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The selection of living kidney donors is based on a
formal evaluation of the state of health. However, this
spectrum of health includes subtle metabolic derange-
ments that can cluster as metabolic syndrome. We
studied the association of metabolic syndrome with
kidney function and histology in 410 donors from 2005
to 2012, of whom 178 donors were systematically
followed after donation since 2009. Metabolic syn-
drome was defined as per the NCEP ATPIII criteria, but
using a BMI > 25 kg/m? instead of waist circumfer-
ence. Following donation, donors received counseling
on lifestyle modification. Metabolic syndrome was
present in 50 (12.2%) donors. Donors with metabolic
syndrome were more likely to have chronic histological
changes on implant biopsies than donors with no
metabolic syndrome (29.0% vs. 9.3%, p < 0.001). This
finding was associated with impaired kidney function
recovery following donation. At last follow-up, reversal
of metabolic syndrome was observed in 57.1% of
donors with predonation metabolic syndrome, while
only 10.8% of donors developed de novo metabolic
syndrome (p < 0.001). In conclusion, metabolic syn-
drome in donors is associated with chronic histological
changes, and nephrectomy in these donors was
associated with subsequent protracted recovery of
kidney function. Importantly, weight loss led to
improvement of most abnormalities that define meta-
bolic syndrome.

Key words: Body mass index, kidney transplant,
living donor, metabolic syndrome, nephrosclerosis,
outcomes

Abbreviations: CKD, chronic kidney disease; NCEP
ATPIIl, National Cholesterol Education Program Adult
Treatment Panel Il

Received 04 February 2013, revised 06 May 2013 and
accepted 08 May 2013

Introduction

Living donor kidney transplantation is the best treatment for
patients suffering from end-stage renal disease and
accounted for approximately 34% of all kidney transplants
in the United States in 2011 (1). Importantly, previous
epidemiological studies on living kidney donors have
suggested that long-term outcomes of these individuals
are comparable with those of the general population (2-4).
However, a small, but significant number of living donors
have been reported to develop chronic kidney disease (CKD),
hypertension and diabetes following donation (5). The
prevalence of risk factors for CKD before and after donation
is unclear but important to elucidate in order to determine the
need for proactive preventive care in living donors.

The selection of prospective donors is based on a good state of
general health and the absence of significant disease (6).
However, the spectrum of health in donors may include subtle
metabolic conditions and early or preclinical disease states that
can portend future risk. In fact, contemporary donors are older,
have a higher body mass index (BMI), and more risk factors for
CKD than donors in earlier generations (7,8). In particular,
metabolic syndrome is common among donors (9) and this
condition is treatable with lifestyle interventions (10). Meta-
bolic syndrome refers to a constellation of cardiovascular
disease risk factors that confer a risk beyond the individual
components, even when the individual risk factors are not
severe (11). Furthermore, metabolic syndrome and each of its
components are known to be independently associated in a
dose-dependent manner with an increased risk of incident
CKD (12,13). However, the relationship of metabolic syndrome
with kidney function and underlying renal histology in
otherwise healthy adults is unclear. Whether the presence
of metabolic syndrome before donation is a risk factor for
postdonation kidney dysfunction also remains unclear. Fur-
thermore, whether the intense interface with the health care
system during kidney donation has any impact in the
adherence to lifestyle modification practices that reverse
metabolic syndrome postdonation is also unknown.
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The goals of the present study were: (1) to study the
prevalence of metabolic syndrome in living kidney donors
and its association with kidney function, renal mass and
histology at the time of donation; (2) to study whether
predonation metabolic syndrome associates with impaired
postdonation renal function; and (3) to study the impact of
postdonation body weight changes on metabolic syndrome
and its components.

Materials and Methods

This study was approved by the Institutional Review Board at the Cleveland
Clinic. A chart review was performed on 416 living donors aged 18 years and
older from January 2005 to July 2012. We identified 410 donors with
complete clinical data in whom we assessed metabolic risk factors prior to
donation. In 2009 we initiated a dedicated donor wellness clinic where
donors are followed at approximately 1, 6, 12 and 24 months postdonation.
Through 2012, 178 donors have undergone monitoring of metabolic risk
factors following donation [median (10th-90th percentile) of 428 days (196-
801 days)]. In addition, 145 donors had their residual kidney function
monitored approximately 1 year postdonation [median (10th-90th percen-
tile) of 318 days (180-394 days)], with 110 donors having reached 2 years
[median (10th-90th percentile) of 744 days (442-858 days)].

