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Mortality and cardiovascular
disease



UND JAMA Network™

Perioperative Mortality and Long-term Survival Following Live Kidney Donation

Matched controls

More than 80,000 Live donors
living kidney _ _
donors The risk of death over a median 6.3 years of follow-up

- (maximum 12 years) was the same for kidney donors

and matched controls
Log-rank P<.001

No. at risk
Matched controls 80347 67 966 19259 5896 127
Live donors 80347 68230 29657 18960 10436

JAMA. 2010;303(10):959-966. doi:10.1001/jama.2010.237
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The risk of death or major
cardiovascular events

donors < healthy nondonors

Amit X Garg et al. BMJ 2012;344:bmj.e1203

Fig 1 Kaplan-Meier estimates of survival probability without death or major cardiovascular event
(top) and without major cardiovascular event (censored for death, bottom).
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Years of follow-u
No of people at risk P

Non-donors

20280 18149 14146 10825 8181 5744 3636 1948 664
Donors

2028 609 86



— Kidney donors
Controls

Cumulative mortality 0.10 -
risk in kidney donors

and controls

ulative all-cause mortality
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Moritality: donor > healih nondonors
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1901 kidney donors
32,621 healthy, matched controls in Norway




Cardiovascular Effects of
Unilateral Nephrectomy In
Living Kidney Donors.

% of Donors

There was a significant
Increase In left ventricular
mass In donors vs controls at
12 months.
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Volume. 67, Issue: 2, Pages: 368-377, DOI. (10.1161/HYPERTENSIONAHA.115.06608)



End-stage renal disease




Mid- and Long-Term Health Risks in Living Kidney Donors:
A Systematic Review and Meta-analysis.

kidney donation was associated with a relative risk for
ESRD of 8.83 compared with nondonors

Doshi et al, 2013 (16) 42/103 42/235 +++ 58.3 29.8
Rizvi et al, 2016 (21) 13/90 26/90 +++ 24.9 55.6
Total 297/1726 862/6949

ESRD
Muzaale et al, 2014 (30) 17/9364
Lam et al, 2012 (31) 1/2027 14/20 270

Mjaen et al, 2014 (24) 9/1901 22/32 621
Total 109/100 145  53/62 255

7/M131 17/788
Reisaeter et al, 2009 (33) 3/106 314/21 511
Total 10/237 331/22 299

Mid- and Long-Term Health Risks in Living Kidney Donors: A Systematic Review and Meta-analysis." Ann Intern Med 168(4): 276-284.



Ratio (%) of estimated to
predicted glomerular filtration
rate (GFR), according to age
and gender in relation to time
elapsed since kidney
donation.

eGFR
predicted GFR

=75-85%
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Eonsplonfoﬁon 72(3):444-449, August 15th, 2001.
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Hypertension




Meta-analysis: risk for hypertension in living
kidney donors

Figure 1. Meta-analysis of controlled studies of systolic blood pressure (SBP) and diastolic blood pressure (DBP) at least 5 years
after kidney donation.

Study, Year
(Reference) Donors, after Donation Control Participants Mean Difference in
SBP (95% CI),

mm Hg

SBP and DBP were 6 and 4 mmHg higher in
kidney donors

118 (13) 7 (-0.9 to 15.2)

Undurraga et al., 11 (1-21) 125 (18) NR

1998 (53)

Talselth et al., 11 (10-12) 140 (23) 10 32
1986 (54)

Williams et al., 13 (10-18) 136 (25) 16
1986 (57)

Pooled estimate 133 (6) 128 126 (8)

132 (29) 8 (-4.8 to 20.8)
129 (16) 7 (-3.7 to 18.5)
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Meta-analysis: risk for hypertension In
iving kidney donaors.

Figure 2. Controlled studies of hypertension risk after kidney donation.

Risk of hypertension may be increased among
kidney donors compared with healthy hondonors.

