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Abstract
Increased urinary protein excretion is common after renal transplantation and portends worse
outcome. In this study we assessed the prognostic contribution of several urinary proteins. Urinary
total protein, albumin, retinol binding protein (RBP), α-1-microglobulin, IgG and IgM, were
measured in banked urine samples from 221 individuals one-year after renal transplantation (age
52 ± 13 years, 55% male, 93 % Caucasian and 82 % living donor). Levels of all proteins measured
were higher than in normal non-transplant populations. Patients with glomerular lesions had
higher urinary albumin than those with normal histology, while those with Interstitial Fibrosis and
Tubular Atrophy plus Inflammation (ci>0, cg=0, i>0) had higher levels of IgG, IgM, α-1-
microglobulin and RBP. Concomitant normal levels of urinary albumin, IgM and RBP identified
normal histology (specificity 91%, sensitivity 15 %,). Urinary levels of the specific proteins were
highly correlated, could not differentiate among the histologic groups, and appeared to result from
tubulointerstitial damage. Increased urinary excretion of the low molecular weight protein RBP
was a sensitive marker of allografts at risk, predicting long-term graft loss independent of
histology and urinary albumin. This study highlights the prognostic importance of
tubulointerstitial disease for long-term graft loss.
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Introduction
Over the past several decades, kidney transplantation has seen a remarkable decrease in
acute rejection rates and increased one-year survival (1). The improved one-year allograft
survival has not been mirrored by a similar increase long-term (2). Identifying renal
allografts at increased risk beyond the first year post transplant is the first step in any
attempt to implement a therapeutic strategy. Such markers of risk for long-term graft loss
include serum creatinine at one-year (3), renal allograft histology on surveillance (protocol)
biopsies (4, 5), and urine protein or albumin excretion (6, 7). Over the past decade, the
clinical significance of low level proteinuria has become apparent (8), since low levels of
one-year urinary total protein and albumin have both been identified as strong predictors of
allograft loss (6, 9, 10). Our group previously reported that 24-hour urine total protein at
one-year post transplant provided risk stratification beyond histology and graft function (6).
A modest increase in urinary total protein excretion (150 to 500 mg/ day) was associated
with a 2.5-fold increased risk of graft loss after adjustment for graft histology and function
(6). Total urinary excretion of non-albumin proteins also predicts subsequent graft loss (11).
The appearance of specific proteins also appears to have prognostic value. Urinary levels of
the low molecular weight protein α-1 microglobulin are increased in renal transplant
patients compared to controls, and even higher among those with acute rejection (12).
Furthermore, elevated urinary α-1 microglobulin excretion at 6-months post transplant
increased the risk for a subsequent decline of allograft function (13). Increased urinary
excretion of another low molecular weight protein, RBP also identified allografts at risk for
functional decline in the early post transplant period (14). Based upon these studies, we set
out to investigate a panel of low and high molecular weight proteins to determine the
relationship to allograft histology and the relative contribution for risk stratifying renal
allografts at one-year post transplant.

Subjects and Methods
Patient Population

Spot urine samples were collected at protocol post-kidney transplant visits between 2005
and 2008 at the Mayo Clinic. Banked 1-year urine samples were studied from all consented
patients who also had a 1-year renal biopsy. Patients on sirolimus were excluded, since this
agent is associated with abnormal renal protein handling (15, 16). The Mayo Clinic
Institutional Review Board approved this study.

Urine Samples
Urine from a clean catch morning specimen was centrifuged at 2000 revolutions per minute
for 6 minutes. Aliquots of 2.5 ml were then stored at −80°C. Samples for this study were
removed from the freezer, thawed and processed immediately. The urine creatinine and
protein levels were all measured from one aliquot.

