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Immunosuppressive therapy and nutritional ==
diseases of patients after kidney transplantation:
a systematic review
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Abstract

Background Kidney transplantation (KTx) is by far the most effective method of treating end-stage renal disease,
with immunosuppressive therapy being obligatory for all, except identical twins. Despite kTx being the most effective
treatment for end-stage renal disease, the patients face significant morbidity. They are often burdened with diabe-
tes, anaemia, lipid disorders, all of which pose heightened risks for cardiovascular disease. Knowing that nutritional
status plays a significant role in post-transplant results including graft survival, we conducted this systematic review
with the aim to summarise the evidence of nutritional diseases following exposure to immunosuppressive therapy
among patients after kTx.

Methods This systematic review is reported according to the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) 2020 checklist. Our search encompasses observational studies (cohort, case—control,
cross-sectional) and randomized controlled trials (RCTs), published and unpublished, completed, and ongoing, writ-
ten in English from the last 10 years (up to 17th February 2023) in the following databases: MEDLINE (via PubMed),
EMBASE (Elsevier), Scopus and Web of Science. Any settings were eligible for inclusion. Quality assessments were
done using ROBINS-I and RoB2 tools. Results were summarised in a narrative synthesis. Quantitative analysis was con-
ducted where feasible. The protocol for proposed systematic review was published elsewhere.

Results A total of 24 studies were included (participants n=9,536) in the review. The majority of studies were cohort
(n=16), with moderate or low quality. Most of the studies (n=16) were conducted in hospital settings. All studies

had a higher proportion of male participants compared to female participants, except for one. Diabetes emerged

as the most frequent disease assessed (n=14), while tacrolimus (Tac) was the most commonly evaluated immuno-
suppressive medication used (n=16). As a result, Tac presented a higher risk factor for the development of diabetes
compared to cyclosporine (CsA). In addition, Tac was linked to weight gain in post-transplant recipients. In contrary,
no relationship was found between steroids and weight gain. Regarding other immunosuppressants, everolimus

was found to be associated with lipid abnormalities. Though, the relationship between lipid abnormalities and steroid
use yielded inconsistent results. Calcineurin inhibitors (CNIs) were studied in various research articles. Consequently,
patients who were not using CNIs had a lower prevalence of hypomagnesaemia, hyperkalaemia, and metabolic
acidosis compared to those treated with CNlIs. Also, CNIs were found to have a negative impact on 25-hydroxyvitamin
D (25(0H)D) levels. Another aspect was the use of slow and fast Tacrolimus metabolizers. There was no difference
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observed in phase angle, visceral fat area, lean body mass index, and the proportion of lean mass as a percent-
age of total body mass between them. Finally, mammalian target of rapamycin (mTOR) inhibitors was associated
with bone status and mycophenolate mofetil was linked to Vitamin B, deficiencies.

Conclusions To the best of our knowledge, this systematic review represents the first comprehensive overview

of the evidence regarding immunosuppressive therapy and nutritional diseases in kTx patients. Our findings indicate
an association between immunosuppressive therapy and nutritional diseases in this population. However, there

is high heterogeneity and suboptimal quality of the included studies. Future researchers should prioritise high-quality,
prospective randomized controlled trials to further elucidate these relationships.

Trial registration PROSPERO (CRD42023396773), dated 12 April 2023. Protocol publication: https://doi.org/10.3390/

Keywords Kidney transplantation, Immunosuppressive therapy, Nutrition, Diet

Background

The kidney is the most transplanted organ followed
by the liver and the heart. In 2022, there were a total of
157,494 organ transplants worldwide of which kidney
accounted for 65% (102,090) [1, 2]. Despite kidney trans-
plantation (kTx) being the most effective treatment for
end-stage renal disease (ESRD), offering extended lifes-
pan and significantly enhanced quality of life compared
to dialysis, these patients face significant morbidity [3,
4]. They frequently contend with comorbidities such as
hypertension, diabetes, anaemia, lipid disorders, over-
weight and obesity. Each of these conditions pose height-
ened risks for cardiovascular diseases (CVD) which
stands as one of the leading causes for kidney transplant
recipients [5]. In addition, osteoporosis and cancers are
also prevalent among this population [6]. Immunosup-
pressive therapy among kidney transplant recepients is
obligatory for all, except identical twins. The standard
scheme includes the use of immunosuppressive medi-
cation and steroids, that are delineated as follows, (1)
Calcineurin inhibitors (CNIs) — cyclosporine (CsA) and
tacrolimus (Tac), (2) Mammalian target of rapamycin
(mTOR) inhibitors (sirolimus and everolimus), (3) Anti-
proliferatives like azathioprine and mycophenolic acid
derivatives, (4) Glucocorticosteroids, and (5) Biological
immunosuppressive agents [7, 8]. Contemporary immu-
nosuppressive protocols typically involve triple-drug
therapy, including CNIs, corticosteroids, and antiprolif-
erative drugs. Chronic immunosuppressive therapy exac-
erbates pre-existing metabolic disorders and instigates
new ones. For instance, steroids like prednisone can lead
to osteoporosis, fluid retention, hypertension, dyslipidae-
mia, NODAT increased appetite, and weight gain. Dys-
lipidaemia can also result from CNIs (e.g., tacrolimus
and cyclosporine) and mTOR inhibitors (e.g., everoli-
mus and sirolimus). Hypomagnesaemia may occur with
cyclosporine, everolimus, and tacrolimus, while hyper-
kalaemia is linked to cyclosporine and tacrolimus. Fur-
thermore, both CNIs are known to increase the incidence

of hyperuricaemia compared to mycophenolate or
mTOR inhibitors [9]. Nutrition plays a significant role for
patients following kTx [9]. In the early post-transplant
period, proper nutrition aids at facilitating wound heal-
ing, preventing infections, and addressing electrolyte and
metabolic imbalances resulting from kidney function
restoration and immunosuppressive medications. Over
the long term however, maintaining proper nutrition is
essential for stabilizing renal function and preventing
various complications such as obesity, dyslipidaemia,
anaemia, diabetes/ hyperglycaemia, hypertension, and
bone disease. Nutritional habits can significantly impact
the health and functioning of these patients [10]. The
nutritional approach for patients after kidney transplan-
tation was presented in Fig. 1.

Immunosuppressive therapy, while crucial for pre-
venting rejection, can also induce side effects that may
be influenced by dietary choices. Therefore, a tailored
nutritional plan, possibly supervised by a dietitian or
healthcare professional, is crucial for managing these side
effects and promoting overall health and well-being post-
transplantation. Knowing that the relationship between
immunosuppressive therapy and nutritional diseases
among KkTx patients is complex and influenced by multi-
ple factors, the aim of this systematic review is to address
this gap [11]. Specifically, this review seeks to summarise
the evidence on nutritional outcomes following exposure
to immunosuppressive therapy among kTx patients. By
synthesizing the findings from relevant studies, the aim
is to provide insights into the potential impact of immu-
nosuppressive therapy on the nutritional diseases among
post-transplant patients.

Material and methods
Protocol and registration
This systematic review is reported according to the
Preferred Reporting Items for a Systematic Reviews
and Meta-Analyses (PRISMA) 2020 checklist [Sup-
plementary File 1] [12]. The Protocol was registered at
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The Nutritional Approach for Patients after Kidney Transplantation

1. