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Abstract

IMPORTANCE There are limited resources providing postdonation conditions that can occur in
living donors (LDs) of solid-organ transplant. Consequently, it is difficult to visualize and understand
possible postdonation outcomes in LDs.

OBJECTIVE To assemble an open access resource that is representative of the demographic
characteristics in the US national registry, maintained by the Organ Procurement and Transplantation
Network and administered by the United Network for Organ Sharing, but contains more follow-up
information to help to examine postdonation outcomes in LDs.

DESIGN, SETTING, AND PARTICIPANTS Cohort study in which the data for the resource and analyses
stemmed from the transplant data set derived from 27 clinical studies from the ImmPort database, which
is an open access repository for clinical studies. The studies included data collected from 1963 to 2016.
Data from the United Network for Organ Sharing Organ Procurement and Transplantation Network na-
tional registry collected from October 1987 to March 2016 were used to determine representativeness.
Data analysis took place from June 2016 to May 2018. Data from 20 ImmPort clinical studies (including
clinical trials and observational studies) were curated, and a cohort of 11 263 LDs was studied, excluding
deceased donors, LDs with 95% or more missing data, and studies without a complete data dictionary.
The harmonization process involved the extraction of common features from each clinical study based
on categories that included demographic characteristics as well as predonation and postdonation data.

MAIN OUTCOMES AND MEASURES Thirty-six postdonation events were identified, represented,
and analyzed via a trajectory network analysis.

RESULTS The curated data contained 10 869 living kidney donors (median [interquartile range] age,
39 [31-48] years; 6175 [56.8%] women; and 9133 [86.6%] of European descent). A total of 9558
living kidney donors with postdonation data were analyzed. Overall, 1406 LDs (14.7%) had
postdonation events. The 4 most common events were hypertension (806 [8.4%]), diabetes (190
[2.0%]), proteinuria (171 [1.8%]), and postoperative ileus (147 [1.5%]). Relatively few events
(n = 269) occurred before the 2-year postdonation mark. Of the 1746 events that took place 2 years
or more after donation, 1575 (90.2%) were nonsurgical; nonsurgical conditions tended to occur in
the wide range of 2 to 40 years after donation (odds ratio, 38.3; 95% CI, 4.12-1956.9).

CONCLUSIONS AND RELEVANCE Most events that occurred more than 2 years after donation were
nonsurgical and could occur up to 40 years after donation. Findings support the construction of a
national registry for long-term monitoring of LDs and confirm the value of secondary reanalysis of
clinical studies.
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Introduction

Today, solid-organ transplant is the preferred form of treatment for most end-stage organ diseases.
While organ donation will benefit the recipients, there are risks and lifelong implications for the living
donors (LDs). Annually, approximately 6000 healthy adults in the United States1 and 30 000
worldwide2 accept the risks of living donation to help family, friends, and strangers. For example,
annually between 2007 and 2015, approximately 30 (0.5%) to 50 (0.8%) living kidney donors
(LKDs) in the United States developed postoperative kidney failure and entered the organ donation
system as potential recipients on the transplant waiting list.3 While this rate might not be higher than
the general incidence rate for needing a kidney transplant, it is still ideal to be able to manage,
minimize, or prevent such morbidities for LDs. In addition, LKDs have been observed to be at
increased long-term risk for cardiovascular and end-stage renal disease as well as all-cause mortality
compared with matched nondonors who would have been eligible for donation.4 Hence, it is
necessary to continually improve our understanding of the risks of living donation, including the
occurrence of all possible adverse postdonation outcomes.

One of the more prominent gaps in our knowledge of living donation is our ability to visualize
and understand the temporal trajectory of long-term postdonation outcomes for LDs, including both
end-stage and non–end-stage organ diseases and conditions.5 Currently, a database of LDs is
maintained by the Organ Procurement and Transplantation Network (OPTN), which is administered
by the United Network for Organ Sharing (UNOS).1 While these data are quite comprehensive in
capturing the breadth of donors, the data collected are largely limited to essential perioperative
information for the transplant. Moreover, transplant programs in the United States are required to
follow up with the donors for only up to 2 years after transplant.6 Even then, there are many barriers
to postdonation follow-up.7 There has been strong evidence to indicate that ailments can occur many
years after donation,4,8,9 highlighting the need for more extensive and longer-term data.

ImmPort is an archival repository of clinical research studies funded by the National Institute of
Allergy and Infectious Diseases.10 As of September 2016, ImmPort contained data from 200 human
clinical studies (including 59 clinical trials) in several research foci relating to immunology, including
autoimmunity, transplant, and vaccination.11 Raw data from clinical studies, especially clinical trials,
are typically not easily accessible.12 The availability of such data is an invaluable source of LD
information, which can be used to visualize clinical study data in organ transplant. ImmPort is also
open access and will be updated over time as more clinical studies are submitted by researchers.10

We have curated the transplant data sets in ImmPort as an initial proof of concept of its utility and
applications, so that the collection, curation, and secondary analyses of other publicly available
transplant data can be built on.13

Methods

Deidentified preexisting research data were obtained from the open access repository ImmPort.
Since the data made available from ImmPort are only provided as deidentified data, our work did not
require the approval of an institutional review board per organizational policy. The UCSF Committee
on Human Research issued a research exemption for the deidentified preexisting clinical data used in
this study. This study followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline for cohort studies. Methodological details are further
explained in the eMethods in the Supplement, and the number of LKDs used in various analyses appears
in eTable 1 in the Supplement.

Study Design
This is a retrospective cohort study of LDs aggregated from the clinical studies found in the ImmPort
database. The 27 studies from ImmPort were downloaded September 16, 2016, and included data
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collected from 1963 to 2016. Our study focused on the most common organ donors, LKDs. Data
analysis took place from June 2016 to May 2018.

Data Sources
ImmPort and immTransplant
We used the data release 19 version of the National Institute of Allergy and Infectious Diseases open
access data repository ImmPort to identify 27 clinical studies related to solid-organ transplant (study
accessions and titles listed in eTable 2 in the Supplement) with a total of 11 263 LDs (eTable 3 in the
Supplement). These data contain demographic characteristics as well as perioperative, short-term,
and long-term information for LDs across multiple types of transplanted organs (eTable 4 in the
Supplement). Not all organs can be transplanted from LDs; typically, kidney, liver, and lung are
transplanted from LDs. Because each of these clinical studies has a different study design, set of
objectives, and clinical features, we manually curated these studies in a uniform, systematic manner
into a standardized data framework that facilitated the extraction of relevant data for visualization
and analyses. We curated the data sequentially by study, individual, and record (eFigure 1 in the
Supplement). The resultant 20 studies included the Renal and Lung Living Donor Evaluation Study
(RELIVE),8,14-20 the Clinical Trial in Organ Transplantation,21-31 Coordinated Clinical Trials in Pediatric
Transplantation,32-42 and other smaller clinical trials.43-49 We referred to our final curated data set as
immTransplant.13 We extracted the LKDs’ race and ethnicity, which are typically self-reported, to
assess how representative immTransplant is compared with the national demographic characteristics
of LKDs. The racial group definitions from the US Census are usually implemented in clinical studies
and, hence, ImmPort studies.