Measurement of Urinary Proteins
Urinary total protein (pyrogallol red, Wako Chemicals), albumin (immunoturbidimetric
Roche assay), and creatinine (IDMS-traceable Roche enzymatic method) were measured on
a Cobas 6000 / 501c analyzer (Roche Diagnostics) in the Mayo Renal Function Laboratory
(17). IgG and IgM were measured using a commercially available enzyme linked
immunosorbent assay (ELISA) kits from ALPCO (Salem, NH) and Cygnus Technologies,
Inc. (Southport, NC), respectively. Urinary α 1-microglobulin and RBP were measured on a
Siemens BN II nephelometer using kits from Siemens and The Binding Site, respectively.
All urine protein values were corrected for creatinine to adjust for urine concentration.
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Established reference ranges in a non-transplant population in our laboratory from healthy
volunteer studies are: total urine protein < 50 milligram/gram (mg/g) creatinine; urine
albumin < 17 mg/g creatinine in males and < 25 mg/g creatinine in females; urine RBP <
130 microgram/gram (mcg/g) creatinine if < 50 years of age and < 172 mcg/g creatinine if ≥
50 years of age; and urine α 1-microglobulin < 13 mg/g creatinine if < 50 years of age and <
20 mg/g creatinine if ≥ 50 years of age; IgG ≤ 4.1mg/g creatinine; and IgM ≤ 0.09 mg/g
creatinine.

Renal Histology
Biopsies in this cohort were obtained one-year post transplant as part of routine care.
Importantly, these were surveillance biopsies and not obtained because of allograft
dysfunction or other clinical risk factors. All biopsies were examined by light microscopy
and when clinically indicated, immunofluorescence including C4d, electron microscopy and
immunohistochemistry for BK virus were performed as previously described (6, 18).
Dedicated renal pathologists interpreted biopsies per Banff Schema (19).

As a measure of chronic tubulointerstitial damage we defined a combined chronic score as
chronic tubular + chronic interstitial (ct+ci). A combined acute scoreto reflect inflammatory
burden, was defined as interstitial + tubular (i +t). In this study we organized the allograft
biopsy pathological findings in two ways. The first we termed the histopathologic
classification and divided biopsies into five groups: Normal, Interstitial Fibrosis and Tubular
Atrophy (IFTA), Glomerular (GN), Inflammation, and Vascular. Normal biopsies were
defined as no glomerular lesions and the i, t, ci, and ct scores all zero. IFTA was defined as a
ci and/or ct > 0 and with normal glomeruli. GN was defined as any glomerular lesion.
Vascular was defined as having extensive chronic vascular lesions or nephrosclerosis
reported by the pathologist. These groups were mutually exclusive and as such a patient
cannot be in more than one group.

The second classification was termed the histology risk grouping. This scheme was justified
by the previous observation that IFTA with inflammation carried an increased risk of graft
loss, unlike IFTA alone (4, 5). In this classification IFTA without i was defined as ct > 0 or
ci > 0 but i =0, IFTA + i was defined as ct or ci> 0 and i>0, GN was defined as any
glomerular lesion, and miscellaneous inflammation was defined as i>0 but ct =0. All groups
were mutually exclusive. To assess progression of fibrosis, the difference in combined
chronic score from one to two years was used [(2 year ct+ci) − (1 year ct + ci)].

Measurement of Renal Function
Renal function was assessed by an enzymatic, IDMS-traceable serum creatinine assay,
eGFR estimated by the four variable MDRD equation (20), and GFR measured by cold
iothalamate renal clearance (21).

Statistical Analysis
Differences between proportions were tested by the Chi-square test. Correlations were tested
by Spearman’s ρ. Any overall differences in proteinuria by histological groups were
assessed by the Kruskall Wallis test. Pairwise comparison of each histological group to
normal was assessed by the Mann-Whitney test. End-points for graft survival were all cause
graft loss (ACGL) and death censored graft loss (DCGL). The relationship of graft survival
to urine proteins and histology was assessed by the Kaplan Meier method and the Log Rank
test.

Cox Proportional hazards model were used for adjusted analyses of predictors of graft
survival. Urine proteins were entered as both continuous and dichotomized variables.
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Dichotomization was based on the upper limit of normal from our laboratory. For total
protein we used both a normal reference value of < 50mg/g creatinine as well as < 200mg/g
creatinine as previously described for the detection of chronic kidney disease (22).

Statistical significance was deemed present when p < 0.05. A Bonferroni correction was
made for multiple post hoc tests with the following formula: 0.05/k where k is the number of
comparisons performed.

Results
Patient Characteristics

Of the 227 patients with a 1-year post transplant biopsy and bio-banked urine, 6 were
excluded because they were receiving sirolimus (known to influence proteinuria), leaving
221 for analysis. The baseline characteristics of this cohort are shown in Table 1. Pre-
emptive transplantation, i.e., without prior dialysis, was performed in 97 (43.9%) of patients.
For those dialyzed pre-transplant, the mean ± Standard Deviation (SD) duration was 23 ± 34
months. Maintenance immunosuppression was tacrolimus-based in 220 patients and
cyclosporine in one. Mean follow-up was 53 ± 10 months.

