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Abstract

BACKGROUND—Young women wishing to become living kidney donors frequently ask 

whether nephrectomy will affect their future pregnancies.

METHODS—We conducted a retrospective cohort study of living kidney donors involving 85 

women (131 pregnancies after cohort entry) who were matched in a 1:6 ratio with 510 healthy 

nondonors from the general population (788 pregnancies after cohort entry). Kidney donations 

occurred between 1992 and 2009 in Ontario, Canada, with follow-up through linked health care 

databases until March 2013. Donors and nondonors were matched with respect to age, year of 

cohort entry, residency (urban or rural), income, number of pregnancies before cohort entry, and 

the time to the first pregnancy after cohort entry. The primary outcome was a hospital diagnosis of 

gestational hypertension or preeclampsia. Secondary outcomes were each component of the 

primary outcome examined separately and other maternal and fetal outcomes.
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RESULTS—Gestational hypertension or preeclampsia was more common among living kidney 

donors than among nondonors (occurring in 15 of 131 pregnancies [11%] vs. 38 of 788 

pregnancies [5%]; odds ratio for donors, 2.4; 95% confidence interval, 1.2 to 5.0; P = 0.01). Each 

component of the primary outcome was also more common among donors (odds ratio, 2.5 for 

gestational hypertension and 2.4 for preeclampsia). There were no significant differences between 

donors and nondonors with respect to rates of preterm birth (8% and 7%, respectively) or low birth 

weight (6% and 4%, respectively). There were no reports of maternal death, stillbirth, or neonatal 

death among the donors. Most women had uncomplicated pregnancies after donation.

CONCLUSIONS—Gestational hypertension or preeclampsia was more likely to be diagnosed in 

kidney donors than in matched nondonors with similar indicators of baseline health. (Funded by 

the Canadian Institutes of Health Research and others.)

Each year, more than 27,000 persons worldwide become living kidney donors; the majority 

are women.1 Young female donors frequently ask whether kidney donation will affect future 

pregnancies.2 In late pregnancy, animals that have undergone uninephrectomy have higher 

levels of blood pressure and urinary protein excretion than control animals with two 

kidneys.3,4 In humans, the glomerular filtration rate is reduced by about 35% early after 

donor nephrectomy,5 and women with a similar loss of kidney function from various 

diseases are at increased risk for preeclampsia.6 Studies of the risk of nongestational 

hypertension among kidney donors, as compared with nondonors, have had conflicting 

results, with some studies showing an increased risk7,8 and others showing no increase in 

risk.9,10

A prominent 2004 international conference concluded that kidney donation poses no risk 

with respect to future pregnancies.11 However, two subsequent studies, one from Norway 

and the other from the United States, showed an increased risk of gestational hypertension 

and preeclampsia in pregnancies after kidney donation, as compared with pregnancies 

before donation.12,13 Those findings have been debated,14-17 and many transplantation 

programs have not incorporated this information into their informed-consent processes. We 

conducted this study to determine whether donors have a higher risk of gestational 

hypertension or preeclampsia than do nondonors with similar indicators of baseline health. 

We also compared other maternal and fetal outcomes.

METHODS

STUDY DESIGN

We conducted a retrospective, matched-cohort study using linked health care databases in 

Ontario, Canada, where citizens have universal access to hospital care and physician 

services. The conduct and reporting of the study followed guidelines for observational 

studies (see Table S1 in the Supplementary Appendix, available with the full text of this 

article at NEJM.org).18 The study was designed by the authors and approved by a regional 

ethics committee. To comply with privacy regulations for minimizing the chance of 

identification of a study participant, numbers of participants are suppressed in the case of 5 

or fewer participants, (reported as ≤5). The data were analyzed by personnel at the Institute 

for Clinical Evaluative Sciences.
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DATA SOURCES

We obtained information from four linked databases. The Trillium Gift of Life Network 

captures information on all living kidney donors in Ontario. To ensure the accuracy and 

completeness of the data, we manually reviewed the perioperative medical charts of all 

persons who underwent donor nephrectomy at five major transplantation centers in Ontario 

from 1992 through 2010. We retrieved data regarding demographic characteristics and vital 

status from Ontario’s Registered Persons Database. We retrieved data regarding pregnancies 

and maternal and fetal outcomes from the Discharge Abstract Database of the Canadian 

Institute for Health Information and the Ontario Health Insurance Plan database. These 

databases have been used extensively for epidemiologic and health services research, 

including studies of living kidney donors and maternal and fetal outcomes.19-25 Data were 

complete for all variables in this study except the surgical technique used for nephrectomy 

(open or laparoscopic), which was missing for 14% of donors and was reported only for 

patients with complete data.

