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Abstract
Background: Living kidney donation is considered generally safe in healthy individuals; however, there is a need to better 
understand the long-term effects of donation on blood pressure and kidney function.
Objectives: To determine the risk of hypertension in healthy, normotensive adults who donate a kidney compared with 
healthy, normotensive non-donors with similar indicators of baseline health. We will also compare the 2 groups on the rate 
of decline in kidney function, the risk of albuminuria, and changes in health-related quality of life.
Design, Participants, and Setting: Prospective cohort study of 1042 living kidney donors recruited before surgery from 
17 transplant centers (12 in Canada and 5 in Australia) between 2004 and 2014. Non-donor participants (n = 396) included 
relatives or friends of the donor, or donor candidates who were ineligible to donate due to blood group or cross-match 
incompatibility. Follow-up will continue until 2021, and the main analysis will be performed in 2022. The anticipated median 
(25th, 75th percentile, maximum) follow-up time after donation is 7 years (6, 8, 15).
Measurements: Donors and non-donors completed the same schedule of measurements at baseline and follow-up (non-
donors were assigned a simulated nephrectomy date). Annual measurements were obtained for blood pressure, estimated 
glomerular filtration rate (eGFR), albuminuria, patient-reported health-related quality of life, and general health.
Outcomes: Incident hypertension (a systolic/diastolic blood pressure ≥ 140/90 mm Hg or receipt of anti-hypertensive 
medication) will be adjudicated by a physician blinded to the participant’s donation status. We will assess the rate of change 
in eGFR starting from 12 months after the nephrectomy date and the proportion who develop an albumin-to-creatinine ratio 
≥3 mg/mmol (≥30 mg/g) in follow-up. Health-related quality of life will be assessed using the 36-item RAND health survey 
and the Beck Anxiety and Depression inventories.
Limitations: Donation-attributable hypertension may not manifest until decades after donation.
Conclusion: This prospective cohort study will estimate the attributable risk of hypertension and other health outcomes 
after living kidney donation.

Abrégé 
Contexte: Chez les personnes en bonne santé, faire don d’un rein est généralement considéré comme sûr. Il convient 
toutefois de mieux comprendre les effets à long terme de ce don sur la pression artérielle et la fonction rénale.
Objectifs: Déterminer le risque d’hypertension chez les adultes sains et normotendus qui donnent un rein par rapport à 
des non-donneurs sains et normotendus ayant des indicateurs de santé de base similaires. Nous comparerons également le 
taux de réduction de la fonction rénale, le risque d’albuminurie et les changements dans la qualité de vie liée à la santé entre 
les deux groupes.
Cadre, type d’étude et participants: Étude de cohorte rétrospective menée sur 1 042 donneurs de rein vivants, recrutés 
avant la chirurgie dans 17 centres de transplantation (12 au Canada et 5 en Australie) entre 2004 et 2014. Le groupe des non-
donneurs (n=396) était constitué de parents ou amis du donneur, ou de candidats donneurs non admissibles à faire un don 
en raison d’une incompatibilité de groupe sanguin ou lors du test de compatibilité croisée. Le suivi s’est poursuivi jusqu’en 
2021 et l’analyse principale sera effectuée en 2022. Le temps de suivi médian prévu (25e percentile, 75e percentile, maximum) 
après le don est de 7 ans (6, 8, 15 ans).
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Mesures: Les donneurs et les non-donneurs ont complété le même calendrier de mesures à l’inclusion et pendant le suivi 
(une date simulée de néphrectomie a été attribuée aux non-donneurs). Des mesures annuelles de pression artérielle, de 
débit de filtration glomérulaire estimé (DFGe), d’albuminurie, de qualité de vie liée à la santé autodéclarée et de santé 
générale ont été obtenues.
Issues principales: L’hypertension incidente (pression artérielle systolique/diastolique ≥ 140/90 mm Hg ou prise d’un 
médicament antihypertenseur) sera jugée par un médecin aveugle au statut de don du participant. Nous évaluerons le taux de 
variation du DFGe à partir de 12 mois après la date de la néphrectomie et la proportion de participants qui développeront un 
rapport albumine/créatinine ≥ 3 mg/mmol (≥ 30 mg/g) pendant le suivi. La qualité de vie liée à la santé sera évaluée à l’aide 
du questionnaire de santé RAND de 36 questions et de l’Inventaire d’anxiété et de dépression de Beck.
Limites: L’hypertension attribuable au don pourrait ne pas se manifester avant des décennies après le don.
Conclusion: Cette étude de cohorte prospective permettra d’estimer le risque d’hypertension attribuable au don et 
d’autres effets sur la santé du donneur après un don de rein.
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What was known before

Living kidney donation is considered safe in carefully 
selected candidates. However, the longer term effects of 
donation on blood pressure and kidney function remain 
uncertain, and several prior studies have been criticized for 
their lack of methodological rigor.