Urinary protein levels at One-Year post-transplant
Table 2 depicts individual urinary protein levels at one-year post transplant by histological
category. Pathologic proteinuria was common. Albumin was significantly higher in the
glomerular disease group (N=33) compared to normal biopsies (N=84). IgM was higher in
the inflammation group (N=14), while IgM, IgG, α 1 microglobulin and RBP were
significantly higher among IFTA + i cases (N=21). The vast majority (79%) of urine
samples contained pathologic levels of total protein (> 50 mg/g; Table 3). Urinary levels of
individual low and high MW proteins were also commonly increased (43–77% of samples
depending on individual protein) (Table 3), and were significantly correlated with each other
(r = 0.3 to 0.8, p<0.001 for all comparisons). When those patients with a histologic
glomerular lesion were excluded the correlation coefficients only changed minimally (Data
not shown).

All 101 patients with abnormal urinary albumin also had increased total urine protein (>
50mg/g creatinine). However, among the 120 patients with normal urinary albumin
excretion, the majority (n=75; 63%) demonstrated increased total urinary protein excretion
including increased levels of IgG (N=29; 39%), IgM (N=29, 39%), α-1 microglobulin
(N=44, 59%) and RBP (N=39, 52%).

Graft Histology at One-Year
Eighty-four (38%) of the grafts were histologically normal without glomerular or interstitial
pathology (ci and ct scores of 0). Seventy-nine (36%) of the grafts manifested IFTA.
Glomerular pathology was present in 33 (15%) of the grafts including transplant
glomerulopathy (N=14), IgA (N=6), membranous nephropathy (N=5), FSGS (N=5),
mesangial GN (N=2), and membranoproliferative GN (N=1). Inflammation was present in
14 grafts consisting of acute cellular rejection in 8 (6 Borderline changes, one 1A, one1B),
antibody mediated rejections in 2, BK nephropathy in 2, and one case each of interstitial
nephritis and pyelonephritis. Eleven grafts were grouped as vascular having either
significant nephrosclerosis and/or vascular changes including arteriosclerosis, significant
arterial hyalinosis or neointimal fibrosis.

Five grafts were not placed in a histological risk category since they did not meet a
predefined histological risk pattern. Of the remainder, 90 (42%) were considered normal, 72
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(33%) were determined to have IFTA alone, 21 (10%) had IFTA + i, and 33 (15%) had a
glomerular lesion (see above). The inflammatory groups had higher levels of IgM, IgG, α 1-
microglobulin and RBP, while the GN group had higher levels of albumin (Table 2b).
However, significant overlap precluded accurate differentiation between the groups based
upon these markers alone. The urinary protein profile correlated significantly with Banff
scores (i, t, ci, ct), the combined chronic score, and the combined acute score (Table 4).
Furthermore, concomitant normal levels of urinary albumin, IgM and RBP related to normal
histology (specificity 95%, sensitivity 16%). Table 5 shows the C statistic, the positive and
negative predictive value and sensitivity/specificity of the various urinary proteins and renal
histology.

Urinary proteins’ relationship to graft function at One-Year
Urinary levels of low molecular weight proteins correlated most strongly with current (one-
year) graft function. In this cross sectional cohort there was a strong positive correlation
between urinary RBP or α-1 microglobulin and serum creatinine, and a negative correlation
of these two low molecular weight proteins with eGFR, corrected measured GFR and
uncorrected measured GFR. Urinary albumin and total protein correlated with serum
creatinine and corrected measured GFR, but not with eGFR or uncorrected GFR. IgG and
IgM had no significant correlations with graft function (Table 4).

Graft Survival
During 52.8 ±10.4 months of follow-up, 21 grafts were lost, 12 of which were not due to
patient death. The univariate relationship between urinary protein excretion, histology and
graft survival is shown in Table 6. Unadjusted and adjusted values are shown in Table 7. Fig
1 depicts a Kaplan Meier plot of death censored graft survival for patients with normal and
abnormal urine albumin, while Fig 2 depicts death censored graft survival for patients with
normal and abnormal urine RBP. Increased urinary excretion of either protein predicted
worse long-term outcome. Fig 3 compares those with normal and abnormal RBP among the
group with normal urinary albumin, demonstrating that increased urinary RBP provides
additional independent prognostic information. Fig 4 shows death censored graft survival in
patients with normal and abnormal urine total protein. Fig 5 summarizes in graphical form
factors affecting graft survival.