POPULATION

Donors

We included as donors all women who donated a kidney between July 1, 1992, and April 30, 

2010, in Ontario and who had at least one pregnancy with a gestation of at least 20 weeks 

during follow-up. (The primary outcome was assessed after 20 weeks of gestation.) Each 

woman’s nephrectomy date served as her cohort-entry date. To assess new events during 

follow-up, we excluded women in whom gestational hypertension or preeclampsia had been 

diagnosed before donation (in ≤5 women). We identified a matched set of nondonors for 85 

of 88 study-eligible donors, as described below.

Nondonors—Before nephrectomy, living donors undergo rigorous health screening. We 

selected a similarly healthy segment of the general population, using restriction and 

matching.26 We randomly assigned a cohort-entry date (simulated nephrectomy date) to all 

women who were citizens in Ontario, according to the distribution of cohort-entry dates 

among donors (July 1, 1992, to April 30, 2010). We included women with an age that was 

within the minimum and maximum ages of donors on their cohort entry date and who had 

evidence of at least one pregnancy carried to 20 weeks of gestation in follow-up (731,823 

women).

We identified baseline illnesses and measures of health care access from July 1, 1991 (the 

beginning of available database records), to the cohort-entry date. This provided a median of 

11 years of baseline assessment; 99% of the women had at least 2 years of available data. 

We restricted the sample of eligible nondonors to women without a known medical 

condition before cohort entry that could preclude donation, including a diagnosis of 

gestational hypertension or preeclampsia. (All restrictions are listed in Table S2 in the 

Supplementary Appendix.) To ensure that nondonors had the same opportunity as donors to 

obtain health care services from physicians, we restricted the sample of eligible nondonors 

to women who had visited a physician at least once during the previous 2 years. (Results 

were not materially different when we removed this restriction in a sensitivity analysis.) 

These restrictions left 380,995 women (52% of the original sample) as eligible nondonors.
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We then matched six eligible nondonors to each donor on the basis of baseline 

characteristics that might be associated with the risk of gestational hypertension or 

preeclampsia,27,28 including the age at the time of cohort entry, since extremes in age 

increase risk; the cohort-entry date (±2 years), to account for era effects; urban or rural 

residence (population, ≥10,000 or <10,000), since rural residence may increase risk; income 

(categorized into fifths of average neighborhood income), since lower income increases risk; 

the number of pregnancies carried to at least 20 weeks of gestation before cohort entry (0, 1, 

or ≥2), since previous uneventful pregnancies reduce risk; and the time to the first birth after 

cohort entry (live or stillbirth, matched within 2 years), since an older age during pregnancy 

or a greater interval from a previous pregnancy increases risk. Each nondonor could be 

selected only once.

STUDY OUTCOMES

Women were followed until death, emigration from the province, or the end of the 

observation period (March 31, 2013). The primary outcome was a hospital-based diagnostic 

code for either gestational hypertension or preeclampsia (from 20 weeks of gestation to 12 

weeks after birth), as recorded in a health care or physician-claims database by a medical 

coder. Diagnostic codes are detailed in Table S3 in the Supplementary Appendix, along with 

information on their validation and any caveats for their use and interpretation.29-33 In a 

typical process, trained personnel assign standardized codes on the basis of physician-

recorded diagnoses in a patient’s medical chart but do not interpret blood pressure or 

laboratory values. The number of eclampsia events was anticipated to be small (incidence, 

<0.1% of pregnancies in the general population14), and to comply with privacy regulations, 

such events were categorized as preeclampsia. Secondary maternal and fetal outcomes are 

detailed in Table S4 in the Supplementary Appendix. In multiple-birth pregnancies (only 

twins in our study), maternal outcomes were counted only once per pregnancy, as were fetal 

outcomes (e.g., any birth weight <2500 g).

STATISTICAL ANALYSIS

The primary unit of analysis was each unique pregnancy during follow-up. We used 

generalized linear models with generalized estimating equations for the correlation structure 

to compare the characteristics of donors and nondonors at the time of cohort entry. 

Pregnancy characteristics and outcomes were analyzed with the use of generalized linear 

mixed models with a random intercept and random-effects logistic-regression models, which 

account for the correlation structure within matched sets and in women with more than one 

follow-up pregnancy. We repeated the analysis of the primary outcome in three pre-

specified subgroups, which were defined on the basis of the presence or absence of at least 

one pregnancy before cohort entry, since the risk may be higher in a first pregnancy; the 

time from cohort entry to pregnancy (≤2 or >2 years), since the risk may be higher in the 

first 2 years after nephrectomy); and the median age during pregnancy (≤32 years or >32 

years), since the risk may be higher among older women. To determine whether subgroup-

specific odds ratios differed, we included an interaction term in each model; these analyses 

were considered exploratory, since the anticipated number of events was small. All analyses 

were performed with the use of SAS software, version 9.3 (SAS Institute). Continuous data 

were summarized as medians and interquartile ranges.
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RESULTS

OBSERVATION TIME

We followed 595 women (85 kidney donors and 510 nondonors) for a median of 10.9 years 

(11.0 years for donors and 10.9 years for nondonors), with a maximum follow-up of 20.0 

years. The observation periods for 20 women (3.4%) were censored at the time of provincial 

emigration or death. The last donation occurred in December 2009, and the last childbirth in 

December 2012. There were 4361 total person-years of follow-up (646 for donors and 3715 

for nondonors). Less than 2% of pregnancies were twins.