UNOS/OPTN National Registry
We obtained data from the UNOS/OPTN national registry. The data files were created in June 2016
and contained information about transplants that occurred in the United States between October
1987 and March 2016. We extracted demographic characteristics and donor-recipient relationship
information for LKDs whose transplants took place after October 25, 1999, because records prior to
that date have limited medical and demographic fields available. The UNOS/OPTN racial group
definitions largely followed the US census, except for the Hispanic/Latino category, which is defined
as a racial group by UNOS/OPTN but as an ethnicity in the US Census.42 We retained the Hispanic/
Latino category as a racial group category in the UNOS/OPTN data set for completeness.

Network Construction and Analyses
We obtained 1401 LKD records with 36 documented and dated adverse outcomes from the RELIVE
study in immTransplant (eTable 5 in the Supplement). The individuals are LKDs with at least 1
postdonation adverse outcome (LKDOs). For trajectory network construction, each node is an event
or condition. The size of the node represents the proportion of LKDOs having that event. We
connected 2 events with an edge when both postdonation events occurred for at least 1 LKDO. The
network was drawn using Cytoscape (Cytoscape Consortium).50

Glomerular Filtration Rate Trends in LKDs
We extracted all available predonation and postdonation glomerular filtration rate (GFR) values in
immTransplant. Ultimately, we were only able to obtain sufficient numbers for 32 LKDOs with
postdonation hypertension. Because we were interested in the overall trend, we categorized an
individual as having a GFR decrease if his or her pretransplant GFR measurement was greater than his
or her last postdonation GFR measurement, and we categorized an individual as having a GFR
increase if his or her pretransplant GFR measurement was lower than his or her last postdonation
GFR measurement.

JAMA Network Open | Health Informatics Assessment of Postdonation Outcomes in US Living Kidney Donors Using Publicly Available Data Sets

JAMA Network Open. 2019;2(4):e191851. doi:10.1001/jamanetworkopen.2019.1851 (Reprinted) April 12, 2019 3/14

Downloaded From: https://jamanetwork.com/ by a UCSF LIBRARY User  on 11/06/2020

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.1851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.1851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.1851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.1851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.1851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1851


Statistical Analysis
All Kaplan-Meier analyses were performed and Kaplan-Meier curves plotted using the R version 3.4.4
package survminer (R Project for Statistical Analysis). We obtained right-censored postdonation data
from the RELIVE data in immTransplant, which were extracted from the National Death Index. The
renal failure end point was defined by any of the following 5 events (whichever comes first for LKDOs
with multiple end points): (1) postoperative renal failure, (2) postoperative dialysis, (3) kidney
transplant, (4) kidney transplant waiting list, and (5) long-term or maintenance dialysis.

All statistical analyses were performed using statistical software R version 3.4.4 and RStudio (R
Foundation) as the integrated development environment. Two-sided Kolmogorov-Smirnov test of
heterogeneity, multinomial goodness of fit χ2 tests, and Fisher exact tests were implemented using
the ks.test, chi.sq, and fisher.test functions, respectively, from the R stats package. P � .05 was
considered statistically significant in all statistical tests.

Results

Demographic Characteristics of immTransplant
There were 10 869 LKDs in immTransplant after curation (Table). These participants had a median
(interquartile range) age of 39 (31-48) years, and 6175 (56.8%) were women. The 2 largest racial
groups were LKDs of European ancestry (9133 [86.6%]) and black LKDs (1044 [9.9%]). Overall, 3707
LKDs (37.3%) donated their kidneys to their siblings.

Table. Living Kidney Donor Characteristics in the ImmPort Database

Living Kidney Donor Characteristic No. (%)a

Data source, No. 10 869

RELIVE 9558 (87.9)

CTOT 863 (7.9)

CCTPT 396 (3.6)

Other 52 (0.5)

Women 6175 (56.8)

Race, No. 10 508

American Indian/Alaskan Native 94 (0.9)

Asian 108 (1.0)

Black 1044 (9.9)

Multiracial 39 (0.4)

Native Hawaiian/Pacific Islander 7 (0.07)

White/European 9133 (86.6)

Other 83 (0.8)

Relationship with recipient, No. 9951

Biologically related 7831 (78.7)

Child 1295 (13.0)

Parent 1925 (19.3)

Sibling 3707 (37.3)

Other 904 (9.1)

Unrelated 2120 (21.3)

Friend 707 (7.1)

Spouse 755 (7.6)

Other 658 (6.6)

Age, median (range) [IQR], y 39 (14-77) [31-48]

Abbreviations: CCTPT, Coordinated Clinical Trials in Pediatric Transplantation;
CTOT, Clinical Trial in Organ Transplantation; IQR, interquartile range; RELIVE,
Renal and Lung Living Donor Evaluation Study.
a Total number of living donors for each category can differ owing to

missing data.
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To assess the representativeness of our LKD cohort, we compared its sex and race/ethnicity
trends with national LKD data from the UNOS/OPTN registry. For this purpose, we extracted the sex
and race/ethnicity information from 10 869 LKDs from immTransplant, removing records with
missing information (Table). There were 128 407 LKDs in the UNOS/OPTN data set. The sex trends of
LKDs in both data sets were very similar, even after stratifying by age of donation (Kolmogorov-
Smirnov test of heterogeneity for female donors: D = 0.15; P = .36; male donors: D = 0.15; P = .45).
Overall, there were more female than male LKDs in both data sets, as described previously51-53

(Figure 1A). However, within each data set, such sex disparity was not uniformly observed across all
ages of LKDs. In both data sets, we noticed higher proportions of female LKDs 25 years and older

Figure 1. Representativeness of ImmPort Transplant Data With United Network for Organ Sharing/Organ Procurement and Transplantation Network (UNOS/OPTN) Data
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donating to spouses or children (eFigure 2 in the Supplement) compared with male LKDs 25 years
and older, whereas there were comparable proportions of female and male LKDs younger than 25
years (Figure 1A; eFigure 3 in the Supplement).