All living donors underwent a comprehensive evaluation prior to donation.
This included anthropometric measures, office blood pressure, fasting blood
glucose, serum creatinine, uric acid, lipid profile and the ratio of albumin to
creatinine in a random urine sample. Kidney function was determined using
radiolabeled iothalamate glomerular filtration rate (GFR) at the time of
evaluation (14). Kidney size was measured by multidetector computed
tomography and total kidney volume was calculated in cubic centimeters
(cm®) and then adjusted for body surface area (cm® per 1.73 m?) (15).

It is our practice to set a BMI of <35 kg/m? (ideally <32 kg/m?) and blood
pressure of <140/85 mmHgin order to proceed with donation. Some donors
with initial elevated blood pressure by office readings are then discovered to
have normal blood pressure by 24-h ambulatory blood pressure monitoring.
Occasionally, we accept donors with well-controlled hypertension with only
one medication. Since 2005, we had 5 donors (1.2%) with BMI >35 kg/m?
and 24 donors (5.9%) with elevated office blood pressure but then donated
because either blood pressure was controlled or proven to be normal. Our
studied donor population closely resembles that of one of the US (7).

Definition of metabolic risk and metabolic syndrome

We characterized the metabolic risk of these donors by studying the
prevalence of metabolic syndrome as defined by the National Cholesterol
Education Program’s Adult Treatment Panel IlI criteria (16). Given that waist
circumference is not routinely obtained in living donors at our institution, we
used a BMI cutoff value of 25 kg/m? as an indicator of overweight. On the
basis of this definition, donors were considered to have metabolic syndrome
if they showed evidence of at least three of the following five conditions: (1)
BMI >25 kg/m?, (2) office systolic blood pressure >130 mmHg or diastolic
blood pressure >85 mmHg; (3) triglyceride levels >150 mg/dL; (4) high-
density lipoprotein (HDL) cholesterollevels <40 mg/dLin males or <50 mg/dL
in females and (5) fasting blood glucose >100 mg/dL. The presence of
metabolic syndrome was used as an indicator of metabolic risk to
understand its relationship with donor kidney function, anatomy and
histology and its implications in terms of renal function outcome. In this
regard, we also assessed the association between hyperuricemia and
metabolic syndrome because hyperuricemia has been associated with
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hypertension, a component of metabolic syndrome. Hyperuricemia was
defined as serum uric acid >7.0 mg/dL in males and >6.0 mg/dL in females
according to population surveys.

Histological assessment of the donor kidney

Kidney histology was obtained from implant biopsies performed at the time
of donation but prior to kidney reperfusion. As per protocol, implant needle
(16-18-guage) biopsies have been routinely performed at our institution
from living donors since 2005 and are reported by two renal pathologists. We
analyzed 296 biopsy samples after the exclusion of inadequate samples
(samples lacking glomeruli and arterioles or containing only renal medulla).
The median number of sampled glomeruli was 23 (range 8-48 glomeruli).
Specimens with <10 glomeruli were observed in 27 samples (9.1%). There
were no significant difference in donor characteristics between donors with
specimens with less than 10 glomeruli, therefore all samples were used for
analysis. Chronic histological changes (sometimes described as nephro-
sclerosis or nephroarteriosclerosis) were characterized by the following: (1)
>5% global glomerulosclerosis; (2) any interstitial fibrosis with tubular
atrophy and (3) any arteriosclerosis. We then scored the number of any
histological changes as 0, 1, 2 or 3, and nephrosclerosis was then defined as
the presence of any two or more of these abnormalities (17).

Donor follow-up after surgery

Since 2009, all donors at our institution are encouraged to undergo a medical
check-up at 2-4 weeks after donation, and then at approximately 6, 12 and
24 months after donation. At time of initial evaluation and at each follow-up
visit, donors are counseled on any metabolic abnormality identified during
the evaluation process and are then strongly encouraged to follow good
lifestyle modification practices such as healthy diets, exercise and weight
control.

During the follow-up visits donors undergo measurements of weight, blood
pressure, serum creatinine, lipid profile and fasting blood glucose as well as a
urine-analysis. For this study, postdonation GFR was estimated by the
Chronic Kidney Disease Epidemiology Collaboration equation (18). Serum
creatinine levels were assayed by a standardized Isotope Dilution Mass
Spectrometry traceable analyzer.