CHARACTERISTICS OF THE STUDY PARTICIPANTS

In the two study groups, the median age was 29 years (interquartile range, 26 to 32), and 

29% of the women had at least one pregnancy before cohort entry (Table 1). As expected, 

donors had more physician visits in the year before cohort entry than nondonors because 

such visits are a necessary part of donor evaluation. Most donors (65%) were first-degree 

relatives (sibling, parent, or child) of the recipient, followed by distant relatives or 

genetically unrelated donors (20%) and spouses (15%). Nephrectomies were performed by 

means of either a laparoscopic procedure (41%) or an open procedure (59%). Before 

donation, the median serum creatinine level was 0.76 mg per deciliter (67 μmol per liter; 

interquartile range, 0.69 to 0.83 mg per deciliter [61 to 73 μmol per liter]), and the median 

estimated glomerular filtration rate was 114 ml per minute per 1.73 m2 of body-surface area 

(interquartile range, 104 to 122).

PREGNANCIES

The deliveries for all 919 follow-up pregnancies (131 donor pregnancies and 788 nondonor 

pregnancies) were performed in hospitals (at 100 sites in Ontario). Donors and nondonors 

had the same median number of health care visits during pregnancy, with 10 prenatal visits 

and 3 ultrasono-graphic examinations (Table 2). The number of previous pregnancies and 

the interval between pregnancies were similar in the two groups.

STUDY OUTCOMES

Gestational hypertension or preeclampsia (the primary outcome) was diagnosed in 53 

women (15 donors and 38 nondonors) at 28 hospitals (Table 3). The risk of this outcome 

was higher among donors than among nondonors (11% vs. 5%; odds ratio for donors, 2.4; 

95% confidence interval [CI], 1.2 to 5.0; P = 0.01). Each component of the primary outcome 

was also more common among donors (odds ratio, 2.5 for gestational hypertension and 2.4 

for preeclampsia). The two groups did not differ significantly with respect to other 

secondary maternal or fetal outcomes. There were no maternal deaths, stillbirths, or neonatal 

deaths in either group.

SUBGROUP AND ADDITIONAL ANALYSES

In subgroup analyses, the odds ratio for the primary outcome in donors as compared with 

nondonors was significantly higher among women who were older than 32 years of age than 

among those who were 32 years of age or younger (P = 0.004 for interaction) (Fig. 1). In 
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additional analyses, among both donors and nondonors, gestational hypertension or 

preeclampsia was associated with an increased likelihood of cesarean section or low birth 

weight (Table S5 in the Supplementary Appendix). In an analysis that eliminated most of the 

health restrictions in the non-donor group before cohort entry but continued to match 

eligible nondonors with donors on the basis of baseline characteristics, the increased risk of 

the primary outcome among donors persisted (11% vs. 4%; odds ratio, 3.2; 95% CI, 1.5 to 

6.8; P = 0.002). (See Table S6 in the Supplementary Appendix for nondonor restrictions, 

characteristics, and outcomes.)

DISCUSSION

In this Canadian cohort, gestational hypertension or preeclampsia was more likely to be 

diagnosed in living kidney donors than in matched nondonors with similar indicators of 

baseline health (incidence, 11% vs. 5%). Other important maternal and fetal outcomes did 

not differ significantly between the two groups, and there were no maternal or perinatal 

deaths. Most women had uncomplicated pregnancies after kidney donation.

Two previous studies have examined pregnancy outcomes after living kidney donation: a 

national study conducted in Norway12 and a single-center study conducted in Minnesota.13

The incidences of gestational hypertension, preeclampsia, and other maternal and fetal 

outcomes after donation in these studies were similar to the estimates in our study (Table 4). 

In the two previous studies, the analyses compared outcomes in a group of women who were 

pregnant before donation with outcomes in a group of women who were pregnant after 

donation. The Minnesota study surveyed donors by asking them to recall outcomes many 

years after pregnancy, and more than 24% of women were lost to follow-up.13 The 

Norwegian study provided an additional comparison between donor pregnancies and 

nondonor pregnancies among women in the same birth registry. However, on average, the 

maternal age was 5 years older among donors than among nondonors, and that comparison 

did not account for between-group differences in prognostic factors.12

The strengths of our study include a manual review of all perioperative donor charts, careful 

selection of similar donors and nondonors, and minimal loss to follow-up (<4%). Our study 

population had access to a system of universal health care benefits, in which all health care 

encounters were recorded, and the pregnancies of donors and nondonors had similarly high 

levels of health surveillance (with medians of 10 prenatal visits and 3 ultrasonographic 

examinations).

