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Key Learning Points

e A correct donor/recipient matching is necessary to achieve the best long-term renal function after
transplantation.

¢  HLA matching is the most important, but inadequate pairing in age, sex, and BMI can impact graft
function.

e A combined score based on age, sex, and BMI matching between donor and recipient is related to graft
function.

Abstract: Objetives: Adequate donor-recipient matching is necessary to achieve the best renal function after
transplantation. The nephron load received from the donor, which can be reflected in variables such as age, sex
and body mass index, may influence the evolution of the graft. Our objetive was develop a combined score
according to the donor-recipient pairing in age, sex and body mass index, and assess its influence on the
evolution of the renal graft. Materials and methods: Transplant patients between 2013 and 2020 who had at least
1 year of post-transplant follow-up. A ranking of 0 to 2 points was awarded according to the match between
donor and recipient for sex, age and body mass index individually, with higher rank to greater mismatch.
Subsequently, a Score with value of 0 to 6 points was created with the combined ranking of the indivudual
variables, analyzing its influence on the evolution of the graft by multivariate linear regression. Results: 280
patients followed for 4.3 years of median. Worse renal function was observed at the end of follow-up as the
range of each variable increased separately, and the Score created, with a worsening of renal function as the
combined Score increased in the multivariate analysis: Coefficient B= -2.4 ml/min, p=0.018. Conclusions: An
adequate match between donor and recipient in age, sex and body mass index using this combined Score can
help achieve better kidney function after transplantation.

Keywords: renal transplantation; donor-recipient matching; matching non-HLA; matching in age; gender
and body mass index; renal graft outcome

Introduction

In the process of organ donation, it is essentially the immunological criteria that mark the
selection process, attempting a correct donor-recipient matchin, since better graft survival has been
demonstrated at fewer incompatibilities. When the number of Human Leukocyte Antigen (HLA)
system incompatibilities increases, in turn increases the risk of developing specific donor anti-HLA-
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mediated rejection that may lead to reduced graft survivance.!? This immunological criterion
determines both the type and intensity of immunosuppressive therapy, in an attempt to prevent the
development of anti-HLA antibodies after transplantation, or to minimize their effect if developed.
Thus, in a way, the immunological criterion is "modifiable" after transplantation.

However, at the time of selection of the donor-recipient pair, there are inherent characteristics
to both, which are not modifiable later, and which can also influence the evolution of the graft.
Among these characteristics in kidney transplantation are age, sex and body mass index (BMI).
Several studies have evaluated the influence of different donor-recipient matching on these variables,
finding different renal graft evolutions depending on the matching performed.>* The different
evolutions according to these variables will be linked to the nephron load provided by the donated
kidney, depending on whether it will be sufficient to maintain normal renal functions in the recipient
depending on its characteristics. A donor-recipient mismatch in these variables may result in the
contribution by the donated kidney of a nephron burden insufficient for the characteristics of the
recipient, unable to perform normal renal functions.

Most studies evaluate the influence of these variables on the evolution of the graft separately, or
associating some of them, using criteria of renal graft functionality that may not be adequaty.? Have
a score with these three variables combined, similar to that obtained with the donor-HLA matching,
could provide useful information in making the most correct decision during the donation process in
order to try to achieve the best possible kidney function in the long term.

Materials and methods

Study description

A retrospective cohort study was conducted including all renal transplant recipients from
January 2013 to June 2020 who had at least one year of follow-up, excluding patients with double
transplantation and living donors.

Clinical and analytical variables

The following variables were collected: sex, age, weight and height of the donor and the
recipient, and the BMI was calculated from the last two. Type of pre-transplant dialysis, type of
immunosuppression used, steroid doses accumulated during the first year (equivalent doses of
prednisone), chronic kidney disease diagnoses, history of diabetes mellitus prior to transplantation
or development of the same one year after transplantation, number of HLA incompatibilities, time
on dialysis prior to transplantation, previous transplant history, type of donation (excluding live
donor transplantation), development of rejection, delayed graft function (understood as the need for
hemodialysis during immediate post-transplantation), and development of BK virus infection. At the
end of the follow-up, estimated glomerular filtration (FGe) was calculated using the CKD-EPI
formula.

