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Abstract: Kidney donation from female donors to male recipients has
been reported to be associated with decreased allograft survival. Whether
there was a gender-related inadequacy between donor nephron supply
and recipient functional demand was investigated in this study. One
hundred ninety-five living donor kidney transplant recipients that had
neither ischemic injury, episode of rejection, nor any complication were
included. Weights and heights of both donors and recipients were
recorded to calculate body surface area, lean body weight, and body mass
index. The donated kidney was weighed just after cold flush, and the
recipient’s serum creatinine (Scr) was measured on a daily basis post-
operatively. When the recipient’s Scr reached the baseline, a 24-h urine
was collected for the amount of proteinuria (Upr), creatinine excretion
(Ucr) and creatinine clearance (Ccr) calculation. The effect of donor and
recipient gender was analysed by independent sample ¢-test. On average,
male donors and recipients were heavier and taller than females.
However, the mass of kidneys donated from men and women were not
statistically different. The gender-related differences in post-transplant
Scr and Ucr of recipients were associated with the differences in the
parameters of metabolic demands of recipients rather than with the
weight of implanted kidney (renal mass supply) or with pre-operative
renal functions of donors (functional supply). The early graft function is
not determined by donor gender. The effect of recipient gender on the
graft function depends on the metabolic demands, which are higher in
male recipients.
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Donor and recipient gender influences many aspects
of kidney transplantation. However, the precise na-
ture of these interactions is still controversial. Infe-
rior graft survival with females donating kidneys to
male recipients has been reported (1, 2). In a large-
scale multivariate analysis, female recipients have
been demonstrated to have an increased risk of acute
rejection and a decreased risk for the development of
chronic allograft failure (3). In contrast, a single cen-
ter multivariate analysis of graft survival showed that
donor and recipient gender was not significant (4).

Potential explanations of the gender effect on re-
nal allotransplantation may include immunologic
or non-immunologic mechanisms. An intriguing
hypothesis has been suggested that female kidneys
contain fewer nephrons (nephron underdosing) (5).
An insufficient number of functioning nephrons
might fail to meet the metabolic demands of the
kidney recipient. As the hyperfiltration hypothesis
was suggested to be an important factor in the pro-
gression of kidney disease (6), evidence has been
accumulated implicating hyperfiltration as a risk
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factor for the development of chronic allograft fail-
ure (7). Diminished long-term survival of kidneys
donated from women as compared with men may be
explained by an inadequacy between the donor’s
nephron supply and the recipient’s functional de-
mand (8). Other mechanisms that may contribute to
the gender effect of donors include that female kid-
neys are more antigenic and more susceptible to
rejection (9), or that a smaller female kidney might
be more susceptible to ischemic injury, immunolog-
ic reaction or nephrotoxicity (10). Other potential
explanations include the direct influence of sex hor-
mones on renal hemodynamics, mesangial cell pro-
liferation and extracellular matrix metabolism.
Also, sex hormones influence the synthesis and re-
lease of vasoactive substances, cytokines and other
growth factors, which in turn are capable of altering
the progression of renal disease (11). In addition,
various humoral and cellular immune responses are
regulated by sex hormones (12) that can enhance or
reverse the immunosuppressive activity of cyclos-
porine (13, 14).

Theoretically, gender may impact early graft
function following kidney transplantation by asso-
ciated differences in donor nephron mass supply
and recipient functional demand. To address these
questions, we compared the differences in the graft
weight of donated kidney prior to implantation
between male and female donors as well as in the
metabolic demands of recipients. Furthermore, we
examined the differences in the early graft function
based on donor gender, graft mass and recipient
metabolic demand.