Our study has certain limitations. First, data with respect to blood pressure, renal function, 

body-mass index, and medication use during pregnancy were not available in our data 

sources. Second, accurate racial information was not available,34 although 71% of Ontario 

citizens are white, as are approximately 70% of donors. Hyper-tension after kidney donation 

is more common among black donors than among white donors,8,10,35 and whether the same 

is true of hypertension during pregnancy requires future study (<3% of Ontario citizens are 

black). Third, confidence intervals for risk estimates were wide. Fourth, physicians use 

clinical judgment when applying accepted diagnostic criteria for gestational hypertension 
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and preeclampsia, and not all diagnoses have the same medical significance. It remains 

possible that gestational hypertension and preeclampsia were more likely to be diagnosed 

and recorded among donors than among nondonors despite similar clinical presentations in 

the two groups. Urine protein may rise after nephrectomy,36 which could also increase the 

chance of a diagnosis of preeclampsia among donors.

In addition, some donors may have had a genetic predisposition to kidney disease, which 

could have increased the risk of our primary study outcome among those in whom this 

condition developed. Sixty-five percent of the donors had a first-degree relative with kidney 

failure, and we assume that few nondonors had a similar family history, although such 

information was not available for nondonors. There were too few events to reliably assess 

the effect of family history on outcomes. Nevertheless, three details warrant consideration. 

First, the donors had to have excellent health to qualify for nephrectomy, and women who 

had signs of kidney disease during donor evaluation were excluded from donation. Second, 

the average time between donation and a subsequent pregnancy was only 4 years, which was 

a short interval for new kidney disease to develop. Third, given our study inclusion criteria, 

the 29% of donors who had been pregnant before donation had pregnancies that were 

uncomplicated by gestational hypertension or preeclampsia despite any genetic 

predisposition. Thus, it seems unlikely that a genetic predisposition to kidney disease in 

isolation would explain the study findings. However, a genetic predisposition in 

combination with a reduced glomerular filtration rate from donor nephrectomy could 

amplify the risk of gestational hypertension or preeclampsia.

Living kidney donation is an important treatment option for kidney failure that clearly 

benefits many families and society. The ethical practice of living kidney donation requires 

that professionals in the transplantation field provide donors with up-to-date, accurate 

information about risks (including pregnancy risks2) and acknowledge the limitations of 

what is known.

In theory, randomized trials could generate estimates of donor risk that are less prone to 

bias; however, randomized trials of donation are not ethically feasible. An alternative 

approach would be to perform a large, multicenter, prospective cohort study in which 

carefully selected donors and nondonors are enrolled over a period of several years and then 

followed for a decade, with adjudicated pregnancy outcomes, but this approach would also 

face many logistical challenges. An increased risk of gestational hyper-tension and 

preeclampsia among kidney donors is biologically plausible3,4,6,7 and has been identified in 

two previous studies in Norway12 and the United States13 and now in Canada. Although 

there is some uncertainty regarding the true magnitude of risk, having reviewed all the 

evidence and associated limitations, we believe it is conscionable to act. Information on this 

potential risk should be included in clinical practice guidelines, shared in the informed-

consent processes for potential donors and their recipients when a woman has reproductive 

potential, and used to guide the care of pregnant donors.

Our study and others show that probabilities of the most serious maternal and fetal outcomes 

remain low and are not significantly increased after donation.12,13 It is unknown whether the 

same holds true in countries in which women lack access to a similar quality of health care. 
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For this reason, there may be a role for government programs to cover the costs of 

recommended pregnancy care for donors who lack health insurance, including any costs 

related to the treatment of hypertension.37,38

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Subgroup Analyses of the Association between Kidney Donation and the Risk of 
Gestational Hypertension or Preeclampsia
The size of the squares that represent the odds ratios is proportional to the precision of the 

estimate, so that the size is larger when the 95% confidence interval is narrower. The 

horizontal lines indicate 95% confidence intervals. To comply with privacy regulations for 

minimizing the chance of identification of a study participant, the exact numbers of events in 

donors are not reported.
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Table 1

Characteristics of Living Kidney Donors and Matched Nondonors at the Time of Cohort Entry.
*

Characteristic Donors (N = 85) Nondonors (N = 510) P Value
†

Median age (IQR) — yr 29 (26-32) 29 (26-32) 1.00

Period of cohort entry — no. (%) 0.87

    1992-1995 16 (19) 92 (18)

    1996-1999 19 (22) 104 (20)

    2000-2004 22 (26) 148 (29)

    2005-2009 28 (33) 166 (33)

