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SUMMARY

We examined a novel database wherein national US transplant registry
identifiers were linked to records from a large pharmaceutical claims ware-
house (2008–2015) to characterize antidepressant use before and after kid-
ney transplantation, and associations [adjusted hazard ratio (aHR) 95%
CI] with death and graft failure. Among 72 054 recipients, 12.6% filled
antidepressant medications in the year before transplant, and use was more
common among women and patients who were white, unemployed, and
had limited functional status. Pre-transplant antidepressant use was associ-
ated with 39% higher 1-year mortality (aHR 1.39, 95% CI 1.18–1.64) and
15% higher all-cause graft loss risk (aHR 1.15, 95% CI 1.02–1.30). More
than 50% of patients who filled antidepressants pre-transplant continued
fill post-transplant. Antidepressant use in the first year after transplant was
associated with twofold higher risk of death (aHR 1.94, 95% CI 1.60–
2.35), 38% higher risk of death-censored graft failure, and 61% higher risk
of all-cause graft failure in the subsequent year. Pre-listing antidepressant
use was also associated with increased mortality, but transplantation con-
ferred a survival benefit regardless of prelisting antidepressant use status.
While associations may in part reflect underlying behaviors or comorbidi-
ties, kidney transplant candidates and recipients treated with antidepressant
medications should be monitored and supported to reduce the risk of
adverse outcomes.
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Introduction

Transplant candidates undergo thorough evaluation to

assess suitability for transplant. Psychosocial considera-

tions include pre-existing mental health conditions,

social support, and adherence history [1]. Depression is

a common mental health condition, estimated to affect

approximately 9% of Americans at any given time and

ultimately 16% of the US population over a lifetime

[2]. The prevalence of depression is higher among

patients with chronic illnesses, including chronic kidney

disease [2]. Although kidney transplant has been shown

to improve quantity and quality of life compared with

long-term dialysis [3], the implications of depression

for kidney transplant-related outcomes are incompletely

defined.

Prior studies have examined the prevalence, corre-

lates, and outcomes associated with depression in trans-

plant recipients, typically based on administration of

survey instruments at single centers. For example, two

studies reported lower depression rates after transplant

compared with rates among patients on the waiting list

[4,5]. Correlates of depression among wait-listed candi-

dates and transplant recipients have also been described

[4–6]. One study of billing claims among Medicare-

insured kidney transplant recipients found that depres-

sion diagnoses were more common among recipients

who were women, white, diabetic, and those with pro-

longed dialysis durations [7]. A diagnosis of depression

in the first 3 years after transplant was associated with

increased risks of graft failure and death with a func-

tioning graft. Higher rates of post-transplant death in

depressed patients have also been reported in single-

center cohort studies [8,9].

Currently, the national US transplant registry does

not collect measures of mental health comorbidity or

treatments before or after transplant. However, linking

the transplant registry with other data sources can com-

bine the value of transplant recipient status, baseline

clinical characteristics, and patient and graft survival

records with additional outcome and exposure informa-

tion. Pharmacy fill records offer nonobtrusive measures

of prescribed health care that may serve as surrogate

measures of comorbidity [10–13]. For mental health

conditions such as depression, prescription data can

identify patients with medically treated forms of the dis-

order.

We examined the frequency, correlates, and outcomes

of antidepressant medication use as a measure of treated

depression in a national sample identified by linking the

transplant registry with pharmacy fill records. Using this

integrated data source, we assessed associations of pre-

transplant and prelisting antidepressant use with death

and graft loss, persistence of pre-transplant antidepres-

sant use patterns after transplant, and associations of

antidepressant use in the first year post-transplant with

subsequent adverse events.

Methods

Data sources

This study used data from the Scientific Registry of

Transplant Recipients (SRTR). The SRTR system

includes data on all transplant candidates, recipients,

and donors in the USA, submitted by the members of

the Organ Procurement and Transplantation Network

(OPTN). The Health Resources and Services Adminis-

tration (HRSA), US Department of Health and Human

Services, provides oversight of the activities of the

OPTN and SRTR contractors. Baseline demographic

information ascertained for kidney transplant recipients

at the time of transplant included age, sex, and race as

reported by the transplant center.