What this adds

This study will assess the attributable risk of living kidney 
donation using study techniques that meet modern criteria 
for high methodological quality. Non-donors will have simi-
lar indicators of baseline health as donors and will complete 
the same schedule of follow-up assessments.

Background

Each year, more than 27 000 people worldwide become living 
kidney donors, undergoing major surgery to donate a kidney 
to a patient with kidney failure.1 Living kidney donors gener-
ally have similar long-term health outcomes as the general 

population2-5; however, recent studies do show donors have a 
higher risk of developing kidney failure when compared with 
non-donors of similar baseline health, recognizing the 20-year 
risk in absolute terms remains less than 1%.6-9 Hypertension 
and albuminuria may be more prevalent among donors in the 
years following nephrectomy (studies summarized in eTable 
1).5,10-18 Whether these outcomes are a direct result of nephrec-
tomy, hereditary factors, or a combination of these and other 
factors remains unclear.19-24 In 2 recent systematic reviews, 
prior studies were reported to have poor quality.5,25 Specifically, 
the quality of evidence as assessed in 1 review for blood pres-
sure, kidney function, and psychosocial outcomes after dona-
tion was reported to be very low.25

A better understanding of post-donation risk and the tim-
ing of new disease onset is critical for donor selection, 
informed consent, and follow-up. Donor candidates need to 
know how donation might affect their future health, and 
health professionals need to know what to expect when they 
monitor donors after nephrectomy to maintain long-term 
good health.26 Furthermore, while most donors report feel-
ings of well-being after donation (studies summarized in 
eTable 2),27-31 some may experience negative psychological 

mailto:amit.garg@lhsc.on.ca


Garg et al	 3

effects.32 Whether these effects are sustained over time 
remains unknown.

Estimating the attributable risk of donation requires a 
non-donor comparison group with a similar baseline risk 
as donors; however, in many studies, non-donors have not 
had an adequate assessment to demonstrate they have the 
same health as donors.13,14,16,17,33 As described in 1 recent 
systematic review, interpretation of the evidence has been 
complicated by diverse selection criteria for non-donor 
control groups (eg, general population vs based on dona-
tion criteria), follow-up durations, and analytic approaches 
(eg, different matching criteria or adjustment for potential 
confounders).5

In 2004, we launched a prospective cohort study of living 
kidney donors and non-donors in Canada and Australia. We 

designed this prospective study to meet high standards of 
methodological quality; for example, non-donors were 
assessed to confirm their similar baseline health as donors, 
and then undertook the same schedule of follow-up assess-
ments. This protocol describes our study objectives, study 
design, and analytic plan.

Objectives

The objective of this study was to determine the risk of 
hypertension in healthy, normotensive adults who donate a 
kidney compared with healthy, normotensive non-donors. 
We will also compare the 2 groups on the rate of decline in 
kidney function, the risk of albuminuria, and changes in 
patient-reported health-related quality of life.

Table 1.  Study Eligibility Criteria for Non-Donors and the Screening Criteria Used to Define Standard-Criteria Living Kidney Donors.

Inclusion criteria

  Age Age between 18 and 70 years.
  Blood pressure Average systolic/diastolic blood pressure <140/90 mm Hg based on an average of at 

least 3 blood pressure measurements taken during the recruitment interview. If the 
average of these blood pressure measurements was elevated, the participant was 
still eligible for participation if the average of an additional 12 home blood pressure 
readings was <140/90 mm Hg. All participants need to successfully record at least 12 
home blood pressure readings using the self-monitoring device to be eligible.

  Kidney function Serum creatinine <115 μmol/L in men or <90 μmol/L in women35 or a Cockcroft-
Gault estimated glomerular filtration rate >80 mL/min.

  No urine protein Negative urine dipstick for protein, or if trace or 0.3 g/L, a random urine albumin-to-
creatinine ratio <8 mg/mmol.