Rural residence — no. (%)
‡ ≤5 (≤6) 30 (6) 1.00

Income quintile — no. (%)
§ 1.00

    First 12 (14) 72 (14)

    Second 15 (18) 90 (18)

    Third 13 (15) 78 (15)

    Fourth 24 (28) 144 (28)

    Fifth 16 (19) 96 (19)

One or more pregnancies before cohort entry — no. (%)
¶ 25 (29) 150 (29) 1.00

Median time since previous pregnancy (IQR) — yr
∥ 3 (1-5) 2 (1-5) 0.63

Median no. of physician visits in previous year (IQR)
** 4 (2-8) 3 (1-6) 0.002

*
For living kidney donors, the date of cohort entry was the date of nephrectomy; for nondonors, it was randomly assigned (simulated nephrectomy 

date) to establish the date that follow-up began. Percentages may not total 100 because of rounding. IQR denotes interquartile range.

†
P values were derived from generalized linear models with generalized estimating equations for the correlation structure. A normal distribution 

was specified when the variable was continuous, a Poisson distribution when the variable was a count, a multinomial distribution when the variable 
was categorical, and a binomial distribution when the variable was binary.

‡
To comply with privacy regulations for minimizing the chance of identification of a study participant, numbers of participants are suppressed in 

the case of 5 or fewer participants (reported as ≤5).

§
Income was categorized according to fifths of average neighborhood income, with the first quintile calculated as the lowest income and the fifth 

quintile as the highest income. This was done only for urban residents (96% of the cohort), since it was problematic to delineate neighborhood 
boundaries in rural areas.

¶
Ontario health care database records were available from July 1991. In this study, baseline records were available starting at the age of 25 years 

for 89% of women and starting at the age of 20 years for 61% of women.

∥
This analysis was restricted to women with at least one previous pregnancy.

**
As expected, donors had more visits to primary care physicians in the year before the cohort-entry date than nondonors because such visits are a 

necessary part of the donor evaluation process.

N Engl J Med. Author manuscript; available in PMC 2015 July 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garg et al. Page 13

Table 2

Characteristics of Pregnancies after Cohort Entry in Living Kidney Donors and Matched Nondonors.
*

Characteristic Pregnancies in Donors (N = 131) Pregnancies in Nondonors (N = 788) P Value

Median age (IQR) — yr 32 (29-35) 33 (30-36) 0.94

Year of pregnancy — no. of women (%) 0.12

    1994-1998 10 (8) 61 (8)

    1999-2003 24 (18) 151 (19)

    2004-2008 61 (47) 338 (43)

    2009-2012 36 (27) 238 (30)

Previous pregnancies — no. of women (%)
† 0.40

    0 60 (46) 360 (46)

    1 51 (39) 333 (42)

    ≥2 20 (15) 95 (12)

Sequence of pregnancies after cohort entry — no. of women (%)

    First 85 (65) 510 (65) 0.77

    Second 36 (27) 230 (29)

    ≥Third 10 (8) 48 (6)

Median time since previous pregnancy (IQR) — yr
‡ 3 (2-4) 3 (2-5) 0.56

Median time since cohort entry (IQR) — yr
§ 4 (2-7) 4 (2-7) 0.79

Median no. of prenatal physician visits (IQR) 10 (7-12) 10 (8-12) 0.06

Median no. of ultrasonographic examinations (IQR) 3 (2-4) 3 (2-4) 0.17

*
Percentages may not total 100 because of rounding.

†
Included in this category are pregnancies both before and after the date of cohort entry.

‡
This analysis was restricted to women with at least one previous pregnancy, either before or after the date of cohort entry.

§
For living kidney donors, the date of cohort entry was the date of nephrectomy, and for nondonors, it was randomly assigned (simulated 

nephrectomy date) to establish the date that follow-up began.
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Table 3

Maternal and Fetal Outcomes of Pregnancies after Cohort Entry in Living Kidney Donors and Matched 

Nondonors.

Outcome Pregnancies in Donors 
(N =131)

Pregnancies in 
Nondonors (N=788)

Odds Ratio (95% CI) P Value
*

no. of events (%)

Primary outcome: gestational hypertension or 
preeclampsia

15 (11) 38 (5) 2.4 (1.2-5.0) 0.01

Secondary outcomes

    Gestational hypertension
† 7 (5) 17 (2) 2.5 (0.9-6.5) 0.06

    Preeclampsia 8 (6) 21 (3) 2.4 (1.0-5.6) 0.05

    Cesarean section 41 (31) 224 (28) 1.2 (0.7-2.1) 0.44

    Postpartum hemorrhage
≤5 (≤4)

‡ 24 (3) 0.9 (0.3-2.9) 0.91

    Preterm birth with gestation of <37 wk 10 (8) 52 (7) 1.2 (0.5-2.5) 0.70

    Low birth weight of <2500 g 8 (6) 31 (4) 1.7 (0.7-4.0) 0.21

*
P values were derived from random-effects logistic-regression models for binary outcome data, accounting for the correlation structure within 

matched sets and in women with multiple pregnancies.

