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Abstract: Background and Objectives: Endobiogeny is a global systems approach to human biology
based on the concept that the endocrine system manages the metabolism. Biology of function
(BoF) indices are diagnostic tools in endobiogenic medicine that reflect the action of the endocrine
system on the cells and the metabolic activity of an organism. Kidney transplant recipients are a
very specific patient population due to their constant use of immunosuppressive agents such as
steroids and anamnesis of chronic kidney disease. The aim of this study was to assess the tendencies
of endobiogenic BoF indices in a kidney transplant recipient population and to determine the
relationship between BoF index values and histology-proven kidney transplant rejection. Materials
and Methods: A total of 117 kidney transplant recipients undergoing surveillance or indication allograft
biopsy were included in this study. Endobiogenic BoF indices were calculated from complete blood
count tests taken before the kidney biopsy. Histology samples were evaluated by an experienced
pathologist according to the Banff classification system. Clinical and follow-up data were collected
from an electronic patient medical record system. Results: Overall, <35% of the patients had BoF
index values assumed to be normal, according to the general population data. Additionally, >50%
of the patients had lower-than-normal adaptation, leucocyte mobilization, genital, and adjusted
genital ratio indices, while the Cata-Ana, genito-thyroid ratio, adrenal gland, and cortisol indices
were increased in >50% of the transplant recipients. The adaptation index was significantly higher in
patients with biopsy-proven transplant rejection and demonstrated an AUC value of 0.649 (95%CI
0.540–0.759) for discriminating rejectors from patients without transplant rejection. Conclusions: Most
of the kidney transplant recipients had abnormal BoF index values, reflecting increased corticotropic
effects on their cells. The adaptation index distinguished patients with biopsy-proven transplant
rejection from those without it.

Keywords: kidney transplant; transplant rejection; endobiogeny; biology of function index

1. Introduction

Kidney transplantation is one of the most effective methods of renal replacement
therapy in patients with end-stage renal disease (ESRD) [1,2]. After receiving a kidney
transplant, patients have to take combined immunosuppressive therapy to avoid allograft
rejection and maintain the function of the transplanted kidney [3–5]. There are some risks
associated with constant immunosuppression, such as various bacterial, fungal, or viral
infections, opportunistic infections, cancer, and metabolic complications. Therefore, an
optimal balance between over- and under-immunosuppression must be maintained [6–10].

In the context of kidney transplantation, there are several diagnostic methods and
biomarkers to predict and diagnose kidney transplant rejection or to monitor transplant
function [11]. Kidney transplant rejection can be suspected when non-specific biomarkers
such as serum creatinine or proteinuria levels increase, and rejection is diagnosed through
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kidney biopsy when characteristic histological abnormalities are present according to the
Banff classification criteria [12,13]. Donor-specific antibodies are a biomarker of antibody-
mediated transplant rejection. Moreover, there are more biomarkers, such as donor-derived
cell-free DNA and the urinary chemokines CXCL9 and CXCL10, but none of them are
highly specific to rejection as they may be increased in cases of viral infections, other sources
of inflammation, and so on [14–18]. There are some biomarkers that can be used to eval-
uate the level of immunosuppression, including the concentrations of serum calcineurin
inhibitors, pharmacogenetic biomarkers, or torque teno virus levels, providing guidance
for immunosuppression [19,20]. However, there are still challenges associated with main-
taining an optimal level of immunosuppression in individual patients, prolonging graft
survival as long as possible, and avoiding the complications of over-immunosuppression
throughout the patient‘s life.

Endobiogeny is a global systems approach to human biology and is based on the
concept that the endocrine system manages the metabolism, resulting in biomarkers that
reflect the functional achievement of specific aspects of the metabolism [21]. In endobiogeny,
biology of function (BoF) indices are used to assess and monitor the functional balance of
various systems within the body [22]. Direct indices are calculated from basic blood test
results (e.g., the complete blood count with its differential) and various serum tests (e.g.,
those for electrolytes or lactate dehydrogenase), while indirect indices are calculated using
patented software (Pub. No. US 2016/0132655 A1) by indexing various biomarkers and
direct indices against each other [23]. BoF indices reflect the activity of different endocrine
axes (corticotropic, gonadotropic, thyreotropic, and somatotropic), and can be used as tools
to understand the nature of the disease and implement a holistic approach for individual
patients.