Najarian et al., 1992 (50)  8(1-19)  20/63  22/50 1—lu 0.7 (0.4 t0 1.2)
Williams et al., 1986 (57) 13 (10-18) 18/38  6/17 —— 1.3 (0.7 t0 2.8)
Watnick et al., 1988 (58)  13(9-18)  18/29  10/31 i — 1.9 (1.1 to 3.5)

T 1T T T 1
01 02 1 2 5 10

Risk Lower Risk Higher
in Donors in Donors

Results were not mathematically pooled because of statistical heterogeneity between studies (chi-square, 10.1; P = 0. : 509%). The size of each
square is inversely proportional to the variability of the study estimate. *Studies are arr 111gt"d by the average number of years after donation. tDefinitions
of hypertension and a summ ary of various methods to assess blood pressure are pn:qs:ntfd in the Ri:ﬁllll"i section.




Cardiovascular disease and
hypertension risk in living kidney
donors:

an analveic af hanlth Adminicirativa

data Higher incidence of hypertension diagnoses

TABLE 2. Deathor major cardiovascular events and
hypertension among donors and conirols

Donors Controls
n =1,278) (n=6,369)

Death or major
cardiovascular events

Mo. of events (%)

Mean (5D) years of
follow-up (%)

Total follow-up (person 309303
Vears)

No. events per 1000

[ [reference)

among living donors compared with healthy g

contirols

Cardiovascular disease and hypertension risk in living kidney donors: an
analysis of health administrative data in Ontario, Canada."
Transplantation 86(3): 399-406.

3 (0.1}

ANEUrysIN repair or
aortic bypass (%)
Coronary artery
angioplasty or bypass
graft surgery (%)
Diagnosis of hypertension
Number of events { %) 205 (16.3) 46(11.9)
Number of events per 20.1 20.6
1000 person years
Model based risk ratios 1.4 (1.2-1.7) 1.0 {reference)
(95% CI)

" Between | and 5 individuals developed some events, with exact num-
ers not reported for reasons of privacy.



Maternal and fetal
oUuTCcomes




Maternal and fetal outcomes

Living kidney donation appears 1o increase the risk of gestational
hypertension and preeclampsia compared with experience among
otherwise similar healthy women.

We generally advise women that it is ideal to have completed
planned childbearing prior to kidney donation.

Consistent with recommendations of a 2015 AST consensus
statement and KDIGO clinical practice guidelines, OPTN policy
requires informing female donor candidates thaf risks of
preeclampsia or gestational hypertension are increased in
pregnancies after donation.



Mid- and Long-Term Health Risks in Living Kidney
Donors: A Systematic Review and Meta-analysis.

Figure 3. Meta-analysis of relative risks for selected clinical end points in living kidney donors compared with nondonor
control participants.

Study, Year (Reference) Events, n/n Selection Matching Incidence Rate*®

Control Donor Control

Gestational h

== | relative risk for preeclampsia

Total

Low birthweight
Garg et al, 2015 (32) 8/131 31/788
Reisaeter et al, 2009 (33) 9/106 1110/21 511
Total 17/237 1141/22 299

Preeclampsia
Garg et al, 2015 (32) 8/131 21/788
Reisaeter et al, 2009 (33) 6&/106 666/21 511
Total 14/237 687/22 299

Preterm birth
Garg et al, 2015 (32) 10/131 52/788
Reisaeter et al, 2009 (33) 11/106 1397/21 511
Total 21/237 1449/22 299

6 8 10121416 2022
Risk Ratio (95% CI)
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Gout after living
kidhey donation

— Donors
== Heaithy ncn-donors

ntage with gout

O

Higher risk for developing gbu’r compared
with equally healthy nondonors

6 8 10 12

Years of follow-up

1988 11974 1759 1408 1091 844 631 422 248
Healthy non-donors 19880 19619 17209 13670 10525 8145 6038 4118 2432

Lam, N. N., et al. (2015). "Gout after living kidney donation: a
matched cohort study." Am J Kidney Dis 65(6): 925-932.



Metabolic diseases
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Table 7. Laboratory Values

A prospective controlled study of kidney

donors: baseline and 6-month tollow-up.

Variable

Baseline Visit

6-mo Visit

Pa

Controls

Donors

Controls

Donors

Controls vs
DonorsP

Baseline
vs 6 mo®

Interaction®

mGFR (mL/min)

mMGFR (mL/min/1.73 m?)
SCr (mg/dL)

eGFR,, (mL/min/1.73 m?)

CysC (mg/dL)

eGFR., (mL/min/1.73 m?)

eGFR;, ¢ys (ML/Min/1.73 m?)