†
When diagnostic codes for both gestational hypertension and preeclampsia were present in a given pregnancy, the outcome was counted as a 

diagnosis of preeclampsia.

‡
To comply with privacy regulations for minimizing the chance of identification of a study participant, numbers of participants are suppressed in 

the case of 5 or fewer participants (reported as ≤5).

N Engl J Med. Author manuscript; available in PMC 2015 July 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garg et al. Page 15

T
ab

le
 4

St
ud

y 
C

ha
ra

ct
er

is
tic

s,
 D

on
or

 C
ha

ra
ct

er
is

tic
s,

 a
nd

 M
at

er
na

l a
nd

 F
et

al
 O

ut
co

m
es

 in
 R

et
ro

sp
ec

tiv
e 

St
ud

ie
s 

fr
om

 N
or

w
ay

 a
nd

 M
in

ne
so

ta
, a

s 
C

om
pa

re
d 

w
ith

 

th
e 

O
nt

ar
io

 S
tu

dy
.*

C
ha

ra
ct

er
is

ti
c 

or
 O

ut
co

m
e

N
or

w
ay

 S
tu

dy
M

in
ne

so
ta

 S
tu

dy
O

nt
ar

io
 S

tu
dy

St
ud

y 
ch

ar
ac

te
ri

st
ic

s

N
o.

 o
f 

tr
an

sp
la

nt
at

io
n 

ce
nt

er
s

1
1

5

H
ea

lth
 c

ar
e 

sy
st

em
Pu

bl
ic

 u
ni

ve
rs

al
 h

ea
lth

 c
ar

e
Pr

iv
at

e 
in

su
ra

nc
e

Pu
bl

ic
 u

ni
ve

rs
al

 h
ea

lth
 c

ar
e

D
at

a 
so

ur
ce

N
at

io
na

l b
ir

th
 r

eg
is

tr
y

St
ud

y 
da

ta
Pr

ov
in

ci
al

 h
ea

lth
 c

ar
e 

da
ta

O
ut

co
m

es
 r

ec
or

de
d 

at
 ti

m
e 

of
 p

re
gn

an
cy

Y
es

; m
an

da
to

ry
 r

ep
or

tin
g 

to
 b

ir
th

 
re

gi
st

ry
N

o;
 s

el
f-

re
po

rt
ed

 p
at

ie
nt

 s
ur

ve
ys

 
co

m
pl

et
ed

 a
n 

av
er

ag
e 

of
 4

 y
r 

af
te

r 
po

st
do

na
tio

n 
pr

eg
na

nc
ie

s 
an

d 
12

 y
r 

af
te

r 
fi

rs
t p

re
gn

an
ci

es

Y
es

; m
an

da
to

ry
 h

os
pi

ta
l r

ep
or

tin
g 

du
ri

ng
 p

re
gn

an
cy

 a
nd

 f
ee

-f
or

-s
er

vi
ce

 
ph

ys
ic

ia
n 

cl
ai

m
s

E
lig

ib
le

 p
re

gn
an

ci
es

G
es

ta
tio

n 
of

>
16

 w
k

A
ll 

pr
eg

na
nc

ie
s

G
es

ta
tio

n 
of

 >
20

 w
k

L
os

s 
to

 f
ol

lo
w

-u
p 

af
te

r 
do

na
tio

n
<

4%
†

24
-3

9%
<

4%

Pr
im

ar
y 

gr
ou

ps
 b

ei
ng

 c
om

pa
re

d
Pr

eg
na

nc
ie

s 
be

fo
re

 a
nd

 a
ft

er
 d

on
at

io
n

Pr
eg

na
nc

ie
s 

be
fo

re
 a

nd
 a

ft
er

 
do

na
tio

n
Fo

llo
w

-u
p 

pr
eg

na
nc

ie
s 

in
 m

at
ch

ed
 

do
no

rs
 a

nd
 n

on
do

no
rs

T
yp

e 
of

 n
on

do
no

r 
co

m
pa

ri
so

n
Sa

m
pl

e 
fr

om
 s

am
e 

da
ta

 s
ou

rc
e,

 b
ut

 n
ot

 
se

le
ct

ed
 f

or
do

no
r 

si
m

ila
ri

ty
 a

nd
 n

o 
st

at
is

tic
al

 a
dj

us
tm

en
t f

or
 b

et
w

ee
n-

gr
ou

p 
di

ff
er

en
ce

s 
at

 b
as

el
in

e

G
en

er
al

 p
op

ul
at

io
n 

es
tim

at
es

 f
ro

m
 

pu
bl

is
he

d 
lit

er
at

ur
e;

