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Abstract

Introduction. Diabetic nephropathy (DN) is a leading
cause of ESRD worldwide and an independent risk
factor for cardio-vascular mortality in diabetic patients.
The multifactorial pathogenesis of DN is illustrated by
many scientific researches. Nevertheless, there are no
affirmed biomarkers of its presence, except albuminuria
and kidney biopsy still stays the only method that con-
firms the diagnosis. The aim of our study is to reveal a
relationship between certain biomarkers and the deve-
lopment of DN in patients with type 2 Diabetes Me-
llitus (DM).

Methods. Eighty-one patients are studied (49 males
and 32 females), age 22 to 75 years. All of them are
with CKD and histologically proven nephropathies,
regardless of the kidney function. Forty-eight of sub-
jects are with T2DM and the rest (33) are without DM.
The patients are divided into 3 groups, according to
histological findings: 1-st group (n=30): patients with
DM and DN; 2-nd group (n=18): diabetic patients with
other nephropathies but non DN and 3-rd group: pa-
tients without DM. Kidney function, lipid profile, IL-
6, CRP, fibrinogen, D-dimer, homocysteine, folic acid,
methylenetetrahydrofolate reductase gene polymer-
phism (MTHFR A1289C and C677T) are tested in the
three groups.

Results. Serum homocysteine is significantly increased
in patients with DN (p=0,034), compared to diabetic
patients without DN. Also, there is a significantly in-
creased level of serum IL-6 (p=0,019) and serum fibri-
nogen (p=0,012) in all diabetic patients, compared to
non-diabetic patients. There is no significant difference
between the rest of biomarkers among the three groups.
Conclusion. No single biomarker can be a predictor of
DN, but a combination of biomarkers should be searched
in larger studies.
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Introduction

Microvascular complications of Diabetes mellitus (DM)
are of major health and social importance. Diabetic
nephropathy (DN) is a leading cause of end-stage renal
disease (ESRD) worldwide and also an independent
risk factor of cardio-vascular mortality in diabetic pa-
tients [1]. Approximately 90% of all diabetic patients
are with type 2 DM. The rest 10% are with type 1 DM
and some other rare types, as MODY (Maturity-onset
diabetes of the young) and secondary types in pan-
creatitis, Cushing syndrome, and corticosteroid treat-
ment [2,3]. It is found that nearly 50% of all patients
with type 2 DM have also a chronic kidney disease
(CKD), which is more common in certain populations
as elderly patients, obese, some ethnic groups, low
social and economic status [4]. The problem is not
only the large number of diabetic patients, but also the
late diagnosis in an advanced stage with minimal or no
therapeutic options. The early diagnostics of CKD in
patients with type 2 DM includes clinical and labora-
tory tests, as well as a histological verification with
percutaneous puncture kidney biopsy [5]. The latter
shows the presence of DN and other non-diabetic
nephropathies (primary glomerulonephritis, autoimmune
diseases and etc.) which is crucial for the treatment.
Percutaneous puncture kidney biopsy is an invasive
procedure and is not applicable in all patients. The
restrictions of its performance are associated with the
presence of advanced parenchymal changes, small kid-
neys, renal asymmetry, comorbidity, uncontrolled hyper-
tension, severe anemia, concomitant anticoagulant and
antiplatelet medication [6]. This provoke investigators
to search for non-invasive methods with a high pre-
dictive value of presence of diabetic kidney injury and
its prognosis.

The aim of our study was to reveal a relationship bet-
ween certain clinical and laboratory biomarkers which
are routine for the clinical practice and development of
DN in patients with type 2 DM.
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Material and methods

The study enrolled 81 biopsied patients between the
age of 22 and 75 years with histologically proven nep-
hropathies, hospitalized at Nephrology Department,
Clinic of Internal Diseases, Acibadem CityClinic Uni-
versity Hospital Tokuda in Sofia, Bulgaria from 2018-
2023. Forty-nine of them were male (60,5%) and
32(39,5%) - female. Forty-eight of all patients (59,3%)
were with type 2 DM and the rest 33(40,7%) were
without diabetes. Patients were divided into 3 groups
according to the presence of DM and DN in renal
histology: | group: Patients with type 2 DM and DN
(n=30); male 22(73,3%) and female 8(26,7%). Il
group: Patients with type 2 DM without DN in the
biopsy (n=18); male 11(61,1%) and female 7(38,9%).
111 group: Non-diabetic patients (n=33); male 16(48,5%);
female 17 (51,5%).

Indications for performing renal biopsy were: a presence
of albuminuria or proteinuria of different range or im-
paired renal function.

Patients were assessed for having arterial hypertension
and diabetic complications: diabetic retinopathy, poly-
neuropathy, macroangiopathy (for the I and Il group).
The presence of diabetic retinopathy was confirmed
after fundoscopy by ophthalmologist. Diabetic neuro-
pathy was accepted on the basis of neurological con-
sultation and in some cases- electromyography test.
Diabetic macroangiopathy involved cases with a his-
tory of ischemic heart disease or peripheral artery disease.

In all 3 groups the following parameters were measu-
red: serum creatinine and e-GFR (CKD-EPI), cystatin
C, BMI, lipid status (Low density lipoproteins-LDL,
High density lipoproteins-HDL, Triglycerides), uric
acid, glycated hemoglobin, inflammatory markers (CRP,
IL-6), indexes of blood clotting and vessel damage
(fibrinogen, D-dimer), homocysteine, folic acid, gene-
tic factors (methylenetetrahydrofolate reductase gene
polymorphism MTHFR A1289C and MTHFR C677T)
as well as the thyroid function (TSH, FT4, Antithyroid
microsomal antibody - MAT, Antithyroglobulin antibody
- TAT). All laboratory tests were performed at the Cli-
nical Laboratory of Acibadem CityClinic University
Hospital Tokuda, Sofia.