Urea nitrogen (mg/dL)

UPCR (g/g)

UACR (mg/g)

106.5 = 19.3
(n = 186)
96.9 = 15.3
(n = 186)
0.79 + 0.15
(n = 200)
100.1 = 16.0
(n = 200)
0.81 = 0.14
(n = 198)
102.8 = 17.6
(n = 198)
102.0 = 16.3
(n = 198)
143+38
(n = 199)
61[50-114]
(n = 196)
5.0 [4.0-6.9]
(n = 186)

106.7 = 18.6
(n = 181)
96.9 = 15.3
(n = 181)
0.80 = 0.15
(n = 199)
99.2 + 14.4
(n = 199)
0.80 = 0.12
(n = 180)
103.2 = 15.4
(n = 180)
102.0 = 13.9
(n = 180)
140 = 3.3
(n = 181)
66 [50-128]
(n = 175)
5.0 [3.8-5.8]
(n = 167)

104.9 = 20.2
(n = 194)
94.6 = 15.1
(n = 194)
0.80 = 0.17
(n = 198)
99.0 = 16.0
(n = 198)
0.81 = 0.14
(n = 198)
102.1 = 175
(n = 198)
101.3 = 16.8
(n = 198)
14.5 = 4.0
(n=198)
62 [50-128]
(n = 195)
5.0 [4.0-6.6]
(n=193)

743 =129
(n = 193)
67.6 = 10.1
(n = 193)
1.16 = 0.22
(n = 199)
65.5 = 13.1
(n = 199)
1.11 = 0.17
(n = 199)
716 = 15.3
(n = 199)
67.4 =116
(n = 198)
180+ 4.4
(n = 200)
70 [50-116]
(n = 201)
5.0[3.3-5.4]
(n = 198)

0.8

0.5

0.8

0.6

0.6

0.7

0.8

0.2

0.3°

0.07¢

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.9°

0.1¢

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.5°

0.5



A prospective controlled study of kidney
donors: baseline and 6-month follow-up.

Table 7. Laboratory Values

Variable

Baseline Visit

6-mo Visit

Pa

Controls

Donors

Controls

Donors

Controls vs
Donors®

Baseline

vs 6 mo© Interaction®

[Hemoglobin (g/dL) ]

Leukocyte count (/L)
Serum albumin (mg/dL)
CRP (mg/dL)
Fibrinogen (mg/dL)

Homocysteine (mg/L)

[Uric acid (mg/dL) ]

136 +1.2
(n = 194)
6.1 +1.6
(n = 195)

4.08 + 0.28
(n = 199)

1.1[0.5-2.7]
(n = 199)
295 + 69
(n = 197)

1.20 + 0.35
(n = 193)

13.6 = 1.2
(n = 198)
59 =20
(n = 198)
4.18 + 0.29
(n = 199)
0.9 [0.4-1.7]
(n = 182)
292 + 64
(n = 181)
1.22 + 0.39
(n = 176)

13.6 = 1.4

13.1 =1.2

(n = 193)
6.1 +1.7
(n = 193)
4.07 + 0.33
(n = 198)
1.4[0.6-3.1]
(n = 198)
305 + 67
(n = 198)
1.20 = 0.34
(n = 196)

(n = 194)
57 +1.5
(n = 194)

4.06 + 0.31
(n = 200)

1.2[0.7-2.9]
(n = 199)
300 + 72
(n = 198)

1.49 + 0.43
(n = 198)

49=*12

53 =11

0.9

0.3

<0.001 <0.001

0.2 0.4




A prospective controlled study of kidney
donors: baseline and 6-month follow-up.

Variable

Serum calcium (mg/dL)

Serum phosphorus (mg/dL)
PTH (pg/mL)

Cholesterol (mg/dL)

LDL cholesterol (mg/dL)

HDL cholesterol (mg/dL)

Triglycerides (mg/dL)

Controls

9.16 = 0.38
(n = 200)
3.49 = 0.52
(n = 198)
42.8 = 16.3
(n = 199)
186 = 37
(n = 200)
112 = 33
(n = 198)
55.2 = 16.5
(n = 200)
77 [55-113]