According to the mismatches in donor-recipient matchings in age, sex and BMI, a ranking of 0
to 2 points was awarded in each of the variables, with a higher rank due to greater disparity between
donor and recipient (Table 1). Subsequently, a combined Score was created with the combination of
points from the previous ranking, which could have values between 0 and 6 points (Table 2). The
combined Score of each of the variables, was made with subjective criteria and taking into account
the results of the studies published to date, evaluating the suitability of this score to what was
observed in our sample, basically guiding the scoring process the theoretical nephron load provided
by the donated kidney according to the characteristics of the receptors. In the sex variable, 0 points
were awarded to the donor-recipient combination of "Male to Male" and "Female to Female". 1 point
when the donation was made from "Male to Female", and 2 points when it was made from "Female
to Male". For the variable age, the difference between donor and recipient was calculated, giving 0
points when the donor was 5 years or younger than the recipient (donor younger than the recipient),
1 point when the difference between donor and recipient was less than 5 years (donor as well as
recipient), and 2 points when the recipient was 5 years or younger than the donor (recipient younger
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than the donor). In the BMI variable, the value of 30 kg/m2 (from which obesity is considered
according to the WHO) was used as a reference value for the comparison. A donor with a BMI greater
than 30 kg/m2 that has been evaluated and is considered optimal as a donor, implies the absence of
proteinuria and normal renal function, thus translating into an adequate nephron charge that
prevents hyperfiltration maintaining normal kidney function. 0 points were awarded when the
donation was made from a donor with a BMI higher than 30 kg/m2 to a recipient with a BMI lower
than 30 kg/m2 (non-obese donor-obese recipient), or when both donor and recipient had a BMI lower
than 30 kg/m2; 1 point when both donor and recipient had BMI greater than 30 kg/m?2, and 2 points
when donation was made from a donor with a BMI lower than 30 kg/m?2 to a recipient with a BMI
greater than 30 kg/m2 (non-obese recipient-donor obese).

Table 1. Ranking according to the matching of each variable.

Type of combination Points
Age

Recipient>Donor in 5 years
Recipient=Donor (+5 afios)
Recipient<Donor in 5 years

N —m O

Sex

Male-Male / Female-Female

Male-Female

Female-Male

BMI (kg/m?)

Donor BMI > 30 - Recipient BMI < 30

Donor = Recipient (both BMI < 30)

Donor = Recipient (both BMI > 30)

Donor BMI < 30 - Recipient BMI > 30 2
Abbreviations: BMI, body mass index.

—_ o O

Table 2. Score after the sum of the points of each variables separately.

Sex
Score 0 L 2
Age
0 1 2 0 1 2 0 1 2
0 0 1 2 1 2 3 2 3 4
BMI 1 1 2 3 2 3 4 3 4 5
2 2 3 4 3 4 5 4 5 6

Abbreviations: BMI, body mass index.

Statistical analyses

Quantitative variables are expressed as mean and standard deviation (SD), or as median and
interquartile range (IQR) according to data normality. Categorical variables are expressed as number
and percentage of the total or within each category.

The comparison of means between two groups was evaluated by the T-Student statistic, or by
Mann-Whitney U according to the case. The comparison of means between more than two groups
was made by ANOVA of a factor. The categorical variables were compared using the Chi-Square,
Fisher’s Exact Test or Likelihood Ratio tests according to the case, in addition to assessing the
significance of the Linear Trend.

The influence of the combined Score on the renal function of the graft at the end of follow-up
was analyzed by multivariate linear regression, adjusted to the rest of the variables, censoring the
death of the patient with functioning graft.
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Statistically significant p < 0.05 was considered. The data were analyzed using the statistical

program SPSS 26.0 for Windows.
Results

Sample characteristics

During the study period 280 patients were included, with a median follow-up of 4.3 years. The

characteristics of the sample can be seen in Table 3.

Table 3. Sample characteristics.