Pharmacy fill data were assembled by linking SRTR

records for kidney transplant recipients with billing

claims from Symphony Health Solutions (SHS), a large

US pharmaceutical claims data warehouse that collects

prescription drug fill records including self-paid fills and

those reimbursed by private and public payers. SHS com-

prises National Council for Prescription Drug Program

format prescription claims aggregated from multiple

sources including claims warehouses, retail pharmacies,

and prescription benefit managers for approximately

60% of US retail pharmacy transactions. Individual claim

records include the date of a given pharmacy fill with the

National Drug Code identifying agent and dosage. After

Institutional Review Board and HRSA approvals, SHS

records were linked with SRTR records for kidney trans-

plant recipients. A deterministic de-identification strategy

was applied, wherein patient identifiers (last name, first

name, date of birth, sex, and ZIP code of residence) were

transformed before delivery to the Saint Louis University

researchers with Health Information Portability and

Accountability Act and HITECH-certified encryption

technology from SHS. The patient de-identification soft-

ware employs multiple encryption algorithms in succes-

sion to guarantee that the resulting “token” containing

encrypted patient identifiers can never be decrypted.

However, the algorithm yields the same results for a given

set of data elements, such that linkages by unique anony-

mous tokens are possible.
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Sampling and exposure definitions

Patients selected for the primary analysis had SRTR

records of kidney transplantation, underwent transplant

between January 2008 and January 2015, and had at

least 1 year of available pharmaceutical fill records

before transplant. Patient clinical and demographic

characteristics, as well characteristics of the donated

organ and other transplant factors, were defined by the

OPTN Transplant Candidate and Recipient Registration

forms (Table 1). The primary exposure of interest was

pharmacy claims for antidepressant medications in the

year before transplant, including selective serotonin

reuptake inhibitors (SSRIs), tricyclic antidepressants,

newer-generation antidepressants, and combination pills

(Table S1). Medications primarily indicated for bipolar

disorder, such as lithium, were not included. We also

quantified the months that antidepressants were dis-

pensed to patients in the 12-month period before trans-

plant, among those with at least 12 months of

pre-transplant pharmacy records, as a metric of the

intensity of exposure [14–17]. To account for concomi-

tant use of multiple agents, the metric for any antide-

pressant exposure aggregated fill days from different

classes even if prescription dates were overlapping [14–
17]. Separate analyses quantified antidepressant use in

the year before wait-listing and in the first year after

transplantation.

Death and graft failure

Mortality was defined as death from any cause. Graft

failure was defined as return to maintenance dialysis or

“preemptive” retransplantation. All-cause graft failure

included graft loss due to patient death. Observation

time for outcomes in the first year post-transplant was

censored at day 365 after transplantation or study end

(January 31, 2015). To assess the implications of antide-

pressant use in the first year of transplant, we examined

clinical outcomes from >1 to 2 years post-transplant or

end of study. Finally, to frame post-transplant outcomes

in the context of survival on the waiting list, we exam-

ined associations of pre-listing antidepressant use with

death after listing.

Statistical analyses

Datasets were merged and analyzed with SAS (Statistical

Analysis Software) version 9.4 (SAS Institute Inc., Cary,

NC, USA). Distributions of clinical and demographic

traits among recipients with antidepressant exposure,

compared with no antidepressant use, were compared

by the chi-square test. Propensity models for the likeli-

hood of any antidepressant use in the pre-transplant

period and the first year post-transplant were con-

structed by multivariable logistic regression [10,11].

The log-rank test was used to assess the statistical sig-

nificance of differences in unadjusted incidence of

patient death and graft loss according to pre-transplant

antidepressant use, as well as differences in these out-

comes after the first transplant anniversary according to

first year antidepressant use. Adjusted associations of

antidepressant use with graft failure and death [adjusted

hazards ratio (aHR)] were quantified by multivariable

Cox regression including adjustment for recipient,

donor, and transplant clinical factors as listed in

Table 1. Outcome models were also stratified by quin-

tile of propensity for antidepressant use as previously

described in similar studies of medication use and

post-transplant outcomes, to minimize the effect of

confounding by indication [10,11]. We also examined

associations of transplantation with death on the wait

list among those who did and did not fill antidepres-

sants before listing by modeling transplant as a time-

varying predictor of post-listing mortality, including

adjustment for baseline candidate demographic and

clinical traits.

Results

Clinical correlates of antidepressant use before and

after transplant

Between January 2008 and January 2015, 80 849 adult

recipients of kidney-only transplants were recorded in the

SRTR database. Of these, 72 054 had linked pharmacy

claims 1 year before transplant. Among the eligible

sample, 12.6% filled an antidepressant in the year

before transplant; distribution of duration of use was

<2 months, n = 3026; 2–5 months, n = 3186; and

>5 months, n = 2868. The most common class of antide-

pressant filled before transplant was SSRIs (61.7%), fol-

lowed by newer-generation antidepressants (25.3%) and

tricyclic antidepressant therapy (12.9%); combination

therapies accounted for only 0.1% of overall use.