  No hematuria Negative urine dipstick for hematuria. Those with non-persistent hematuria are 
eligible to participate; those with initial evidence of dipstick hematuria may have a 
second assessment, and for women, this should not occur during the time of menses. 
Individuals with hematuria that resolves after treatment of a urinary tract infection 
are eligible for study participation.36

  Non-obese body mass index Body mass index <35 kg/m2.
  Language Ability to speak and read English or French.

Exclusion criteria

  Anti-hypertensive medication Taking anti-hypertensive medication on a daily basis for any reason.
  Kidney stones Symptoms or evidence of kidney stones in the past 3 years.
  History of kidney failure Recipient of a kidney transplant; ever received dialysis.
  Elevated plasma glucose or history of 

gestational diabetes
Plasma glucose ≥ 7.0 mmol/L after a 6-hour fast (if available); 2-hour oral glucose 
≥11.1 mmol/L (if available). History of gestational diabetes.

  Comorbidities History of kidney disease; cancer, other than cured non-melanoma skin cancer; 
diabetes; cardiovascular disease; or pulmonary disease.

  Contraindications to living kidney 
donation, general anesthesia, or 
surgery

Has a medical condition that would prevent them from becoming a living kidney donor 
or a known contraindication to general anesthesia or surgery.

  Pregnancy Currently pregnant or pregnant in the last month.
  Other study participation Participating in a clinical trial or another study that could influence the outcomes of this 

study.

Donor candidates were automatically eligible to participate in the study if they were approved for donation by their local transplant center, were able to 
speak and read English and/or French, and were not participating in a clinical study that would affect the outcome of this study. Prospective donors who 
were approved for donation but who did not meet these screening criteria were deemed expanded-criteria donors (safety outcomes in expanded-criteria 
donors will be specified in a different protocol and examined in a separate analysis). To be eligible to participate in this study, non-donors had to meet 
the same screening criteria as standard-criteria donors.
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Methods

Design and Setting

The Living Kidney Donor Safety Study is a multicentre pro-
spective cohort study examining the medical, financial, and 
psychological implications of living kidney donation 
(ClinicalTrials.gov Identifier: NCT00936078). The methods 
employed in this study were developed with guidance from 
an external advisory board and refined during a pilot phase 
from 2004 to 2008. In total, we enrolled 1042 living kidney 
donors (before surgery) and 396 healthy non-donors from 17 
centers (12 in Canada and 5 in Australia) between 2004 and 
2014 who met criteria for study inclusion as described in 
Table 1. Follow-up data collection continued until November 
2021. All participants provided written, informed consent at 
the time of enrollment. Ethics approval was obtained from 
Western University’s Health Sciences Research Ethics Board 
(REB approval 6056) and all other recruiting centers. The 
conduct and reporting of this study follows recommended 
guidelines for strengthening the reporting of observational 
studies (eTable 3).34

Study Population

Prospective donor candidates were first asked about their 
interest in the study by their nephrologist or a living-donor 
coordinator at the transplant evaluation center; interested 
individuals were put in contact with a study research assistant 
who explained the study in greater detail, assessed eligibility, 
and obtained written informed consent. Non-donors included 
family members and friends of prospective donors, as well as 
some individuals who came forward for donation but did not 
proceed with donation despite being eligible, or who were 
ineligible due to blood group or cross-match incompatibility. 
As detailed below, prospective donors and potential non-
donor participants completed a screening assessment, which 
involved a standardized health questionnaire, a blood pres-
sure assessment (including up to 18 at-home blood pressure 
measurements), and lab testing for serum creatinine, urine 
protein, and hematuria.

Study eligibility.  Prospective donors who were approved for 
donation but who did not meet the pre-specified screening 
criteria in Table 1, such as those with pre-donation hyperten-
sion, were deemed expanded-criteria donors and will be 
examined in a separate protocol and analysis.

To be eligible to participate in this study, non-donors had 
to pass the same screening criteria as standard-criteria donors 
(listed in Table 1), including the following: age 18 to 70 
years, body mass index <35 kg/m2, systolic/diastolic blood 
pressure (SBP/DBP) <140/90 mm Hg, serum creatinine 
<115 μmol/L in men or <90 μmol/L in women35 (or a 
Cockcroft-Gault estimated glomerular filtration rate 
[eGFR] >80 mL/min), a negative urine dipstick for protein 

or a random urine albumin-to-creatinine ratio <8 mg/mmol 
(<70.8 mg/g), a negative urine dipstick for hematuria, and 
no comorbidities that would contraindicate donation, such as 
a history of kidney failure. These criteria reflect recommen-
dations from the Amsterdam Forum on the Care of the Live 
Kidney Donor, a guidance document available when the 
study was being designed.37 We acknowledge that some of 
these criteria specify relatively high thresholds for risk 
according to contemporary criteria (eg, an albumin-to-creat-
inine ratio >8 mg/mmol vs ≥3 mg/mmol). However, when 
we report baseline characteristics, we expect most partici-
pants to have values far below the thresholds used for study 
eligibility.