Variables

Overall (n=280)

Sex of the recipient, No. (%)

Male 181 (64.6%)
Female 99 (35.4%)
Sex of the donor, No. (%)
Male 151 (54.1%)
Female 128 (45.9)
Mean Age recipient, years 55.2+12.2
Mean Age donor, years 58.8+12.7
Dialysis type, No. (%)
Hemodialysis 228 (81.4%)
Peritoneal dialysis 52 (18.6%)
CKD etiology, No. (%)
DN or NAS 55 (19.6%)
Glomerulopathy 64 (22.9%)
ADPKD 50 (17.9%)
CIN 30 (10.7%)
Othres 81 (28.9%)
DM prior to transplantation, No. (%) 58 (20.7%)
DM a year after transplantation, No. (%) 99 (35.4%)
No. of mismatches HLA, No. (%)
0 2 (0.7%)
1 7 (2.5%)
2 36 (12.9%)
3 97 (34.8%)
4 88 (31.4%)
5 39 (14.0%)
6 10 (3.6%)
Type of IS, No. (%)
C + MMF + FK 39 (13.9%)
B +C+MMF +FK (S) 141 (50.4%)
B + C + MMF + FK (NS) 30 (10.7%)
Thy + C + MMF + FK 70 (25.0%)
Median dialysis duration (IQR), years 49 (5.2)
Mean Cumulative dose of steroids, mg. 4213 + 1138
Median BMI recipient (IQR), kg/m2 26.6 (4.6)
Median BMI donor (IQR), kg/m2 29.7 (7.8)
Previous transplant, No. (%) 25 (8.9%)
Donation type, No. (%)
Brain death 213 (76.1%)

Type Il cardiac death

54 (18.6%)
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Type II cardiac death 13 (4.3%)
DGEF, No. (%) 71 (25.4%)
BK infection, No. (%) 37 (13.2%)

Abbreviations: ADPKD, autosomal dominant polycystic disease; B, basiliximab; BMI, body mass index; C,
corticosteroids; CIN, chronic interstitial nephritis; CKD, chronic kidney disease; DGF, delayed graft function;
DM, diabetes mellitus; DN, diabetic nephropathy; FK, tacrolimus; HLA, Human Leukocyte Antigen system;

IQR, interquartile range (25th to 75th percentile); IS, immunossupression; MMEF, mycophenolate; NAS,
nephroangiosclerosis; NS, nonsequential; S, sequential; Thy, thymoglobulin.

At the end of the follow-up, the mean of the eGF was 49.1 ml/min/1.73m?2. 34 patients (12.1%)
returned to dialysis during follow-up and 23 (8.2%) died with a functioning graft. There were no
statistically significant differences in follow-up time between the groups created.

There was a predominance of males in recipients (181, 64.6%), while in donors the distribution
was similar between men and women 54.1% vs. 45.9% respectively. There was a difference of 3.6
years in favor of donors: 58.8 years, compared to 55.2 years for recipients. Some 36.3 per cent of
donors were obese, while only 22.1 per cent of recipients were obese.

Individual analysis of age, sex and BMI variables

Regarding the age variable, as the score resulting from pairing increased, renal function
worsened, with a statistically significant Linear Trend test (P = .01), with the worst renal function at
the end of follow-up in the group of patients where recipients were younger than donors in 5 years
or more with 47.5 ml/min, compared with 59.2 ml/min in the group where donors were younger than
recipients in 5 years or more, P = .01 (Figure 1).
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Figure 1. Box plot according to donor-recipient match in age. Abbreviations: D, donor; R, recipient.

The donor-recipient matching in the sex variable was mainly from male to male or female to
female, with 130 recipients. Worse renal function was observed as the matching ranking increased,
with a statistically significant Linear Trend test (P = .026), obtaining 53.2 ml/min mean for rank with
0 points (male to male, or female to female), versus 44.1 ml/min mean for rank with 2 points (female
to male), P =.026 (Figure 2).
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Figure 2. Box plot according to donor-recipient match in sex. Abbreviations: M, Male; F, female.

The group where the donor was obese and not the recipient, or where both donor and recipient
were not obese, was the majority in the BMI matching, with 193 patients. This group with 0 points
had the best renal function at the end of follow-up, with 52.3 ml/min on average, compared to the
group where the recipient was obese without being the donor, with 46.3 ml/min, although the
difference was not statistically significant (P = .257). Nor was the Linear Trend test statistically
significant (Figure 3).
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Figure 3. Box plot according to donor-recipient match in body mass index. Abbreviations: D, donor;
R, recipient.
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Age-sex-BMI combined analysis

In the analysis of the influence of the combined Score on the graft function, a worse renal
function was observed as the Score increased, with a statistically significant Linear Trend test (P =
.002) (Figure 4). In the multivariate linear regression analysis adjusted for the rest of the confounding
variables, a fall of 2.4 ml/min was found for each Score increase (95% CI: 0.4 to 4.4 ml/min, P = .018).