Patients and methods
Study population

A prospective analysis of the effect of renal allograft
mass on outcome after living donor kidney trans-
plantation was performed at Ajou University and
Yonsei University between 1999 and 2003. We at-
tempted to specifically analyse the impact of the
gender-related differences in metabolic demands
and renal supply on graft outcome. In order to lim-
it other factors that might affect renal allograft
function, the study population was restricted to
living donor transplants demonstrating immediate
function. To eliminate the possible impact of
immunologic or non-immunologic factors on graft
function, we excluded recipients with pre- or post-
transplant diabetes, kidney transplants from cadav-
eric donors, post-transplant ischemic injuries of the
graft, episodes of rejection, drug toxicities, systemic
or local infections or any complications such as vas-
cular or urologic adverse events post-operatively
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that result in functional decrease of the kidney graft.
We considered the donor with proteinuria (Upr)
more than 1000 mg/d, with body surface area (BSA)
adjusted creatinine clearance (Ccr) less than 50 mL/
min 1.73m? or with blood pressure higher than
150 mmHg systole or 100 mmHg diastole even with
one antihypertensive medication, as unsuitable.
Immunosuppression consisted of cyclosporine
(n=149, 76.4%) or tacrolimus (n =46, 23.6%),
corticosteroids and either azathioprine or myco-
phenolate mofetil. Cyclosporine or tacrolimus was
given orally at a dose of 10 or 0.2 mg/kg/d, respec-
tively, starting at twod prior to transplantation.
Within a month after transplantation, the dose of
the drug was individually adjusted with goal trough
blood level between 200 and 250 ng/mL for cyclo-
sporine or between 10 and 15 ng/mL for tacrolimus.

Variables investigated

The donated kidney was weighed just after cold
flush during the operative procedures. The recipi-
ent’s serum creatinine (Scr) was measured on a daily
basis post-operatively. When the Scr of the recipient
reached the baseline level within a month post-
transplantation, the recipient’s 24-h urine was col-
lected for the amount of Upr, creatinine excretion
(Ucr) and Cecr calculation. We defined the baseline
level of creatinine as the recipient’s Scr reached the
nadir and increased less than 20% of the nadir in
three consecutive days. When the recipient’s Scr in-
creased more than 20% of the nadir within three
consecutive days, the cases were excluded from this
study population and evaluated to determine the
cause of such renal dysfunction with ultrasono-
graphy and Doppler, radioisotope scan, renal graft
biopsy, etc. The causes of renal dysfunction in the
excluded cases consisted of ischemic injuries of the
graft, episodes of rejection, drug toxicities, systemic
or local infections or other complications such as
vascular or urologic adverse events. We measured
the systolic and diastolic blood pressure of recipi-
ents four times every day post-transplantation, and
controlled blood pressures with a goal of under
150mmHg systole and 90 mmHg diastole with
antihypertensive medications. The cases of un-
controlled hypertension in any five consecutive
post-transplant days even with calcium channel
blockers and/or ao-/B-adrenergic blockers were ex-
cluded with accordance to the prospective exclusion
criteria. None of this study population had taken
ACE inhibitors or angiotensin II blockers.

The recipients were also weighed on a daily basis
post-transplantation. Dry weight of recipients was
used as a parameter of metabolic demands. Dry
weight was defined as the recipient’s body weight



within a month post-transplantation when the Scr
reached baseline, the body weight of recipient main-
tained stable at the nadir and the recipient was not
on diuretics. Heights of both donors and recipients
were recorded. The BSA of both were calculated
with the DuBois formula (15), the lean body weight
(LBW) with the formula, 1.10 x weight (kg)—128 x
(weight?/(100 x height (m))?) in men or 1.07 x
weight (kg)—148 x (weight?/(100 x height (m))?) in
women, and the body mass index (BMI) with the
formula, weight (kg)/height (m)>. Other donor and
recipient characteristics were recorded including
age, gender, duration of dialysis, degree of HLA
match and type or dose of immunosuppression.

There are many measures of renal function such
as excretion, filtration, reabsortion, erythropoetin
synthesis, electrolyte or acid base balance, calcium
metabolism, etc. In this study, we analyzed the Scr,
the amount of Ucr, the amount of Upr and the Ccr
as the parameters of renal function. We defined the
renal function as the parameters analysed in this
study such as Scr, the amount of Ucr, the amount of
Upr and Cecr.

Statistical analysis

The variables were analysed with accordance to
donor and recipient gender by independent sample
r-test and ystatistics using SPSS (release 10.0,
Chicago, IL, USA), and p<0.05 was considered
significant. Continuous variables are expressed as
the mean =+ standard deviation (SD).