Table 7. Laboratory Values

Baseline Visit

Donors

9.26 = 0.38
(n = 199)
3.52 = 0.50
(n = 199)
42.3 = 17.8
(n = 180)
185 + 35
(n = 198)
110 = 31
(n = 1986)
56.2 = 14.5
(n = 198)
76 [57-111]

C) £

Controls

6-mo Visit

Donors

428 = 15.6 52.7 = 20.9

186 = 36
(n = 197)
111 = 30
(n = 193)

54.9 = 16.4
(n = 198)

80 [59-119]

186 = 35
(n = 199)
110 = 31
(n = 193)

54.1 = 13.9
(n = 197)

84 [64-124]

Controls vs
Donors®

0.02

0.5

0.6

0.7

0.6

0.5

Pa

Baseline

vs 6 mo© Interaction®

0.8 0.4




A prospective controlled study of living kidney
donors: three-year follow-up.

Table 6. Laboratory Measurements at 6, 12, 24, and 36 Months After Kidney Donation

Test

Group

Visit (time after donation)

6 mo

12 mo

24 mo

36 mo

Donors vs Controls®

Interaction®

Hemoglobin (g/dL)

Leukocyte count (/uL)
Serum albumin (mg/dL)
CRP (mg/dL)
Fibrinogen (mg/dL)

Homocysteine (mg/L)

Uric acid (mg/dL)

Serum potassium (mmol/L)

Serum calcium (mg/dL)

Serum phosphorus (mg/dL)

TH (pg/mL)

AJKD. 2015;66(1):114-24.

Controls
Donors
Controls
Donors
Controls
Donors
Controls
Donors
Controls
Donors
Controls
Donors
Controls
Donors
Controls
Donors
Controls
Donors
Controls
Donors
Controls
Donors

13.6 + 1.4 (195)
13.2 = 1.2 (200)
6.0 + 1.7 (195)
5.8 + 1.5 (200)
4.07 + 0.33 (198)
4.06 + 0.31 (200)
1.4 [0.6-3.1] (198)
1.2 [0.7-2.9] (200)
305 + 67 (198)
300 + 72 (198)
1.21 = 0.34 (196)
1.49 + 0.43 (198)
4.9 +1.2(198)
5.3 + 1.1 (200)
4.14 + 0.32 (197)
4.20 + 0.29 (199)
9.19 + 0.38 (198)
9.24 + 0.42 (200)
3.49 + 0.48 (198)
3.30 + 0.48 (200)
42.8 + 15.6 (198)
52.7 + 20.9 (200)

13.4+ 14
13.1+ 1.3
6.1+ 1.8
59+ 1.8
4.03 + 0.30
4.03 + 0.30
1.2[0.5-2.8] (193
1.3 [0.6-2.5] (196
306 + 74 (193
310 + 66 (196
1.21 + 0.37 (193

(191)
(197)
(190)
(196)
(193)
(198)
(193)
(196)
(193)
(196)
(193)
1.46 + 0.42 (196)
(193)
(196)
(187)
(193)
(193)
(196)
(190)
(195)
(193)
(196)

197
190
196
193
198

49+12 (193

52+12 (196
4.10 = 0.29 (187
419 + 0.35 (193
9.18 = 0.42 (193
9.18 = 0.41 (196
3.55 = 0.46 (190
3.37 = 0.51 (195
42.4 + 16.7 (193
52.9 = 22.1 (196

13.6 +1.2

4.06 + 0.32
4.05 + 0.30
1.2 [0.5-2.6]
1.1 [0.6-2.5]

311 + 65

309 + 81
1.28 + 0.43
1.50 + 0.42

49+1.2

5.4+ 1.2
4.12 + 0.31
4.20 + 0.32
9.17 + 0.41
9.24 + 0.38
3.52 + 0.46
3.43 + 0.51
43.6 + 16.3
51.7 + 20.6

175
183
174

182)
185)
182)
185)
182)
185)
182)
185)
182)
185)
177)
181)
182)
185)
178)
182)
182)
185)

13.6 + 1.2 (173)
13.5 + 1.4 (172
6.0 ~ 1.8 (157)
5.8 + 1.6 (169)
4.02 + 0.27 (173)
4.00 + 0.27 (182)
1.0 [0.6-2.4] (173)
1.2[0.6-3.0] (182)
306 = 67 (173)
309 + 70 (181)
1.23 + 0.38 (173)

(}

173
181
173

5.0 +1.1(173)
—+ o
411+ 0.28 (172)
417 +0.27 (178
9.21 + 0.40 (173)
9.26 + 0.40 (182)
3.51 + 0.46 (172)

432+ 175 (173)
52.5 + 24.1 (182)

0.003

0.1

0.9

0.7°

0.8

0.02
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Malighancy




Cancer diagnoses
affter living kidney.
donation

The overall risk of developing cancer does

Not appear to be increased among donors.