Kidney transplant recipients are a very specific population of patients due to their
prolonged use of immunosuppressive agents, history of long-lasting chronic kidney disease
and, in most cases, a history of dialysis therapy before kidney transplantation [24]. All of
these factors undoubtedly affect the patient‘s endocrine system and immune response [25–27].

In the existing literature, certain BoF indices have been analyzed in patients with
myocardial infarction, COVID-19 infection, or heart failure [28–30]; however, we could not
find any data about BoF indices in a kidney transplant recipient population. Therefore, the
aim of this study was to calculate some of the BoF indices in kidney transplant recipients,
enabling the analysis of the relationship between the BoF indices and biopsy-proven
transplant rejection.

2. Materials and Methods
2.1. Study Description and Patient Population

A total of 117 randomly selected kidney transplant recipients admitted to the nephrol-
ogy unit at Vilnius University Hospital Santaros Klinikos in 2017–2023 for a transplant
biopsy were included in this study. The patient clinical data were collected retrospectively
from an electronic patient medical data system. The laboratory test data included the com-
plete blood count, biochemistry, immunosuppressive agent serum concentrations before
kidney biopsy, and the serum creatinine level data both before biopsy and at follow-up (1, 3,
and 6 months after transplantation and the last known follow-up). Kidney biopsies were
evaluated at one center by an experienced pathologist and reported using the Banff scheme,
applying the most up-to-date criteria at the time of reporting [12]. For further analysis,
the biopsies were divided into three distinct groups: normal histology, rejection (antibody-
mediated rejection (ABMR), T-cell-mediated rejection (TCMR), or mixed rejection), and
other histology (global glomerulosclerosis, recurrent glomerulonephritis, thrombotic mi-
croangiopathy without rejection, calcineurin inhibitor toxicity-induced lesions, amyloidosis,
interstitial nephritis, or BK virus nephritis).

The kidney transplant recipients received standard induction immunosuppressive
therapy: basiliximab for moderate immunological risk and thymoglobulin for recipients
with high immunological risk. Maintenance immunosuppressive therapy mostly consisted
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of tacrolimus or cyclosporine (the latter was used by earlier transplant patients), mycophe-
nolate mofetil, and methylprednisolone. Patients with biopsy-proven rejection were treated
according to the histological phenotype and severity. Briefly, TCMR episodes were treated
with steroids, and severe clinical TCMR patients received thymoglobulin infusions. ABMR
was mostly treated with plasmapheresis and intravenous immunoglobulins +/− rituximab.
This study complied with all regulations, and informed consent was obtained from the
participants. The experiments were conducted according to established ethical guidelines.

2.2. Statistical Analysis

Continuous variables are presented as mean ± standard deviation or median [in-
terquartile range], according to the type of data. The normality of the quantitative data
was tested using the Kolmogorov–Smirnov test. The Student’s t-test and the Wilcoxon
Signed Rank test were applied to compare continuous variables with normal and skewed
distributions, respectively. The Spearman’s rank correlation analysis was performed, and
an unsupervised hierarchical clustering analysis was conducted to identify patient groups
with similar BoF indices to explore their relationship with allograft outcomes. The ability
of BoF indices to discriminate transplant rejection was analyzed using receiver operating
characteristic (ROC) curves. A p-value less than 0.05 was considered statistically significant.
Statistical analyses were performed with SPSS 29.0 (SPSS, Inc., Chicago, IL, USA).

2.3. BoF Indices

The BoF indices were calculated using formulas in the field of endobiogenic
medicine [31]. A list of the indices that we calculated for kidney transplant recipients
and a short explanation of these indices, according to the theory of endobiogeny, is pro-
vided as follows:

The Catabolism/Anabolism (Cata-Ana) index expresses the relative catabolic activity
in relation to that of anabolic activity within the scheme of the global metabolism of the
organism [31]. It is calculated from the ratios of neutrophils, lymphocytes, red blood cells
(RBCs), and white blood cells (WBCs).

The adaptation index is the ratio of eosinophils to monocytes, which reflects the
relative activity of adrenocorticotropic hormone (ACTH) on cortisol in relation to follicle-
stimulating hormone (FSH) activity on estrogen during the adaptation response. Eosinophils
vary similarly to ACTH and are inhibited by cortisol through sequestration in the spleen
and lungs [32]. Monocytes vary similarly to FSH simulation and are inhibited by estro-
gens [33,34].