1200
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Figure 4. Box plot according to donor-recipient Score.

Discussion

In our study, we showed that an inadequate donor-recipient matching in age, sex and BMI,
correlates with worse graft function as the mismatch in these characteristics increases. With the points
obtained from the combination of the different matching in these variables, we elaborated a Score
which correlates with a worse renal function at the end of the follow-up as its range increases. Taking
this Score into account during the donation process can be useful for a correct donor-recipient pairing,
beyond HLA compatibility, in order to try to achieve the best possible renal function in the long term.
While the effect of donor-recipient HLA incompatibilities may later be modified with the use of
immunosuppressive therapy, the above variables are not modifiable, except perhaps the recipient’s
BMI.

Until now, few studies had evaluated the influence of pairing in these three variables between
donor and recipient in the evolution of the graft. Unlike our work, Baddiri et al. used serum creatinine
values as a marker of renal function, with a follow-up of patients as young as 12 months, and
performing a statistical analysis without adjusting to other possible variables that may condition the
evolution of the graft3 In other studies, however, they analyze only the influence of donor
characteristics on the evolution of the graft, without taking into account matching with the recipient,
finding that kidney receptors from elderly and female donors, have worse kidney function than those
from young donors or male sex.”® This reasoning, which seems logical, is why we have guided
ourselves to award the different scores in the three variables to study, although there are studies that
do not find significant differences in the evolution of the graft according to the sex combination
between donor and recipient, but carried out in a population of living donors, with a much lower age
than our sample, and not comparable with BMI.?
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One of the characteristics inherent to these variables that could determine better or worse renal
function is the nephron load. The influence of the nephron load brought by the donated kidney on
graft function has been demonstrated years ago. A lower nephron load means worse kidney function.
Ancient studies have shown different nephron loads depending on the characteristics of the patients
studied. Thus, elderly or female patients have lower nephron mass.”'%2 Since not all obese patients
have impaired renal function, it suggests that a low nephron load at birth in certain patients who
suffer obesity in adulthood, is behind impairment of renal function due to obese glomerulopathy;!314
a decrease in body mass index in these patients is associated with an improvement in renal function.>
Therefore, an obese patient, who does not present deterioration of renal function, and who is
therefore selected as a potential donor, we can assume that presents a nephron load at least adequate.

Matching a recipient with a certain donor that may have a probable low nephron load according
to these variables, not according to the characteristics of the first, may imply a worse long-term renal
function of the graft.

The main point of contention of our work in the creation of this Score, lies in the score given to
each of the groups. This score was carried out mainly according to the probable nephron load
provided by the donated kidney according to the characteristics of the recipient. Previous studies
show that selecting small donors for large recipients, with also imbalances in sex, means worse renal
function.’® Thus, although some authors find worse renal function when the donation is made from
man to woman in relation to a probable higher number of rejection in this group of patients,
compared to other combinations,'”'8 this worse evolution is compensated when the donated kidney
comes from a male donor with higher BMI by providing a theoretical higher nephron burden.' For
this reason, we understand that the nephron load provided by a male donor, or a female donor, to a
recipient of the same sex, fits the characteristics of the latter, and only the mismatch would be
modified, as far as nephron load is concerned, by age or BMI, variables that are also part of the Score
and therefore adjust the pairing. Similarly, although univariate analysis did not find statistically
significant differences in the groups created from pairing as a function of donor-recipient BMI, similar
to what was observed in other studies, 32 we decided to include this variable in the final creation of
the Score since the BMI may be different depending on both the sex and the age of the patients.

Several are the limitations of our study, highlighting the small sample size, being performed in
a single center, and with patients all of them of Caucasian race, the latter factor that can influence the
survival of the graft.0 Therefore, it would be necessary to check our results and the usefulness of our
Score, in a multicenter study with greater racial variability.

Conclusions

An inadequate donor-recipient pairing assessed by the Score obtained with the score derived
from imbalances in age, sex and BMI, correlates with worse kidney function in the long term. In
addition to the donor-recipient HLA pairing during the donation process, this Score should be taken
into account to achieve the best possible graft function. Additional studies with more patients would
be needed to corroborate these results.
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