From the statistical point of view the results are pre-
sented as number and proportion of patients in each
group as well as the meant standard deviation for
normally distributed variables. The shape of the dis-
tribution was assessed by Kolmogorov-Smirnov and
Shapiro-Wilk tests. Pearson Chi-Square test (Fisher
Exact test when applicable) was performed to check
the relationship of categorical variables.

Results

The mean age of patients in the 3 groups was as fo-

llows: group (diabetic patients with DN) - 62+8; 1l
group (diabetic patients without DN) - 61£9; TII group
(non-diabetic patients) 46+14.

There was no significant difference regarding duration
of DM between | and Il group. In the | group the du-
ration was 13+8 years and in the II group - 1245 years,
respectively (p=0,505).

Patients from the 3 groups were at different stages of
CKD. Distribution of patients according to the stages
of CKD (KDIGO Classification) is presented in Table 1.

Table 1. Distribution of patients according to the stages of
CKD (KDIGO Classification)
| group

11 group 111 group

CKD 1 n=6(20.0%)  n=2(11.1%) n=10(30.3%)
CKD 2 n=3(10.0%)  n=7(38.9%)  n=4(12.1%)
CKD3a  n=4(133%)  n=1(56%)  n=5(15.2%)
CKD3b  n=0(0.0%) n=0(0.0%) n=0(0.0%)
CKD4  n=12(40.0%) n=8(44.4%)  n=13(39.4%)
CKD5 n=5(16.7%)  n=0(0.0%) n=1(3.0%)

Data presented as number of patients and percent.
Abbreviation: CKD — Chronic kidney disease.

Histological findings in the 3 groups are as follows:

In the | group, despite DN, 3(10.0%) of patients have
hypertensive nephropathy; 5(16.7%) have tubulointer-
stitial changes; 1(3.3%) has FSGS; 1(3.3%) has mem-
branous nephropathy; 1(3.3%) has C3- Glomerulo-
nephritis. So, 11(36.6%) out of 30 patients with DN
have another co-existing non-diabetic disease.

In the Il group of diabetic patients with CKD, renal
histology didn’t show DN, but we found the following
diagnosis: predominant number of patients-10(55.5%)
have a combination of hypertensive vascular changes
and tubulointerstitial lesions; 3(16.6%) of patients have
only hypertensive nephropathy and 1(5.5%) patient has
tubulointerstitial nephritis alone; 2(11.1%) have mem-
branous nephropathy; 1(5.6%)-membranoproliferative
nephropathy; 1(5.6%)-mesangioproliferative glomeru-
lonephritis with deposition of C3.

In the Il group non-diabetic patients, we found:
7(21.2%) patients have chronic tubulointerstitial neph-
ritis, 7(21.2%) have FSGS; 6(18.2%) have IgA nephro-
pathy; 4(12.1%) have lupus nephrites; 3(9.1%) have
membranous nephropathy; 3(9.1%) have membrano-
proliferative glomerulonephritis; 2(6.1%) have idiopa-
thic nephrotic syndrome and 2(6.1%) - other.
Regarding diabetic complication, the comparison bet-
ween the two diabetic groups revealed a significant
difference in the presence of diabetic retinopathy. Fifty
percent of patients with DN have a kind of retino-
pathy, whereas no one from diabetic patients without
DN has it. There was no significant difference between
the two groups in respect of other diabetic compli-
cations (Table 2).
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Table 2. Comparison of diabetic complications between groups | and 1l

I group-DM Il group-DM P for groups
with DN without DN land?2
Diabetic retinopathy Yes n=15(50.0%) n=0(0.0%) <0.001
No n=15(50.0%) n=18(100.0%) ’
Diabetic Yes n=20(66.7%) n=10(55.6%) 0.441
polyneuropathy No n=10(33.3%) n=8(44.4%) '
Diabetic Yes  n=10(33.3%) n=7(38.9%) 0.697
macroangiopathy No n=20(66.7%) n=11(61.1%) '
Diabetic gangrene Yes n=2(6.7%) n=0(0.0%) 0.263
No n=28(93.3%) n=18(100.0%) '
Data presented as number of patients and percent.
Abbreviation: DM - Diabetes Mellitus, DN — Diabetic Nephropathy.
Table 3. Comparison of clinical parameters between the 3 groups
I group-DM 11 group-DM 111 group- g:)ljgg 1 g:):?); 1 g:)ljg; 2 P for groups
with DN without DN Non-diabetics and 2 and 3 and 3 (1+2) and 3
n=1 n=1 n=11
18.0-24.9 (3.3%) (5.6%) (33.3%)
n=6 n=5 n=13
BMI 25.0-29.0 (20.0%) (27.8%) (39.4%) 0.747 <0.001 0.013 <0.001
n=23 n=12 n=9
>30.0 (76.7%) (66.7%) (27.3%)
Yes n=30 n=18 n=28
i 0, 0, 0,
Arterial _ (100_.0 %) (100_.0 %) (8453 %) 0.054 0.148 0.009
hypertension No n=0 n=0 n=5
(0.0%) (0.0%) (15.0%)
Data presented as number of patients and percent.
Abbreviation: DM - Diabetes Mellitus, DN — Diabetic Nephropathy, BMI — Body Mass Index.
Table 4. Comparison of metabolic parameters between the 3 groups
I group — I group 111 group P for P for P for P for
" DM
DM with without non- groups 1 groups 1 groups 2 groups
DN DN diabetics and 2 and 3 and 3 (1+2)and 3
n=4 n=5 _ o
Low (14.3%) (27.8%) n=1 (3.3%)
n=22 n=13 n=26
LDL Normal (78.6%) (72.2%) (86.7%) 0.307 0.322 0.024 0.092
i = 0, = 0, n=3
High n=2 (7.1%) n=0 (0.0%) (10.0%)
Low n=19 n=11 n=9
(67.9%) (61.1%) (30.0%)
HDL Normal n=9 n=7 n=20 0.639 0.013 0.093 0.007
(32.1%) (38.9%) (66.7%)
High n=0(0.0%) n=0(0.0%) n=1(3.3%)
Normal (5no:3;) (5n5:é‘30) (7n2:$30)
Triglycerides n=.15 n.=8 n.=9 0.709 0.064 0.214 0.062
High (G00%)  (444%)  (27.3%)
o Normal (snozgt;,) (6n1:i°lﬁ>) (enlzf;)
Uric acid n.:6 n.:7 n.:5 0.154 0.613 0.085 0.204
: (] . 0 : 0
High 20.0% 38.9% 15.2%
Normal (4n6=%;o) (53?)%/0)
HbA1C _ = 0.823
~6.5% n=16 n=9
070 .U70
) (53.3%) (50.0%)