The cortisol index reflects the activity of cortisol. It does not directly indicate the
concentration of cortisol in the blood but, instead, reflects the activity and effect of cortisol
on cells. The formula for this index is based on the observation that cortisol increases
erythrocytes, leukocytes, neutrophils, and monocytes, while diminishing lymphocytes,
eosinophils, and the eosinophil/monocyte ratio [35–38]. The cortisol index formula in-
cludes the percentage of neutrophils, lymphocytes, eosinophils, and monocytes, as well as
the absolute numbers of red blood cells and white blood cells (in thousands).

The adrenal gland index is an indirect index, calculated from the genito-thyroid ratio
and genital ratio, which expresses the level of activity of the adrenal cortex [39].

The genital ratio index reflects the activity of androgens over estrogens and is calcu-
lated as the ratio of RBCs/(WBCs × 1000), according to the hypothesis that RBCs are a
biomarker of the functional role of androgens in the metabolism and WBCs are a biomarker
of the effects of estrogens on tissues [22].

The leukocyte mobilization index (LMI) evaluates the role of alpha-sympathetic activ-
ity in immediate adaptation [39]. A high LMI indicates that the alpha-sympathetic nervous
system deliberates leukocytes more from splanchnic circulation than hepatic circulation. If
the index is low, leukocytes are solicited more from perihepatic circulation than splanchnic
circulation, indicating a tendency toward the de novo production of leukocytes from the
bone marrow rather than liberation from the splanchnic reserve. The lower the index,
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the more dysfunctional the response to aggression. Its formula includes WBCs, platelets,
hemoglobin, and neutrophils.

The platelet mobilization index (PMI) formula includes platelets and red blood cells.
The PMI expresses the adaptative liberating capacity of platelets sequestered in splanchnic
versus splenic reservoirs. An elevated PMI indicates acute stress when the effects of
adrenaline are augmented, favoring splanchnic demargination. A low PMI reflects a
relative insufficiency of adrenaline activity in adaptation [39].

The starter index is calculated as the ratio of LMI to PMI and expresses the relative
predominance of glucose mobilization to start the adaptation response of glucagon relative
to adrenaline. This index evaluates the autonomic vs. endocrine and splanchnic vs. splenic
pathways involved in starting the adaptation response. A high starter index indicates
that glucagon for glucose mobilization from the liver is more effective than the effect of
adrenaline [31].

The adjusted genital ratio index is an indirect index calculated as the ratio of the
genital ratio index to the starter index [39]. It evaluates the general global predominance of
androgens in relationship to that of estrogens on tissue in acute adaptation.

The genito-thyroid (GT) ratio index is the ratio of neutrophils (%) to lymphocytes (%),
which expresses the relative activity of the gonads in relationship to that of the thyroid [39].
A high GT ratio indicates a greater likelihood of the thyrotropic axis soliciting inflammation
to aid in catabolism; therefore, it is an indicator of systemic inflammation and increased
risk of morbidity. A low GT ratio indicates a weak adaptive response of the thyroid.

The thyroid-releasing hormone (TRH) reactivation index is calculated as the ratio of
monocytes (%) to lymphocytes (%). A high TRH reactivation index indicates the degree of
disadaptation of the organism and reflects the level of reactivation of the thyrotropic axis
by the alpha-sympathetic system [39].

3. Results
3.1. Patient Characteristics and BoF Index Values

This study included 117 randomly selected kidney transplant recipients. Kidney
biopsy and blood tests for BoF index calculation were performed at a median of 20 months
after kidney transplantation, with 4.3 life years on immunosuppression overall (including
immunosuppression used for previous transplants or autoimmune native kidney disease).
Furthermore, 23.1% of patients had a second or third kidney transplant, and 37.9% of cases
presented histological signs of allograft rejection. The main characteristics of our study
population are provided in Table 1.

Table 1. Patient characteristics (n = 117).

Gender
Male, n (%) 74 (63.2)

Female, n % 43 (36.8)

Age Average age, years 43 ± 13

eGFR at biopsy * mL/min/1.73 m2 39 ± 18

Biopsy time after transplantation Median months [IQR] 20.0 [6–96]

Number of transplantations

First transplant: n (%) of patients 90 (76.9)

Second transplant: n (%) of patients 22 (18.8)

Third transplant: n (%) of patients 5 (4.3)

Total life years on
immunosuppression Median [IQR] 4.3 [1.0–11.0]



Medicina 2024, 60, 1016 5 of 15

Table 1. Cont.

