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Background: Kidney failure and hepatic steatosis (HS) are core elements of cardiovascular-renal-metabolic syndrome. Evidence

of HS in kidney transplant (KTx) recipients remains limited. We evaluated the prevalence and determinants of
de novo hepatic steatosis (dnHS) after KTx.

Material/Methods: We retrospectively analyzed adult KTx recipients from a single outpatient center without HS prior to transplan-

tation. Anthropometric data, laboratory results, comorbidities, and medication use were evaluated. HS was di-
agnosed based on ultrasonography.

Results: In 127 (53 female) KTx recipients with median age of 56.91 (44.91-64.62) years and median estimated glomer-
ular filtration rate of 39.6 (29.76-48.51) mL/min/1.73 m?, 44 patients (30.1%) had dnHS. Patients in the dnHS
and nonHS groups were of comparable age, sex, and graft function. Patients in the dnHS group had significant-
ly higher body mass index (BMI) before (25.5+3.29 vs 23.26+3.55 kg/m? P<0.001) and after KTx (27.86+4.06
vs 24.71+3.69 kg/m? P<0.001), and dnHS was associated with higher rates of hyperlipidemia (77.3% vs 54.2%;
P=0.012), hyperuricemia (52.3% vs 28.9%; P=0.009), and ischemic heart disease (34.1% vs 13.1%, P=0.006).
In multivariable logistic regression, higher post-KTx BMI (OR=1.21; 95% Cl, 1.08-1.37; P=0.002) and history of
ischemic heart disease (OR=3.40; 95% Cl, 1.18-9.74; P=0.023) were independently associated with the pres-
ence of dnHS.

Conclusions: Hepatic steatosis is common among KTx recipients and is strongly associated with metabolic comorbidity, par-

ticularly higher BMI and ischemic heart disease.
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Introduction

Hepatic steatosis (HS) refers to the excessive accumulation
of triglycerides in hepatocytes. It constitutes a central com-
ponent of metabolic dysfunction-associated steatotic liver
disease (MASLD), whose criteria emphasize metabolic conse-
quences of HS [1]. It is worth noting that, prior to the emer-
gence of MASLD, the literature referred to non-alcoholic fatty
liver disease (NAFLD). MASLD diagnosis requires the presence
of HS (in the absence of secondary causes) and at least 1 trait
of metabolic syndrome [2].

Interestingly, patients with MASLD have a greater risk of de-
veloping chronic kidney disease (CKD) [3], particularly with
deteriorated kidney function [4]. This relationship appears to
be independent of coexisting hyperlipidemia, diabetes melli-
tus, or hypertension arterialis [5-7]. Both MASLD and CKD in-
crease the risk of cardiovascular complications [2], which hap-
pen to be the leading cause of death in the CKD population [8].

Kidney transplantation is regarded as the best form of kidney
replacement therapy, alleviating uremia and most complica-
tions of kidney failure. Nevertheless, the post-transplantation
period can create new metabolic disadvantages [9,10]. Patients
return to their daily activities and old dietary habits [11], with
the greatest weight gain being observed within the first 12
months after transplantation, most of which is attributable to
adipose tissue [12]. Calcineurin inhibitors (CNI), mTOR inhibi-
tors, and glucocorticoids included in the immunosuppressive
regimen promote metabolic dysregulation, including dyslipid-
emia, obesity, and post—kidney transplant (KTx) diabetes mel-
litus [13,14]. Despite this unfavorable metabolic profile, the
relationship between KTx and the development of MASLD re-
mains poorly investigated.

Existing research of MASLD in solid organ transplantation fo-
cuses largely on liver transplant recipients [15], including those
who developed liver failure through fatty liver disease [16].
Thus, the aim of our study was to determine the prevalence
and factors associated with MASLD in KTx recipients.