Statistical analyses

Data were statistically analyzed using JMP 9.0 software (SAS Institute Inc.,
Cary, NC). Statistical significance for the two groups was assessed using the
Student's t-test for continuous variables, the Pearson x? test for categorical
variables, and the paired samples were analyzed using the matched-paired
Student’s t-test. The measured values were expressed as means =+
standard deviations and percentages. The correlation between variables
was determined by the Pearson product-moment correlation coefficient.
Logistic regression and linear regression were used to identify the associations
of metabolic risk factors and metabolic syndrome with histology and to identify
the associations between metabolic syndrome and histology with postdona-
tion renal function. Explanatory variables that had a significant relationship
(p < 0.10) with metabolic syndrome were analyzed using multivariate analysis
to evaluate independent associations. The analyzed values were expressed as
adjusted odds ratios for those explanatory variables. A p-value of <0.05 was
considered statistically significant.

Results

Population characteristics at the time of donation
The population characteristics in relation to the presence or
absence of metabolic syndrome are presented in Table 1.

Metabolic syndrome was present in 50 (12.2%) donors,
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Table 1: Sample characteristics by absence or presence of metabolic syndrome at the time of donation

No metabolic Metabolic

Donor characteristics syndrome (n = 360) syndrome (n = 50) p-Value
Age, years 41.0 +10.7 44.6 + 10.1 0.024
Male gender 142 (39.4) 28 (566.0) 0.026
Non African—-American race 320 (88.9) 48 (96.0) 0.120
Height, cm 170.8 + 9.1 171.6 + 9.6 0.598
Weight, kg 77.3 +£15.2 872+ 116 <0.001
Body surface area, m? 1.89 £ 0.22 2.00 £ 0.18 <0.001
Systolic BP, mmHg 1134 +11.6 1244 +12.0 <0.001
Diastolic BP, mmHg 720+ 94 80.9 + 8.8 <0.001
BMI >30 kg/m?, n (%) 65 (18.1) 20 (40.0) <0.001
BMI 25-29.9 kg/m?, n (%) 155 (43.1) 28 (566.0) 0.085
BP >130 or >85 mmHg, n (%) 43 (11.9) 26 (52.0) <0.001
Triglyceride >150 mg/dL, n (%) 37 (10.3) 6 (72.0) <0.001
HDL <40 mg/dL in males or <50 mg/dL in females, n (%) 40 (11.1) 29 (58.0) <0.001
Fasting blood glucose >100 mg/dL, n (%) 17 (4.7) 20 (40.0) <0.001
lothalamate GFR, mL/min/ 1.73 m? 107 £ 17 103 + 15 0.098
Serum creatinine, mg/dL 0.84 £ 0.15 0.90 +£0.16 0.012
eGFRckp_gp, mL/min per 1.73 m? 99 + 15 93 + 14 0.006
UACR, mg/g 34+62 44 +76 0.579
Adjusted kidney volume, cm®/1.73 m? 325 + 48 324 + 44 0.858
Hyperuricemia, n (%) 36 (10.1) 17 (34.0) <0.001
Current Smoker, n (%) 67 (19.9) 5(10.2) 0.103

BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; GFR, glomerular filtration rate; eGFRckp_gpi, estimated
glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration equation; UACR, urinary albumin-to-creatinine ratio.

who were more likely to be older (44.6 4+ 10.1 years vs.
41.0 £ 10.7 years, p = 0.024) and male (56.0% vs. 39.4%,
p = 0.026). By definition, donors with metabolic syndrome
were more likely to have higher blood pressure, fasting
blood glucose, triglyceride and BMI and lower HDL levels.
Furthermore, donors with metabolic syndrome were more
likely to have hyperuricemia than donors without metabolic
syndrome (34.0% vs. 10.1%, p < 0.001).

Association of metabolic syndrome with kidney
function, kidney size and kidney histology

Donors with metabolic syndrome had higher serum
creatinine and lower estimated GFR than those without
metabolic syndrome (Table 1). There was a trend toward
lower measured GFR in donors with metabolic syndrome
compared to those with no metabolic syndrome (103 + 15
mL/min vs. 107 + 17 mL/min per 1.73 m?, p = 0.098).
There were no significant differences in kidney volumes
between groups.