Hemoglobin at biopsy g/L 115.8 ± 19.8

BMI kg/m2 24.7 ± 4.8

Serum urea at biopsy mmol/L 20.4 ± 12.6

Biopsy result (% of cases)

Normal histology, % 22.2

ABMR, % 21.4

TCMR, % 7.7

Mixed rejection, % 8.8

BK virus nephropathy, % 4.4

Other abnormalities, % 35.9

Immunosuppression

Tacrolimus, % 66.7

Cyclosporine, % 25.6

Mycophenolate, % 93.2

Methylprednisolone, % 92.3

Azathioprine, % 2.6

Sirolimus, % 7.7

Serum levels of
immunosuppressive agent

Tacrolimus, ng/mL 6.57 ± 3.78

Cyclosporine, ng/mL (before dose) 84.74 ± 27.15

Sirolimus, ng/mL 0.83 ± 0.65
BMI—body mass index, ABMR—antibody-mediated rejection, and TCMR—T-cell-mediated rejection. * eGFR was
estimated using the CKD EPI 2021 formula.

The median of each BoF index was calculated in the whole patient cohort, as presented
in Table 2. Only a small group of individuals (12–34%) had BoF index values assumed as
normal, according to the general population data. More than 50% of the patients had low
adaptation, LMI, genital, and adjusted genital ratio indices, while other indices associated
with catabolism or activation of the corticotropic axis (Cata-Ana, GT ratio, adrenal gland,
and cortisol indices) were high in >50% of patients. In the subgroup of patients with normal
kidney transplant histology (no rejection or other abnormalities), these tendencies were
even more prominent: a higher percentage of patients had low adaptation, LMI, PMI,
genital, and adjusted genital ratio indices, as well as high corticotropic axis index (see
Table 3).

Table 2. BoF index median values in a cohort of 117 kidney transplant recipients and the percentage
of patients with normal, lower-than-normal, or higher-than-normal index values. BoF index formulas
are presented in the table.

Index Formula Normal Limits Median
% of Patients
with a LOW
Index Value

% of Patients
with a
NORMAL
Index Value

% of Patients
with a HIGH
Index Value

Adaptation Eos/Mon 0.25–0.50 0.11 [0.07–0.21] 76.9 12.0 11.1

LMI
(PLT × Neu ×
HgB)/(30,000 ×
WBCs)

0.85–1.15 0.76 [0.60–0.92] 59.8 32.5 7.7

PMI PLT/(60 ×
RBCs) 0.85–1.15 0.85 [0.66–1.11] 47.9 34.2 17.9

Starter LMI/PMI 0.85–1.15 0.90 [0.67–1.18] 42.7 30.8 26.5
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Table 2. Cont.

Index Formula Normal Limits Median
% of Patients
with a LOW
Index Value

% of Patients
with a
NORMAL
Index Value

% of Patients
with a HIGH
Index Value

Cata-Ana

GT
ratio/(Genital
ratio × Starter
index)

1.80–3.0 4.99 [2.92–8.00] 6.8 23.9 69.2

GT ratio Neu/Lymph 1.50–2.50 3.07 [2.19–4.21] 10.3 30.8 59.0

Genital ratio RBCs/WBCs 0.80–0.95 0.63 [0.45–0.76] 76.1 16.2 7.7

Adjusted
Genital ratio

Genital ratio
index × Starter
index

0.85–1.05 0.58 [0.30–0.86] 70.1 17.1 12.8

Adrenal Gland
GT
ratio/(Genital
ratio)2

2.70–3.30 7.61
[4.01–16.37] 12.0 12.8 75.2

Cortisol
Cata-ana in-
dex/Adaptation
index

3–7 37.42
[16.42–111.53] 2.6 14.5 82.9

Cortisol/Adrenal
Gland Ratio 3 19.7 18.8 61.5

TRH
reactivation Mon/Lymph 0.05–0.25 0.44 [0.29–0.59] 1.7 15.4 82.9

Eos—eosinophils (in %), Lymph—lymphocytes (in %), Mon—monocytes (in %), Neu—neutrophils (in %), PLT—
platelets (in units/mm3, i.e., 185,000), RBCs—red blood cells (in thousands/mm3, i.e., 4400), and WBCs—white
blood cells (in units/mm3, i.e., 6100).

Table 3. Patients with normal transplant histology: percentage of patients with low, normal, and high
values of each BoF index.