Results

During the study period from October 1999 to
March 2003, 397 kidney transplants were per-
formed at Ajou University and Yonsei University.
Two hundred and two cases were excluded. Twenty-
nine cases from cadaveric donors, 43 cases of recip-
ient pre- or post-transplant diabetes, 47 cases of
uncontrolled hypertension in any five consecutive
post-transplant days, 34 cases of rejection either
biopsy-proven or clinically based, 16 cases of sur-
gical or urologic complications, 16 cases of systemic
or local infections, 39 cases of unexplained rise of
Scr more than 20% of the nadir in three consecutive
days were excluded. Twenty-two cases were exclud-
ed by two or more reasons. One hundred and nine-
ty-five kidney transplant cases met the study criteria
and were included in this study population. To spe-
cifically analyse the impact of the gender-related
differences in metabolic demands and renal mass
supply on graft function, the study population was
strictly restricted to live donor transplants demon-
strating immediate graft function after reperfusion.

Gender-related renal supply and metabolic demand

Scr of recipient rapidly fell down and reached the
nadir within a few days after transplantation. When
the recipient’s Scr was stable within 20% of the na-
dir in three consecutive days, the recipient’s 24-h
urine was collected. The recipient studies were done
on average 7.2 d post-transplantation (5-14 d).

Demographic characteristics and renal function by donor
gender

The demographic characteristics and renal functions
of 99 male and 96 female donors were compared, as
displayed in Table 1. Male donors were significantly
heavier (p<0.001) and taller (p<0.001) than female
donors. Accordingly, the BSA (p<0.001), LBW (p<
0.001) and BMI (p =0.021) of male donors were
greater than those of female donors. Prior to the kid-
ney donation, the Scr (p<0.001), Ucr (p<0.001) and
Cer (p=0.041) of male donors were significantly
greater than those of female donors. However, donor
Upr was not significantly different between men and
women (p = 0.091). Of note, donated kidneys from
men and women were found to have a similar weight
(218.4 +42.7 vs. 212.5 + 38.1g, respectively; p=
0.310). The parameters of recipient’s metabolic de-
mands such as weight, height, BSA, LBW and BMI as
well as post-transplant recipient’s graft functions such
as Scr, Ccr, Ucr and Upr were not significantly dif-
ferent based on donor gender (p >0.050).

Demographic characteristics and renal function by
recipient gender

The demographic characteristics and renal function
of 132 male and 63 female recipients were com-

Table 1. Demographic characteristics and renal function by donor
gender?

Donor gender Male (n =99) Female (n=96) p
Donor variables

Age (yr) 37.1+£11.0 404493 0.125
Weight (kg) 68.9 +9.4 569+76  <0.001
Height (cm) 171.3+56.3 15689 + 5.4 <0.001
Body surface area (m?) 1.80+0.13 157 +0.1 <0.001
Lean body weight (kg) 54.8 +5.3 416 +£3.6 <0.001
Body mass index (kg/m?) 23.5+2.7 225+2.8 0.021

Twenty-four hours, pre-operative
Creatinine excretion (mg/d)  1490.0 + 401.5 916.2 + 248.9 <0.001

Protein excretion (mg/d) 67.7+71.2 93.8+104.1  0.091
(min-max) (0-496.8) (2.8-645.2)
Cer (mL/min per 1.73m?) 97.7 +24.6 90.7 £ 22.5 0.041
(min-max) (57.2-180.6)  (55.3-179.4)
Serum creatinine (mg/dL) 1.02 + 0.13 0.78 + 0.15 <0.001

Kidney graft weight (g) 218.4 +42.7 212.5 +38.1 0.310

aContinuous variables are expressed as the mean + standard deviation
(SD).
Ccr, creatinine clearance; min, minimum; max, maximum.
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Table2. Demographic characteristics and renal function by recipient
gender?

Male Female
Recipient gender (n=1832) (n=63) p
Recipient variables
Age (yr) 36.2 +10.5 39.0+9.5 0.184

Weight (kg) 60.3 +£9.0 50.1 £7.6 <0.001
Height (cm) 170.8 £ 7.1 158.5 +5.3 <0.001
Body surface area (m?) 1.70 £ 0.15 1.49 +£0.11 <0.001
Lean body weight (kg) 50.2 + 6.0 38.6 +3.9 <0.001
Body mass index (kg/m?) 20.6 £ 2.6 20.0 £3.0 0.155