The association of metabolic syndrome with kidney
histological findings is presented in Table 2. Donors with
metabolic syndrome were more likely to have glomerulo-
sclerosis (31.6% vs. 15.5%, p = 0.015) and interstitial
fibrosis/tubular atrophy (15.8% vs. 6.6%, p = 0.048). Two
or more histological findings were present in 29.0% donors
with metabolic syndrome in contrast with 9.3% of those
with no metabolic syndrome (p < 0.001). Donors with
metabolic syndrome were more likely to have a higher
chronic histological score (p = 0.007; Figure 1).

The associations of metabolic and demographic variables
with chronic histological changes are presented in Table 3.
Age and the presence of metabolic syndrome were
associated with chronic histology in univariate analysis,
whereas there were no significant associations between
the individual metabolic risk factor components and renal
pathology (not shown). In addition, measured GFR prior to
donation and kidney size were not associated with chronic
histological changes. In multivariate analysis, the presence

Table 2: Chronic histological changes by absence or presence of metabolic syndrome at the time of donation

No metabolic syndrome (n = 258) Metabolic syndrome (n = 38) p-Value
>5% global glomerulosclerosis, n (%) 40 (15.5) 12 (31.6) 0.015
Any interstitial fibrosis/tubular atrophy, n (%) 17 (6.6) 6 (15.8) 0.048
Any arteriosclerosis, n (%) 79 (30.6) 14 (35.9) 0.441
Chronic histological changes’, n (%) 24 (9.3%) 11 (29.0%) <0.001

"Defined as at least two of the following: >5% glomerulosclerosis, any tubulointerstitial fibrosis and atrophy and any arteriosclerosis.
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Figure 1: Frequencies of histological abnormalities (either glomerulosclerosis, interstitial fibrosis/tubular atrophy or
arteriosclerosis) in donors with and without metabolic syndrome at the time of donation. Chronic histological changes were
characterized by the following: (1) >5% global glomerulosclerosis, (2) any interstitial fibrosis with tubular atrophy and (3) any arteriosclerosis,

and scored the number of any histological changes as 0, 1, 2 and 3.

of metabolic syndrome remained independently associated
with chronic histological changes.

Postdonation kidney function in donors with and
without metabolic syndrome and histological
changes

We then studied the impact of metabolic syndrome and
chronic histological changes on residual kidney function
following donation (Figures 2 and 3). The estimated GFR
was lower following the first year after donation in those
with metabolic syndrome than those with no metabolic
syndrome (Figure 2A); however, this difference was less
noticeable at last follow-up. Furthermore, the GFR de-
creased to a similar degree in both groups immediately
postdonation (Figure 2B) but after the initial drop in GFR,
renal function recovery was more pronounced in those
without metabolic syndrome than in those with metabolic
syndrome (14.1% vs. 7.9%, p = 0.050), albeit this differ-
ence was again less noticeable at later times postdonation
(Figure 2A and B). When stratifying donors based on the
presence or not of chronic histological changes on implant
biopsy, there was no significant difference in the GFR levels
within a year of donation (Figure 3A). However, renal

function recovery following the first year was better
preserved in those donors without chronic histological
changes (19.0% vs. 6.5%, p = 0.032; Figure 3B). These
differences remained statistically significant after adjusting
for other factors in a multivariate analysis (Table 4).

Metabolic syndrome status postdonation and the
importance of weight loss

We then studied whether the status of metabolic syndrome
varies during the donor evaluation and follow-up process.
As shown in Figure 4 only 10.8% of donors developed
metabolic syndrome postdonation, while more than half
(57.1%) of those with metabolic syndrome prior to donation
no longer had metabolic syndrome at last follow-up
(p < 0.001). However, there was no significant improve-
ment in GFR within the two years of follow-up in those
donors reversing the metabolic syndrome status.

Our data further suggest that changes in BMI led to
changes of each of the components of metabolic syn-
drome. Percent change in BMI showed small but positive
correlation with changes in blood pressure, triglyceride and
fasting blood glucose levels and had a negative correlation
with change in HDL (Figure 5).