Index % of Patients with a LOW
Index Value

% of Patients with a
NORMAL Index Value

% of Patients with a HIGH
Index Value

Adaptation 96.2 0 3.8

LMI 65.4 30.8 3.8

PMI 50.0 38.5 11.5

Starter 38.5 26.9 34.6

Cata-Ana 11.5 19.2 69.2

GT ratio 15.4 34.6 50.0

Genital ratio 84.6 7.7 7.7

Adjusted Genital ratio 73.1 15.4 11.5

Adrenal Gland 11.5 3.8 84.6

Cortisol 3.8 7.7 88.5

TRH reactivation 0 7.7 92.3

3.2. BoF Indices in Patients with and without Transplant Rejection

The patients were divided into two groups according to the histological diagnosis:
patients without rejection on histology (non-rejectors: n = 70) and patients with transplant
rejection (rejectors: n = 41). The index values were compared between two groups using
the Mann–Whitney test (Table 4). The adaptation index was significantly higher in patients
with biopsy-proven transplant rejection, while the ratio of cortisol to the adrenal gland
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index was significantly higher in the non-rejector group. The latter group included cases
with normal histology and other-than-rejection histology abnormalities (e.g., recurrent
glomerulonephritis and global glomerulosclerosis). The same significant results were
observed when the indices were compared between the pure normal histology (n = 26) and
rejection groups.

Table 4. Median [IQR] BoF index values in patients with biopsy-proven transplant rejection and
patients with no rejection (normal histology or other histological abnormalities such as global glomeru-
losclerosis or recurrent glomerulonephritis).

Index Rejectors (Median
[IQR])

Non-Rejectors
(Median [IQR]) p-Value

Adaptation 0.15 [0.09–0.43] 0.10 [0.05–0.18] 0.009 **

LMI 0.80 [0.61–0.96] 0.71 [0.58–0.90] 0.172

PMI 0.79 [0.64–1.09] 0.87 [0.66–1.12] 0.621

Starter 0.98 [0.70–1.27] 0.87 [0.64–1.15] 0.236

Cata-Ana 4.5 [2.91–8.29] 5.02 [3.01–8.01] 0.779

GT ratio 2.98 [2.23–4.06] 0.62 [0.44–0.72] 0.908

Cortisol 29.54 [10.21–87.94] 47.39 [18.50–126.40] 0.157

Genital ratio 0.67 [0.45–0.80] 0.62 [0.44–0.72] 0.460

Adrenal gland 6.67 [3.27–17.61] 8.21 [4.30–16.65] 0.467

Adjusted Genital ratio 0.69 [0.31–0.97] 0.53 [0.30–0.82] 0.258

Cortisol/Adrenal gland ratio 3.77 [1.86–6.66] 5.71 [3.41–9.40] 0.013 *

TRH reactivation 0.41 [0.28–0.56] 0.47 [0.30–0.65] 0.259
**. Significance at the 0.01 level. *. Significance at the 0.05 level.

3.3. Cortisol and Arenal Gland Index Ratio

Cortisol should be interpreted together with the adrenal gland index; normally, this
ratio should be ~3. In our cohort, only 22 (18.8%) patients had a normal cortisol/adrenal
gland index ratio. In this group of normal ratio patients, only 9.1% had normal renal
histology, 31.8% had transplant rejection, and 59.1% had other abnormalities on kidney
biopsy. Furthermore, 13.6% of patients lost their transplant during the 12 months after graft
biopsy, 50% of patients had a functioning graft 1 year after biopsy, and 36.4% of patients
had less than 12 months of follow-up.

The patient group with an increased cortisol/adrenal gland index ratio had signifi-
cantly fewer transplant rejection cases (31.9%) compared to the patients with a low corti-
sol/adrenal gland index ratio (60.9%; p < 0.05); however, the cortisol/adrenal gland index
AUC for discriminating patients with transplant rejection was only 0.356 (CI 0.246–0.467).
Looking at infectious complications, the group with the higher ratio had a higher average
number of cytomegalovirus infection episodes per patient in the last 6 months before
biopsy (0.29) compared to the group with the lower ratio (0.09), although this result was
not significant (p > 0.05).

A total of 91% of patients with a low cortisol/adrenal gland index ratio received
methylprednisolone (median dose: 8 mg), while 92% of patients with a high cortisol/adrenal
gland index ratio received methylprednisolone (median dose: 6 mg). The median times
(months) after transplantation in groups with low, normal, and high ratios were 36.00, 81.00,
and 12.00, respectively, but significantly differed only between groups with normal and
high ratios (p < 0.05).
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3.4. Adaptation Index

Our data analysis revealed that more than two-thirds of the kidney transplant re-
cipients had a decreased adaptation index, while patients with biopsy-proven transplant
rejection had significantly higher adaptation index values. The ROC analysis of the adapta-
tion index showed an AUC value of 0.649 (95%CI 0.540–0.759) for detecting biopsy-proven
kidney transplant rejection (see Figure 1).
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Figure 1. Adaptation index ROC curve for detecting biopsy-proven kidney transplant rejection. The
AUC was 0.649 (95%CI 0.540–0.759).