Figure 1B shows that for both immTransplant and UNOS/OPTN data, most LKDs were white
followed by black donors (multinomial goodness-of-fit χ2 test: χ 2

36 = 42; P = .23). Also, in both data
sets, we observed biases for female donors and age groups 26 to 35 years and 36 to 45 years across
racial groups with 100 or more LKDs (eFigure 4 in the Supplement). Owing to differences in the
definitions of the various categories of race and ethnicity in the 2 data sets, the ImmPort data set
does not contain Hispanic/Latino—the third largest racial category in the UNOS/OPTN data set—as a
racial category. Otherwise, the ethnic distributions in the 2 data sets were very similar. Taken
together, these analyses indicate that curated LD data in ImmPort is a good representation of the
national transplant data in terms of sex, race/ethnicity, and age.

Postdonation Outcome Trajectory Network for LKDs
Next, we examined the data from postdonation conditions in LKDs, which originate from the RELIVE
data set and contain 9558 LKDs. Most (8152 of 9558 [85.3%]) LKDs did not have recorded outcomes
(eTable 1 in the Supplement), which could be owing to an inability to follow up or to a lack of adverse
outcomes. Overall, 1406 LKDs (14.7%) had postdonation events. We focused on the 1401 LKDs with
at least 1 of 36 postdonation outcomes (eTable 5 in the Supplement). Some of the postdonation
outcome events that affected the highest number of LKDOs were cardiovascular or kidney-related
conditions (eTable 5 in the Supplement). Hypertension affected the most LKDOs (806 [8.4%]),
followed by diabetes (190 [2.0%]), proteinuria (171 [1.8%]), and postoperative ileus (147 [1.5%])
(eTable 5 in the Supplement). Although LKDs with postdonation hypertension constituted 806 of
1401 LKDOs (57.4%) in our data set, hypertension only corresponds to an overall occurrence rate of
8.4% in the entire LKD data set, which includes those with no postdonation conditions (eTable 5 in
the Supplement).

Overall, 269 and 1746 events occurred before and after the 2-year postdonation mark,
respectively. We further classified the outcomes into postoperation surgical complications and
nonsurgical conditions (eTable 5 in the Supplement). Most conditions (248 of 269 [92.2%]) that
occurred 2 years or earlier after transplant were surgical complications, whereas 1575 of 1746
conditions (90.2%) that occurred 2 years or more after transplant were nonsurgical. Nonsurgical
conditions tended to occur in the wide range of 2 to 40 years after donation (odds ratio, 38.3; 95%
CI, 4.12-1956.9; Fisher exact test of P < .001) and could take a median of more than 5 years to surface
(Figure 2).

With temporal information, we were able to construct a trajectory map of postdonation
outcomes for visualization (Figure 3). These outcomes included end-stage renal disease and
non–end-stage renal disease outcomes. By further defining events for renal failure, we were able to
visualize that not all 33 possible outcomes are intermediate events leading up to renal failure. Only
some of the largest intermediate nodes are cardiovascular and kidney-related events, which are
known to precede renal failure54-56 (Figure 3; eTable 5 in the Supplement).

In addition to providing a visual representation, the network further enabled us to examine the
number and type of postdonation events occurring in only the LKDOs. We observed that 991 of 1401
postdonation conditions (70.7%) occurred singly in LKDOs, with 12 main cardiovascular and
kidney-related events making up 689 of 991 of these single events (69.5%) (eFigure 5 in the
Supplement). This suggests that LKDs, in general, can experience renal or cardiovascular events that
increase their likelihood of renal failure without first experiencing intermediate events. It also implies
that the development of earlier postdonation complications or conditions is not necessarily
indicative of long-term renal function or vice versa. Taken together, these observations strongly
support the need for long-term systematic renal health monitoring and routine regular checkups
for LKDs.
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Postdonation GFR Trends in LKDs
We then further examined GFR measurement trends in LKDs before and after donation. Because of
insufficient numbers, we were only able to report results for LKDOs on the most common single
outcome of the 11 conditions we investigated (postdonation hypertension) (eMethods and eFigure 6
in the Supplement). For most LKDOs with postdonation hypertension (25 of 32 [78%]), GFR
decreased from pretransplant healthy levels (eFigure 6 in the Supplement). In fact, GFR levels
decreased below 60 mL/min/1.73 m2 in 18 LKDOs (56%), which is the threshold that indicates
moderate kidney disease as defined in the 2012 Kidney Disease Improving Global Outcomes
guidelines.57

Kaplan-Meier Analyses
Finally, we investigated whether the type and number of postdonation conditions gave rise to
differences in event-free rates for renal failure (or renal-failure–free probability, with renal failure as
defined in the network analysis) by performing Kaplan-Meier analyses on the LKDOs. We first
observed that the occurrence of subsequent renal failure among LKDOs was generally low, with an
overall event-free rate of 97% when we included LKDs with no recorded outcomes (Figure 4A and
Figure 4B). Then, by restricting renal-failure–free analysis to the 6 most frequently occurring single
conditions among LKDs (ie, hypertension, proteinuria, diabetes, myocardial infarction, dysrhythmia,
and stroke) (eFigure 5 in the Supplement), we found that LKDOs with stroke, which can arise decades

Figure 2. Time of Diagnoses of Postdonation Outcomes of Living Donors in the Renal and Lung Living Donor Evaluation Study
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after transplant, seemed to be associated with the least favorable outcomes. Not surprisingly, the
only 2 nonsurgical complications, dysrhythmia and postoperative ileus, had the most favorable
outcomes, as they arose only within the first year of transplant (Figure 4C). These conditions could
also occur singly in each LKDO or as one of a number of conditions occurring in a single LKDO. We
found that LKDOs with more of these conditions appeared to be associated with less favorable
outcomes apropos of having renal failure (Figure 4D).