Data presented as number of patients and percent.
Abbreviation: DM - Diabetes Mellitus, DN — Diabetic Nephropathy.
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Other clinical features that we compared between the 3
groups are the presence of obesity and arterial hyper-
tension. The results are presented in the table 3.

There was a significant prevalence of obesity (BMI

>30.0) in diabetic patients, regardless the presence of
DN, compared to non-diabetic patients. Everybody with
diabetes in our study has arterial hypertension and most
patients without DM have arterial hypertension as well.

Table 5. Comparison of inflammatory and coagulation factors between the 3 groups

| group 1l group 111 group P for P for P for P for
DM with DM Non- groups groups 1 groups 2 groups
DN without DN diabetics land?2 and 3 and 3 (1+2) and 3
Normal n=17 n=13 n=26
CRP (56_'7%) (72'_2%) (78'_8%) 0.281 0.060 0.732 0.119
High n=13 n=5 n=7
070 .070 .70
(43.3%) (27.8%) (21.2%)
Normal n=17 n=14 n=29
IL-6 (56.7%) (77.8%) (87.9%) 0.139 0.005 0.430 0.019
High n=13 n=4 n=4
(43.3%) (22.2%) (12.1%)
Normal n=13 n=10 n=22
D-dimer (43.3%) (55.6%) (66.7%) 0.412 0.063 0.433 0.095
High n=17 n=8 n=11
170 470 070
(56.7%) (44.4%) (33.3%)
Low n=1(3.3%) n=0(0.0%) n=0 (0.0%)
Normal n=14 n=11 n=27
Fibrinogen (46.7%) (61.1%) (81.8%) 0.508 0.012 0.177 0.021
High n=15 n=7 n=6
g (50.0%) (38.9%) (18.2%)
Data presented as number of patients and percent.
Abbreviation: DM - Diabetes Mellitus, DN — Diabetic Nephropathy.
Table 6. Comparison of homocysteine, folic acid and thyroid function between the 3 groups
I group 1l group 111 group P for P for P for gl:ofgrr)s
DM with DM non- groupsl groups  groups (1+2)
DN without DN diabetics and 2 land3 2and3 and 3
Normal n=9 n=11 n=11
0, 0, 0,
Homocysteine (30—210 ) (61'_17@ (33_':;;) ) 0.034 0.777 0.056 0.448
High n= n= n=
(70.0%) (38.9%) (66.7%)
Normal n=20 n=13 n=27
Folic acid (87.0%)  (100.0%)  (818%) 4333 33 0219 0242
_ n=3 i . =6 . . . .
High (13.0%) n=0 (0.0%) (18.2%)
Low n=1 n=0 n=3
(3.3%) (0.0%) (9.1%)
n=29 n=16 n=27
TSH Normal (96.79%) (88.9%) (81.8%) 0.135 0.140 0.416 0.220
High n=0 n=2 n=3
g (0.0%) (11.1%) (9.1%)
Low n=2 n=0 n=1
(6.9%) (0.0%) (3.0%)
n=27 n=17 n=30
FT4 Normal (93.1%) (94.4%) (90.9%) 0.240 0.326 0.753 0.640
Hiah n=0 n=1 n=2
g (0.0%) (5.6%) (6.1%)
Normal n=26 n=15 n=29
TAT Ab ©o7%)  (B33%0) (190 0909  0ses 0686 0751
High (133%)  (167%)  (12.1%)
Normal n=29 n=15 n=26
MAT Ab (gﬁ'z;@ (sﬁf’;@ (7‘357%) 0.142 0.033 0.999 0.096
High (B3%) (167%)  (21.2%)

Data presented as number of patients and percent.

Abbreviation: DM - Diabetes Mellitus, DN — Diabetic Nephropathy.
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With respect of the metabolic status, we didn't find
any significant difference between diabetic patients
with DN and those without DN. We only found that
HDL is significantly lower in patients with DN com-
pared to non-diabetic patients (p=0.013). Also, it is
significantly lower in two diabetic groups, as compa-
red to the non-diabetic patients (p=0.007). Glycemic
control didn't show any difference between diabetic
patients with DN and those without DN. Glycated
hemoglobin (HbA1C) was above 7.5% in almost half
of the patients from the two groups (Table 4).

We compared the presence of some inflammatory
markers (CRP, IL-6) and coagulation factors (fibrino-
gen, D-dimers) between the 3 groups. We didn’t find
any significant difference between diabetic patients with
and without DN, but there were a significantly higher
levels of IL-6 in diabetic patients with nephropathy

compared to non-diabetic patients (p 0.005). In addi-
tion, levels of fibrinogen appeared to be higher in
diabetic patients with nephropathy than in non-diabetic
patients (p 0.012) (Table 5).