Material and Methods

In this retrospective study, we analyzed data from adult White
KTx recipients with at least 12 months of post-transplantation
follow-up who were treated in the same post-transplant out-
patient clinic and had stable kidney graft function (estimated
glomerular filtration rate [eGFR] calculated using the Chronic
Kidney Disease Epidemiology Collaboration [CKD-EPI] equa-
tion >15 mL/min/1.73 m? and 3-month serum creatinine lev-
el variations <0.3 mg/dL).
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The current presence of HS symptoms was verified based on
available imaging studies: ultrasonography performed rou-
tinely once a year in all KTx recipients as part of the post-
transplant assessment, or, if available, computed tomogra-
phy (CT), which were all performed 3 to 6 months before data
collection. The inclusion in the analysis required available re-
sults of abdominal ultrasonography prior to transplantation,
obtained from the application forms for the Polish National
Transplantation Waitlist.

Anthropometric data included age, height, and body mass in-
dex (BMI) at the time of the analyzed ultrasonography and at
the time of transplantation. Comorbid conditions and current
medication were obtained from medical records. The causes of
end-stage kidney disease (ESKD) and medical history, including
hypertension arterialis, diabetes mellitus, and cardiovascular
complications, such as ischemic heart disease and peripher-
al artery disease, were recorded. Hyperlipidemia was consid-
ered present if at least 1 of the following was noted: abnor-
mal blood lipid profile (total cholesterol higher than 200.0 mg/
dL or triglycerides above 150.0 mL/dL) or hypolipidemic treat-
ment. Hyperuricemia diagnosis was based on medical history
and/or medication (treatment with allopurinol).

As all patients were inquired about alcohol consumption dur-
ing visits, those with known history of alcohol abuse were
excluded from the analysis. Occasional alcohol consumption
was permitted.

Out of all included individuals, a subpopulation of patients
without a history of HS prior to transplantation was chosen.
Those who showed HS after KTx formed the de novo (dnHS)
group, and those who showed no signs of HS before and af-
ter KTx formed the nonHS group. Patients who had shown HS
before KTx were excluded from the main analysis.

For patients in the dnHS group, all available imaging studies
from transplantation to data collection were assessed; the first
study describing signs of HS served as an approximation for
the time of HS development.

We analyzed alanine aminotransferase activity, complete blood
counts, serum creatinine concentration, eGFR calculated with
the CKD-EPI [17] and Cockroft-Gault [18] formulas, protein-
uria from spot urine samples, which are considered signifi-
cant if 0.5g/L or higher, blood lipid concentrations +3 months
from the ultrasonography assessment, together with current
and historic serological data regarding hepatitis B, hepatitis C,
and cytomegalovirus infection. We analyzed the immunosup-
pressive regimen, hypolipidemic medications (statins, fibrates,
ezetimibe), and type of antidiabetic treatment (sulfonylureas,
biguanides, insulin). SGLT2 inhibitors and GLP-1 analogs were
not recommended in the KTx population at the time of the
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analysis, and thus no patients received these therapies. All clin-
ical and laboratory parameters were obtained from medical re-
cords. We calculated the average concentration/dose ratio of
tacrolimus (TAC C/D ratio) from 3 subsequent C/D ratios. To
account for differences in drug formulation, we converted to-
tal daily doses of extended release and MeltDose TAC to their
immediate-release equivalent, as 1.0: 1.0 mg and 0.7: 1.0 mg,
respectively [19]. Per Tholking et al, patients were considered
fast metabolizers with TAC C/D <1.05 ng/mL x1/mg [20].