3.5. BoF Index Correlation with Clinical Parameters

Spearman correlation analysis revealed a significant negative correlation between the
adaptation index and the tacrolimus level. The LMI and PMI correlated negatively with
patient body mass index (BMI). A positive correlation was found between patient BMI and
the GT ratio index. There were positive correlations between starter, genital, and adjusted
genital ratio indices and graft survival. The serum creatinine concentration at the time of the
biopsy correlated positively with the adrenal gland, TRH reactivation, Cata-Ana, and PMI
indices and correlated negatively with the genital, adjusted genital ratio, and starter indices.
The mycophenolate (MMF) dose correlated negatively with the PMI and positively with the
starter index (Table 5). No significant correlations were observed between the considered
indices and the steroid dose or cyclosporine concentration. Patients with tacrolimus levels
below 5 ng/mL had a significantly higher median value of the adaptation index compared
to patients with higher levels of tacrolimus (0.17 [0.11–0.39] vs. 0.10 [0.05–0.15]; p = 0.002);
however, the other indices did not differ significantly between these groups.
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Table 5. Spearman correlation analysis of BoF indices and patient clinical data.

Index BMI
Graft Survival
(Months Until

Dialysis)

Serum Creatinine
Level at the Time

of the Biopsy

Tacrolimus Level
(ng/mL) MMF Dose

Adaptation −0.062 0.196 0.148 −0.270 * −0.049
LMI −0.194 * 0.265 −0.062 0.026 0.624
PMI −0.337 ** −0.245 0.218 * −0.063 −0.199 *

Starter 0.156 0.401 * −0.241 * 0.153 0.221 *
Cata-Ana 0.152 −0.254 0.323 ** −0.072 −0.057
GT ratio 0.204 * −0.283 0.327 ** −0.007 −0.013

Genital ratio 0.018 0.377 * −0.218 * 0.122 0.129
Adjusted Genital

ratio 0.092 0.387 * −0.235 * 0.138 0.174

Adrenal Gland 0.108 −0.276 0.276 ** −0.082 −0.060
Cortisol 0.142 −0.074 0.056 0.169 0.066

Cortisol/Adrenal
Gland Ratio −0.046 −0.041 −0.144 0.301 0.135

TRH reactivation 0.140 −0.085 0.250 ** −0.006 −0.090

** Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level.

3.6. BoF Indices and One-Year Graft Survival

The patients were divided into two groups: one group included patients with graft
loss during the year after the biopsy (n = 18), while the second group included patients
without graft loss during the year after the biopsy. It is worth noting that two patients were
excluded, who died within 1–2 months after the biopsy due to cryptococcosis or pancreatic
abscesses and had an infection at the time of the biopsy.

Non-parametric statistical tests (Mann–Whitney U test) were performed to compare
different characteristics between the graft loss group and patients with a working graft
(see Table 6). Only serum creatinine levels were significantly higher in the graft loss group;
however, there was a tendency toward lower genital ratio, starter, and adjusted genital
ratio in the graft loss group, although these differences were not significant (Figure 2).

Table 6. Characteristics and BoF indices in patients with and without graft loss during the follow-up
12 months after kidney biopsy.

Characteristics Graft Loss
(Median [IQR])

No Graft Loss
(Median [IQR]) p-Value

Patient age 31.50 [28.00–56.50] 43.50 [31.2–53.75] 0.222

BMI 21.92 [20.62–26.00] 24.62 [20.82–28.69] 0.431

Creatinine at biopsy, µmol/L 430.00 [294.50–472.50] 155.00 [121.00–231.00] <0.001 *

Creatinine at 1 month after biopsy, µmol/L 235.73 [148.00–314.00] 216.18 [110.75–247.50] 0.042 *

Creatinine 3 months after biopsy, µmol/L 323.50 [221.25–386.25] 128.00 [108.00–175.00] 0.043 *

Creatinine 6 months after biopsy, µmol/L 385.50 [313.5–506.5] 153.00 [108.50–218.00] 0.023 *

Biopsy time after transplantation 48.50 [11.50–107.5] 16.00 [8.00–73.50] 0.161

C-reactive protein 1.03 [0.29–8.25] 1.70 [0.90–3.77] 0.932

Tacrolimus level, ng/mL 5.00 [3.68–7.68] 5.90 [4.00–7.70] 0.780

Mycophenolate dose, g 1.5 [1.0–2.0] 2.0 [1.4–2.0] 0.166

Steroid dose, mg 8.00 [4.00–9.00] 4.00 [4.00–8.00] 0.119



Medicina 2024, 60, 1016 10 of 15

Table 6. Cont.