We found that the levels of homocysteine are signify-
cantly elevated in diabetic patients with DN compared
to DM patients without DN (p 0.034), although there
was no significant difference between patients with
DM and those without DM. There was no difference in
the levels of folic acid and thyroid function between
the 3 groups (Table 6).

In our study we investigated the carriage of mutations
of methylenetetrahydrofolate reductase gene (MTHFR
A1289C and C677T) as genetic factors for development
of diabetic nephropathy. We found out that the carriage
of pathological alleles is widespread and it doesn't
play any role for the manifestation of DN (Table 7).

Table 7. Carriage of pathological alleles of methylenetetrahydrofolate gene (MTHFR A1289C and C677T) among the 3

groups
I group I grlauD 111 group P for P for P for Fr)ofSrs
DM without non- groups groups groups (1g+2) :End
with DN DN diabetics land2 l1and3 2and3 3
Homozygous AA n=16 n=10 n=15
normal (53.5%) (55.6%) (45.5%)
MTHFR n=12 n=7 n=16
A1289C Heterozygous (40.0%) (38.9%) (48.5%) 0.982 0.794 0.785 0.721
Homozygous CC n=2 n=1 _ o
mutation ©7%)  G6%) N2 61%)
Homozygous AA n=13 n=6 n=7
normal (43.3%) (33.3%) (21.2%)
MTHFR n=12 n=8 n=22
C677T Heterozygous (40.0%) (44.4%) (66.7%) 0.770 0.094 0.300 0.084
Homozygous CC n=5 n=4 n=4
mutation (8.7%) (22,2%) (12.1%)

Data presented as number of patients and percent.

Abbreviation: DM - Diabetes Mellitus, DN — Diabetic Nephropathy.

Discussion

Diagnosing etiology of CKD in patients with DM is a
challenge for the clinicians. Kidney biopsy is seldom
considered, except in cases with atypical presentation
as: lack of diabetic retinopathy, short duration of diabetes
(under 5 years), presence of micro- or macrohematu-
ria, active urinary sediment, sudden onset of gross pro-
teinuria or nephrotic syndrome, acute kidney injury,
suspicion of an autoimmune disease and markers of
hepatitis B or C [7]. As in many trials in the literature,
in our study approximately 1/3 of diabetic patients
(37.5%) have non-diabetic kidney injury, 1/3 (36.6%)
have a combination of diabetic and non-diabetic lesions
and the rest 39.5% - diabetic nephropathy alone [8].

In our study, the group of diabetic patients without DN
showed a similar duration of DM as those with DN
and suggests that the predictive value of duration is not
a strong one.

Diabetic retinopathy (DR) is present significantly in
50% of patients with DN, whereas no one in the Il

group has it. So, the existence of DR might be of a
high predictive value for the presence of DN. It has
been confirmed by large studies [9,10]. Severity of DR
could be a marker of progression of CKD [11]. If DR
is established, a screening for Diabetic Kidney Disease
(DKD) should be performed regularly.

In our study, diabetic polyneuropathy (DPN) is found
in most of the patients with DN (66.7%) and in more
than half of diabetic patients without DN (55.6%). It
indicates a high prevalence of polyneuropathy among
diabetic patients with CKD and its predictive value
should be an object of further research. In the literature
there are publications, stating a relationship between
DPN and DKD [12,13].

As it is observed in our study, the predominant number
of patients from the 3 groups are at CKD 4, which might
indicate a progressive course of the kidney disease.
Regarding histological findings it is worth mentioning
that a significant number of patients with DN (36.6%)
have another co-existing non-diabetic injury. At the
same time, most of the patients from the Il group
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(77.7%) have hypertensive and/or tubulointerstitial
lesions. That states the question if these vascular or
tubulointerstitial changes could be associated with DM
and/or if they could be a manifestation of DKD. The
role of tubulointerstitial damage in DKD has been
recently researched by many authors [14-16]. That
explains the fact that many diabetic patients reach
ESRD without a significant albuminuria [17-19].
Obesity and arterial hypertension presented significantly
in all diabetic patients in our study, compared to non-
diabetic patients. Although they don’t show an exis-
tence of DN, they could deteriorate the course of CKD
in patients with DM [20].

We studied the role of IL-6 as a marker of DN and
found that it was significantly higher in patients with
DN compared to the non-diabetic patients, although
there was no significant difference between the two
diabetic groups. IL-6 is an inflammatory cytokine with
a pleiotropic action. It is involved in the mechanisms
of obesity and insulin resistance [21,22]. The mecha-
nism of its action is impairing phosphorylation of the
insulin receptor and inhibition of insulin signaling to
the cells [21]. Also, IL-6 unlocks molecular mechanisms
(gp-130-STAT 3 dependent mechanisms) that lead to
an adaptive immune response, cellular infiltration and
inflammatory process [23]. Several studies in literature
demonstrate the role of IL-6 for developing DN
[24,25]. Shikano et al. found a significant elevation of
serum IL-6 in patients with microalbuminuria and
overt proteinuria, compared to normoalbuminuric pa-
tients, as well as a significant correlation with fib-
rinogen [26].

Fibrinogen is a 340kD plasma protein, containing two
sets of a-, B- and y-chains. At the beginning of coagu-
lation process thrombin cuts off fibrin-peptides from
the N-end of a and P chains, which leads to polymer-
rization of fibrin monomers in insoluble fibrin set [27].
Mechanisms of microvascular injury are due to chan-
ges of blood viscosity, activation of thrombogenesis
and erythrocyte aggregation in the terrain of impaired
endothelial function and vascular reactivity [28]. Seve-
ral studies in the literature demonstrate elevated levels
of fibrinogen in patients with DM and DN [29-31]. In
our trial, levels of IL-6 and fibrinogen were significan-
tly higher in diabetic patients, compared to non-
diabetic patients. It is not sufficient to accept the role
of these biomarkers as single predictors of DN, but
they could also be indicators of renal injury in diabetic
patients.