Continuous variables with normal distribution are presented
with mean and standard deviation, variables with a non-normal
distribution are presented as median with the 25% and 75%
quartiles. Accordingly, either unpaired samples t tests or Mann-
Whitney U tests were applied. Nominal variables were compared
with the chi-square test and necessary corrections. To identify
variables independently associated with the presence of dnHS
after KTx, we used logistic regression. Complete-case analysis
was implemented to account for missing data. Given the limited
number of dnHS cases, we predefined a parsimonious multivari-
able enter model based on clinical relevance and the strongest
univariate associations. Additionally, as an exploratory analy-
sis, a logistic regression model with stepwise variable selection
was performed. Model performance was evaluated using the
area under the receiver operating characteristic curve (AUC)
and calibration using the Hosmer-Lemeshow test. A significance
level of P=0.05 was adapted. The analysis was conducted us-
ing STATISTICA software (StatSoft, TIBCO, Poland) version 13.3.

Results

Study Population

Out of 423 patients in the post-transplant outpatient clinic,
145 (88 male, 57 female) patients with median age of 57.0
(47.0-64.0) years at the time of analysis and mean age of was
46.96+12.37 years at the time of transplantation met the in-
clusion criteria.

Presence of HS

HS was diagnosed in 58 KTx recipients and was significantly
more common after transplantation than before (n=14; 40.0%
Vs 9.66%; P<0.001). In our cohort, 44 (30.14%) developed dnHS.
Moreover, in 4 patients who had HS prior to transplantation,
post-KTx ultrasounds showed normal liver echogenicity.

The KTx recipients in the nonHS (n=83) and dnHS groups (ex-
cluding pre-KTx patients with HS) were chosen for further
analysis, giving a subpopulation of 127 patients (53 female,
74 male), with a median age of 56.91 (44.91-64.62) years
and mean age at KTx of 46.53+12.72 years. There was no
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statistically significant difference in age between patients in
the nonHS and dnHS groups (Table 1).

The median time between transplantation and first occurrence
of HS in available imaging studies was 2.5 years (0.8-5.94),
comparable between male and female patients (2.05 vs 3.94
years, P=0.373); it did not correlate with age or pre-KTx pa-
rameters (Table 1).

The mean BMI of the analyzed recipients was 25.82+4.09 kg/m>.
Patients who developed HS after KTx had significantly high-
er BMI than those who did not have HS (27.86+4.06 vs
24.7143.69 kg/m?, P<0.001). Likewise, pre-KTx BMI was high-
er in the dnHS population (25.5+3.29 vs 23.26+3.55 kg/m?
P<0.001).

Thirty-two patients presented lower body mass and BMI at
analysis than before KTx, while 87 patients gained weight,
with comparable incidence of HS (n=54 nonHS, n=33 dnHS;
P=0.438). The mean post-KTx weight change in the population
was 5.17+8.07 kg and 1.76+2.91 kg/m? when indexed for height.
The relationship between post-KTx weight change and pres-
ence of HS after KTx was not statistically significant (P>0.05).

HS and Kidney Graft Function

The median serum creatinine concentration was 1.55 mg/dL
(1.23-1.91 mg/dL; reference range 0.55-1.02 mg/dL). The dif-
ference in serum creatinine was not statistically significant
between the nonHS and dnHS groups (1.57 vs 1.52 mg/dL;
P=0.577).

Kidney graft function expressed as eGFR remained compara-
ble when calculated using the CKD-EPI formula, with a medi-
an eGFR of 49.28 (37.91-60.5) mL/min/1.73 m? for the nonHS
group and 47.25 (37.0-57.58) mL/min/1.73 m? for the dnHS
group (P=0.681). Interestingly, when we used the Cockroft-
Gault formula, patients in the dnHS group presented higher
eGFR; however, the difference narrowly missed statistical sig-
nificance (58.29 vs 49.94 mL/min, P=0.051).

Proteinuria in spot urine samples was identified in 96 recipients;
however, it exceeded 0.5 g/L in only 8 patients, with no statisti-
cally significant difference between the nonHS and dnHS groups
(0.06 g/L; P=0.996). Detailed data are presented in Table 1.

HS and Comorbidity
ESKD Etiology
Almost 20% of our recipients (n=25) had polycystic kidney dis-

ease, making it the third most common cause of ESKD, after
primary glomerulonephritis (n=32) and undetermined origin of
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Table 1. Anthropometric measurements and laboratory parameters in our population of patients with de novo hepatic steatosis (dnHS
group) or no hepatic steatosis (nonHS group).