Distributions of baseline clinical traits according to

pre-transplant antidepressant use are shown in Table 1.

Compared with transplant recipients who did not fill

antidepressants before transplant, those who used

antidepressants were more commonly aged 18–30 years,

women, white, unemployed, had limited functional

capacity, and were more likely to have chronic
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Table 1. Distributions of clinical traits in the study sample according to pre-transplant antidepressant use level and

propensity of using antidepressants before and after transplant.

Traits by pre-transplant use Propensity model associations

No use
(N = 62 974)
%

Some use
(N = 9080)
%

Pre-transplant use
Adjusted odds
ratio (95% CI)

Post-transplant use
Adjusted odds
ratio (95% CI)

Recipient factors
Age, years ‡
<18 5.1 2.5 0.32 (0.25–0.41)‡ 0.57 (0.44–0.73)‡
18–30 7.7 10.3 Reference Reference
31–45 19.5 21.3 0.91 (0.81–1.02) 1.04 (0.91–1.20)
46–60 36.6 38.0 0.83 (0.74–0.93)† 1.00 (0.87–1.14)
>60 31.2 27.9 0.63 (0.56–0.71)‡ 0.89 (0.77–1.02)

Female 38.8 43.7‡ 1.23 (1.16–1.31)‡ 1.30 (1.21–1.40)‡
Race ‡
White 52.5 61.2 1.59 (1.47–1.73)‡ 1.47 (1.34–1.61)‡
Black 26.7 21.0 Reference Reference
Hispanic 14.1 13.6 1.21 (1.09–1.34)† 1.00 (0.88–1.13)
Other 6.7 4.3 0.82 (0.70–0.96)* 0.66 (0.55–0.80)‡

Body mass index, kg/m2 *
<18.5 4.2 3.3 1.01 (0.84–1.21) 0.82 (0.66–1.01)
18.5–25 28.7 28.5 Reference Reference
25–30 31.5 31.4 1.02 (0.94–1.10) 0.97 (0.89–1.06)
>30 33.2 33.9 1.00 (0.92–1.08) 1.01 (0.93–1.10)
Missing 2.5 3.0 1.23 (1.02–1.48)* 0.99 (0.81–1.22)

Cause of ESRD ‡
Diabetes 23.4 25.8 1.10 (0.95–1.26) 1.07 (0.91–1.26)
Glomerulonephritis 23.1 25.5 1.10 (1.00–1.21) 0.98 (0.88–1.09)
Hypertension 25.5 21.8 0.92 (0.83–1.02) 0.90 (0.80–1.01)
Polycystic kidney disease 9.9 9.4 0.97 (0.86–1.10) 1.00 (0.87–1.14)
Other 18.1 17.5 Reference Reference

ESRD duration, mos. ‡
None (preemptive) 18.0 12.7 0.59 (0.53–0.65)‡ 0.95 (0.86–1.05)
>0–24 29.3 36.7 Reference Reference
25–60 31.1 32.4 0.82 (0.76–0.88)‡ 0.96 (0.87–1.05)
>60 20.8 17.5 0.68 (0.62–0.75)‡ 1.05 (0.94–1.17)
Missing 0.8 0.7 0.70 (0.50–1.00)* 1.21 (0.88–1.66)

Comorbidities
Diabetes 32.0 34.1* 1.03 (0.92–1.15) 1.05 (0.93–1.20)
Coronary disease/angina 5.7 6.5* 1.05 (0.97–1.14) 1.00 (0.92–1.10)
COPD 1.2 1.7† 1.07 (0.89–1.29) 1.01 (0.81–1.24)
Hypertension 78.4 78.7 0.92 (0.78–1.08) 1.08 (0.90–1.29)
Cerebral vascular disease 2.3 2.7 1.32 (1.05–1.67)* 0.99 (0.72–1.35)
Peripheral vascular disease 3.4 3.7 1.09 (0.96–1.23) 1.01 (0.88–1.17)

Highest level of education †
College/Graduate school 47.1 45.7 Reference Reference
High school or lower 43.7 46.3 1.09 (1.02–1.17)* 1.08 (1.00–1.16)*
Unknown 9.1 8.0 0.96 (0.85–1.08) 0.94 (0.83–1.07)