Discussion

In June 2016, the White House organized a summit to increase organ donation and decrease the size
of the transplant wait list.58 One of the primary initiatives included plans to establish a living donor
registry to improve recruitment, awareness, education, research, and long-term health management
of potential LDs. Apart from the UNOS/OPTN registry database, to our knowledge, there is currently
no unified and centralized resource of living donation dedicated and openly available to the
transplant research community and the general public. There are a variety of reasons for the difficulty
of obtaining such data. For example, many LDs are generally not adherent in following up with
appointments, especially when many of them do not develop major complications within the first
few years after transplant. While the UNOS/OPTN registry database is a premier data resource, there
are challenges in using it. For example, gaining access to the database requires an application
process. Additionally, the registry currently places more emphasis on acquiring recipient than LD
information. Hence, building a central repository for LDs would require a more systematic approach
that has to be established at the national level, where recent foundational efforts are finally
underway by the Living Donor Collective.59

Our current work serves to supplement existing resources to support ongoing LD research
while such a nationwide LD registry is being established. We took a complementary step by carefully
curating an online open access resource for LD data.13 We created a representative database that is
uniformly curated from open access clinical studies from ImmPort. We have shown the utility of the
data in a variety of ways. We have visualized donation demographic characteristics in a way that can
provide insights into donation patterns and potential strategies to better inform LDs. For example,

Figure 3. Trajectory Network of Postdonation Outcomes of Living Donors in Renal and Lung Living Donor Evaluation Study
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we found a spike in living kidney donations among women around the range of childbearing years (25
years)60 in the United States. Because it has been shown that kidney donation increases the risks of
hypertension and preeclampsia in pregnancies,5,61,62 LDs in the childbearing age range should be
better informed and counseled. Using our data, we were able to visualize the postdonation outcome
data by creating a trajectory map, which integrates surgical and nonsurgical postdonation outcome
data with temporal information. By further coupling with survival analyses and GFR measurement
trend analyses, we can better understand long-term postdonation outcomes and their association
with the possibility and risk of organ failure in LDs. Our postdonation outcome analyses also strongly
suggest that longer mandatory follow-up periods for LDs will help us understand the long-term
effects and sequence of events after transplant. Overall, our work sets a blueprint for collection,
analysis, and open-source sharing of donor data and also highlights the importance of long-term
follow-up of LDs.

Limitations
The main limitation of our study is the lack of long-term follow-up information for most patients in
the RELIVE cohorts. Only a subset of the surviving RELIVE LKDs were presented with questionnaires

Figure 4. Kaplan-Meier Analyses of Renal-Failure–Free Probability in Living Kidney Donors (LKDs) With 1 or More Adverse Outcomes
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for follow-up surveys on their postdonation outcomes. Consequently, we could not determine
definitely whether the lack of record was owing to not having a given event or to missing follow-up
data; missing data is a common issue in clinical studies. As such, there exists a risk of selection bias,
especially in computations that involve LKDs with no recorded outcome, such as the overall rates of
occurrence and survival. Caution should be taken when interpreting these results. More follow-up
data are needed to improve the interpretation of results.

The current study also bears other limitations. First, the single RELIVE consortium constitutes
most of our data. The Renal and Lung Living Donors Evaluation Study is a retrospective cohort study
from 3 transplant centers, which collected donor and recipient information from medical records
and national databases. Most of the original RELIVE studies focused on several aspects that were not
necessarily related to the postdonation outcomes of kidney and lung LDs, such as metabolic and
blood pressure profiles,14 health-related quality of life,17 satisfaction with life,19 emotional
well-being,16 emotional and financial experiences,15 and informed consent issues.20 Consequently,
our analyses are essentially secondary reanalyses of the RELIVE data. Previous secondary reanalyses
of open access clinical studies have already been shown to uncover new or reinforce old biological
and/or clinical insights and knowledge.63,64 While our orthogonal use of the open access clinical
studies from the original RELIVE study does show the power of secondary reanalyses, it would
definitely be more beneficial to combine a higher diversity of similarly sized clinical studies. As more
clinical studies are constantly being added to ImmPort, this issue can potentially be alleviated over
time. Second, we did not adjust for potential confounders that exist owing to demographic or clinical
characteristics.

Conclusions

In addition to research, LD resources serve as an educational platform to disseminate knowledge of
living donation to the general public. Such dissemination may, in turn, perpetuate a more well-
informed discourse for living organ donation between potential LDs, recipients, clinicians,
researchers, and the rest of the public. Conceivably, we would also like to raise awareness among
recipients, LDs, and health care professionals of the need to consider long-term monitoring for LDs.
Current assays in clinical development, such as the Kidney Injury Test (KIT), which can accurately
detect kidney injury in the residual donor kidney, may be useful for monitoring and improving overall
health outcomes.65 Ultimately, we want to encourage and empower potential LDs, not only in seeing
the benefits of living donation in saving the lives of their loved ones and strangers but also in better
understanding the risks and making more informed choices when deciding to become living donors.

ARTICLE INFORMATION
Accepted for Publication: February 12, 2019.

Published: April 12, 2019. doi:10.1001/jamanetworkopen.2019.1851

Correction: This article was corrected on July 17, 2019, to fix an error in Figure 2.

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2019 Chen J et al.
JAMA Network Open.

Corresponding Author: Atul J. Butte, MD, PhD, Bakar Computational Health Sciences Institute, University of
California, San Francisco, 550 16th St, San Francisco, CA 94158 (atul.butte@ucsf.edu); Minnie M. Sarwal, MD, PhD,
Division of MultiOrgan Transplant, Department of Surgery and Medicine, School of Medicine, University of
California, San Francisco, 513 Parnassus Ave, San Francisco, CA 94117 (minnie.sarwal@ucsf.edu).

Author Affiliations: Bakar Computational Health Sciences Institute, University of California, San Francisco (Chen,
Bhattacharya, Sirota, Laiudompitak, Butte); Department of Pediatrics, University of California, San Francisco
(Chen, Bhattacharya, Sirota, Sarwal, Butte); Now with the Department of Bioinformatics and Computational
Biology, Genentech, Inc, South San Francisco, California (Chen); ESAC Inc, Rockville, Maryland (Schaefer);
Northrop Grumman Information Systems Health IT, Rockville, Maryland (Thomson, Wiser); Division of MultiOrgan
Transplant, Department of Surgery and Medicine, University of California, San Francisco (Sarwal).

JAMA Network Open | Health Informatics Assessment of Postdonation Outcomes in US Living Kidney Donors Using Publicly Available Data Sets

JAMA Network Open. 2019;2(4):e191851. doi:10.1001/jamanetworkopen.2019.1851 (Reprinted) April 12, 2019 10/14

Downloaded From: https://jamanetwork.com/ by a UCSF LIBRARY User  on 11/06/2020

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.1851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1851
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1851
mailto:atul.butte@ucsf.edu
mailto:minnie.sarwal@ucsf.edu


Author Contributions: Dr Chen had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. Drs Sarwal and Butte served as co–senior authors.

Concept and design: Chen, Bhattacharya, Sirota, Sarwal, Butte.

Acquisition, analysis, or interpretation of data: Chen, Sirota, Laiudompitak, Schaefer, Thomson, Wiser,
Sarwal, Butte.

Drafting of the manuscript: Chen, Laiudompitak, Thomson, Sarwal, Butte.