Male sex, n (%)

88
(69.29%)

45

29

7.02

5.17+ 8.07,
1.76+ 2.91

1.55
(1.23-1.91)

1.55
(1.23-1.91)

0.06

Alanine aminotransferase activity
[U/L, RR 0-35.0]

196

Triglycerides [mg/dL, RR <150]

(102.0-175.0)

* Indicates P values less than 0.05. RR — reference range.

(54.22%) (65.91%) 0.204
57.36 53.52
(44.04-64.01) (45.88-65.47) LTE
45.71+12.9 48.07+12.35 0.322
24.71+3.69 27.86+ 4.06 <0.001*
23.26+3.55 25.5+3.29 <0.001*
7.58 6.1
167
(3.98—11.47) (3.91—9.19) o
4.14+7.8, 7.05+10.0, 0.082,
1.43+2.63 2.36+3.32 0.098
1.57 1.52
(1.23-1.89) (1.27-1.96) 0
49.28 47.25
(37.91-60.5) (37.0-57.58) 0.680
50.49+17.67 54.13+17.42 0.051
0.06 0.06
(0.02-0.13) (0-0.15) R
13.27+1.74 13.36+2.13 0.797
90.37 89.72
(87.49-93.55) (40.28-58.51) a2
7.57+2.01 8.09+2.2 0.191
209.74+53.91 233.85+60.44 0.178
19.1 25.04
(15.5-27.5) (16.5-34.08) 0.073
194.0 209.75 X
(169.5-211.17) (191.5-226.0) DL
105.31+28.82 121.01+40.6 0.015*
61.57+15.62 60.62+17.13 0.76
120.0 144 .
(99.83-158.67) (122.5-207.0) 0.004

ESKD (n=43). Other etiologies included anti-neutrophil antibody
associated vasculitis (n=7), hypertension arterialis (n=7), obstruc-
tive uropathy (n=>5), lupus nephritis (n=4), diabetic nephropathy
(n=2), chronic pyelonephritis (n=1), and mixed connective tissue
disease (n=1). There was no statistically significant relationship
between the development of HS and ESKD etiology (P=0.627).

Comorbidity

A total of 114 patients presented with hypertension arterialis,
with no statistically significant difference between the nonHS

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

and dnHS groups (90.36% vs 97.73%; P=0.241). Likewise, the
difference in prevalence of diabetes mellitus, diagnosed in 41
(32%) patients either before or after KTx, was not statistically
significant between the groups (31.33% vs 34.1%; P=0.751).

Patients with dnHS had a significantly higher rate of hyperlip-
idemia (77.3% vs 54.2%; P=0.012) and hyperuricemia (52.3%
vs 28.9%; P=0.009). Interestingly, ischemic heart disease was
found in only 26 patients (20.5%) but was significantly more
prevalent in the dnHS group (34.1% vs 13.1%; P=0.006).
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Table 2. Concomitant diseases and medications used in our population of patients with de novo hepatic steatosis (dnHS group) or no

hepatic steatosis (nonHS group).

Hypertension arterials 118 (92.9%) 75 (90.4%) 43 (97.7%) 0.124
 Diabetes mellitus 41 (323%) 2% (13%) 15 (341% 0751
Hyperlipidemia 79 (622%) 45 (5A2%) 34 (773%  0011*
ischemic heart disease 26 (05%) 1 (33%) 15 (341%) 0006
Hyperwricemia 47 @70%) | 24 (89% 2% (591%) 0009
* Renin-angiotensin-aldosterone system inhibitors 52 (40.9%) 3 (398%) 19 @32%) 0671
Betablockers 00 (787% 64 (77.0%) 36 (818% 0464
© Caldum channel blockers 85 (669%) 54 (650%) 31 (705%) 0539
 Metformn  9@1% 4 @8% 5 (14% 0315
sufonylreass 13 (102%) 8 (96%) 9 205%) 0152
Cmsain 5 (197%) 17 (05% 8 (182%) 0941
Cstatn 73 (57.5%) 42 (506%) 31 (705%)  0031*
Esetimbe 11 @7% 5 (60% 6 (136%) 0263