Employment status ‡
Working 30.3 24.9 Reference Reference
Not working 57.4 64.6 1.40 (1.29–1.51)‡ 1.18 (1.08–1.28)†
Unknown 12.3 10.5 1.39 (1.23–1.57)‡ 1.16 (1.01–1.33)*

Functional capacity ‡
No Limitations 65.0 63.5 Reference Reference
Limited 6.6 9.0 1.25 (1.12–1.39)‡ 1.14 (1.01–1.30)*
Unknown 28.5 27.5 1.08 (1.00–1.16)* 0.98 (0.91–1.07)
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obstructive pulmonary disease (COPD). Considered in

terms of any fills and adjusted for other baseline fac-

tors, pre-transplant antidepressant use was 59% more

likely among white versus black patients [adjusted odds

ratio (OR), 1.59, 95% CI 1.47–1.73], 23% more likely

among women than among men (aOR 1.23, 95% CI

1.16–1.31), and 40% more likely among unemployed

than among employed recipients (aOR 1.40, 95% CI

1.29–1.51) (Table 1). Recipients who filled antidepres-

sants before transplant were less likely to undergo pre-

emptive transplant, and antidepressant use declined

among transplant recipients in more recent years. Simi-

larly, the strongest correlates of antidepressant use in

the year after transplant were white race (aOR 1.47,

95% CI 1.34–1.61) and female sex (aOR 1.30, 95% CI

1.21–1.40); other patterns for use in the year after

transplant were similar but attenuated compared with

associations with pre-transplant antidepressant use

(Table 1).

Patient and graft survival according to antidepressant
medication use

Over the first year post-transplant, unadjusted patient

death was higher for recipients who used antidepres-

sants in the year before transplant than for those who

did not (3.5% vs. 2.5%; P < 0.0001) (Fig. 1). After mul-

tivariate adjustment for recipient, donor, and transplant

factors, and for propensity for the likelihood of pre-

transplant antidepressant fills (Table 1), recipients who

filled antidepressants in the year before transplant had

39% higher risk of death (aHR 1.39, 95% CI 1.18–1.64)
over the first year than nonusers (Fig. 2; Table S2). Pre-

transplant antidepressant use was also independently

associated with increased risk of all-cause graft loss

(aHR 1.15, 95% CI 1.02–1.30), although the association

was driven by death, and antidepressant medication use

before transplant was not associated with death-cen-

sored graft failure over the first year (aHR 0.97, 95% CI

Table 1. Continued.

Traits by pre-transplant use Propensity model associations

No use
(N = 62 974)
%

Some use
(N = 9080)
%

Pre-transplant use
Adjusted odds
ratio (95% CI)

Post-transplant use
Adjusted odds
ratio (95% CI)

Insurance type †
Private 36.0 33.7 Reference Reference
Public 64.0 66.3 0.90 (0.83–0.97)* 0.98 (0.90–1.07)

Previous transplant 13.5 14.8* Not applicable to pre-transplant use 0.87 (0.78–0.97)*
PRA level (most recent) †
<10 69.3 67.4 Reference
10 to 79 18.4 18.7 1.07 (0.98–1.17)
≥80 6.7 8.2 1.04 (0.90–1.20)
Missing 5.7 5.7 0.91 (0.76–1.10)

Transplant and donor factors
HLA mismatches *
Zero A, B, and DR 7.8 9.2 1.03 (0.92–1.16)
Zero DR 11.3 11.3 1.02 (0.91–1.13)
Other 80.9 79.5 Reference

Donor type *
Living 36.0 38.4 1.03 (0.94–1.12)
Standard criteria deceased 44.6 42.9 Reference
Expanded criteria deceased 9.4 8.9 1.02 (0.90–1.16)
Donation after cardiac death 10.0 9.8 1.21 (1.07–1.36)†

Year of transplant ‡
2007–2009 19.5 22.6 Reference Reference
2010–2012 46.4 47.8 0.90 (0.84–0.97)* 0.74 (0.69–0.79)‡
2013–2015 34.0 29.6 0.77 (0.71–0.84)‡ 0.70 (0.63–0.77)‡

P-values: *P < 0.05–0.002; †P = 0.001–0.0001; ‡P < 0.0001.

COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; HLA, human leukocyte antigen; PRA, panel reac-
tive antibody. “Other race” includes Asian, Native American, Pacific Islander, and multiracial.
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0.82–1.15). Outcomes did not differ according to class

of antidepressant medication, or with duration of pre-

transplant fills.