Critical revision of the manuscript for important intellectual content: Chen, Bhattacharya, Sirota, Schaefer,
Wiser, Sarwal.

Statistical analysis: Chen, Sirota, Laiudompitak, Sarwal.

Obtained funding: Bhattacharya, Wiser, Butte.

Administrative, technical, or material support: Chen, Bhattacharya, Thomson, Butte.

Supervision: Bhattacharya, Sarwal, Butte.

Conflict of Interest Disclosures: Mr Wiser worked on the ImmPort project during the conduct of the study and is
currently employed at Medidata Solutions, a clinical trials electronic data capture company, but no aspect of his
employment is related to the work in this article. Dr Sarwal is the founder of KITBio and Organ-I; has performed
sponsored research and/or served on the scientific advisory boards for Bristol-Myers Squibb, Astellas, Genentech,
Immucor, Natera, and Nephcure; and is affiliated with the Transplantation Society, the American Society of
Transplantation, the International Pediatric Transplant Association, the American Society of Nephrology, and the
National Kidney Foundation. Dr Butte reported grants and personal fees from the National Institutes of Health as
well as grants from the Bakar Family and Priscilla Chan and Mark Zuckerberg during the conduct of the study;
grants and personal fees from Genentech as well as personal fees, consisting of honoraria and travel for scientific
talks, from Merck, Eli Lilly and Company, Roche, Pfizer, Bayer, the American Academy of Allergy, Asthma and
Immunology, the American Transplant Congress, the Transplantation Society, the United Network for Organ
Sharing, and AbbVie outside the submitted work; personal fees from NuMedii, where he is also founder,
consultant, and shareholder and where his spouse serves as CEO, outside the submitted work; and owning shares
in Google, Microsoft, Apple, Amazon, Facebook, and CVS. No other disclosures were reported.

Funding/Support: This work was funded by the National Institute of Allergy and Infectious Diseases (ImmPort
contract HHSN316201200036W to Drs Chen and Schaefer and Mss Bhattacharya and Thomson). Dr Sarwal is
funded by grant R01 DK109720-02 from the National Institute of Diabetes and Digestive and Kidney Diseases. Dr
Sirota is funded by grant K01 LM012381 from the National Library of Medicine. This work was also supported in
part by contract 234-2005-370011C from the Health Resources and Services Administration.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: The United Network for Organ Sharing (UNOS)/Organ Procurement and Transplantation Network
(OPTN) data reported here have been supplied by UNOS as the contractor for OPTN. The interpretation and
reporting of these data are the responsibility of the authors and in no way should be seen as an official policy of or
interpretation by the OPTN or the US government. The content is the responsibility of the authors alone and does
not reflect the views or policies of the Department of Health and Human Services, nor does the mention of trade
names, commercial products, or organizations imply endorsement by the US government.

Additional Contributions: Patrick Dunn, PhD (Northrop Grumman Information Systems Health IT, Rockville,
Maryland), provided technical help with the ImmPort data curation; he received compensation from
grant support.

Additional Information: Data supporting this publication are available at ImmPort (immport.org); study
accessions are listed in eTable 2 in the Supplement.

REFERENCES
1. Organ Procurement and Transplant Network National Data. https://optn.transplant.hrsa.gov/data/view-data-
reports/national-data. Accessed September 24, 2016.

2. Horvat LD, Shariff SZ, Garg AX; Donor Nephrectomy Outcomes Research (DONOR) Network. Global trends in
the rates of living kidney donation. Kidney Int. 2009;75(10):1088-1098. doi:10.1038/ki.2009.20

3. Wainright JL, Klassen DK, Kucheryavaya AY, Stewart DE. Delays in prior living kidney donors receiving priority
on the transplant waiting list. Clin J Am Soc Nephrol. 2016;11(11):2047-2052. doi:10.2215/CJN.01360216

4. Mjøen G, Hallan S, Hartmann A, et al. Long-term risks for kidney donors. Kidney Int. 2014;86(1):162-167. doi:10.
1038/ki.2013.460

JAMA Network Open | Health Informatics Assessment of Postdonation Outcomes in US Living Kidney Donors Using Publicly Available Data Sets

JAMA Network Open. 2019;2(4):e191851. doi:10.1001/jamanetworkopen.2019.1851 (Reprinted) April 12, 2019 11/14

Downloaded From: https://jamanetwork.com/ by a UCSF LIBRARY User  on 11/06/2020

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.1851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1851
https://optn.transplant.hrsa.gov/data/view-data-reports/national-data
https://optn.transplant.hrsa.gov/data/view-data-reports/national-data
https://dx.doi.org/10.1038/ki.2009.20
https://dx.doi.org/10.2215/CJN.01360216
https://dx.doi.org/10.1038/ki.2013.460
https://dx.doi.org/10.1038/ki.2013.460


5. Matas AJ, Hays RE, Ibrahim HN. Long-term non-end-stage renal disease risks after living kidney donation. Am J
Transplant. 2017;17(4):893-900. doi:10.1111/ajt.14011

6. Mandelbrot DA, Pavlakis M. Living donor practices in the United States. Adv Chronic Kidney Dis. 2012;19(4):
212-219. doi:10.1053/j.ackd.2012.04.010

7. Henderson ML, Thomas AG, Shaffer A, et al. The national landscape of living kidney donor follow-up in the
United States. Am J Transplant. 2017;17(12):3131-3140. doi:10.1111/ajt.14356

8. Yusen RD, Hong BA, Messersmith EE, et al; RELIVE Study Group. Morbidity and mortality of live lung donation:
results from the RELIVE study. Am J Transplant. 2014;14(8):1846-1852. doi:10.1111/ajt.12771

9. Abecassis MM, Fisher RA, Olthoff KM, et al; A2ALL Study Group. Complications of living donor hepatic
lobectomy: a comprehensive report. Am J Transplant. 2012;12(5):1208-1217. doi:10.1111/j.1600-6143.2011.03972.x

10. Bhattacharya S, Dunn P, Thomas CG, et al. ImmPort, toward repurposing of open access immunological assay
data for translational and clinical research. Sci Data. 2018;5:180015. doi:10.1038/sdata.2018.15

11. National Institute of Allergy and Infectious Diseases; National Institutes of Health; Health and Human Services.
ImmPort. https://www.immport.org/home. Accessed February 26, 2019.

12. Koenig F, Slattery J, Groves T, et al. Sharing clinical trial data on patient level: opportunities and challenges.
Biom J. 2015;57(1):8-26. doi:10.1002/bimj.201300283

13. Chen J, Bhattacharya S, Sirota M, et al. Transplant Trajectory Network. https://www.immport.org/resources/TTN.
Accessed March 6, 2019.