We investigated the role of homocysteine, folic acid
and methylenetetrahydrofolate reductase gene polymer-
phism (MTHFR A1289C and C677T) in patients from
the 3 groups. Methylenetetrahydrofolate reductase
(MTHFR) is an enzyme, which takes part in the pro-
cess of remethylation of homocysteine to methionine.
Inadequate enzyme activity causes elevation of homo-
cysteine serum levels. MTHFR is encoded by MHTFR

-gene, which is located in humans in chromosome 1,
locus p36.3 [32]. Different sequences in the DNA mo-
lecule determine so called genetic polymorphism, which
has 24 genetic variants [33]. The most investigated
ones are C677T and A1289C. In 1998 Neugebauer et
al. established the role of MTHFR gene polymorphism
as a risk factor for DN in DM type 2 [34]. In our study,
we found that carriage of pathological alleles 677T
and 1289C is widespread among the studied popula-
tion and it couldn’t be used as a biomarker of DN.
Interestingly, in our trial homocysteine appeared to be
significantly higher in patients with DN, than diabetic
patients without DN, although there was no significant
difference between diabetic and non-diabetic patients.
Homocysteine is a sulfur containing amino acid, which
is formed as a result of intracellular metabolism of
methionine [35]. Its unfavorable action in the kidneys
and vascular system is associated with an endothelial
dysfunction, increased formation of reactive oxygen
species (ROS), activation of vasoconstrictor and dep-
ression of vasodilator substances, increased extracellu-
lar matrix deposition. The relationship between eleva-
ted plasma concentration of homocysteine and the
level of albumin excretion in diabetics has been des-
cribed in some trials [36,37]. Wang et al. demonstrated
a positive correlation between homocysteine, albumin
excretion and the degree of reduction of e-GFR for a 4
years period of follow-up [38]. Some authors consider
homocysteinemia as an independent predictor of kid-
ney injury in early stages of kidney disease [38,39].
The small number of patients in our study does not
allow us to accept homocysteine as a single biomarker
of DN, but its high levels might predict a progressive
course of renal disease.

Conclusion

Multifactorial pathogenesis of DN reveals different
metabolic disorders in diabetic patients with CKD.
That's why it is so difficult to determine a particular
biomarker, except albuminuria, as a hallmark of DN.
None of the studied biomarkers in our trial could be a
single predictor of DN and a combination of biomar-
kers should be searched in larger studies. Since renal
biopsy stays the only method that determines diagnosis
and prognosis, we recommend to perform it in each
patient with elevated albumin or protein excretion or
impaired renal function, if there are not contraindica-
tions for it.

Conflict of interest statement. None declared.
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Abstract

Introduction. Despite their potential benefits, minera-
locorticoid receptor antagonists are rarely used in kid-
ney transplant recipients due to the fear of compli-
cations. We aim to describe epidemiological, clinical
and laboratory characteristics, treatment, and outcomes
of kidney transplant patients treated with eplerenone.
Methods. Kidney transplant recipients who received
eplerenone were included in this single-center retro-
spective study. Serum electrolytes, uric acid, estimated
glomerular filtration rate (eGFR), and proteinuria were
recorded.

Results. Ten Kidney transplant recipients (6 male) re-
ceived eplerenone for treatment of heart failure. With
the median follow-up of 16 months (range 6-78
months), nine were alive with the functioning kidney
allograft. Eplerenone was well tolerated. Only one
patient developed mildly elevated potassium and one
developed severe symptomatic hyponatremia, requiring
hospitalization. The glomerular filtration rate decreased
after eplerenone's introduction from 47.5(42-54) to 40
(35-48) ml/min/1.73m? at three months (p<0.01) and
remained stable in follow-up. Proteinuria decreased
from 303 mg/24h to 185 mg/24h without a statistically
significant difference. Eplerenone did not influence
cyclosporine or tacrolimus trough levels. Uric acid in-
creased after the introduction of eplerenone, requiring
increased doses of allopurinol.

Conclusions. Eplerenone may be used with caution in
kidney transplant recipients. Careful monitoring of all
electrolytes and not only of potassium is mandatory. In
our cohort, eplerenone increased uric acid levels. Further
studies are required to elucidate the clinical benefits
and safety of eplerenone in this patient population.

Key words: eplerenone, heart failure, kidney transplant,
hyperuricemia, hyponatremia, mineralocorticoid receptor
antagonist

Introduction

Cardiovascular diseases are the leading cause of death,
accounting for up to 60% of all lethal outcomes after
kidney transplantation [1]. All major phenotypes of
cardiovascular diseases are present in kidney transplant
recipients, including heart failure, coronary artery di-
sease, valvular heart disease, peripheral vascular disease,
cerebrovascular diseases, arrhythmias, and pulmonary
hypertension. The shared risk factors between Kkidney
failure and cardiovascular disease, such as diabetes
and hypertension, can partially explain this phenome-
non. However, end-stage kidney disease (ESKD) can
additionally exacerbate cardiac problems due to ane-
mia, fluid overload, uremic toxins, and secondary hy-
perparathyroidism with vascular calcifications that
contribute to the development and exacerbation of
atherosclerosis, coronary artery disease, and left ven-
tricular hypertrophy. Finally, mineralocorticoid excess,
which is present in ESKD, significantly contributes to
the risk of cardiac disease. Mineralocorticoid receptor
(MR) activation is involved in inflammation, fibrosis,
and progression of chronic kidney disease. Besides the
kidneys, MR is expressed in many other organs, inclu-
ding the colon, heart, central nervous system, and brown
adipose tissue, which are responsive to aldosterone
signaling. Aldosterone contributes to blood pressure
control and maintains extracellular volume homeosta-
sis by provoking renal sodium reabsorption and pota-
ssium excretion [2].