Twenty-four hours urine, post-operative

Creatinine excretion 1225.2 + 310.3 850.9 + 192.3 <0.001

(mg/d)
Protein excretion (mg/d) 29.8 +97.6 48.1 +261.6 0.482
(min-max) (0-636.0) (0-2026.0)
Cer (mL/min/1.73m?) 62.5 +15.0 64.7 +13.4 0.316
(min-max) (31.7-115.7) (33.5-92.2)
Serum creatinine (mg/dL) 1.43 +0.33 1.06 +0.20 <0.001
Kidney graft weight (g) 216.2 +41.4 2141 +£38.8 0.746
Kidney weight/body 3.69 +1.06 437 +£1.01 0.532
weight (g/kg)

2Continuous variables are expressed as the mean + standard deviation
(SD).
Ccr, creatinine clearance; min, minimum; max, maximum.

pared, as displayed in Table 2. Male recipients were
significantly heavier (p<0.001) and taller (p<
0.001) than female recipients. Accordingly, the
BSA (p<0.001) and LBW (p<0.001) of male re-
cipients were greater than those of female recipients.
After kidney transplantation, the Ucr and Scr of
male recipients were significantly greater than those
of female recipients (p<0.001). However, the Upr
(p = 0.482) and calculated Ccr (p = 0.316) of recip-
ients were not found to be significantly different
between the groups. Both male and female recipi-
ents were transplanted with kidneys with similar
average weight (216.2 +41.4 vs. 214.1 + 38.8 g,
respectively; p=0.746). Also, the pre-operative
donor’s kidney function (Scr, Ccr, Ucr and Upr)
and metabolic demands (weight, height, BSA,
LBW and BMI) were not significantly different by
the recipient gender (p > 0.050).

Demographic characteristics and renal function by
gender combination of donor and recipient

Four groups were analysed according to recipient
and donor gender: male donor to male recipient
(MM, n = 65), male donor to female recipient (MF,
n=34), female donor to male recipient (FM,
n = 67) and female donor to female recipient (FF,
n =29). Demographic characteristics and renal
function of the four groups were displayed in
Table 3, and compared (MM vs. FM, MF vs.
FF, MM vs. MF, FM vs. FF, MM vs. FF, MF vs.
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FM) by independent sample ¢-test as displayed in
Table 4. On the donor side, statistical differences (p
<0.050) in the renal functions such as Scr and Ucr
before kidney donation were found only in the pair
of groups with different donor genders (MM vs.
FM, MF vs. FF, MM vs. FF, MF vs. FM), in which
the parameters of metabolic demands of donors
such as weight, height, BSA and LBW were statis-
tically different. The weight of donated kidney was
not found different in any pair of the groups. On the
recipient side, statistical differences (p<0.050) in
the graft functions such as Scr and Ucr after kidney
tansplantation were found only in the pair of groups
with different recipient genders (MM vs. MF, FM
vs. FF, MM vs. FF, MF vs. FM), in which the pa-
rameters of metabolic demands of recipients such
as weight, height, BSA and LBW were statistically
different. The weight of transplanted kidney was
not found different in any pair of the groups.

No difference between groups was found on anal-
ysis of duration or type of dialysis, degree of HLA
match, cold and warm ischemic times and type or
dose of immunosuppression (cyclosporine or ta-
crolimus, dual or triple therapy).

Discussion

The influence of transplanted renal mass and the
metabolic demands of kidney transplant recipients
on outcome has been described using various sur-
rogate markers. These surrogates of the balance
between ‘supply’ and ‘demand’ have included
recipient weight and kidney size (16), recipient
BMI and kidney size (17), recipient weight and kid-
ney weight (8, 18, 19), recipient BSA and kidney
weight (20) and recipient BMI and kidney weight
(21-23) as well as recipient and donor characteris-
tics (24, 25). However, among the parameters which
attempt to measure the metabolic demands and ne-
phron supply, none has been determined yet as the
best proxy to predict the early graft function after
kidney transplantation. In the present study, we
analysed the variables of age, weight, height, BSA,
LBW and BMI to attempt to control for metabolic
demand. In an attempt to estimate nephron mass,
graft size or graft weight might be used. Kidney size
is known to be related to total body mass and in-
creases with age and growth in children (26, 27).
Consequently, healthy men have larger kidneys
than healthy women (28, 29). A prior study dem-
onstrated no significant difference between the
renal volume per kilogram of body weight between
men and women or between renal volume per
square meter in men and women (30). In addition,
a previous study has demonstrated a poor correla-
tion between the kidney size and measured kidney
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Table 3. Demographic characteristics and renal function by the gender combination of donors and recipients®