14. Taler SJ, Messersmith EE, Leichtman AB, et al; RELIVE Study Group. Demographic, metabolic, and blood
pressure characteristics of living kidney donors spanning five decades. Am J Transplant. 2013;13(2):390-398. doi:
10.1111/j.1600-6143.2012.04321.x

15. Jacobs CL, Gross CR, Messersmith EE, et al; RELIVE Study Group. Emotional and financial experiences of
kidney donors over the past 50 years: the RELIVE study. Clin J Am Soc Nephrol. 2015;10(12):2221-2231. doi:10.
2215/CJN.07120714

16. Jowsey SG, Jacobs C, Gross CR, et al; RELIVE Study Group. Emotional well-being of living kidney donors:
findings from the RELIVE Study. Am J Transplant. 2014;14(11):2535-2544. doi:10.1111/ajt.12906

17. Gross CR, Messersmith EE, Hong BA, et al; RELIVE Study Group. Health-related quality of life in kidney donors
from the last five decades: results from the RELIVE study. Am J Transplant. 2013;13(11):2924-2934. doi:10.1111/
ajt.12434

18. Noppakun K, Cosio FG, Dean PG, Taler SJ, Wauters R, Grande JP. Living donor age and kidney transplant
outcomes. Am J Transplant. 2011;11(6):1279-1286. doi:10.1111/j.1600-6143.2011.03552.x

19. Messersmith EE, Gross CR, Beil CA, et al; RELIVE Study Group. Satisfaction with life among living kidney
donors: a RELIVE study of long-term donor outcomes. Transplantation. 2014;98(12):1294-1300. doi:10.1097/TP.
0000000000000360

20. Valapour M, Kahn JP, Bailey RF, Matas AJ. Assessing elements of informed consent among living donors. Clin
Transplant. 2011;25(2):185-190. doi:10.1111/j.1399-0012.2010.01374.x

21. Olthoff KM, Kulik L, Samstein B, et al. Validation of a current definition of early allograft dysfunction in liver
transplant recipients and analysis of risk factors. Liver Transpl. 2010;16(8):943-949. doi:10.1002/lt.22091

22. Cantu E, Lederer DJ, Meyer K, et al; CTOT Investigators. Gene set enrichment analysis identifies key innate
immune pathways in primary graft dysfunction after lung transplantation. Am J Transplant. 2013;13(7):1898-1904.
doi:10.1111/ajt.12283

23. Starling RC, Stehlik J, Baran DA, et al; CTOT-05 Consortium. Multicenter analysis of immune biomarkers and
heart transplant utcomes: results of the Clinical Trials in Organ Transplantation-05 Study. Am J Transplant. 2016;16
(1):121-136. doi:10.1111/ajt.13422

24. Ashoor I, Najafian N, Korin Y, et al. Standardization and cross validation of alloreactive IFNγ ELISPOT assays
within the Clinical Trials in Organ Transplantation consortium. Am J Transplant. 2013;13(7):1871-1879. doi:10.1111/
ajt.12286

25. Sigdel TK, Nicora CD, Hsieh S-C, et al. Optimization for peptide sample preparation for urine peptidomics. Clin
Proteomics. 2014;11(1):7. doi:10.1186/1559-0275-11-7

26. Hricik DE, Nickerson P, Formica RN, et al; CTOT-01 Consortium. Multicenter validation of urinary CXCL9 as a
risk-stratifying biomarker for kidney transplant injury. Am J Transplant. 2013;13(10):2634-2644. doi:10.1111/
ajt.12426

27. Keslar KS, Lin M, Zmijewska AA, et al. Multicenter evaluation of a standardized protocol for noninvasive gene
expression profiling. Am J Transplant. 2013;13(7):1891-1897. doi:10.1111/ajt.12284

JAMA Network Open | Health Informatics Assessment of Postdonation Outcomes in US Living Kidney Donors Using Publicly Available Data Sets

JAMA Network Open. 2019;2(4):e191851. doi:10.1001/jamanetworkopen.2019.1851 (Reprinted) April 12, 2019 12/14

Downloaded From: https://jamanetwork.com/ by a UCSF LIBRARY User  on 11/06/2020

https://dx.doi.org/10.1111/ajt.14011
https://dx.doi.org/10.1053/j.ackd.2012.04.010
https://dx.doi.org/10.1111/ajt.14356
https://dx.doi.org/10.1111/ajt.12771
https://dx.doi.org/10.1111/j.1600-6143.2011.03972.x
https://dx.doi.org/10.1038/sdata.2018.15
https://www.immport.org/home
https://dx.doi.org/10.1002/bimj.201300283
https://www.immport.org/resources/TTN
https://dx.doi.org/10.1111/j.1600-6143.2012.04321.x
https://dx.doi.org/10.2215/CJN.07120714
https://dx.doi.org/10.2215/CJN.07120714
https://dx.doi.org/10.1111/ajt.12906
https://dx.doi.org/10.1111/ajt.12434
https://dx.doi.org/10.1111/ajt.12434
https://dx.doi.org/10.1111/j.1600-6143.2011.03552.x
https://dx.doi.org/10.1097/TP.0000000000000360
https://dx.doi.org/10.1097/TP.0000000000000360
https://dx.doi.org/10.1111/j.1399-0012.2010.01374.x
https://dx.doi.org/10.1002/lt.22091
https://dx.doi.org/10.1111/ajt.12283
https://dx.doi.org/10.1111/ajt.13422
https://dx.doi.org/10.1111/ajt.12286
https://dx.doi.org/10.1111/ajt.12286
https://dx.doi.org/10.1186/1559-0275-11-7
https://dx.doi.org/10.1111/ajt.12426
https://dx.doi.org/10.1111/ajt.12426
https://dx.doi.org/10.1111/ajt.12284


28. Hricik DE, Augustine J, Nickerson P, et al; CTOT-01 Consortium. Interferon gamma ELISPOT testing as a risk-
stratifying biomarker for kidney transplant injury: results from the CTOT-01 multicenter study. Am J Transplant.
2015;15(12):3166-3173. doi:10.1111/ajt.13401

29. Reed EF, Rao P, Zhang Z, et al. Comprehensive assessment and standardization of solid phase multiplex-bead
arrays for the detection of antibodies to HLA. Am J Transplant. 2013;13(7):1859-1870. doi:10.1111/ajt.12287

30. Suhre K, Schwartz JE, Sharma VK, et al. Urine metabolite profiles predictive of human kidney allograft status.
J Am Soc Nephrol. 2016;27(2):626-636. doi:10.1681/ASN.2015010107