Eplerenone is a second-generation steroidal mineralo-
corticoid receptor antagonist (MRA) that selectively
binds to the MR, blocking aldosterone binding and in-
hibiting sodium reabsorption and other aldosterone-
mediated mechanisms. It is more selective in the MRA
effect and devoid of androgen antagonism and proges-
terone agonism than spironolactone. Additionally, the
absence of its long-acting metabolites could be asso-
ciated with less frequent adverse events. However, the
use of eplerenone still carries a risk of hyperkalemia
[3]. Thus, despite the potential benefits, MRAs are ra-
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rely used in kidney transplant recipients (KTR) due to
the fear of complications. Herein, we report our expe-
rience with the use of eplerenone after Kidney trans-
plantation.

Material and methods

We conducted a retrospective, observational cohort
study that included patients who underwent kidney
transplantation at the University Hospital Centre
Zagreb, Croatia, and received eplerenone therapy. The
patient’s electronic medical records were used to ex-
tract the relevant data. Data extracted from the patients’
database included their age, gender, primary kidney
disease, dialysis vintage, posttransplant complications,
and laboratory data before the introduction of eplere-
none, three months after the start of treatment, and at
the last follow-up. Laboratory measurements included
estimated glomerular filtration rate (eGFR), uric acid,
potassium, sodium, and 24-h proteinuria. Patients were
advised to limit their potassium-rich food intake. The
research was conducted in accordance with the Decla-
ration of Helsinki. The University Hospital Center
Zagreb Ethics Committee reviewed and approved this
study protocol.

The primary endpoint was the tolerance to eplerenone,
assessed by the occurrence of the adverse events:
occurrence of hyperkalemia (>5.1 mmol/L), decrease
in eGFR >30% from baseline, or any adverse event
that required discontinuation of eplerenone. Efficacy
outcomes of the present analysis included a CV com-
posite outcome of nonfatal myocardial infarction, stro-
ke, or hospitalization for heart failure. Changes in pro-
teinuria, uric acid, and electrolytes from baseline to the
end of the study were also analyzed.

Categorical data were presented by absolute and re-
lative frequencies. The Shapiro-Wilk test tested the
normality of the continuous variable distribution. The
median and the interquartile range described conti-
nuous data. Logistic regression analysis was used to
analyze the independent factors associated with dec-
reased eGFR and increased serum uric acid. The level
of significance was set at an Alpha of 0.05. Conside-
ring the relatively small sample size and the possibility
of overfitting in the multivariate logistic regression
model, we adopted a forward stepwise method (proba-
bility for stepwise: entry p<0.05, removal p>0.1) for
logistic regression analysis to reduce the number of
independent variables entering the model. There was
no substitution for the missing data. The statistical
analysis was performed using MedCalc® Statistical
Software version 20.023 (MedCalc Software Ltd.,
Ostend, Belgium; https://www.medcalc.org; 2021) and
the IBM SPSS Stat. 23 (IBM Corp. Released 2015.,
Ver. 23.0. IBM Corp; Armonk, NY, USA).

Results

Out of 2226 KTRs who underwent kidney transplan-
tation at our institution, ten patients were treated with
eplerenone. There were 6 male and 4 female patients,
with a median age of 75 (range 61 to 84). The immu-
nosuppressive protocol was based on calcineurin inhi-
bitors (tacrolimus in 2, cyclosporine in 5 patients) or
mTORI (everolimus in 3 patients). Eight patients re-
ceived mycophenolate.

All patients had arterial hypertension, four had a his-
tory of myocardial infarction, 3 had a stroke, seven had
peripheral arterial disease, and seven had cardiac arr-
hythmia. Their characteristics are presented in Table 1.

Table 1. Characteristics of patients treated with eplerenone

n=10
Age (years) 75(61-84)
Gender ratio (M/F) 6/4
Dialysis vintage (years) 3(1-8)
Time from transplantation (years) 13(8-27)
Primary kidney disease, n / Total
Diabetic nephropathy 1/10
Glomerulonephritis 2/10
ADPKD 3/10
Nefroangiosclerosis 1/10
Endemic nephropathy 2/10
Analgetic nephropathy 1/10
CNI, n/ Total
Tacrolimus 217
Cyclosporine 5/7
Mycophenolate, n / Total 8/10
mTORi, n/ Total 3/10
Steroid dose (n = 9) 5(2.5-10)
Myocardial infarction, n / Total 4/10
Stroke(n = 3), n /Total
1 episode 2/3
2 episodes 1/3
Peripheral vascular disease, n / Total 7/10
Arrhythmia, n/ Total 7/10
Acute rejection, n / Total 1/10
CMYV reactivation, n/ Total 1/10
Malignant tumor, n / Total 5/10
Hypertension, n / Total 10/10
Number of antihypertensive drugs, n/Total
2 2/10
3 3/10
4 2/10
5 3/10
Posttransplant diabetes, n / Total 2/10
Heart echo, n / Total
EF (%) 65(22-65)
Pulmonary artery pressure 45(40-90)
Valvular disease, n / Total 3/10
NTproBNP 0 5539(2235-118070)
NTproBNP final 2740(1500-4596)

Data are expressed by median (range)

At the last outpatient visit, with the median follow-up
of 16 months (range 6-78 months), nine patients were
alive with functioning kidney allograft. One of them
died from heart failure 26 months after the introduction
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of eplerenone.

The glomerular filtration rate decreased from 47.5
(IQR, 42-54) ml/min/1.73m? after eplerenone's introduc-
tion to 40.0 (IQR, 35-48) ml/min/1.73m? and remained

stable in follow-up. Proteinuria decreased from 303
mg/24h to 185 mg/24h without a statistically signifi-
cant difference (Table 2).