* Indicates P values less than 0.05.
HS and Immunosuppression

All analyzed patients were treated with mycophenolic acid and
prednisone in the maintenance dose of 5 mg/day. Nearly all pa-
tients received CNI, most commonly tacrolimus (TAC; n=112),
and in rare cases cyclosporin A (CsA, n=11). Two patients re-
ceived TAC combined with everolimus; 2 were treated only
with everolimus and mycophenolate mofetil. The association
between the type of CNI (TAC or CsA) used and presence of
HS was not statistically significant (P>0.05).

The median TAC C/D ratio was 2.46 (1.8-3.04) ng/mLx1/mg.
Ten patients were categorized as fast metabolizers. The asso-
ciation between the TAC C/D ratio, expressed as both a con-
tinuous and a categorical variable, and the development of
HS after KTx was not statistically significant (both P>0.05).

HS and Concomitant Medication

Of all medications included in the analysis, statins (50.6% vs
70.45%; P=0.031) and allopurinol (28.9% vs 52.3%; P=0.009) were
significantly more common in the dnHS group. There was no sta-
tistically significant relationship between the type of statin used
and HS. The association between the development of dnHS and
use of angiotensin-converting enzyme inhibitors, angiotensin Il re-
ceptor blockers, calcium channel blockers, beta-blockers, ezetimibe,
or hypoglycemic drugs was not statistically significant (Table 2).

This work is licensed under Creative Commons Attribution-
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Laboratory Parameters Analysis

Patients in the dnHS group presented significantly more lip-
id disturbances: higher levels of total cholesterol (209.75 vs
194.00 mg/dL; P=0.013), low-density lipoprotein cholesterol
(121.01 vs 105.31 mg/dL; P=0.017), and triglycerides (144.0
vs 120.00 mg/dL; P=0.004) than in the nonHS group, while
HDL levels remained comparable between the groups (60.62
vs 61.57 mg/dL; P=0.734). Alanine aminotransferase activity
showed no statistically significant difference between the non-
HS and dnHS groups (Table 1).

All analyzed recipients were seronegative for hepatitis C virus.
Anti-hepatitis B core antibody status was available for 85 pa-
tients, 16 (18.8%) of whom were positive, with no statistically
significant association with the presence of HS (P>0.05). Only
3 patients with positive anti-hepatitis B core status developed
HS. There were no statistically significant associations between
presence of HS and hemoglobin concentration, white blood cell
count, platelet count, or mean erythrocyte volume (Table 1).

Risk of HS Assessment

To assess risk factors associated with presence of dnHS, we uti-
lized logistic regression model. Due to a relatively small sam-
ple size, only 113 patients with complete data were included
in this analysis. Univariable logistic regression analyses were
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Table 3. Univariable logistic regression analyses of variables potentially associated with the presence of de novo hepatic steatosis in
kidney transplant recipients.

Pre-KTx BMI 1.18 (1.05-1.32) 0.005*
postkTxBMI 122 (L0913  <oo001*
 Ageatanayss 100 (097-104 0925
 Totalcholesterol 101 (L00-102 o014
migycerides 01 (Loo-102 0005*
 High-density lipoprotein 100 (097-1020 o871
©low-density lipoprotein 102 (L00-103 0013
CSex(male) 178 (08039 0154
Ischemic heart disease 321 (L2880) 0013*
Hyperipidemia 268 (L12-643) 0027*
Hyperuricemia 306 (137-685) 0007*
 Hypertension arterialis 461 (0553828 0157
 Diabetes melltuss 111 (482549 087
CADPKO 101 (039259 0976
CAcEVARE 102 (046225 090
© Semcreatinine 13 (057299 0533
© oGRR (CockroftGaul) 101 (0991020 0363
© BMichange 113 (0981299 ooss