Characteristics Graft Loss
(Median [IQR])

No Graft Loss
(Median [IQR]) p-Value

BoF Indices:

Adaptation 0.11 [0.04–0.28] 0.12 [0.07–0.20] 0.838

Cata-Ana 6.98 [3.08–19.96] 4.80 [2.57–6.78] 0.735

GT ratio 3.94 [2.32–7.56] 2.91 [2.08–3.62] 0.378

Cortisol 58.24 [9.87–155.48] 39.25 [14.51–95.47] 0.776

Genital ratio 0.44 [0.39–0.69] 0.64 [0.45–0.80] 0.067

Adrenal gland 12.44 [4.50–41.89] 7.48 [3.17–15.33] 0.378

TRH reactivation 0.44 [0.19–0.72] 0.42 [0.30–0.52] 0.838

LMI 0.59 [0.50–0.88] 0.80 [0.62–0.97] 0.197

PMI 0.90 [0.76–1.11] 0.75 [0.63–1.04] 0.154

Starter 0.73 [0.49–1.03] 1.03 [0.76–1.27] 0.067

Adjusted genital ratio 0.31 [0.16–0.72] 0.69 [0.35–0.96] 0.067

* Significance at the 0.05 level.
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4. Discussion

To the best of our knowledge, this is the first publication focused on endobiogenic
indices in a kidney transplant recipient cohort. Although endobiogenic medicine uses many
more indices and includes a holistic approach to the patient, including inspection, thorough
anamnesis of the patient, and evaluation of the whole combination of indices (instead of
drawing conclusions from one abnormal index), our aim was to reflect the tendencies of
such indices in kidney transplant recipients receiving maintenance immunosuppressive
therapy [21]. All indices in this paper were calculated from the complete blood count test,
with differentials taken 0–7 days before kidney allograft biopsy, which was performed for
various clinical indications.

The cortisol and adrenal gland indices represent the activity of the corticotropic axis.
The cortisol index normally expresses the role of cortisol during adaptation; however, pa-
tients after kidney transplantation who regularly take steroids for immunosuppression are
likely to have an increased cortisol index and an increased cortisol/adrenal gland ratio. In
our cohort, 91% of patients with a low cortisol index were taking steroids, while more than
60% of patients with a low index ratio had biopsy-proven transplant rejection at the time of
measurement. This finding suggests that some recipients with low values of this ratio index
may show a state of under-immunosuppression. In contrast, there was a tendency toward
higher numbers of CMV infections and a lower rate of transplant rejection in patients with
a high cortisol/adrenal gland ratio, indicating a state of over-immunosuppression, despite
receiving a lower dose of steroids compared to the group with a low cortisol/adrenal gland
index ratio. Therefore, this index ratio might be helpful in identifying individual patients
presenting over- or under-immunosuppression for the guidance of immunosuppressive
agent dosing; however, more data are needed for validation.

Our data analysis showed that more than two-thirds of kidney transplant recipi-
ents had a lower-than-normal adaptation index, which is not surprising as this index is
calculated as the ratio of eosinophils to monocytes and, in transplanted patients, oral
immunosuppressive therapy with corticosteroids may lower eosinophil levels [40]. Our
results revealed that patients experiencing allograft rejection had significantly higher adap-
tation index values, indicating lower glucocorticoid activity. Moreover, there are published
data indicating that eosinophilia often precedes T-cell-mediated transplant rejection, as
well as the successful use of corticosteroids for managing this type of rejection through the
suppression of eosinophils [41,42].

More than half of the patients had decreased adaptation, LMI, genital, and adjusted
genital ratio indices. According to the theory of endobiogeny, these data indicate that
kidney transplant recipients tend to have low ACTH activity due to the inhibition caused
by high cortisol activity associated with steroid use. A low LMI suggests a dysfunctional
response to aggression and a tendency to solicit white blood cells from the perihepatic
circulation more than from the splanchnic circulation. It is calculated as the ratio of platelets,
neutrophils, and hemoglobin to white blood cells, and in our cohort of kidney transplant
recipient patients, this ratio was decreased in more than half of the patients. Moreover, the
indices associated with catabolism and activation of the corticotropic axis were increased,
indicating an effect of steroid catabolic activity.