 o
th

er
 th

an
 r

ac
e,

 
no

t s
el

ec
te

d 
fo

rd
on

or
 s

im
ila

ri
ty

Sa
m

pl
e 

fr
om

 th
e 

sa
m

e 
da

ta
 s

ou
rc

e,
 

se
le

ct
ed

 f
or

 d
on

or
 s

im
ila

ri
ty

 o
n 

th
e 

ba
si

s 
of

 d
em

og
ra

ph
ic

 a
nd

 o
th

er
 

pr
og

no
st

ic
 f

ac
to

rs

R
ep

or
tin

g 
of

 b
lo

od
-p

re
ss

ur
e 

or
 k

id
ne

y 
fu

nc
tio

n 
va

lu
es

 d
ur

in
g 

pr
eg

na
nc

y
N

o
N

o
N

o

D
on

or
 c

ha
ra

ct
er

is
ti

cs

N
o.

 o
f 

w
om

en
69

23
9

85

Pe
ri

od
 o

f 
do

na
tio

n
19

67
-2

00
2

19
63

-2
00

7
19

92
-2

00
9

Fa
m

ily
 h

is
to

ry
 o

f 
ki

dn
ey

 f
ai

lu
re

 —
 %

N
R

96
65

M
ea

n 
gl

om
er

ul
ar

 f
ilt

ra
tio

n 
ra

te
 b

ef
or

e 
do

na
tio

n 
—

 m
l/m

in
/1

.7
3 

m
2‡

N
R

91
11

4

W
hi

te
 r

ac
e 

—
 %

98
97

70

N
o.

 o
f 

pr
eg

na
nc

ie
s 

af
te

r 
do

na
tio

n
10

6
49

0
13

1

M
ea

n 
ag

e 
at

 ti
m

e 
of

 d
on

at
io

n 
—

 y
r

27
26

29

M
ea

n 
ag

e 
at

 ti
m

e 
of

 p
re

gn
an

cy
 —

 y
r

32
29

32

O
ne

 o
r 

m
or

e 
pr

eg
na

nc
ie

s 
be

fo
re

 d
on

at
io

n 
—

 n
o.

 (
%

)
N

R
98

 (
41

)
25

 (
29

)

M
ea

n 
or

 m
ed

ia
n 

in
te

rv
al

 b
et

w
ee

n 
do

na
tio

n 
an

d 
su

bs
eq

ue
nt

 p
re

gn
an

cy
 —

 y
r

5
5

4

O
ut

co
m

es
 a

ft
er

 d
on

at
io

n

M
at

er
na

l —
 n

o.
/to

ta
l n

o.
 (

%
 o

f 
pr

eg
na

nc
ie

s)

N Engl J Med. Author manuscript; available in PMC 2015 July 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garg et al. Page 16

C
ha

ra
ct

er
is

ti
c 

or
 O

ut
co

m
e

N
or

w
ay

 S
tu

dy
M

in
ne

so
ta

 S
tu

dy
O

nt
ar

io
 S

tu
dy

    Gestational hypertension or preeclampsia






























§

9/
10

6 
(8

)
55

/4
90

 (
11

)
15

/1
31

 (
11

)

        Gestational hypertension




















3/
10

6 
(3

)
28

/4
90

 (
6)

7/
13

1 
(5

)

        Preeclampsia












6/

10
6 

(6
)

27
/4

90
 (

6)
8/

13
1 

(6
)

    Death





N
R

N
R

0

Fe
ta

l —
 n

o.
/to

ta
l n

o.
 (

%
 o

f 
pr

eg
na

nc
ie

s)

    Preterm birth with gestation of<37 wk





























10
/1

06
 (

9)
35

/4
90

 (
7)

10
/1

31
 (

8)

    Birth weight <2500 g















9/

10
6 

(8
)

N
R

8/
13

1 
(6

)

    Stillbirth








¶
3/

10
6 

(3
)

2/
49

0 
(<

1)
0

    Neonatal death <28 days after birth



























0

N
R

0

* D
at

a 
ar

e 
fr

om
 R

ei
sa

et
er

 e
t a

l.1
2  

(f
or

 th
e 

N
or

w
ay

 s
tu

dy
) 

an
d 

Ib
ra

hi
m

 e
t a

l.1
3  

(f
or

 th
e 

M
in

ne
so

ta
 s

tu
dy

).
 T

he
 O

nt
ar

io
 s

tu
dy

 is
 th

e 
D

on
or

 N
ep

hr
ec

to
m

y 
O

ut
co

m
es

 R
es

ea
rc

h 
(D

O
N

O
R

) 
N

et
w

or
k 

st
ud

y 
re

po
rt

ed
 h

er
e.