Patient death (3.4% vs. 1.7%; P < 0.0001), death-cen-

sored graft failure (2.5% vs. 1.9%; P = 0.0006), and all-

cause graft loss (5.3% vs. 3.2%; P < 0.0001) from >1 to

2 years post-transplant were all higher among patients

who filled antidepressants in the year after transplant

than for nonusers (Fig. 1). After multivariate and

propensity adjustment, antidepressant use in the first

year after transplant was associated with nearly twice

the risk of death (aHR 1.94, 95% CI 1.60–2.35), 36%
higher death-censored graft failure risk (aHR 1.36, 1.08–
1.70), and 61% higher all-cause graft failure risk (aHR

1.60, 95% CI 1.37–1.88) in the subsequent year (Fig. 2;

Table S3).

Among candidates with 1 year of pre-listing phar-

macy fill records, 12% filled antidepressants in the year

before listing. Similar to the associations of antidepres-

sant use with post-transplant death risk, compared with

those who did not fill antidepressants, patients who

used antidepressants in the year before listing had

higher rates of 1-year transplant-censored mortality

(aHR 1.65, 95% CI 1.48–1.76). Importantly, transplan-

tation was associated with approximately 60% reduc-

tions in the risk death after listing among patients who

filled antidepressants before listing (aHR 0.42, 95% CI

0.38–0.46), similar to the effect among those without

pre-listing antidepressant medication fills (aHR 0.43,

95% CI 0.41–0.45). We did not observe interactions

between antidepressant use and baseline factors on

study outcomes.

Antidepressant use patterns before and after
transplant

To assess the persistence of pre-transplant antidepres-

sant use patterns post-transplant, we examined a sub-

group of recipients with pharmacy database activity

extending from 1 year pre-transplant to 1 year post-

transplant (n = 64 453). Overall, 51.8% of patients who

filled an antidepressant medication pre-transplant con-

tinued to use post-transplant, while 13.2% of patients

with no history of antidepressant medication use initi-

ated antidepressant therapy in the first year post-trans-

plant.

A graded pattern of post-transplant antidepressant

use was noted based on the duration of pre-transplant

use. Recipients with more than 5 months of pre-trans-

plant antidepressant use continued to use antidepres-

sants post-transplant; 58.4% filled for more than

5 months and only 20.9% did not fill antidepressants in

this period (Fig. 3). In contrast, only 7.3% of recipients

who did not use antidepressants pre-transplant filled for

more than 5 months in the first year post-transplant;

2.5% filled for 2–5 months and 3.4% for less than

2 months. Clinical correlates of new antidepressant ini-

tiation after transplant included factors associated with

pre-transplant use such as female sex, white race, dia-

betes, COPD, lower education level, unemployment,

and limited functional status. Additional factors associ-

ated with new initiation of antidepressant therapy after

transplant included obesity, coronary artery disease,

cerebrovascular disease, previous transplant, and, in

contrast to any pre-transplant use, more recent year of

transplant (Table S4).

Discussion

We examined a linkage of national transplant registry

data with outpatient prescription fill records from a

0%
1%
2%
3%
4%
5%
6%
7%

No use Some use

Ev
en

t (
%

)

Death at 1 year post-listing Death at 1 year post-KTx

DCGF at 1 year post-KTx ACGF at 1 year post-KTx

‡ *

‡

1-year Outcomes, according to Pre-listing & Pre-KTx
Antidepressant Use

Outcomes >1 to 2 year after Transplant,
according to Antidepressant Use in first year Post-KTx

0%

1%

2%

3%

4%

5%

6%

7%

No use Some use

Ev
en

t (
%

) ‡

‡

*

Death >1 to 2 year          DCGF >1 to 2 year          ACGF >1 to 2 year     

Figure 1 Death and graft failure according to antidepressant use

before and after kidney transplant. P-values: *P < 0.05–0.002;

†P = 0.001–0.0001; ‡P < 0.0001, for differences in 1-year outcomes

in those who filled antidepressants compared with no use. ACGF,

all-cause graft failure; DCGF, death-censored graft failure; KTx, kid-

ney transplant.

Transplant International 2018; 31: 20–31 25

ª 2017 Steunstichting ESOT

Antidepressant use in kidney transplant patients



pharmaceutical claims warehouse to examine the use of

antidepressant medications before and after kidney

transplantation, and observed several key findings. (i)

Overall, 12.6% of recipients filled antidepressant medi-

cations in the year before transplant, and use was more

common among recipients who were women, white,

unemployed, and those with limited functional status.