Table 2. Estimated glomerular filtration rate significantly decreased after introduction of eplerenone. Uric acid levels
increased during the treatment, not reaching the statistical significance (p=0.06). Data are represented as median and

range. *p<0.05 vs. baseline

Median (IQR) p
At baseline 3 months Last follow-up
Body weight 80(67-88) 81.5(68-88) 76.5(69-89) 0.91
eGFR 47.5(42-54) 40.0(35-48) 39.0(33-48) 0.01f
SBP 138(128-167) 132(125-158) 137(122-160) 0.72
DBP 87(76-108) 82(74-105) 84(72-103) 0.58
Proteinuria 303(219-378) 241(128-263) 185(118-407) 0.64
Potassium 4.3(4.1-4.7) 4.3(4.0-4.5) 4.1(3.8-4.6) 0.76
Sodium 140.5(139-141) 141(137-142) 140(139-142) 0.97
Calcium 2.35(2.32-2.43) 2.43(2.36-2.47) 2.43(2.34-2.51) 0.28
Uric acid 380(364-450) 442(389-521) 430(421-471) 0.06

IQR-interquartil range, *Friedman's Test, at the level of P<0,05 significantly higher values at baseline compared to other

measurements

Only one patient developed mild hyperkaliemia (se-
rum potassium increased from 4.9 to 5.2 mmol/L).
Other patients had potassium levels within the normal
range, including those with mildly elevated potassium
at the baseline. Uric acid increased in all but one
patient, requiring either the introduction or increase of
the existing dose of allopurinol or febuxostat.

Calcium levels were stable after the introduction of
eplerenone.

Two patients required hospitalizations after the intro-
duction of eplerenone. One patient developed severe
hyponatremia one month after the start of treatment
with 25 mg eplerenone. She was admitted to the hos-
pital with mental deterioration and a serum sodium
level of 113 mmol/L. On physical examination, she
was dysponoic, with a heart rate of 99 bpm, blood
pressure of 136/69 mmHg, with edema and hyperemia
of the lower extremities. Heart auscultation revealed
an ejection systolic murmur without radiation to the
carotids. The electrocardiogram (ECG) showed atrial
fibrillation with a normal ventricular response. A chest
radiograph showed an increased cardiothoracic index
with cranial vascular redistribution-the transthoracic
echocardiogram calcification of the mitral valve, with
moderate MV regurgitation. There was also a severe
tricuspid valve (TV) regurgitation, secondary to TV
annulus dilation. The left ventricular ejection fraction
(LVEF) was preserved (60%), and the left ventricle
was not dilated. Eplerenone was immediately omitted,
and hyponatremia was conservatively treated. The pa-
tient recovered within five days and was discharged
with stable Kidney allograft function. The other patient
was hospitalized due to the heart failure. He died with
a functioning kidney allograft.

There were no significant changes in blood pressure
during the follow-up, and we did not perform conti-
nuous ambulatory blood pressure monitoring. All patients

required at least two antihypertensive drugs to control
arterial hypertension.

Tacrolimus and cyclosporine trough levels were stable,
without significant oscillations after the introduction
of eplerenone. There was no need to change the dose
of everolimus after the introduction of eplerenone.

Discussion

This study showed an acceptable safety profile of
eplerenone in KTR with heart failure. Nine out of ten
patients were alive at the last outpatient visit. Eplere-
none was associated with a decline in eGFR at three
months, which remained stable after that, and in-
creased uric acid levels in follow-up. A decline in
proteinuria was recorded but did not reach statistical
significance. One patient developed severe symptoma-
tic hyponatremia, requiring hospitalization. Only one
patient developed mild hyperkaliemia.

Cardiovascular diseases are the leading cause of death
in patients with ESKD. Despite detailed cardiac eva-
luation in kidney transplant candidates, different car-
diovascular complications, including heart failure, re-
main the most common cause of death after kidney
transplantation [4]. All other cardiovascular condi-
tions, including coronary artery disease, valvular heart
disease, peripheral vascular disease, cerebrovascular
diseases, arrhythmias, and pulmonary hypertension,
significantly affect posttransplant outcomes. Additiona-
lly, kidney transplantation is increasingly accessible to
elderly recipients with a more pronounced burden of
different comorbidities, including diabetes, coronary
heart disease, or heart failure. All these conditions ha-
ve been associated with the upregulation of mineralo-
corticoid receptors [5]. Mineralocorticoid receptor up-
regulation results with increased transcription of pro-
fibrotic genes, including TGF-betal, plasminogen acti-
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vator inhibitor 1, connective tissue growth factor, and
extracellular matrix proteins, which are linked to renal
and cardiac fibrosis, adding to the risk of cardiovas-
cular disease [2]. In different clinical settings, minera-
locorticoid receptor antagonists (MRA) may have
antihypertensive and antiproteinuric effects. However,
they also prevent ischemia-reperfusion injury, the tran-
sition from acute, chronic injury to chronic kidney
disease (CKD), the progression of CKD, and the pre-
vention of cardiovascular outcomes [6]. Mineralocor-
ticoid receptor knockout in smooth muscle cells, but
not in the endothelium, prevented cyclosporine-indu-
ced nephrotoxicity [7]. In experimental models, MR
blockade efficiently ameliorated calcineurin toxicity,
possibly by preventing increased renal vascular resis-
tance in acute CIN [8]. The majority of these condi-
tions already develop in kidney transplant recipients
before transplantation or evolve during the posttrans-
plant follow-up period.

For this reason, MRAs may represent an essential
therapeutic option in kidney transplant patients [9],
hypothetically protecting transplanted organs from di-
fferent injuries. Mineralocorticoid receptor antagonists
were found to be effective in patients with resistant hy-
pertension [10], heart failure, or myocardial infarction
[11,12], presenting an attractive and additive treatment
after kidney transplantation. However, despite the ob-
vious multiple potential benefits of MRA in this par-
ticular group of patients, which carries a heavy burden
of cardiovascular problems, they are rarely prescribed
due to the fear of complications.