Data Collection

Donors and non-donors were assigned the same schedule 
of baseline and follow-up measurements (summarized in 
eTable 4).

Baseline (pre-donation) assessment.  All participants completed 
a standardized health questionnaire, which included questions 
on health-related quality of life, smoking, and alcohol con-
sumption; participants had their blood pressure, height, and 
weight assessed and completed lab testing for serum creati-
nine (using isotope dilution mass spectrometry), urine protein, 
and hematuria. Participants completed a median of 14 at-home 
blood pressure measurements following a standardized proto-
col using the Omron Automatic Blood Pressure machine 
(HEM-705CP or HEM-711ACCAN), a self-monitoring 
device capable of storing 28 measurements. The device was 
fitted with an appropriately sized cuff for each participant’s 
arm circumference. Participants were taught how to use the 
device at the time of enrollment (seated with their feet flat on 
the floor, arm resting on a flat surface and cuff at level of the 
heart with no tight clothing on upper arm [detailed in eAppen-
dix 1]). Participants were instructed not to share their device 
with others. Donor candidates were instructed to take their 
readings at least 1 week before nephrectomy to minimize any 
elevations due to anxiety.

Nephrectomy date.  The donors’ nephrectomy date was 
obtained from hospital records, and non-donors were 
assigned a simulated nephrectomy date after they completed 
their baseline assessment.

Post-donation assessment.  Twelve months after the nephrec-
tomy date (simulated for non-donors), donors and non-
donors were asked to complete 12 to 18 at-home blood 
pressure measurements as described above and were directed 
to nearby labs to provide blood and urine samples. These 
measurements were then repeated annually (from the date of 
nephrectomy) until 2019. Participants also completed an 
annual mailed health questionnaire at 3 and 12 months after 
donation, and then annually until 2019 (some psychosocial 
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questionnaires were only completed 5 times in total). Multi-
ple techniques were used to reduce participant loss to follow-
up, including multiple contacts (or contact attempts) by 
phone, mail, or e-mail about any missing or discrepant data 
(Figure 1). If data on blood pressure, hypertension status, or 
lab tests were missing in 2019, we attempted to obtain this 
data until 2021.

Outcomes

Medical outcomes
Hypertension.  Incident hypertension will be adjudicated 

by a physician who is blinded to the participant’s donation 
status. A schematic of the decision process used to define 
hypertension is shown in eFigure 1. Adjudication will occur 
if a participant meets the following criteria in follow-up: (1) 
the participant reports a physician diagnosis of hyperten-
sion, (2) the participant reports taking medication for hyper-
tension, or (3) the participant has an SBP ≥140 or a DBP 
≥90 mmHg based on the average BP measurements at any 
follow-up visit (we expect participants will take at least 10 
home blood pressure measurements over a median of 7 days 
at each annual follow-up visit). These blood pressure thresh-
olds align with previous studies of living kidney donors and 
guidelines that were in effect at the study’s inception.5,38 
The adjudication process will include a blinded review of 
medical chart data and/or follow-up with the participant in 
cases of missing data or discrepancies. As shown in eFigure 
1, on its own, a participant-reported physician diagnosis of 

hypertension is insufficient to define hypertension but will 
prompt additional follow-up with the participant and/or a 
review of medical chart data to corroborate the diagnosis. In 
an additional analysis, we will define hypertension accord-
ing to more recent guidelines, where stage 1 hypertension is 
defined as SBP/DBP 130 to 139/80 to 89 mm Hg39,40; the 294 
participants whose blood pressure was in this range at the 
pre-donation baseline assessment will be excluded from this 
additional analysis. We will also assess the average change 
in SBP and DBP over time accounting for the use of anti-
hypertensive medications.