Notable in this cohort is, among 25 patients with normal urinary excretion of albumin, IgM
and RBP none lost their graft during follow-up.

Discussion
In this study we confirmed that proteinuria is common one year after transplantation, with
79% having > 50 mg/g creatinine and 20% > 200 mg/g creatinine. Urinary levels of the
individual proteins albumin, α1-microglobulin, RBP, IgG and IgM were also frequently
increased (46–77% of the patients). Pathologic proteinuria was common even in patients
with grafts that were deemed to have normal histology, being present in 12–80% depending
on protein type. The appropriate threshold for pathologic proteinuria and its prognostic
significance remains uncertain among patients with renal allografts (23). Although this study
cannot definitively answer this question, the results do suggest that 50mg/g creatinine may
be too conservative, since this lower level did not discriminate all cause graft loss or death
censored graft loss.

All members of the panel of urinary proteins measured in this study had strong correlations
with each other, despite the fact that they range in size from low molecular weight (MW)
proteins that are freely filtered (e.g. RBP ~21 kDa), to higher MW proteins that should not
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be easily filtered (e.g., IgM ~180 kDa for the monomer and ~ 900 kDa for the pentamer). It
is of interest, that even when allografts with glomerular lesions were excluded, the level of
correlation changed only minimally. This observation, together with the significant
correlations between urinary excretion of high and low molecular weight proteins, suggests
that disordered tubular protein trafficking may be an important underlying feature. Indeed
the low molecular weight urinary proteins RBP and α-1 microglobulin are known to be
freely filtered then reabsorbed in the proximal tubule (24, 25). Even though albumin is
larger and not as freely filtered by a normal glomerulus, some still passes through and the
health of the proximal tubule determines the fraction found in the urine (26, 27). Therefore,
small increases in urinary albumin may result from proximal tubular damage, and urinary
albumin often increases in parallel with RBP and α-1 microglobulin in states marked by
proximal tubular dysfunction.

The correlation of urinary IgG with other smaller molecular weight proteins that we
observed is contrary to the findings of Bazzi and colleagues who reported that urinary
excretion of IgG correlated with α-1 microglobulin, but not with albumin (28). It is
important to note that that study was completed in patients with membranous nephropathy.
In those patients with marked glomerular pathology heavy proteinuria composed
overwhelmingly of albumin is common, and thus the correlation of urinary albumin with
lower molecular weight proteins may be lost. Previous studies demonstrated that urinary
excretion of IgM indicates lost glomerular selectivity and the presence of large pores in the
glomerular filtration barrier (29). In the renal allograft, however, we postulate that urinary
IgM may not just mark glomerular injury and loss of filtration barrier selectivity, but may
also result from local production of IgM in the renal interstitium. This locally produced IgM
could seep into renal tubules and appear in the urine. Furthermore, processes that stimulate
increased interstitial IgM production may also injure tubules, the end result being that
urinary IgM correlates with other markers of tubular injury in a transplant population. The
finding that urinary IgM and IgG correlated with indicators of interstitial inflammation and
injury (Banff i, t, ct, ci, combined acute and chronic scores; Table 6) supports this
hypothesis. Furthermore, among allografts with IFTA + i, IgG and IgM levels were
significantly higher than among those with normal histology 5.3 (0.1, 15.5) vs. 2.4 (0.1, 7.5)
and 106.6 (44.1, 214.0) vs. 39.4 (7.8, 106.6), respectively; p<0.013 for all comparisons.
Indeed, all proteins measured correlated with acute and chronic interstitial Banff scores on
the one-year biopsy, further implicating a tubular/interstitial cause of the proteinuria.