31. Suthanthiran M, Schwartz JE, Ding R, et al; Clinical Trials in Organ Transplantation 04 (CTOT-04) Study
Investigators. Urinary-cell mRNA profile and acute cellular rejection in kidney allografts. N Engl J Med. 2013;369
(1):20-31. doi:10.1056/NEJMoa1215555

32. Iacomini J, Sayegh MH. Measuring T cell alloreactivity to predict kidney transplant outcomes: are we there yet?
J Am Soc Nephrol. 2006;17(2):328-330. doi:10.1681/ASN.2005121264

33. Harmon W, Meyers K, Ingelfinger J, et al. Safety and efficacy of a calcineurin inhibitor avoidance regimen in
pediatric renal transplantation. J Am Soc Nephrol. 2006;17(6):1735-1745. doi:10.1681/ASN.2006010049

34. Schachter AD, Meyers KE, Spaneas LD, et al. Short sirolimus half-life in pediatric renal transplant recipients on
a calcineurin inhibitor-free protocol. Pediatr Transplant. 2004;8(2):171-177. doi:10.1046/j.1399-3046.2003.
00148.x

35. Hoerning A, Koss K, Datta D, et al. Subsets of human CD4(+) regulatory T cells express the peripheral homing
receptor CXCR3. Eur J Immunol. 2011;41(8):2291-2302. doi:10.1002/eji.201041095

36. Li L, Khatri P, Sigdel TK, et al. A peripheral blood diagnostic test for acute rejection in renal transplantation. Am
J Transplant. 2012;12(10):2710-2718. doi:10.1111/j.1600-6143.2012.04253.x

37. Sarwal MM, Ettenger RB, Dharnidharka V, et al. Complete steroid avoidance is effective and safe in children
with renal transplants: a multicenter randomized trial with three-year follow-up. Am J Transplant. 2012;12(10):
2719-2729. doi:10.1111/j.1600-6143.2012.04145.x

38. Naesens M, Salvatierra O, Benfield M, et al; SNS01-NIH-CCTPT Multicenter Trial. Subclinical inflammation and
chronic renal allograft injury in a randomized trial on steroid avoidance in pediatric kidney transplantation. Am J
Transplant. 2012;12(10):2730-2743. doi:10.1111/j.1600-6143.2012.04144.x

39. Benfield MR, Bartosh S, Ikle D, et al. A randomized double-blind, placebo controlled trial of steroid withdrawal
after pediatric renal transplantation. Am J Transplant. 2010;10(1):81-88. doi:10.1111/j.1600-6143.2009.02767.x

40. McDonald RA, Smith JM, Ho M, et al; CCTPT Study Group. Incidence of PTLD in pediatric renal transplant
recipients receiving basiliximab, calcineurin inhibitor, sirolimus and steroids. Am J Transplant. 2008;8(5):
984-989. doi:10.1111/j.1600-6143.2008.02167.x

41. Magee JC. Steroids in pediatric kidney transplantation: a balancing act in progress. Am J Transplant. 2010;10
(1):6-7. doi:10.1111/j.1600-6143.2009.02923.x

42. De Serres SA, Mfarrej BG, Magee CN, et al. Immune profile of pediatric renal transplant recipients following
alemtuzumab induction. J Am Soc Nephrol. 2012;23(1):174-182. doi:10.1681/ASN.2011040360

43. Haynes LD, Jankowska-Gan E, Sheka A, et al. Donor-specific indirect pathway analysis reveals a B-cell-
independent signature which reflects outcomes in kidney transplant recipients. Am J Transplant. 2012;12(3):
640-648. doi:10.1111/j.1600-6143.2011.03869.x

44. Newell KA, Asare A, Kirk AD, et al; Immune Tolerance Network ST507 Study Group. Identification of a B cell
signature associated with renal transplant tolerance in humans. J Clin Invest. 2010;120(6):1836-1847. doi:10.1172/
JCI39933

45. Feng S, Ekong UD, Lobritto SJ, et al. Complete immunosuppression withdrawal and subsequent allograft
function among pediatric recipients of parental living donor liver transplants. JAMA. 2012;307(3):283-293. doi:10.
1001/jama.2011.2014

46. Knechtle SJ, Pascual J, Bloom DD, et al. Early and limited use of tacrolimus to avoid rejection in an
alemtuzumab and sirolimus regimen for kidney transplantation: clinical results and immune monitoring. Am J
Transplant. 2009;9(5):1087-1098. doi:10.1111/j.1600-6143.2009.02581.x

47. Vincenti F, Larsen C, Durrbach A, et al; Belatacept Study Group. Costimulation blockade with belatacept in
renal transplantation. N Engl J Med. 2005;353(8):770-781. doi:10.1056/NEJMoa050085

48. Shapiro AMJ, Ricordi C, Hering BJ, et al. International trial of the Edmonton protocol for islet transplantation.
N Engl J Med. 2006;355(13):1318-1330. doi:10.1056/NEJMoa061267

JAMA Network Open | Health Informatics Assessment of Postdonation Outcomes in US Living Kidney Donors Using Publicly Available Data Sets

JAMA Network Open. 2019;2(4):e191851. doi:10.1001/jamanetworkopen.2019.1851 (Reprinted) April 12, 2019 13/14

Downloaded From: https://jamanetwork.com/ by a UCSF LIBRARY User  on 11/06/2020

https://dx.doi.org/10.1111/ajt.13401
https://dx.doi.org/10.1111/ajt.12287
https://dx.doi.org/10.1681/ASN.2015010107
https://dx.doi.org/10.1056/NEJMoa1215555
https://dx.doi.org/10.1681/ASN.2005121264
https://dx.doi.org/10.1681/ASN.2006010049
https://dx.doi.org/10.1046/j.1399-3046.2003.00148.x
https://dx.doi.org/10.1046/j.1399-3046.2003.00148.x
https://dx.doi.org/10.1002/eji.201041095
https://dx.doi.org/10.1111/j.1600-6143.2012.04253.x
https://dx.doi.org/10.1111/j.1600-6143.2012.04145.x
https://dx.doi.org/10.1111/j.1600-6143.2012.04144.x
https://dx.doi.org/10.1111/j.1600-6143.2009.02767.x
https://dx.doi.org/10.1111/j.1600-6143.2008.02167.x
https://dx.doi.org/10.1111/j.1600-6143.2009.02923.x
https://dx.doi.org/10.1681/ASN.2011040360
https://dx.doi.org/10.1111/j.1600-6143.2011.03869.x
https://dx.doi.org/10.1172/JCI39933
https://dx.doi.org/10.1172/JCI39933
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2011.2014&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1851
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2011.2014&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1851
https://dx.doi.org/10.1111/j.1600-6143.2009.02581.x
https://dx.doi.org/10.1056/NEJMoa050085
https://dx.doi.org/10.1056/NEJMoa061267