Higher tacrolimus levels were associated with lower patient adaptation. This can be
explained by the ability of tacrolimus to reduce eosinophil levels by promoting eosinophil
apoptosis [43]; however, tacrolimus does not strongly affect monocyte function to a clini-
cally relevant degree and only changes macrophage polarization [44].

Patients with a higher BMI had lower PMI and LMI values, which can be explained
by the higher platelet count in patients with an increased BMI, as mentioned in several
papers [45–47], and a positive significant correlation between BMI and platelet count
was observed in our data. Notably, platelets are present in the denominator of both
index formulas. Higher BMI was associated with a higher GT index, which is the ratio
of neutrophils to lymphocytes, and data on neutrophilia and lymphocytopenia in obese
patients have been previously reported [48–50]. According to the theory of endobiogeny,



Medicina 2024, 60, 1016 12 of 15

an elevated GT ratio indicates efficient thyroid activity and the likelihood of the thyrotropic
axis to solicit inflammation to aid in catabolism [31].

A tendency of longer graft survival was observed in patients with higher starter,
genital, and adjusted genital ratios. The genital ratio increases with higher red blood cells
and reflects the dominant activity of androgens over estrogens, according to the theory of
endobiogeny. However, longer graft survival is closely associated with better functioning
of the graft, and on the other hand, anemia is a sign of kidney failure [51]. Therefore, higher
red blood cells and a higher genital ratio are linked to better functioning of the graft and,
thus, longer graft survival.

The negative correlation between the MMF dose and PMI can be explained by the
effect of MMF on bone marrow function; in particular, it suppresses the production of red
blood cells more than platelets [52,53]. The PMI is in the denominator of the starter index
formula; so, the latter index is positively correlated with the MMF dose. In endobiogenic
medicine, an increased starter index is interpreted as increased glucose mobilization from
liver glucagon in response to stress and the need for adaptation [22].

One of the limitations is that the study patients formed a very heterogenic group of
kidney transplant recipients with a very different duration of overall immunosuppression,
with the time after transplantation ranging from 0 to 28 years. In other words, the patients
may not have been matched regarding variables that can affect clinical outcomes, including
graft loss and duration of graft survival. Moreover, the allograft histology was very
heterogenous, including normal histology as well as transplant rejection (both antibody-
mediated and T-cell-mediated), recurrent glomerulopathy, polyoma virus infection, global
glomerulosclerosis, and so on. It would be rational to analyze BoF indices in larger groups
of patients with each histological diagnosis. Moreover, we did not have data about patient
comorbidities such as diabetes, thyroid diseases, and medications used for their therapy,
which could affect the BoF index results.

Despite these limitations, we provide the first overview of endobiogenic indices in
a very specific patient population and connect the interpretation of these indices from
traditional and endobiogenic medicine points of view. By increasingly applying an individ-
ualized approach to patients in clinical practice, the principles of endobiogenic medicine
could complement traditional medicine, especially when making decisions about the pa-
tient’s treatment, while assessing the risk of complications. BoF indices provide additional
knowledge about the patient’s endocrine system activity, metabolism, and other ongo-
ing processes; however, so far, these indices have been studied and applied mainly in
the general population. Chronic kidney disease and chronic immunosuppression signif-
icantly alter physiological processes; so, the interpretation of BoF indices applied to the
general population may not be appropriate for patients after kidney transplantation. As
such, more scientific evidence is needed to apply the principles of endobiogenic medicine
to this patient population. This article provides data about BoF values in patients with
normal graft histology, as well as the correlation between indices and graft rejection and
over-immunosuppressive conditions.

5. Conclusions

Most of the kidney transplant recipients had abnormal BoF index values, reflecting
increased corticotropic effects on their cells. This was even more prominent in the subgroup
of patients with normal transplant histology. Therefore, BoF indices should be interpreted
with caution in kidney transplant recipient populations due to the corticotropic effects
of maintenance immunosuppressive therapy. Among all the calculated indices, only the
adaptation index discriminated patients with biopsy-proven transplant rejection from those
without it. As such, this index may be used in addition to other biomarkers when kidney
transplant rejection is suspected.
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