Kidney function.  Although an abrupt drop in eGFR after 
nephrectomy is normal, an ongoing accelerated loss of eGFR 
would be concerning.41-45 We will assess the annualized 
change in eGFR over time (in mL/min per 1.73 m2 per year) 
in donors and non-donors using all available eGFR measure-
ments, setting the starting eGFR value to be the one obtained 
(1) 1 year after the nephrectomy date (or 1 year after the 
assigned nephrectomy date for non-donors), (2) 3 years after 
the nephrectomy date, and (3) at baseline (pre-donation).46 
We will use the new creatinine-based Chronic Kidney Dis-
ease-Epidemiology Collaboration Equation to estimate GFR 
without race.47 We will also examine the proportion of par-
ticipants whose eGFR fell below 60 mL/min per 1.73 m2 in 
follow-up, the proportion whose eGFR fell below 45 mL/
min per 1.73 m2, and the proportion whose eGFR fell below 
30 mL/min per 1.73 m2, acknowledging the proportions for 
the latter 2 categories are expected to be small.

Figure 1.  Recruitment, follow-up, and retention of participants in the living kidney donor safety study.
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Albuminuria.  We will compare the geometric mean albu-
min-to-creatinine ratio in donors versus non-donors at the 
final follow-up visit, adjusted for the baseline (pre-donation) 
value. Values that are too low to measure will be recoded as 
0.2 mg/mmol. We will also examine the proportion of partic-
ipants who have an albumin-to-creatinine ratio ≥3 mg/mmol 
(≥30 mg/g) or >30 mg/mmol (>300 mg/g) at any time in 
follow-up, acknowledging the event rates for these variables 
are likely to be small.

Hypertension, an eGFR<60, and/or albuminuria.  We will 
examine the proportion of participants who develop hyper-
tension (as defined above), an eGFR <60 mL/min per 1.73 
m2, or an albumin-to-creatinine ratio ≥3 mg/mmol. This out-
come will be assessed as a composite, with death (expected 
to be rare during the follow-up period) treated as a compet-
ing event. We will also report the proportions of participants 
who develop (1) 2 or 3 of these components and (2) all 3 of 
these components.

Death, kidney failure, and major cardiovascular events.  Death, 
kidney failure (ie, a persistent eGFR less than 15 mL/min 
per 1.73 m2, receipt of dialysis for any duration, or receipt 
of a kidney transplant), and major cardiovascular events (ie, 
myocardial infarction, stroke, or a cardiovascular procedure 
such as coronary angioplasty or coronary bypass surgery) 
will be assessed from the annual survey and from medical 
records, with adjudication conducted by a physician blinded 
to donation status.13,48 These outcomes will be assessed indi-
vidually and as a composite.

Patient-reported health-related quality of life.  Health-related 
quality of life will be assessed using the 36-item RAND 
Health Survey, which measures self-reported quality of life 
over the past 4 weeks across 8 scales: general health, physi-
cal functioning, energy/vitality, bodily pain, role limitations 
due to physical health, role limitations due to emotional 
health, social functioning, and mental health. The scales will 
be scored according to documented procedures using Cana-
dian and Australian normative data as appropriate,49-52 and 
aggregated to form a physical component summary score 
and a mental component summary score.5,53-57 Higher scores 
indicate better health-related quality of life. Depression and 
anxiety will be assessed using the Beck Depression Inven-
tory and the Beck Anxiety Inventory, respectively51,58; each 
inventory has 21 items and assesses symptoms experienced 
over the past week and past month, respectively. Scores 
range from 0 (no depression or anxiety) to 63 (severe depres-
sion or anxiety).59,60

Tracer outcome.  Tinnitus (the perception of chronic ringing or 
noise in the ears) will be examined as a tracer outcome (ie, a 
marker of self-report bias) because it is expected to be similar in 
donors and non-donors. Donors and non-donors with a history 
of tinnitus at enrollment will be excluded from this analysis.

Study Size

For a living kidney donation to proceed, the donor candidate, 
the recipient, and the transplant team must all accept poten-
tial risks to the donor. The acceptable magnitude of risk var-
ies among these groups. Before undertaking the present 
study, we conducted a survey to better understand how these 
groups defined acceptable thresholds of donor risk. Our 
results showed that potential donors were significantly more 
willing to accept greater long-term donor risks than trans-
plant professionals, and potential recipients were the most 
averse to donor risk.61 For the outcome of hypertension, we 
found that 47% of potential donors were willing to accept a 
10-year risk of hypertension that was 3 times higher than the 
estimated risk of 15% in non-donors, whereas only 12% of 
potential recipients and 24% of transplant professionals 
believed this level of risk was acceptable.