Gender combination MM (n = 65) MF (n = 34) FM (n = 67) FF (n=29)
Donor variables
Age (yr) 36.9 +£10.7 37.5+11.8 40.0 £ 8.8 41.2 £10.7
Weight (kg) 69.4 +9.8 68.0 + 8.5 57.3+£8.2 55.9+6.0
Height (cm) 1717+ 4.8 170.4 + 6.0 159.0 + 5.1 158.4 + 6.1
Body surface area (m?) 1.81 +0.13 1.794+0.18 1.568 +0.12 1.56 + 0.09
Lean body weight (kg) 551 +54 542 +5.2 41.8+3.8 48.3 +£8.0
Body mass index (kg/m?) 23.54+29 23.4 422 22.6+2.9 22.3+2.4
Twenty-four hours urine, pre-operative
Creatinine excretion (mg/d) 1492.4 +424.3 1485.5 + 359.8 934.2 + 251.6 874.4 +241.4
Protein excretion (mg/d) 64.6 +72.4 73.6 +69.4 99.9 + 114.7 79.8 +74.0
(min-max) (2.4-496.8) (0-354.0) (2.8-645.2) (13.9-429.0)
Cer (mL/min/1.73m3) 97.8 +26.4 97.56+21.2 92.8 +22.6 85.9 +21.8
(min-max) (567.2-180.6) (57.6-145.6) (65.3-179.4) (568.9-149.1)
Serum creatinine (mg/dL) 1.02 +£0.15 1.02 +£0.11 0.78 +0.13 0.80 +0.18
Kidney graft weight (g) 219.3 +£40.9 216.6 + 46.6 213.1 +£42.1 211.2 +£27.6
Recipient variables
Age (yr) 38.4 +10.9 39.2 +£8.9 34.3+9.6 38.8+10.3
Weight (kg) 61.1 £4.9 514476 59.5 +10.0 48.6 + 77.4
Height (cm) 1711 +£5.2 1568.1 + 5.1 170.4 +8.7 159.0 + 8.8
Body surface area (m?) 1.71 £ 0.11 1.50 + 0.10 1.69 +0.17 1.48 +0.12
Lean body weight (kg) 50.7 +4.9 39.0 + 3.7 49.6 + 6.9 38.1 +4.2
Body mass index (kg/m?) 209 +25 20.6 + 3.2 20.4 +2.7 19.3+2.6
Twenty-four hours urine, post-operative
Creatinine excretion (mg/d) 1204.1 + 286.5 867.1 +211.5 1246.3 + 333.4 831.8 + 168.6
Protein excretion (mg/d) 23.4 +61.6 81.9 + 354.4 36.1 +123.8 9.7 +51.6
(min-max) (0-259.0) (0-2026.0) (0-636.0) (0-278.2)

Cer (mL/min/1.73m?) 63.3 + 14.5 64.7 +14.0 61.7 +15.4 64.8 +13.0
(min-max) (31.7-97.2) (33.5-92.2) (34.6-115.7) (39.6-90.6)
Serum creatinine (mg/dL) 1.37 £ 0.30 1.07 £0.22 1.48 +0.34 1.06 £ 0.18
Graft weight/weight (g/kg) 3.66 +0.90 4.30 +1.07 3.72+1.20 4.45 +1.95

aContinuous variables are expressed as the mean + standard deviation (SD).
MM, male to male; MF, male to female; FM, female to male; FF, female to female; Ccr, creatinine clearance; min, minimum; max, maximum.

weight (31). The present study, therefore, used kid-
ney weight to control for nephron mass. In order to
determine the actual number of nephrons in the
donated kidney, a routine graft biopsy would need
to be performed during the operative procedures. In
the present study, graft weight was used rather than
nephron number on biopsy because of the associ-
ated risks of biopsy including bleeding, hematuria
and arteriovenous fistula in the grafted kidney. The
pre-implantation graft biopsies are relatively safer
than the post-transplant biopsies using a biopsy gun
or needle even ultrasonography-guided because
pre-implantation biopsies could be performed un-
der direct visualization after cold flush with preser-
vation solution in the cold bath of back table. The
site of graft biopsy can be repaired by a few stitches
or bleeding from the site can be controlled by the
electrocoagulator or argon beam coagulator in the
operative fields. We have done the pre-implantation
biopsies in the cases of cadaveric donor transplants,
and transplants from donors with microscopic hem-
aturia or mild Upr. However, in this study popula-
tion, by the selection criteria, the pre-implantation
biopsies were not routinely performed on a basis of

risks and benefits. There are few data examining
differences in renal structure between the sexes. Ac-
cording to a recent report (32), there is no difference
in glomerular number between men and women.
Although men had larger glomeruli than women,
sex isnot an independent determinant of glomerular
volume. The occurrence of larger glomeruli in men
is solely dependent on their greater body surface
area.