Hyperkaliemia is most frequently considered a prob-
lem after the introduction of MRAs. A recent clinical
trial investigated the safety of eplerenone 25 mg/day in
31 kidney-transplanted patients receiving cyclosporine.
Patients with serum potassium levels >5 mmol/L or a
history of severe hyperkalemia (>6 mmol/L) were
excluded from the trial, whereas 61% of patients were
treated with angiotensin convertase enzyme inhibitor
or angiotensin receptor blocker. Eight patients expe-
rienced mild hyperkalemia (>5 mmol/L) while treated
with eplerenone, and one had moderate hyperkalemia
(>5.5 mmol/L) and received potassium-exchange resin.
One patient developed acute Kidney allograft failure
that was attributed to diarrhea [13]. In our cohort, only
one patient developed mild hyperkaliemia. It is impor-
tant to stress that all patients from our cohort were
educated about the risk of hyperkaliemia before
introducing eplerenone. They were advised to avoid
potassium-rich food.

Serum sodium changes frequently complicate cardio-
vascular diseases. Sodium balance is fine-tuned in the
distal parts of the nephron, where eplerenone exhibits
some of its pleiotropic effects. Out of a total of 6632
patients with myocardial infarction and heart failure
included in the EPHESUS trial randomized to either
eplerenone or placebo, 6221 had a post-baseline so-

dium measurement. Seven hundred ninety-seven pa-
tients developed hyponatremia, and 1476 developed
hypernatremia. Patients treated with eplerenone had
lower mean serum sodium over the follow-up (140 vs.
141 mmol/L; p<0.0001) and more often developed
hyponatremia episodes (15 vs. 11% p=0.0001) and less
often hypernatremia episodes (22 vs. 26% p=0.0003)
[14). In our study, only one patient developed hypo-
natremia, but a severe form with neurological pre-
sentation requiring hospitalization. This case indicates
that sodium should be regularly checked along with
other electrolytes after the introduction of eplerenone.
Hyperuricaemia is a common problem after kidney
transplantation. Diuretics are one of the most impor-
tant and frequent causes of secondary hyperuricemia
that may either increase uric acid reabsorption and/or
decrease uric acid secretion. Serum uric acid was found
to be an independent predictor of all-cause and cardio-
vascular mortality but also acute coronary syndrome,
stroke, and heart failure [15]. However, the threshold
levels of serum uric acid that can contribute to
cardiovascular risk significantly are not defined [16].
The association of spironolactone with increased serum
uric acid levels is controversial. Previous results su-
ggested that spironolactone does not increase serum
uric acid levels [17]. Later, Cabrera et al. showed that
low-dose spironolactone increases serum uric acid
levels in patients with chronic kidney disease [18]. In
Ohta et al.'s study, eplerenone treatment increased se-
rum uric acid levels while indapamide decreased them
[19]. In our group, uric acid increased from the median
380 to 430 umol/L, not reaching the statistical signifi-
cance (p=0.06), probably due to the small sample size.
In our study, eplerenone decreased proteinuria over the
follow-up; however, it was without statistical signifi-
cance. Proteinuria is a specific problem in the Kidney
transplant population associated with numerous etiolo-
gic factors. Early use of MRA may prevent kidney
allograft deterioration in patients with proteinuria and
non-immunological lesions on kidney biopsies. Addi-
tionally, it may have a beneficial effect on other forms
of proteinuria. However, this hypothesis needs to be
evaluated.

The use of eplerenone did not significantly alter our
patients' blood pressure. However, we did not have
continuous ambulatory blood pressure monitoring, so
we may have missed the beneficial effect of eplere-
none on 24-hour blood pressure control.

Solid organ recipients are usually not included in
randomized clinical studies due to the potential risk of
interactions with immunosuppressive medications. Ep-
lerenone does not inhibit or induce CYP3A4, which
results in a neutral effect on calcineurin inhibitor le-
vels. There is also no drug—drug interaction between
mycophenolic acid and eplerenone [13].

Current data suggest that finerenone, a novel, more
selective MRA, protects against kidney disease progre-
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ssion and cardiovascular events in patients with type 2
diabetes and chronic kidney disease [20]. Finerenone
has been shown to reduce the urinary albumin-to-
creatinine ratio in patients with chronic kidney disease
receiving a renin-angiotensin antagonist but with less
pronounced effects on serum potassium levels than
spironolactone [21-25]. Other non-steroidal MRAs
(esaxerenone and apararenone) have also been shown
to significantly reduce albuminuria in CKD patients in
phase 2 clinical trials [26]. In the recently published
European Renal Association (ERA) synopsis for neph-
rology practice of the 2023 European Society of Hy-
pertension (ESH) Guidelines for the Management of
Avrterial Hypertension, MRAs have not been commen-
ted as a potential treatment for KTR [27].

The current data add to the body of information regar-
ding the safety of eplerenone in the kidney transplant
population. However, the present study had certain
limitations, which should be mentioned. It is a retro-
spective and observational study, providing asso-
ciations rather than causation. Given the small sample
size and cardiac indication for using eplerenone, we
could not precisely evaluate the potential renoprotec-
tive effect. Selecting patients from a single transplant
center could reduce our findings' generalizability.

In conclusion, eplerenone may be used cautiously in
kidney transplant recipients with eGFR>35 ml/m2/1.73m2.
Careful monitoring of all electrolytes and not only of
potassium is mandatory. In our cohort, eplerenone
increased uric acid levels. Further studies are required
to elucidate eplerenone's and other MRA's clinical
benefits and safety in this patient population.
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