(ii) More than 50% of patients who filled antidepres-

sants pre-transplant continued to use after transplant,

and continued use was more common among those

with more sustained pre-transplant antidepressant use.

(iii) Thirteen percent of recipients who did not use

antidepressants before transplant initiated treatment in

the first year after transplant. Correlates of new antide-

pressant initiation also included obesity, coronary artery

disease, cerebrovascular disease, and previous

transplantation. (iv) Pre-transplant antidepressant use

was associated with 40% higher adjusted mortality risk

and 20% higher all-cause graft loss risk in the first year

after transplant. (v) Antidepressant use in the first year

after transplantation had important prognostic implica-

tions, predicting twice the risk of death, 38% higher

death-censored graft failure risk, and 61% higher all-

cause graft loss risk over the next year compared with

no use. (vi) Pre-listing antidepressant use was also asso-

ciated with increased mortality compared with no use,

but transplantation conferred a survival benefit regard-

less of pre-listing antidepressant use status.

Prior studies have examined the prevalence of

depression among samples of transplant recipients

defined by self-reported symptoms using assessment

scales such as the Beck Depression Inventory, the
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Figure 2 Adjusted associations of

antidepressant use before and after

kidney transplant with subsequent

death and graft failure. Adjusted for

recipient, donor, and transplant

clinical factors as listed in Table 1

(Table S3). ACGF, all-cause graft

failure; DCGF, death-censored graft

failure; KTx, kidney transplant.
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Hospital Anxiety and Depression Scale (HADS), the

Center for Epidemiologic Studies Depression Scale

(CES-D), the Zung Self Rating Depression Scale, and

the Taiwanese Depression Questionnaire [4,5,9,18–22].
These studies differ in sampling and design and were

performed in diverse locations including Turkey, Iran,

Hungary, Taiwan, Japan, the Netherlands, and the Uni-

ted Kingdom as well as the United States. A recent

meta-analysis of studies from 2004 to 2015 (four cross-

sectional and two case–control) found that depression

symptoms among transplant recipients ranged from

14.8% to 41%, but rates were consistently lower than

in dialysis patients [23]. Our design differs in examin-

ing medication-treated depression, a measure that

requires a patient to report symptoms to a care provi-

der and accept pharmacotherapy. Dobbels et al. [7]

used billing claims, a study measure that also requires

patients to come to clinical attention for depressive

symptoms, to identify depression in Medicare-insured

US kidney transplant recipients (1995–2003), and iden-

tified depression diagnoses in 5% by 1 year post-trans-

plant. Administrative data including pharmacy fill

records offer an additional perspective on transplant-

related mental health outcomes diagnosed in real prac-

tice that can complement and extend observations

obtained through surveys, interviews, and case reports

in smaller samples. In interpreting our results, however,

it is important to note that antidepressant medications

may be used for other conditions including anxiety,

obsessive–compulsive disorders and neuropathic pain,

or off-label uses.

Consistent with prior studies [7], we found that

female transplant recipients more commonly received

pharmacotherapy for depression than male recipients.

Gender-based variation in the frequency of reported

depression is well established in the general population.

For example, a nationally representative face-to-face

household survey in 48 states estimated that the lifetime

odds of depression for American women are 1.7 times the

odds for men (95% CI 1.5–2.0) [24]. We previously

observed that depression diagnoses were more than twice

as common in female than in male living kidney donors

and that this pattern was consistent among nondonor

beneficiaries in the same insurance plan [25]. In the cur-

rent study, women were more likely to fill antidepressant

medications before transplant and in the year after trans-

plant, and were 70% more likely than men to start new

antidepressant therapy after transplant.