There was significant variation of urinary albumin, IgG, IgM, α-1 microglobulin and RBP
between the histologic categories at 1 year Urinary albumin was higher than normal in the
glomerular group 24.9 (6.5, 136.1) vs. 16.2 (4.4, 56.8) mg/g creatinine; p < 0.013 while IgM
and IgG were higher in the inflammation group 147.3 (86.3, 474.4) vs. 41.4 (9.3, 119.7); p <
0.013 and 5.1 (2.3, 34.6) vs. 2.5 (0.1,7.6) p <0.05. Urinary IgG, however, did not meet the
Bonferroni corrected p < 0.013 threshold for multiple comparisons as a differentiating
feature of these 2 groups. Overall, our study suggests that urinary protein profiles alone
could not predict histological findings, in agreement with previous observations (6, 30).

During the period of our study 21 grafts were lost, 12 of which were not due to patient
death. Despite the modest number of graft losses, we observed a relationship between the
measured proteins and graft loss (Tables 6 & 7). This and previous studies (6, 9, 10, 12, 31,
32) demonstrate that urinary proteins relate to graft loss and this is statistically independent
of graft histology and function (6). Urinary RBP excretion has previously been correlated
with graft survival (14, 32). Our data demonstrate for the first time that urinary RBP
excretion at 1-year predicts subsequent graft loss independent of histology and urinary
albumin. This is exemplified in that among the 120 patients with normal urinary albumin at
one year, no patient with normal urine RBP lost their graft. The only two grafts lost had
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abnormal RBP. One of these grafts had IgA and the other was deemed to be histologically
normal at the one-year point. These grafts were lost at 62 and 35 months post transplant
respectively. The IgA developed progressive proliferation and decline in function the other
developed recurrent fibrillary glomerulonephritis. These two cases point to RBP being more
sensitive and precedes development of albuminuria and histological changes.

Limitations of our study include a predominately Caucasian population, a large proportion
of living donor source and pre-emptive transplants. This may limit external validity to other
more diverse patient populations with a higher proportion of deceased donor allografts and
non-Caucasians. We believe, however, that this is a minor limitation. This more
homogenous population may in fact be strength since it limits unknown confounders.
Strengths of the study include the cross sectional nature. All the allografts were assessed at
the same time point post transplant. The correction of urinary proteins to urine creatinine to
overcome variation in urine concentration is an added strength in contrast to previous studies
(14, 32). This may explain our ability to observe the strong correlations between RBP and
graft interstitial fibrosis and atrophy that was not detected in a previous study (32). Another
strength is the relatively large panel of proteins tested in a cohort that is well characterized
histologically by protocol biopsies and functionally by iothalamate clearance.

In conclusion, this study demonstrates that increased excretion of urinary proteins of diverse
size is extremely common one-year post renal transplant. Furthermore, levels of these
proteins correlate highly. This pathological proteinuria appears to be a consequence of
tubulo-interstitial damage. Abnormal levels of urinary proteins precede histological changes
in some cases. The low molecular weight protein RBP appears to be a sensitive marker of at
risk allografts, and provides prognostic information beyond histology or albumin alone. This
study also highlights the prognostic importance of tubulointerstitial disease for long-term
graft loss.
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Abbreviations

RBP Retinol Binding Protein

mcg/g microgram/gram

mg/g milligram/gram

IFTA Interstitial Fibrosis and Tubular Atrophy

GN Glomerular

ACGL All Cause Graft Loss

DCGL Death Censored Graft Loss

SD Standard Deviation

MW Molecular Weight
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Figure 1.
Kaplan Meier plots comparing death censored graft survival between patients with normal
(—) and abnormal (----) urine albumin excretion.
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Figure 2.
Kaplan Meier plots comparing death censored graft survival between patients with normal
(—) and abnormal (----) urinary retinol binding protein (RBP) excretion.
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Figure 3.
Kaplan Meier plots comparing death censored graft survival between patients with normal
(—) and abnormal (----) urinary retinol binding protein (RBP) excretion in the subset of
patients (N=120) with normal urine albumin.
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Figure 4.
Kaplan Meier plots comparing death censored graft survival between patients with normal
(—) and abnormal (----) urinary total protein. Normal < 50mg/g.
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Figure 5.
Hazard Ratio and 95% confidence intervals of the various factors to all cause graft loss
(ACGL) and death censored graft loss (DCGL).
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Table 1

Baseline Characteristics of the Study Cohort (N = 221)

Demographics:

   Recipient age ± SD years 51.6 (13.1)

   Recipient male N (%) 121 (54.8)

   Recipient Caucasian N (%) 206 (93.2)

   Donor age ± SD years 44.1 (13.1)

   Donor male N (%) 109 (49.3)