We originally designed this study to rule out a 2-fold 
higher risk of hypertension in donors compared with non-
donors. With a median follow-up time of 7.5 years, a sample 
size of 900 standard-criteria donors and 390 non-donors will 
provide >80% power to detect a hazard ratio of 1.6 of hyper-
tension in donors versus non-donors, assuming an overall 
event rate of 15% and 5% loss to follow-up (2-sided α = 
0.05).62

Ratio of donors to non-donors.  The ratio of donors to non-
donors in this study is ~2:1. Although less statistically effi-
cient than a 1:1 ratio, we learned during the pilot phase that a 
2:1 ratio was more cost-efficient and feasible.

Statistical Analysis

The data integrity and analysis of this study is overseen by an 
external advisory board. We will conduct all analyses using 
SAS software Version 9.4. Missing data will be imputed 
using fully conditional specification multiple imputation.63 
Additional analyses will be performed to confirm that con-
clusions are not sensitive to assumptions about the reasons 
for missing data. Regression diagnostics will be used to 
examine model fit, identify influential observations, and 
assess model assumptions.

Based on our pilot study, we anticipate donors and non-
donors will be similar on all baseline characteristics except 
for a family history of kidney failure and hypertension, 
which will be more common in donors versus non-donors. 
To account for potential baseline imbalance between groups, 
we will use inverse probability of treatment weighting, where 
the weight is based on an estimated propensity score. This 
propensity score is defined as the probability of donating a 
kidney (vs not donating a kidney), conditional on pre-dona-
tion (baseline) characteristics, including age, sex, pre-dona-
tion SBP and DBP, pre-donation body mass index, a family 
history of kidney failure, and a family history of hyperten-
sion.63 The average treatment effect in the treated (ATT) will 
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be estimated, where “treatment” refers to donation; methods 
to account for the weighting will be used.64 Covariate adjust-
ment will be used in sensitivity analyses. Between-group dif-
ferences in outcomes will be expressed in absolute and 
relative terms, with 95% confidence intervals (CIs) presented 
for all comparisons. The weighted analysis for each type of 
outcome is described below.

Time-to-event outcomes.  Cause-specific weighted hazard 
ratios for time-to-event outcomes (ie, hypertension, albumin-
uria, kidney failure, major cardiovascular events, death, and 
the pre-specified composite outcomes) will be estimated 
using Cox proportional hazards regression. This model han-
dles events and censoring for loss to follow-up in the same 
time interval.65 We will assess the proportionality assump-
tion for each variable using the time-interaction test, and by 
graphing the weighted log (–log [survival functions]) versus 
log time.66 In the presence of significant violations of the 
proportional hazards assumption (eg, if the relative hazards 
of hypertension in donors vs non-donors narrows over time), 
an extended Cox regression model with time-dependent vari-
ables will be considered. The cumulative incidence function 
of each outcome at 5, 10, and 15 years will be displayed as a 
graph. Weights based on the estimated propensity score will 
be used to estimate the cumulative incidence function 
curves.67 Finally, weighted risk ratios for hypertension, 
reduced kidney function, and albuminuria will be examined 
as binary outcomes using modified Poisson regression and 
weighted absolute risk differences using predictive margins.

Continuous outcomes.  The between-group difference in the 
change in continuous outcomes (SBP, DBP, eGFR, and psy-
chosocial health scales measured annually) will be examined 
using weighted linear mixed-effect models accounting for 
repeated measures within the same individual.68 Models will 
include random, individual-specific intercepts and slopes 
with an unstructured covariance between the random effects 
to account for correlation among measurements within the 
same individual. Changes over time will be graphed using 
splines for any non-linear changes.

For the analyses of SBP and DBP analyzed separately, the 
initiation of anti-hypertensive medication will be accounted 
for in 2 ways: (1) the last available BP measurement before 
the medication start date will be retained in the model, 
excluding the remaining BP measures and (2) an SBP of 140 
and a DBP of 90 will be imputed for the first visit after the 
medication start date, censoring the remaining follow-up 
time. We will compare the final follow-up mean SBP and 
DBP values between donors and non-donors, adjusted for the 
pre-donation mean SBP and DBP values.