Table 3: Independent factors associated with chronic histological changes on the implant kidney biopsy

Univariate analysis

Multivariate analysis

OR (95% Cl) p-Value OR (95% Cl) p-Value
Age, per 10 years of age 1.73 (1.24-2.45) 0.002 1.79 (1.25-2.63) 0.002
Male gender 0.59 (0.27-1.23) 0.162
African American race 0.48 (0.11-2.13) 0.213
Presence of metabolic syndrome 3.97 (1.71-8.88) <0.001 5.21 (2.02-13.41) <0.001
Hyperuricemia 0.80 (0.23-2.16) 0.677
Smoking 0.67 (0.19-1.82) 0.459

OR, odds ratio; Cl, confidence interval.
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Figure 2: Estimated GFR at each time pointin donors with and without metabolic syndrome (A); and percent change in estimated
GFR from baseline to 1 month postdonation, from within 1 month postdonation to within 12 months of follow-up and from within
1 month postdonation to 2 years postdonation in donors with and without metabolic syndrome at the time of donation (B).

eGFRckp_gp = estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration equation.

*p < 0.001:

compared to eGFRckp_gp at 1 month postnephrectomy in donors without metabolic syndrome by the matched-paired Student’s t-test.
'p < 0.05: compared to eGFR¢kp_gp at 1 month postnephrectomy in donors with metabolic syndrome by the matched-paired Student's t-

test.

Discussion

This study shows that metabolic syndrome is prevalent in
living kidney donors, that its presence associates with
various degrees of glomerulosclerosis, interstitial fibrosis/
tubular atrophy and arteriosclerosis on implant biopsy, and

American Journal of Transplantation 2013; XX: 1-10

that at least in the short to intermediate term, the recovery
of kidney function following donation might be partially
impaired when compared to the one from donors with no
metabolic syndrome and normal histology. Importantly, our
results suggest that an active follow-up program that
encourages donors to follow healthy lifestyle modification

5



Ohashi et al.

No chronic histological changes

W Chronic histological changes

A
. p=0437
120
"“E .|- =0.061
g3 M0 p=0.198 ks
b2 97 ! %
2 g0 - p=0637 * '[
[ o | — |
€ T [
E 60 1 65 ]
E 57
5 40
&
20 A
0 4
Pre-donation Within 1 month of 6-12 months Last follow-up
post-nephrectomy  (median of 289 days) (median of 743 days )
(n=105) (n=12) (n=105) (n=12)  (n=105) (n=12)  (n=73) (n=11)
B
Mo chronic histological changes B Chronic histological changes
60% -
p=0.032
40% p=0.158 —
—
E -{
2 20% | (
o 19.0%
& 13.7%
c 0% - :
ay
(=]
&
£ -20% -
#
-40.9%
-40% - ._.l_T
-60% -
Within 1 month 6-12 month Last follow-up
from donation {median of 289 days) (median of 743 days)
(n=105) (n=12) (n=105) (n=12) (n=73) (n=11)

Figure 3: Estimated GFRckp_gp; at each time pointin donors with and without chronic histological changes on implantbiopsy (A);
and percent change in estimated GFRckp_gp from baseline to 1 month postdonation, from within 1 month postdonation to within
12 months of follow-up, and from within 1 month postdonation to 2 years postdonation in donors with and without chronic
histological changes on implant biopsy (B). eGFRcxp_gp = estimated glomerular filtration rate by the Chronic Kidney Disease
Epidemiology Collaboration equation. *p < 0.001: compared to eGFRckp_gp; at 1-month postnephrectomy in donors without chronic
histological changes on implant biopsy by the matched-paired Student’s t-test.

practices leads to reversal of metabolic syndrome in the
majority of donors. Furthermore, it appears from our results
that weight loss is the main driver for the improvement of
the metabolic syndrome components, therefore advising,
promoting and supporting lifestyle practices including
dietary and activity changes that promote weight loss at
any stage of the donor evaluation process and follow-up is a
modifiable risk factor that should be actively advocated.
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Living kidney donors undergo a thorough evaluation to
certify good health or the absence of a condition that could
eventually lead to kidney disease. The majority of donors
fare well in the long term; however, some develop chronic
kidney disease (4,5). The criteria for donor selection
used by some US programs has been less stringent in
the past couple of decades and along with an increase
in the incidence of obesity in the United States, the
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Table 4: Independent factors associated with percent change in estimated GFR at 2 years postdonation.