 D
et

ai
ls

 r
eg

ar
di

ng
 o

th
er

 a
sp

ec
ts

 o
f 

th
e 

st
ud

ie
s 

ar
e 

pr
ov

id
ed

 in
 T

ab
le

 S
7 

in
 th

e 
Su

pp
le

m
en

ta
ry

 A
pp

en
di

x.
 N

R
 d

en
ot

es
 n

ot
 r

ep
or

te
d.

† T
he

 lo
ss

 to
 f

ol
lo

w
-u

p 
w

as
 n

ot
 r

ep
or

te
d 

in
 th

e 
N

or
w

ay
 s

tu
dy

. H
ow

ev
er

, s
in

ce
 N

or
w

ay
 h

as
 a

 n
at

io
na

l b
ir

th
 r

eg
is

tr
y 

an
d 

na
tio

na
l h

ea
lth

 c
ar

e,
 th

e 
on

ly
 lo

ss
 to

 f
ol

lo
w

-u
p 

w
ou

ld
 p

ro
ba

bl
y 

be
 f

ro
m

 n
at

io
na

l 
em

ig
ra

tio
n.

‡ T
he

 g
lo

m
er

ul
ar

 f
ilt

ra
tio

n 
ra

te
 w

as
 e

st
im

at
ed

 w
ith

 th
e 

us
e 

of
 th

e 
M

od
if

ic
at

io
n 

of
 D

ie
t i

n 
R

en
al

 D
is

ea
se

 (
M

D
R

D
) 

eq
ua

tio
n 

in
 th

e 
M

in
ne

so
ta

 s
tu

dy
 a

nd
 th

e 
C

hr
on

ic
 K

id
ne

y 
D

is
ea

se
 E

pi
de

m
io

lo
gy

 
C

ol
la

bo
ra

tio
n 

fo
rm

ul
a 

in
 th

e 
O

nt
ar

io
 s

tu
dy

.

§ In
 th

e 
N

or
w

ay
 s

tu
dy

, g
es

ta
tio

na
l h

yp
er

te
ns

io
n 

w
as

 d
ef

in
ed

 a
s 

a 
bl

oo
d 

pr
es

su
re

 o
f 

14
0/

90
 m

m
 H

g 
or

 m
or

e 
or

 a
n 

in
cr

ea
se

 in
 d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e 

of
 a

t l
ea

st
 1

5 
m

m
 H

g 
or

 s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e 

of
 a

t 
le

as
t 3

0 
m

m
 H

g 
fr

om
 th

e 
w

om
an

's
 a

ve
ra

ge
 b

lo
od

 p
re

ss
ur

e 
be

fo
re

 2
0 

w
ee

ks
 o

f 
ge

st
at

io
n,

 w
ith

ou
t p

ro
te

in
ur

ia
 (

w
hi

ch
 w

as
 d

ef
in

ed
 a

s 
ur

in
ar

y 
ex

cr
et

io
n 

of
 ≥

0.
3 

g 
of

 p
ro

te
in

 p
er

 d
ay

, u
su

al
ly

 e
qu

iv
al

en
t t

o 
1+

 o
r 

m
or

e 
on

 a
 s

ta
nd

ar
d 

ur
in

e 
te

st
 s

tr
ip

);
 p

re
ec

la
m

ps
ia

 w
as

 d
ef

in
ed

 a
s 

ge
st

at
io

na
l h

yp
er

te
ns

io
n 

w
ith

 p
ro

te
in

ur
ia

. I
n 

th
e 

M
in

ne
so

ta
 s

tu
dy

, g
es

ta
tio

na
l h

yp
er

te
ns

io
n 

w
as

 d
ef

in
ed

 a
s 

th
e 

re
ce

ip
t o

f 
hy

pe
rt

en
si

on
 

tr
ea

tm
en

t d
ur

in
g 

pr
eg

na
nc

y,
 b

ut
 n

ot
 b

ef
or

e 
or

 a
ft

er
; p

re
ec

la
m

ps
ia

 w
as

 ty
pi

ca
lly

 d
ef

in
ed

 a
s 

hy
pe

rt
en

si
on

 a
ss

oc
ia

te
d 

w
ith

 n
ew

-o
ns

et
 p

ro
te

in
ur

ia
 o

r 
ed

em
a,

 a
cc

or
di

ng
 to

 th
e 

w
om

an
's

 r
ec

al
l o

f 
th

e 
di

ag
no

si
s 

by
 

th
e 

pr
im

ar
y 

ca
re

 p
ro

vi
de

r.

¶ In
 th

e 
N

or
w

ay
 s

tu
dy

, a
 f

et
us

 w
as

 r
ec

or
de

d 
as

 s
til

lb
or

n 
if

 it
 d

ie
d 

be
fo

re
 o

r 
du

ri
ng

 la
bo

r.
 I

n 
th

e 
M

in
ne

so
ta

 s
tu

dy
, s

til
lb

ir
th

 w
as

 r
ec

or
de

d 
fr

om
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