We also found that white recipients were more likely

to fill antidepressant medications before transplant and

after transplant, and were more than twice as likely as

African Americans to start new antidepressant therapy

after transplant. Significantly lower lifetime prevalence of

major depressive disorder was identified among African

Americans (aOR 0.51) and Hispanics (aOR 0.38) com-

pared with white participants in the National Health and

Nutrition Examination Survey (NHANES) III [26]. The

mechanism of lower frequencies of clinically detected

depression among persons of nonwhite race and ethnic

backgrounds appears to be in part due to reluctance of

members of minority groups to seek mental health care

and indirect, or “culture bound.” presentations. An inves-

tigation of the symptomatology of depressed Chinese

Americans found that 42% of those with major depres-

sion initially presented with physical complaints, while

none reported complaints of mood alteration [27]. Mani-

festation of depression with somatic, rather than mental

or emotional symptoms has been identified in Hispanic

and Asian Indian populations [28,29]. Reduced access to

adequate treatment for acute depression, defined by spe-

cialty provider encounters and use of antidepressant ther-

apy, has been reported among African Americans and

Asians with depression [30]. Notably, transplant recipi-

ents receive disease-specific Medicare entitlement for the

first 3 years post-transplant and have regular follow-up

visits under monitoring protocols, supporting that access

barriers are not the primary determinant of racial differ-

ences in depression care after transplant. Future research

should investigate whether demographic differences in

measures of depression, including use of antidepressant

medications, reflect care seeking, clinical ascertainment,

or true differences in disease burden.
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We also found that use of antidepressant therapy

before transplant was independently associated with

increased risk of death and graft loss in the first year after

transplant and that recipients who filled antidepressants

in the first year after transplant had nearly twice the risk

of subsequent death and 38% higher death-censored graft

failure risk compared with those who did not require

antidepressants. These observations are consistent with a

study of 527 kidney transplant recipients in the Nether-

lands that identified associations of depression defined

by a symptom checklist with twice the risk of cardiovas-

cular and all-cause mortality over an average of 7 years

of follow-up [9]. Similarly, in a cohort of 840 kidney

transplant recipients in Hungary, mortality was higher

among those with versus without depressive symptoms

defined by the CES-D scale (21% vs. 13% over a mean

58 months follow-up) [8]. Symptoms of depression may

be a manifestation of underlying medical conditions, and

depression has been implicated as a risk factor for mor-

tality among patients with a variety of chronic health

conditions including heart failure [31], coronary artery

disease [32], rheumatoid arthritis [33], lupus [34],

COPD [35], and diabetes [36], among others. While the

association of depression with mortality may reflect con-

founding from other comorbid conditions, various causal

mechanisms have also been proposed. Patients who are

depressed may have increased nonadherence [37,38], less

physical activity, poor eating habits, or substance use

behaviors including smoking and alcohol use [39]. Other

proposed bio-behavioral mechanisms include autonomic

dysregulation [40], increased platelet aggregation [41],

underlying inflammation [42], and even reduced cellular

immunity [43]. For transplant recipients, compliance

with medical care is of particular concern and includes

the need to adhere to immunosuppression therapy and

other transplant-related medications, perform regular

laboratory testing, and attend follow-up appointments

[44,45]. Nonadherence among transplant recipients is

often difficult to diagnose, but when recognized, has been

shown to correlate strongly with preventable allograft loss

and poor patient outcomes [46,47]. Future studies

should examine possible connections between measures

of depression including pharmacological treatment, care

adherence, other behaviors including substance use, and

outcomes among transplant recipients.

Regardless of the mechanisms of association, identifi-

cation of novel markers of post-transplant outcomes is

timely and can help transplant programs assess and man-

age risk at a programmatic level. Transplantation in the

USA is an increasingly regulated field with a high level of

public reporting. Transplant centers are graded for

recipient and graft survival using risk-adjusted equations

developed by SRTR to predict expected 1- and 3-year

post-transplant patient and graft survival [48]. Impor-

tantly, SRTR equations do not adjust for mental health

conditions or medication use history as risk factors for

post-transplant death or graft loss. Thus, centers per-

forming transplants in patients who require antidepres-

sant therapies before and after transplant should be aware

of additional risk that will not be recognized by SRTR,

and should consider extra monitoring and focused post-

transplant care of these recipients.

Our study has limitations. Observational designs can

determine associations but cannot prove causation. The

available data do not include detailed clinical information

that may explain indications for or contraindications to

antidepressant medications or describe mental health or

adherence behaviors. Importantly, antidepressant medi-

cations may be used for other conditions including anxi-

ety, obsessive–compulsive disorders and neuropathic

pain, or given off-label to treat eating disorders, Tourette

syndrome, and fibromyalgia. Antidepressant medication

use is also affected by patient willingness to seek care and

report symptoms [26,28,29], and prescription records do

not offer severity information that can be obtained

through surveys and interviews [49]. Our study sample

was limited to patients who passed a transplant evalua-

tion and were deemed suitable to undergo transplant,

and the severity and outcome implications of depression

likely differ in the broader population of patients with

end-stage renal disease. Future projects linking the trans-

plant registry and pharmacy fill records with electronic

medical records or surveys may be useful in defining rela-

tionships of antidepressant use, depression symptoms, and

outcomes among transplant candidates and recipients.

