis patients aged 18 to 65
years with more depressive symptoms were less likely
to be on the waitlist. However, we used a prospective
study design that allowed us to assess the temporality
of this association, and we extended the findings to
patients aged >65 years. In contrast, Harhay et al.45

suggested that having fewer depressive symptoms
was associated with lower waitlisting rates among pa-
tients with stages 4 to 5 chronic kidney disease
1314
(estimated glomerular filtration rate # 30 ml/min per
1.73 m2) in the Chronic Renal Insufficiency Cohort, but
such association was not observed in patients younger
than 65 years. Nonetheless, this chronic kidney disease
population was substantially different from our KT
evaluation cohort, which may explain the inconsistent
findings. The difference in time to listing calculation
may be another reason: the Chronic Renal Insufficiency
Cohort participants contributed time to listing from the
index date of estimated glomerular filtration rate
eligibility without accounting for the timing of referral
for KT, whereas time to listing was calculated from
evaluation date in our study.
Kidney International Reports (2022) 7, 1306–1317
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Our findings indicate that despite the relatively
lower burden of depressive symptoms, older kidney
failure patients with higher CES-D scores may be more
vulnerable to limited access to KT. One potential
explanation for such association is that depressive
symptoms might have exposed patients to higher risks
of increased comorbidities and disease severity43 and
further affected their qualification for transplant,
which is more likely in older patients. In addition,
considering that patients may be asked to make many
decisions and adhere to various required treatments
across the complex evaluation process, depressive
symptoms may be a barrier to cope with these re-
quirements. Therefore, there is a need to routinely
screen for depressive symptoms among kidney failure
patients to improve their access to KT.

To our knowledge, our study is the largest pro-
spective study of depressive symptoms in a cohort of
adult kidney failure patients across the age spectrum
undergoing KT evaluation. In addition, with the link-
age to Scientific Registry of Transplant Recipients, we
were able to obtain the complete data on time of listing
and active status for KT candidates. Nevertheless, our
study is not without limitations. First, our results are
limited by the transplant center included. However,
our study sample comprises similar population distri-
butions to all candidates listed at the Johns Hopkins
during 2009 to 2021 in the national registry, so the
inferences are likely reflective of centers similar to the
study site. Second, there were potential mis-
classifications regarding depressive symptom severity
because of the data unavailability of pharmacologic or
nonpharmacologic treatment for depression. In fact,
multiple studies have found that depression is under-
treated among dialysis patients, with <30% of patients
with severe depressive symptoms or physician-
diagnosed depression receiving treatment.30,46 There-
fore, we expected that very few patients with depres-
sive symptoms might have received pharmacologic or
nonpharmacologic treatment in our cohort. It should
also be noted that the misclassification of the severity of
depressive symptoms might be differential by age. It
has been reported that older patients tend to minimize
their depressive symptoms than younger patients.47

Health providers should be aware that the severity of
depressive symptoms among older patients could be
underestimated if the assessment solely relies on self-
reports.

In summary, 85.8% of KT candidates reported at
least minimal depressive symptoms at KT evaluation,
and the burden was higher among younger patients.
Candidates with depressive symptoms, even those
with minimal symptoms, had a lower chance of being
listed. Furthermore, the impact of higher CES-D
Kidney International Reports (2022) 7, 1306–1317
scores (more depressive symptoms) on access to KT
was most pronounced among older candidates. To
improve access to KT, specifically in those with
depressive symptoms, transplant centers and pro-
viders should routinely screen for depressive symp-
toms and refer patients with even mild depressive
symptoms to a provider with appropriate mental
health expertise in a timely manner. Even though
depressive symptoms are not contraindicated in
transplant, this study demonstrated that KT candi-
dates with depression are at a disadvantage in being
listed for a life-saving transplant. As such, increased
efforts to identify and then support these patients in
their mental health are vital to providing equitable
care. These patients would benefit from coordination
between their transplant teams and outpatient clinics
to best identify mental health concerns and, in turn,
provide treatment to improve access to KT. For those
patients receiving dialysis, the dialysis centers play a
vital role in identifying mental health concerns,
including depression, given the close and frequent
contact with patients. Although centers are required
to screen for depression, more frequent and in-depth
screening by a mental health professional should be
considered for patients who are at a higher risk for
developing depression.
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