The weighted annualized change in eGFR will be ana-
lyzed with different start times as defined above. eGFR 
measurements and their interaction with time will be 
included in the models as fixed effects, or using linear 
splines to allow the eGFR slope to change over time. In 

addition, we will examine the weighted between-group dif-
ferences in the absolute change and the percentage change 
in eGFR, comparing the 1-year eGFR with the baseline 
(pre-donation) eGFR, the final follow-up eGFR with the 
baseline (pre-donation) eGFR, and the final follow-up 
eGFR with the 1-year eGFR.

The weighted geometric mean ratio of the albumin-to-
creatinine ratio (mg/mmol) in donors versus non-donors will 
be estimated using linear regression, where the outcome is 
the log-transformed value of the final albumin-to-creatinine 
ratio adjusted for the group indicator variable, and the log-
transformed value of the baseline albumin-to-creatinine 
ratio.68

The weighted between-group difference in the health-
related quality of life variables in donors versus non-donors 
will be examined at 3 months, 1 year, and 5 years after 
nephrectomy (or the simulated nephrectomy date for non-
donors) using separate linear regression models, where the 
outcome is the follow-up value adjusted for the group indica-
tor variable and the pre-donation value.68

Subgroup analyses.  We will conduct exploratory subgroup 
analyses of medical outcomes by family history of kidney 
failure because donors are often related to their recipient and 
are therefore more likely than non-donors to have a family 
history of these outcomes.3,24,69-71 We will similarly conduct 
exploratory subgroup analyses by sex and by baseline (pre-
donation) age, SBP, DBP, and eGFR.

Interpretation of results.  We have decided not to perform any 
significance testing (P value reporting) in this study. Rather, 
point estimates of differences between donors and non-
donors will be accompanied by 95% CIs with no adjustment 
for multiple comparisons. We will interpret results cautiously 
and consider the range of estimated effect sizes and their 
clinical importance, with the recognition we are assessing 
harm rather than efficacy. In this interpretation, we will con-
sider the perspectives of potential donors, prior donors, 
transplant recipients, and physicians. We will describe the 
width of CIs in plain language (a simplified and hypothetical 
example would be: our data are compatible with a decrease 
in risk of 3% and an increase in risk as high as 48%).72 We 
will report the consistency of our results in sensitivity analy-
ses and how our findings align with prior evidence.

Assessment of study quality.  Assuming less than 10% of par-
ticipants will be lost to follow-up, the design and anticipated 
reporting of this study is expected to achieve a rating of 9/9 
on the Newcastle Ottawa Scale (eTable 5; as used in a recent 
systematic review, where 9 is the highest quality),5 and a low 
risk of bias according to the Research Triangle Institute Bank 
(a quality assessment scale used in the other recent system-
atic review).25 As shown in eTable 6, the donors in this study 
have similar pre-donation characteristics as all donors who 
underwent nephrectomy at participating centers in Ontario 
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during the recruiting period, suggesting study participants 
are representative of donors in routine care.

Discussion

Living kidney donation is practiced with the understanding 
that the minimal risk of short-term and long-term medical 
harm realized by the donor is outweighed by the clear advan-
tage to the recipient. While donors have a similar life expec-
tancy as healthy non-donors, the long-term effects of 
donation on blood pressure and kidney function remain 
uncertain. We are conducting a prospective cohort study to 
determine if healthy normotensive adults who donate a kid-
ney have a higher risk of hypertension compared with similar 
healthy non-donors. We will also compare donors and non-
donors on standard measures of kidney health and psycho-
logical well-being.

Kidney function and blood pressure are inextricably 
linked, and it is biologically plausible that the loss of kidney 
function that occurs after nephrectomy could lead to an 
increase in blood pressure over time, beyond what occurs 
naturally with aging. Acknowledging the methodological 
limitations of prior studies, in a previous meta-analysis, we 
found that 5 to 10 years after nephrectomy, donors’ mean 
arterial pressure was 5 mm Hg higher than non-donor con-
trols.11 An increased risk of hypertension in donors relative 
to non-donors has been reported in several studies.11,13-17,33 
The true risk for hypertension remains unclear, however, 
because studies have not defined hypertension uniformly, 
non-donors have not undergone the same health screening as 
donors, and follow-up in donors and non-donors has been 
dissimilar and incomplete. A better understanding of this risk 
is central to donor selection and consent. In addition, it could 
guide policies that reimburse donors for their expenses 
including the costs of anti-hypertensive medications.