Values are presented as odds ratios (OR) with 95% confidence intervals (Cl) and P values. * Indicates P values less than 0.05.
KTx — kidney transplantation; ADPKD — autosomal polycystic kidney disease; ACE-I — angiotensin-converting enzyme inhibitors;
ARB - angiotensin Il receptor blockers.

APPROVED GALLEY PROOF

performed (Table 3). Differences in baseline characteristics of
patients included and excluded from multivariable analysis
were not statistically significant (Table 4).

The prespecified enter model, including post-transplant BMI,
presence of ischemic heart disease and hyperuricemia, and
concentrations of triglycerides and total cholesterol was glob-
ally significant (x(5)=32.23; P<0.001). Higher post-transplant
BMI (OR=1.21; 95% Cl, 1.08-1.37; P=0.002) and presence of
ischemic heart disease were independently associated with
dnHS (OR=3.40; 95% Cl, 1.18-9.74; P=0.023).

Total cholesterol concentration, triglyceride levels, and hyper-
uricemia were not statistically significant. The model demon-
strated good discrimination (AUC=0.805; 95% Cl, 0.72-0.89)
and good calibration (Hosmer-Lemeshow P=0.767).

In the exploratory stepwise model, we initially included age at
analysis, sex, pre- and post-KTx BMI, presence of hyperurice-
mia, hyperlipidemia, and ischemic heart disease, concentrations
of total cholesterol, low-density lipoprotein, and triglycercides.

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

The final model was globally significant (x? (3)=27.73; P<0.001),
with 3 retained variables. Higher post-transplant BMI (OR=1.24;
95% Cl, 1.10-1.39; P<0.001), presence of ischemic heart disease
(OR=4.07; 95% Cl, 1.46-11.32; P=0.007), and higher total cho-
lesterol concentration (OR=1.01; 95% Cl, 1.00-1.02; P=0.036)
were associated with presence of dnHS. The stepwise model
showed similar discrimination (AUC=0.786; 95% Cl, 0.70-0.87)
and good calibration (Hosmer-Lemeshow, P=0.812).

Discussion

In our cohort, 40% of KTx recipients showed ultrasonograph-
ic signs of hepatic steatosis (HS), with 30% developing it de
novo, on average 2.5 years after transplantation. Fewer than
10% of patients presented with HS prior to KTx. The preva-
lence of HS prior to KTx in our population was comparable to
that reported by Adrian et al, who showed a 7.9% prevalence
in a CKD cohort [21].
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Table 4. Comparison of baseline characteristics between patients included in the multivariable regression model (complete-case

analysis) and those excluded due to missing data.

HS presence, n (%) 39 (35.5) 5 (35.7) 0.835
Maleseon(e 62487 12@57) 0055
 Ageatanalysislyeass] 5607 (4484-6401) 57.12¢1112 0467
©BMIpostkTx[kg/m] 2%605:417 25458250 088
©BMiprekTx[kg/m 2398370 20531286 0589
© Serum creatinine [mg/dL, RR0.55-102] 155 (123-191)  152(130-166) 0635
© eGRR Cockroft-Gault [mU/min] 183 (7676288 522611584 0230
 Totalcholesterol [mg/dL, R <200] 19783 (173.02140) 1959814493 0847
 Low-density lipoprotein [mg/dL, RR <100] 108743473 107.1742077 0806
© High-density lipoprotein [mg/d, RR >50] 580 (49.0735) 6021+1870  089%
 Trglycerides [mg/dL R <150] 1300 1030-1730) 1505248240 079
ischemic heart disease N %) @12 1718 0337
 HiperurcemiaN (e . (G898 2857 oess

Values are presented as mean+SD, median (IQR), or n (%), as appropriate. HS — hepatic steatosis; KTx — kidney transplantation;

RR — reference range.