Univariate analysis

Multivariate analysis’

B (95% Cl) p-Value B (95% ClI) p-Value
Age, per 10 years of age —0.16 (—3.33-0.23) 0.088 —0.03 (-2.22-1.64) 0.763
Male gender —0.14 (-3.61-0.50) 0.137
African American race —0.01 (—4.13-3.65) 0.902
Adjusted kidney volume, per 10 cm®/1.73 m? 0.11 (—0.02-0.07) 0.251
Change of eGFR from baseline to immediate 0.54 (0.48-0.89) <0.001 0.56 (0.45-0.92) <0.001

postnephrectomy (1 month)

Presence of metabolic syndrome 0.05 (—2.38-4.09) 0.603
Presence of chronic histological changes —0.18 (—6.68-—-0.52) 0.092 —0.23 (-6.79--0.81) 0.013
Smoking 0.04 (—-2.73-4.24) 0.668

eGFRckp_epi, estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration equation; B, standardized

regression coefficients; Cl, confidence interval.

"Factors associated with change in eGFR postdonation in univariate analysis (p < 0.10) were entered in the multivariable model. If change in
serum creatinine was used as the dependent variable instead of estimated GFR, results remained similar (data not shown).

characteristics of the current prospective donor has also
changed. Based on the United Network for Organ Sharing
data, donors are now older and heavier than decades
ago (7), similar to our study donor population (data not
shown). Furthermore, while hypertension used to be a
contraindication to donation, selected donors with well-
controlled hypertension are now considered for donation
(19). Consequently, it is not surprising that well-character-
ized cardiovascular and kidney disease risk factors, even at
early stages, are commonly found in living donors. As such,
increased body weight, blood pressure levels at the
prehypertension stage, lipid and glucose abnormalities
and increased uric acid levels are commonly found in this
population. While each of these factors in the higher than
normal range levels may independently carry risk for renal
disease, the clustering of these conditions into the
diagnosis of metabolic syndrome is believed to portend a
greater and more definitive risk (11).

No MetS at last follow-up  BIMetS at last follow-up

£ <0.00
100%
50% -
89 2%
1 57 1%
0%
Mo MetS at pre-donation MetS at pre-donation
(n=15T) (n=21)

Figure 4: Proportion of donors who developed metabolic
syndrome at follow up and donors who reversed the condition
following donation. MetS, metabolic syndrome.
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Metabolic syndrome has been reported to be associated
with glomerular hyperfiltration, glomerulomegaly and
glomerulosclerosis, which can subsequently cause a
decrease in GFR (20,21). Therefore, metabolic syndrome
may have a negative impact on residual kidney function
after donation due to impaired functional adaptation. In our
study, donors with metabolic syndrome were more likely to
be older and have more glomerulosclerosis, interstitial
fibrosis and tubular atrophy. These findings may partially
explain the higher predonation serum creatinine and lower
GFR in these donors. This underlying parenchymal injury
among donors with metabolic syndrome was expected to
contribute to the lower functional reserve capacity and
compensatory response as a result of the donation,
especially in those with chronic histological changes. In
our study the loss of renal mass due to donation led to a
lower GFR postnephrectomy in the short term (up to 1 year)
in those with metabolic syndrome and lower GFR recovery
at 2 years in those with chronic histological changes on
implant biopsy. After adjusting for donor age which was
also associated with glomerulosclerosis, and interstitial
fibrosis/atherosclerosis in our study, chronic histological
changes but not metabolic syndrome remained as an
independent risk factor for the relative loss in GFR after
donation.

Two previous studies looked at the association between
metabolic syndrome and renal histology. In a study of
patients who underwent unilateral nephrectomies for renal
cell carcinomas (22), subjects with metabolic syndrome had
a greater prevalence of nephrosclerosis-related histological
findings when compared with controls. In contrast, the
studies by Rule et al. found that in kidney donors metabolic
risk factors were associated with decreased glomerular
density but only the hypertension component of metabolic
syndrome associated with nephrosclerosis-related histo-
logical findings (9,17). A difference between our study and
the one by Rule et al. was the definition of overweight
(BMI > 30 kg/m? by Rule et al.) and glomerulosclerosis
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Figure 5: Scatter plots depicting the associations between BMI changes from pre- to postdonation and each of the metabolic
syndrome components. BMI, body mass index; SBP, systolic blood pressure; TG, triglyceride; HDL, high-density lipoprotein; FBG, fasting

blood glucose.