After nephrectomy, donors experience an abrupt drop in 
kidney function—on average, eGFR will fall from ~95 to 65 
mL/min per 1.73 m2, and in 10% to 40% of donors, eGFR 
will fall below 60 mL/min per 1.73 m2.10,42 While an eGFR 
<60 is associated with a higher risk of cardiovascular dis-
ease and mortality in the presence of diabetes, vascular dis-
eases, and other pathologies, these conditions are rarely 
present in donors, whose low eGFR is due to the nephrec-
tomy. Two retrospective studies, however, have reported a 
higher risk of kidney failure in donors 15 to 25 years after 
donation, although the absolute risks at this follow-up time 
were <0.5%.7-9 It is likely that some of this increased risk is 
explained by genetic and environmental risk factors shared 
between related donors and recipients.23,24,69-71,73 As well, 
because donors have less renal reserve, a progressive loss of 
kidney function (related or unrelated to donation) may has-
ten the development of kidney failure in donors relative to 
non-donors.74 Examining the rates of eGFR decline in donors 
is clearly important. Small differences in the early trajectory 
of eGFR decline may translate to large, long-term 

differences and a shorter time to developing kidney failure. 
To account for the large drop in eGFR that occurs after 
nephrectomy, we will conduct separate analyses, setting the 
starting eGFR value to be the one obtained (1) 1 year after 
the nephrectomy date (or 1 year after the simulated nephrec-
tomy date for non-donors), (2) 3 years after the nephrectomy 
date, and (3) at baseline (pre-donation).

Most donors experience improved psychosocial well-
being after donating a kidney, often to a family member or 
friend, and most confirm they would make a similar decision 
if given the choice again.27,31,75 While reassuring, some pro-
spective evaluations and qualitative studies have reported 
that some donors experience elevated depression and anxi-
ety, particularly if their recipient has a poor outcome.75 Some 
donors may also develop concerns about their own health, 
and may worry that their remaining kidney might fail.76 Our 
prospective study will help clarify the psychological effects 
of living kidney donation.

We have designed this study to address limitations and 
challenges common to previous studies of living kidney 
donors, including retrospective data collection, small sample 
sizes, biased comparisons with non-donors who do not have 
the same baseline risk as donors, surveillance bias, and high 
loss to follow-up.77,78 As described, our study is expected to 
generate estimates with a low risk of bias. Specifically, we are 
conducting a multicentre prospective cohort study, which is 
the strongest study design for the research questions posed 
given randomization is not possible. While our focus is on 
reporting CIs for estimates of effect, this study does have ade-
quate power to detect a clinically relevant 60% higher risk of 
hypertension after donation. Non-donors must pass eligibility 
criteria to have a similar baseline risk for the study outcomes 
as donors. To minimize surveillance bias, both donors and 
non-donors will have the same annual schedule of blood pres-
sure assessment during follow-up, and key medical outcomes 
will be assessed by central adjudicators who are blinded to 
donation status. Finally, we are employing numerous retention 
efforts to maximize sample retention, including regular con-
tact with participants through newsletters, cards, and reminder 
post cards; follow-up calls for missing survey responses and 
discrepant data; and home visits and assistance with transpor-
tation if needed. This is being done so that we minimize the 
number of participants lost to long-term follow-up.

Our study has some limitations. Given the limited number 
of events, the CIs for the estimated risk of death, kidney fail-
ure, and major cardiovascular events,13 and for the assess-
ment of effect modification by family history of kidney 
failure, will be imprecise and wide. Similarly, if the CI for 
our estimate of hypertension contains a value of 1.0, smaller 
but clinically meaningful higher risks of hypertension will 
likely be within the upper bound of the 95% CI (eg, an 
increase in risk of 25% as seen in some other recent stud-
ies).14,33 As well, the relative risk of hypertension and other 
outcomes may not be linear over time and may only be 
apparent with follow-up times longer than the 8-year median 
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expected in this study. For future studies, we have integrated 
a number of strategies to facilitate extended follow-up of our 
cohort beyond 2021, including consent to link participant 
data to administrative health care databases.

Conclusion

Living kidney donation is practiced with the expectation that 
risks of minimal donor harm are outweighed by psychologi-
cal benefits of altruism to the donor and improved recipient 
health. We designed this study in the early 2000s to meet 
modern epidemiologic standards for proper health risk 
assessment. Our multicentre prospective cohort study of liv-
ing kidney donors will inform the practice and safety of liv-
ing kidney donation, including transplant center medical 
policies on donor selection, patient counseling, informed 
consent, and long-term patient follow-up and care.
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