General population studies indicate obesity, diabetes, change
in weight, and elevated serum uric acid levels as possible risk
factors of MASLD [22]. Overall, our dnHS had a significantly
higher BMI before and after KTx. Surprisingly, the association
between post-transplant weight change and development of
HS was not statistically significant, although the relationship
between weight gain and development of NAFLD has been re-
ported in other cohorts [15,23,24]. Gender showed no statistical
significance in our sample; a similar observation was made by
Zein et al, who analyzed HS in liver transplant recipients [16].

In our cohort hyperlipidemia occurred in 62% of KTx, with a
significantly higher percentage among dnHS. In our model total
cholesterol was retained in the exploratory stepwise selection;
however, its association was attenuated and not statistically
significant in the prespecified enter model. This discrepancy
likely reflects collinearity among metabolic variables (eg, BMI
and lipid parameters) and the limited number of events. A re-
cent meta-analysis by Silva et al of almost 7000 liver transplant
recipients, with a comparable prevalence of HS with 39.76%,
reported an association of HS and post-Tx dyslipidemia, but
no association of HS with pre-transplantation [15].

Another factor associated with presence of dnHS in our patients
was hyperuricemia. Our observation could be consistent with
other studiesKliknij lub nacisnij tutaj, aby wprowadzi¢ tekst.
that show high levels of uric acid constitute an independent risk

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

factor of non-alcoholic steatohepatitis [25,26]. Nevertheless,
the etiology of hyperuricemia in KTx recipients reaches beyond
metabolic syndrome, as it may result as well from impaired
kidney graft function, seeing as most KTx recipients fall within
the third and fourth stage of CKD per KDIGO. Moreover CNIs,
particularly CsA, are known risk factors of hyperuricemia [27].

The seemingly protective effect of ACE-inhibitor treatment on
NAFLD has been reported in specific subpopulations [28]; how-
ever, in our study, no statistically significant relationship was
found between renin-angiotensin-aldosterone system inhibi-
tion and HS development. Likewise, other hypotensive medi-
cation and the presence of hypertension arterialis itself were
not significantly associated with HS. The presence of diabe-
tes mellitus in our patients, both before and after KTx, was
also not significantly associated with development of HS, even
though it is widely considered as an HS risk factor, previous-
ly described by other authors [2,15,16].

ESKD and HS are acknowledged as risk factors for cardio-
vascular complications [2]. In our KTx recipients, 20.5% pre-
sented with ischemic heart disease at time of the analysis,
and it was significantly more common in patients with dnHS.
Furthermore, in multivariable analysis, ischemic heart disease
was independently associated with the presence of dnHS, al-
though it is necessary to stress that given the cross-sectional
design of the study, this association reflects coexistence rather
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than a temporal or causal relationship. Considering the cumu-
lative cardiovascular risk of patients with a MASLD (+)/CKD
(+) phenotype and the high prevalence of MASLD in KTx re-
cipients, assessment for HS in this population should be rou-
tinely implemented to facilitate early interventions and life-
style modifications.

Such a great increase in HS incidence following kidney trans-
plantation would suggest an impact of the immunosuppres-
sive regimen, especially considering a similar rise in incidence
of HS following liver transplantation and the negative effects
of CNIs and glucocorticoids on insulin resistance, cholesterol
levels [14], and TAC hepatotoxicity [29]. A retrospective study
in liver transplant recipients found an inverse correlation of
TAC blood levels and liver graft function [30], while Binbin et
al reported an 8.9% incidence of drug-induced liver injury due
to TAC in kidney transplantation [31]. A direct link between
CNI use and HS development is yet to be shown; likewise, we
did not find any statistically significant association between
either type of CNI used or TAC C/D ratio and HS development.
However, given the relatively small sample size and limited
variability of C/D ratios, this study may have been underpow-
ered to detect modest effects. Therefore, the possibility of a
type Il error could not be excluded. Another study conducted
in liver transplant recipients also found that the type of CNI
was unrelated to HS development [16]. It is worth noting that,
regardless of HS presence, our patients presented compara-
ble alanine aminotransferase activity.