   Live Donor N (%) 182 (82.4)

   Preemptive transplant N (%) 97 (43.9)

   First Transplant N (%) 177 (80.1)

   Follow-up ± SD months 52.8 (10.4)

Renal Function Year 1:

   Cr ± SD mg/dL 1.3 (0.3)

   eGFR ± SD ml/min/SA 53.7 (14.9)

   iGFR ± SD ml/min 65.7 (20.9)

   iGFR ± SD ml/min/SA 57.5 (17.1)

Histology at Implantation (n=216)

   i >0 N (%) 0 (0%)

   t > 0 N (%) 0 (0%)

   ci >0 N (%) 12 (5.5%)

   ct >0 N (%) 38 (17.2)

Histology at year 1 (n=221)

   i >0 N (%) 29 (13.1)

   t > 0 N (%) 22 (9.9)

   ci >0 N (%) 97 (43.9)

   ct >0 N (%) 117 (52.9)

   Combined Acute Score ± SD 0.3 (0.9)

   Combined Chronic Score ± SD 1.2 (1.3)

   Glomerular Pathology N (%) 33 (14.9)
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Table 6

Relationship between Urinary Proteins and Graft Histology to Graft Survival

Variable All Cause Graft Loss
HR [p] Events N=21

Death Censored Graft Loss
[p] Events N=12

Continuous

Serum Cr at 1-year per mg/dL 2.34 [0.204] 5.06 [0.058]

Protein per g/g creatinine 1.27 [0.023] 1.39 [0.002]

Albumin per g/g creatinine 1.41 [0.016] 1.62 [0.001]

Log IgG 1.22 [0.019] 1.23 [0.075]

Log IgM 1.39 [0.046] 1.55 [0.059]

Log α 1 microglobulin 1.39 [0.046] 1.55 [0.059]

Log RBP 1.33 [0.004] 1.52 [0.001]

Categorical

Serum Cr > 1.4 at 1-year 1.36 [0.509] 3.39 [0.077]

HLA mismatches 0.99 [0.922] 1.01 [0.937]

Proteinuria > 50 mg/g creatinine 1.62 [0.440] 3.08 [0.282]

Proteinuria > 200 mg/g creatinine 2.59 [0.034] 4.31 [0.012]

Albuminuria 2.47 [0.051] 6.16 [0.019]

IgG (Abnormal) 2.30 [0.07] 2.29 [0.162]

IgM (Abnormal) 2.04 [0.255] 4.16 [0.173]

α 1 microglobulin (abnormal) 2.78 [0.048] 10.35 [0.026]

RBP (abnormal) 4.24 [0.01] 11.98 [0.018]

Histopathologic Classification*

IFTA 2.05 [0.199] 5.89 [0.106]

Inflammation 1.16 [0.89] -

GN 3.73 [0.03] 20.50 [0.005]

Vascular - -

Histologic Risk Classification*

IFTA 2.12 [0.188] 5.46 [0.129]

IFTA+ I 0.83 [0.866] 4.08 [0.320]

GN 3.96 [0.024] 21.6 [0.005]

*
Reference Group Normal

Cr: Creatinine, IFTA: Interstitial Fibrosis and Tubular Atrophy, GN: Glomerular, eGFR: estimated GFR by the four variable MDRD equation,
iGFR: Iothalamate measured GFR by the cold method. HR: Hazard Ratio
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Table 7

Unadjusted and adjusted predictors of graft loss.

All Cause Graft Loss
HR [p] (21 Events)

RBP

Log RBP 1.33 [0.004]

Log RBP adjusted for albumin 1.30 [0.019]

Log RBP adjusted for GN 1.35 [0.009]

Log RBP adjusted for GN and Ablumin 1.34 [0.028]

GN

GN 3.73 [0.030]

GN adjusted for albumin and RBP 3.01 [0.028]

Log α 1 microglobulin

Log α 1 microglobulin unadjusted 1.39 [0.046]

Log α 1 microglobulin adjusted for albumin 1.32 [0.102]

Death Censored Graft Loss
[p] (12 Events)

RBP

Log RBP 1.52 [0.001]

Log RBP adjusted for albumin 1.41 [0.013]

Log RBP adjusted for GN 1.70 [<0.001]

GN: Glomerular, RBP: Retinol Binding Protein, HR: Hazard Ratio
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