>10% as nephrosclerosis-related histological finding.
However, when we re-analyzed our data using these
parameters the reported associations remain (data not
shown). Regardless, the histological findings related to
metabolic syndrome do not appear to always be accompa-
nied by predonation kidney dysfunction in donors. In
subjects with a relatively good state of health like in
donors, compensatory responses of unaffected nephrons
seem to preserve GFR and kidney size (23). More
importantly is the fact that at this point it is unclear whether
any chronic histological finding has any long-term implica-
tions to the health of the donor, and hence, these
observations should be taken cautiously. Studies with
long-term follow-up are needed to address this matter.

The continuing existence of metabolic syndrome or the new
development of this entity in donors may lead to significant
histological pathology over time with subsequent future risk
for residual kidney dysfunction beyond 2 years of follow-up. It
has been reported that donors with persistent metabolic
syndrome following donation were more likely to have a
lower estimated GFR compared to donors without metabolic
syndrome after 5 years of follow-up (24). Current recom-
mendations and obligations by transplant centers are to
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follow donors for at least 2 years postdonation. However,
because renal dysfunction following nephrectomy in patients
with metabolic syndrome might become clinically detectable
more than 2 years postdonation, the need for longer follow-
up periods warrant further consideration by the transplant
community caring for these donors, activity that should also
be supported by regulatory entities.

Importantly, metabolic syndrome is a medical condition that
is potentially modifiable, because each of the components
has either a pharmacologic treatment or can be managed by
adhering to healthy lifestyle practices such as low fat diet,
exercise and weight loss. Furthermore, living kidney donors
are highly motivated subjects. To better understand how
often the status of metabolic syndrome varies after
donation, we studied how the metabolic risk components
of the syndrome changed over time. We found that most
donors without metabolic syndrome prior to donation,
retained that status postdonation (89.2%), but importantly,
more than 50% of donors with metabolic syndrome prior to
donation lost weight, improved their metabolic risk profile
and reversed the metabolic syndrome condition. Increased
weight is associated with insulin resistance and an array
of metabolic and hemodynamic disorders, including
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atherogenic blood lipid changes, hyperglycemia and
elevated blood pressure (25). Furthermore, it has been
reported that weight loss can improve these obesity-related
risk factors (26-28), and the results of our study further
confirms that this might also be true in kidney donors. This
information is very important and encouraging because it
implies that donation with appropriate follow-up is an
opportunity for donors in general to initiate lifestyle
modification behaviors that could lead to better health
than prior to donation.

This study has several limitations. First, this is a single
center study of a relatively homogeneous population and
with limited follow-up; however, the comprehensive
availability of information pertaining to kidney macro-
anatomy, function and histology using gold standard
methods permits these types of detailed analyses. Second,
we recognize that BMI may be an inappropriate indicator of
obesity; however, BMI has recently been shown in a large
study to be independently associated with mortality
risk (29). Moreover, some definitions of metabolic syn-
drome include BMI as a marker of obesity or insulin
resistance (16,30), hence we used BMI as a substitute for
waist-to-hip circumference ratio. Third, implant needle
biopsy samples may not be optimal to thoroughly study
renal histology due to sample error or insufficient tissue,
therefore a sample bias could be present. Fourth, this study
is also likely to be underpowered to confidently state thatin
the long-term kidney function is not different between
those with and without metabolic syndrome, and impor-
tantly, our results could have been biased by the lack of
follow up of all donors and the use of estimated GFR as an
outcome measure. The loss-to-follow-up rates of this study
were similar to those reported by other centers (31), a
subject that should be a matter of future consideration.
Finally, while all donors are equally encouraged to adhere to
lifestyle modification practices, this was not a randomized
controlled trial by design; however, the reported data
support future studies in this area.

In conclusion, the presence of metabolic syndrome is
associated with various degrees of glomerulosclerosis,
interstitial fibrosis/tubular atrophy and arteriosclerosis in
living kidney donors; and nephrectomy in these donors
might be associated with worse kidney function in the short
and intermediate term. Lastly, the subtle metabolic
conditions commonly found in these complex donors are
readily modifiable, and hence the findings of this study
emphasize the importance of lifestyle modifications in all
donors at any stage in the process.
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