The kidneys are heavier in men than in women
according to the studies based on forensic autopsies
(33) or of traumatic deaths (34). Theoretically, the
weight of postmortem kidneys could differ from
that of healthy living donor kidneys on the follow-
ing basis. The delay between death and autopsy can
alter organ weights. The cause of death can have a
major influence on the organ weight, for example,
the weight of an organ tends to decrease in any
condition producing hypovolemic shock (35). The
kidney weight can be influenced by an underlying
disease prior to death, for example, diabetics have
larger kidneys (36). In our study, the healthy donors
were selected after the pre-operative evaluation, and
the living donor kidneys were directly weighed just
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Table 4. p values by the independent sample ¢-test between the groups of different gender combinations of donors and recipients

By donor gender

By recipient gender

Group compared Matched Mismatched
Gender combinations MM-FM MF-FF MM-MF FM-FF MM-FF MF-FM
Donor variables
Age (yr) 0.064 0.201 0.800 0.589 0.075 0.219
Weight (kg) <0.001 <0.001 0.475 0.386 <0.001 <0.001
Height (cm) <0.001 <0.001 0.225 0.622 <0.001 <0.001
Body surface area (m?) <0.001 <0.001 0.365 0.406 <0.001 <0.001
Lean body weight (kg) <0.001 <0.001 0.432 0.442 <0.001 <0.001
Body mass index (kg/m?) 0.099 0.070 0.831 0.560 0.056 0.207
Twenty-four hours urine, pre-operative

Creatinine excretion (mg/d) <0.001 <0.001 0.936 0.282 <0.001 <0.001

Protein excretion (mg/d) 0.037 0.733 0.554 0.388 0.353 0.223

Cer (mL/min/1.73m?) 0.245 0.038 0.954 0.172 0.038 0.318
Serum creatinine (mg/dL) <0.001 <0.001 0.895 0.472 <0.001 <0.001
Kidney graft weight (g) 0.387 0.583 0.767 0.872 0.331 0.698
Recipient variables
Age (yr) 0.022 0.875 0.723 0.040 0.871 0.014
Weight (kg) 0.294 0.143 <0.001 <0.001 <0.001 <0.001
Height (cm) 0.570 0.508 <0.001 <0.001 <0.001 <0.001
Body surface area (m?) 0.315 0.368 <0.001 <0.001 <0.001 <0.001
Lean body weight (kg) 0.306 0.359 <0.001 <0.001 <0.001 <0.001
Body mass index (kg/m?) 0.268 0.080 0.674 0.073 0.006 0.674
Twenty-four hours urine, post-operative

Creatinine excretion (mg/d) 0.440 0.479 <0.001 <0.001 <0.001 <0.001

Protein excretion (mg/d) 0.461 0.282 0.198 0.273 0.298 0.351

Cer (mL/min/1.73m?) 0.531 0.970 0.660 0.343 0.638 0.350
Serum creatinine (mg/dL) 0.054 0.854 <0.001 <0.001 <0.001 <0.001
Graft weight/weight (g/kg) 0.561 0.334 0.159 0.783 0.841 0.562

MM, male to male; MF, male to female; FM, female to male; FF, female to female; Ccr, creatinine clearance; min, minimum; max, maximum.

after removal from the healthy donors. Data on the
difference of the actual weight of living donor
kidneys from the confirmed healthy donors have
not been reported yet. Our data showed that male
donor kidneys (218.4 + 42.7 g) were not statistically
different (p =0.310) from female donor kidneys
(212.5 £+ 38.1g). We do not have a good explana-
tion for the discrepancy between the previous re-
ports and ours. However, normal values of kidney
weight could change under the influence of genetic
factors and environmental factors such as dietary
habits, daily water intake, etc. In our study popu-
lation, all recipients and donors are Korean, and
none of foreign recipient or foreign donor has been
included. Given the fact that the nationality of
Korean has been based on the principle of personal
privilege for jurisdiction rather than the territorial
principle (like in the USA), the participants in this
study should be presumed to be ethnically uniform.
In the ethnically uniform population of this study,
the gender-related difference in kidney weight could
be different from that of the previous reports.