49. Brennan DC, Shannon MB, Koch MJ, Polonsky KS, Desai N, Shapiro J. Portal vein thrombosis complicating islet
transplantation in a recipient with the Factor V Leiden mutation. Transplantation. 2004;78(1):172-173. doi:10.
1097/01.TP.0000128332.71657.EA

50. Shannon P, Markiel A, Ozier O, et al. Cytoscape: a software environment for integrated models of biomolecular
interaction networks. Genome Res. 2003;13(11):2498-2504. doi:10.1101/gr.1239303

51. Gill J, Joffres Y, Rose C, et al. The change in living kidney donation in women and men in the United States
(2005-2015): a population-based analysis. J Am Soc Nephrol. 2018;29(4):1301-1308. doi:10.1681/ASN.2017111160

52. Bloembergen WE, Port FK, Mauger EA, Briggs JP, Leichtman AB. Gender discrepancies in living related renal
transplant donors and recipients. J Am Soc Nephrol. 1996;7(8):1139-1144.

53. Biller-Andorno N. Gender imbalance in living organ donation. Med Health Care Philos. 2002;5(2):199-204.
doi:10.1023/A:1016053024671

54. Hsu CY, Iribarren C, McCulloch CE, Darbinian J, Go AS. Risk factors for end-stage renal disease: 25-year
follow-up. Arch Intern Med. 2009;169(4):342-350. doi:10.1001/archinternmed.2008.605

55. Sarnak MJ. Cardiovascular complications in chronic kidney disease. Am J Kidney Dis. 2003;41(5)(suppl):11-17.
doi:10.1016/S0272-6386(03)00372-X

56. Ghaderian SB, Hayati F, Shayanpour S, Beladi Mousavi SS. Diabetes and end-stage renal disease: a review
article on new concepts. J Renal Inj Prev. 2015;4(2):28-33. doi:10.12861/jrip.2015.07

57. Levin A, Stevens PE. Summary of KDIGO 2012 CKD guideline: behind the scenes, need for guidance, and a
framework for moving forward. Kidney Int. 2014;85(1):49-61. doi:10.1038/ki.2013.444

58. Pondrom S. White House holds summit on organ transplantation. Am J Transplant. 2016;16(8):2241-2242.
doi:10.1111/ajt.13942

59. Kasiske BL, Asrani SK, Dew MA, et al; Living Donor Collective Participants. The Living Donor Collective:
a scientific registry for living donors. Am J Transplant. 2017;17(12):3040-3048. doi:10.1111/ajt.14365

60. Mathews TJ, Hamilton BE; National Center for Health Statistics. Mean age of mothers is on the rise: United
States, 2000-2014. NCHS Data Brief. 2016;(232):1-8.

61. Garg AX, Nevis IF, McArthur E, et al; DONOR Network. Gestational hypertension and preeclampsia in living
kidney donors. N Engl J Med. 2015;372(2):124-133. doi:10.1056/NEJMoa1408932

62. Morgan BR, Ibrahim HN. Long-term outcomes of kidney donors. Curr Opin Nephrol Hypertens. 2011;20(6):
605-609. doi:10.1097/MNH.0b013e32834bd72b

63. Nasrallah M, Pouliot Y, Hartmann B, et al. Reanalysis of the Rituximab in ANCA-Associated Vasculitis trial
identifies granulocyte subsets as a novel early marker of successful treatment. Arthritis Res Ther. 2015;17:262. doi:
10.1186/s13075-015-0778-z

64. Pels A, Mol BWJ, Singer J, et al; CHIPS Study Group. Influence of gestational age at initiation of
antihypertensive therapy: secondary analysis of CHIPS trial data (Control of Hypertension in Pregnancy Study).
Hypertension. 2018;71(6):1170-1177. doi:10.1161/HYPERTENSIONAHA.117.10689

65. Watson D, Yang JYC, Sarwal RD, et al. Novel multi-biomarker assay for non-invasive quantitative monitoring of
kidney injury. J Exp Med. In press.

SUPPLEMENT.
eMethods. Details of Methods section
eTable 1. LKDs used in various analyses
eTable 2. 27 clinical studies in ImmPort that are related to transplantation
eTable 3. Living donor characteristics in the immTransplant curated data set
eTable 4. Categories of nonclinical and clinical features
eTable 5. 36 postdonation outcomes found in the LKDs in ImmPort RELIVE
eFigure 1. ImmPort transplant data curation workflow
eFigure 2. Increase in female donations at age >25 years mainly due to donations to offspring and spouses
eFigure 3. Higher proportions of female LKDs at age of donation >25 years
eFigure 4. Sex and age group bias in immTransplant and UNOS/OPTN data sets
eFigure 5. Number and type of posttransplant conditions that can occur in each LKD
eFigure 6. GFR values decrease after donation in living kidney donors

JAMA Network Open | Health Informatics Assessment of Postdonation Outcomes in US Living Kidney Donors Using Publicly Available Data Sets

JAMA Network Open. 2019;2(4):e191851. doi:10.1001/jamanetworkopen.2019.1851 (Reprinted) April 12, 2019 14/14

Downloaded From: https://jamanetwork.com/ by a UCSF LIBRARY User  on 11/06/2020

https://dx.doi.org/10.1097/01.TP.0000128332.71657.EA
https://dx.doi.org/10.1097/01.TP.0000128332.71657.EA
https://dx.doi.org/10.1101/gr.1239303
https://dx.doi.org/10.1681/ASN.2017111160
https://www.ncbi.nlm.nih.gov/pubmed/8866404
https://dx.doi.org/10.1023/A:1016053024671
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archinternmed.2008.605&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.1851
https://dx.doi.org/10.1016/S0272-6386(03)00372-X
https://dx.doi.org/10.12861/jrip.2015.07
https://dx.doi.org/10.1038/ki.2013.444
https://dx.doi.org/10.1111/ajt.13942
https://dx.doi.org/10.1111/ajt.14365
https://www.ncbi.nlm.nih.gov/pubmed/26828319
https://dx.doi.org/10.1056/NEJMoa1408932
https://dx.doi.org/10.1097/MNH.0b013e32834bd72b
https://dx.doi.org/10.1186/s13075-015-0778-z
https://dx.doi.org/10.1161/HYPERTENSIONAHA.117.10689