Cancer diagnoses after living kidney donation:
linking U.S. Registry data and administrative claims.
Transplantation. 2012;94(2):139-44.

Kidney
Lymphoma
Hodgkin’s

Leukemia

Myeloma

Central nervous system

Matched Controls
Rate Per 1000
Person-Years

Living Donors
Rate Per 1000
Person-Years

Donor vs Control
Rate Ratio (95% CI)

1.67 (0.61-4.59)
0.22 (0.05-1.03)
0.83 (0.25-2.73)
0.33 (0.07-1.65)
0.40 (0.13-1.28)
1.00 (0.14-7.10)

0.33 (0.03-3.20)

4.00 (0.45-35.8)



Risk among older donors




Mortality among older live kidney donors

P value = 0.03

P value = 0.21

bility
.96

|

a study of 3368 2 = ===
a5 vearn OUTcomes are generally acceptable among

(=55 years) in

e Rite carefully selected older living donors.

States (1996110

2006)
0 1 2 3 4 5 6 7 8 9 10

0

<)

. -

0 1 2 3 4 5 6 7 8 9 10

Survival time (years)

Survival time (years)

— Non-donor

1648 1641 1632 1423 1242 1068 903 755 611 478 369
- -~ Donor

1648 1647 1644 1436 1260 1085 921 769 620 489 377

— Non-donor

3368 3352 3338 3036 2797 2541 2249 1948 1623 1286 915
- -~ Donor

3368 3365 3352 3059 2821 2555 2263 1962 1631 1287 921

American Journal of Transplantation 2014; 14: 18531861



Survival of live kidney donors aged >7/0,
compared with matched healthy conftrols

Donor survival was higher than that
of a matched cohort

Donors
Controls

Years

At Risk
Donors 219 202 185 172 156 140 127 114 93 78 66
Controls 219 217 216 214 207 201 198 172 126 98 71

Clin J Am Soc Nephrol 6: 2887-2893, December, 2011



Cumulaftive Incidence of End-Stage Renal
Disease In Live Kidney Donors

50-59 yvs 260y, P=.50
<50yvs =50y, P<.001
18-39yvs 40-49y, P=.06

o
o
o
o
Lo |
=
o
=1
[l
un
w3
u
.2
-
i
L1}
c
a
o
o
[y
m
-
LA
1
b=
=
Ll

MNo. at risk

Age,y
=60 4039 851 1967 1223 b5b
50-59 16840 b2 9741 5887 3015
40-49 28994 17929 11728 6261
18-39 46344 B 2 20842 203493 11641

Risk of end-stage renal disease following live kidney donation. Jama. 2014;311(6):579-86.
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The long-tferm quality of life of living
kidney donors

W Donors @ MNon donors O Age/Sex matched Canadian Norms

Good quli’ry of life and a low rate of donafion-
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The long-term quality of life of living kidney donors. American journal of fransplantation : official journal of the American
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KDIGO Clinical Practice Guideline on the
Evaluation and Care of Living Kidney Donors




HEALTHY LIF ESWLE

Review and promotion of a
healthy lifestyle including:
» Regular exercise

» Healthy diet

« Abstinence from tobacco



CARE AFTER KIDNEY DONATION

» Avoidance of potentially
nephrotoxic exposures (eg,
tobacco use, NSAIDs, nephrotoxic
medications)

» Prevention of diseases that may
cause CKD (eg, hypertension,
diabetes mellitus, CVD)




Take home messages

Kidgey donors are at increased long-term risk for
an :

Living kidney donation appears to increase the risk of

The overall risk of developing cancer does not appear to be increased
among donors.

Outcomes are generally acceptable among carefully selected

BP, BMI, creatinine, and albuminuria measurement should be
performed at least

Review and promotion of a healthy lifestyle.
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