The present data demonstrated that like the gen-
der-related differences in the pre-operative Scr and
Ucr of donors were directly associated with the dif-
ferences in the parameters of metabolic demands of
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donors rather than with the weight of the donated
kidney, the gender-related differences in post-trans-
plant Scr and Ucr of recipients were directly asso-
ciated with the differences in the parameters of
metabolic demands of recipients rather than with
the weight of transplanted kidney (renal mass sup-
ply) or with pre-donation renal functions of donors
(functional supply). Therefore, these findings pro-
vide evidence that the gender-related differences in
kidney graft functions such as Scr and Ucr after
transplantation depend largely on the functional
demands of recipient rather than on renal mass sup-
ply from donor. Of note, other measures of renal
function such as erythropoetin synthesis, electrolyte
or acid base balance and calcium metabolism were
not evaluated in this study.

Based on the present study, the effect of gender on
early graft function after living donor kidney trans-
plantation may depend more on the ‘recipient’ rath-
er than on the ‘donor.” Renal graft function early
after transplantation from a female donor was not
inferior to that from a male donor, as a few reports
suggested (3, 37). Even the graft weight from the
female donors was not statistically lower than that
from the male donors. On the contrary, recipient
gender plays a role in the graft function after



transplantation, and Scr and Ucr were significantly
higher in male recipients despite there being no dif-
ference in the renal mass supply (kidney graft
weight) or functional supply (pre-operative renal
functions of donors) by the recipient gender. More-
over, we analysed the long-term outcome of the
kidney graft to see any difference by the gender
groups of donors and recipients. Given the fact that
the study population was restricted to 195 living
donor kidney transplant recipients that had neither
ischemic injury, episode of rejection, nor any com-
plication in the early post-operative period, the
grafts had failed in only six cases during the fol-
low-up period more than 18 months (three patients
died with functioning graft at 2, 38, and 40 months
post-transplantation, three grafts failed at 21, 39,
and 43 months post-transplantation). We could not
find any statistically significant difference in the
graft survival until 3 yr post-transplantation by the
gender groups of donors and recipients. Three hun-
dred and ninety-seven kidney transplants were per-
formed during the study period. With overall 397
cases, we also analysed the survival of the kidney
graft to see any difference by the gender groups of
donors and recipients. We could not find any sta-
tistically significant difference in the graft survival
until 3 yr post-transplantation by the gender groups
of donors and recipients.

Creatinine is a metabolic product of creatine and
phosphocreatine, which are almost exclusively in
muscle. Thus, creatinine is constantly produced
from muscle, and its production is proportional to
muscle mass, which also associated with the param-
eters of metabolic demands such as body weight,
BSA and LBW. The fat component of the recipi-
ent’s body has less of an effect on the parameters of
graft function such as Scr, the amount of urinary
Ucr and the amount of urinary protein excretion.
However, the parameters of metabolic demands
such as body weight, body surface area, LBW and
BMI may overestimate metabolic demand in obese
patients. Because Korean recipients and donors in
this study were relatively lean (BMI of recipients
20.4 +2.7kg/m?, BMI of donors 23.0 + 2.8
kg/m?), it is uncertain whether these findings could
apply for more obese recipients and donors. More-
over, given the fact that the population of this study
included adult donors and adult recipients (age of
recipients 37.2 + 10.2yr, age of donors 38.7 +
10.3), it is still uncertain whether these findings
could apply for pediatric recipients. Further stud-
ies will be needed in an obese population or in a
pediatric population to see if the gender-related dif-
ferences of metabolic demands and renal mass sup-
ply in this study are effective in obese recipients or in
younger recipients.

Gender-related renal supply and metabolic demand

In conclusion, the ‘recipient’ gender may be more
important than the ‘donor’ gender for early graft
function after adult living donor kidney transplan-
tation. The effect of recipient gender on early graft
function depends on the metabolic demands which,
on average, are higher in male recipients.
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