To the best of our knowledge, this is the first study to exam-
ine prevalence of HS in KTx recipients, as existing works fo-
cus on liver transplant recipients. A recent study by Mak et
al reported a 27.4% prevalence of post-transplant HS in liver
transplant recipients, diagnosed by magnetic resonance im-
aging. The prevalence increased with BMI, consistent with our
findings [32]. Their model selected 2 independent risk factors
— central obesity (defined through waist circumference) and
hypertension — highlighting the key role of metabolic factors
over immunosuppressive exposure in HS pathogenesis. From a
different standpoint, another recent study showed that mark-
edly steatotic liver allografts (up to 50%) provided good clini-
cal outcomes, which gives a different perspective on HS itself
in the context of transplantation [33]. Moreover, SGLT2 inhib-
itors and GLP-1 receptor agonists recommended as nephro-
protective treatment in chronic kidney disease [34,35] may be
beneficial in fatty liver disease [36,37]; however, no patients
in our cohort were treated with tirzepatide or GLP-1 receptor
agonists during the assessed period.

Our study faced several limitations, the most important being
its retrospective nature and the relatively small cohort. Only
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alanine aminotransferase activity was available, as other liver
enzymes were not routinely assessed in an outpatient setting.
Likewise, the serological status for hepatitis B and C virus and
cytomegalovirus was frequently unavailable. We were unable
to objectively assess dietary habits and concomitant medica-
tions aside from immunosuppression, antihypertensive, and
hypolipidemic drugs; therefore, we could not rule out the con-
founding effects of lifestyle and dietary variability. Furthermore,
we were unable to assess the cumulative lifelong dose of glu-
cocorticoids, due to incomplete data.

Diagnosis of HS was determined solely by abdominal ultraso-
nography studies, which constituted a primary methodolog-
ical limitation. Thus, the HS prevalence was probably under-
estimated. Moreover, our findings relate to imaging-defined
steatosis and did not delve into the full spectrum of MASLD.
Although, as MASLD diagnosis requires coexistence of at least
1 component of the metabolic syndrome [2], all of our patients
with dnHS would have met the diagnostic criteria; however, all
but 1 patient had hypertension arterialis, with the remaining
patient presenting with diabetes mellitus. The study was pow-
ered to detect moderate-to-large associations; smaller effect
sizes may not have been identified due to limited event num-
bers. Complete-case analysis may introduce bias if the miss-
ing data mechanism is not completely at random. Although
the proportion of missing data was relatively small (approx-
imately 11%), residual selection bias could not be excluded.
Although the main associations were consistent across mod-
eling approaches, the variability observed for total cholester-
ol illustrates the potential sensitivity of results to model spec-
ification. The relatively wide confidence interval for ischemic
heart disease reflects the limited number of affected patients
and event counts, underscoring the need for cautious inter-
pretation and external validation. Due to the retrospective de-
sign and the lack of standardized longitudinal imaging assess-
ments, a longitudinal analysis was not feasible in our study.
Multiple statistical comparisons were performed when ana-
lyzing laboratory and clinical parameters without formal ad-
justment for multiplicity. Thus, secondary findings should be
interpreted cautiously and considered hypothesis-generating.

Conclusions

KTx recipients are at a high risk of HS development. HS is as-
sociated with higher BMI, hyperuricemia, dyslipidemia, and
ischemic heart disease but is unrelated to kidney graft func-
tion and immunosuppression regimen. Screening for HS in KTx
should be recommended, as its presence indicates the need
for strict metabolic control and lifestyle interventions to avoid
future complications.
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