Antidepressant use in the current study was defined in the

years before and after transplant, and in the year before

listing; additional studies should examine the impact of

antidepressant fills over other time windows.

In conclusion, based on integration of pharmacy fill

records with transplant registry data for a national US

sample, we found that use of antidepressant medications

before and after kidney transplant is more common

among women, recipients of white race, and those with

functional limitations, and has prognostic implications

for patient and allograft survival. Importantly, while

pre-listing antidepressant use was also associated with

increased mortality compared with no use, transplanta-

tion conferred a survival benefit regardless of pre-listing

antidepressant use status. Although the study design

and available data are inherently affected by patient–
provider communication, these data offer an additional
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perspective on treated mental health conditions among

transplant recipients that complements information

obtained through surveys and interviews. Further work

including granular measures of patient behavior, adher-

ence to transplant-related care regimens, and possible

bio-behavioral pathways is needed to define the mecha-

nisms of these associations. For now, these data suggest

that transplant candidates and recipients who require

antidepressant therapy warrant careful evaluation and

management, perhaps by a multidisciplinary team

including sustained social worker, psychologist and/or

psychiatrist support, as well as focused monitoring of

clinical status after transplantation.

Authorship

KLL, GPH and MAS: participated in study design,

acquisition of data and regulatory approvals, data analy-

sis and writing of the manuscript. ASN, RO, HR, RG,

NNL, GPH and BLK: participated in study design,

interpretation and writing of the manuscript. ZZ: par-

ticipated in data analysis and manuscript preparation.

DAA, DLS, VRD and DCB: participated in study design,

interpretation and writing of the manuscript.

Funding

KLL, DA, DLS, VRD and DCB receive support from a

grant from the National Institutes of Health (NIH)/

National Institute of Diabetes and Digestive and Kidney

Diseases (NIDDK) R01- R01DK102981.

Conflicts of interest

The authors have declared no conflicts of interest.

Acknowledgements

This work was conducted under the auspices of the

Minneapolis Medical Research Foundation, contractor

for the Scientific Registry of Transplant Recipients

(SRTR), as a deliverable under contract no.

HHSH250201000018C (US Department of Health and

Human Services, Health Resources and Services

Administration, Healthcare Systems Bureau, Division

of Transplantation). As a US Government-sponsored

work, there are no restrictions on its use. The inter-

pretation and reporting of these data are the responsi-

bility of the author(s) and in no way should be seen

as an official policy of or interpretation by the SRTR

or the US Government. KLL, DA, DLS, VRD and

DCB receive support from a grant from the National

Institutes of Health (NIH)/National Institute of Dia-

betes and Digestive and Kidney Diseases (NIDDK)

R01-R01DK102981. NNL is supported by a KRES-

CENT New Investigator Award. The opinions, results,

and conclusions reported in this article are those of

the authors and are independent of the funding

sources. The authors thank SRTR colleague Nan

Booth, MSW, MPH, ELS, for manuscript editing. An

abstract describing this work was accepted for oral

presentation at the American Transplant Congress,

May 2017, Chicago, IL.

SUPPORTING INFORMATION

Additional Supporting Information may be found

online in the supporting information tab for this article:

Table S1. Antidepressant medications included in the

definition of pharmacologically treated depression.

Table S2. Adjusted associations of pre-transplant

antidepressant use with risks of death and graft loss

over 1 year after kidney transplant.

Table S3. Adjusted associations of antidepressant use

in the first year post-transplant with risks of death and

graft loss >1 to 2 yr after transplant.

Table S4. Adjusted associations of baseline factors

with new initiation of antidepressant medication after

kidney transplantation.

REFERENCES

1. Dew MA, Switzer GE, DiMartini AF,
Matukaitis J, Fitzgerald MG, Kormos
RL. Psychosocial assessments and
outcomes in organ transplantation. Prog
Transplant 2000; 10: 239; quiz 60.

2. Strine TW, Mokdad AH, Balluz LS,
et al. Depression and anxiety in the
United States: findings from the
2006 behavioral risk factor

surveillance system. Psychiatr Serv
2008; 59: 1383.

3. Schnitzler MA, Whiting JF, Brennan
DC, et al. The life-years saved by a
deceased organ donor. Am J Transplant
2005; 5: 2289.

4. Akman B, €Ozdemir F, Sezer S,
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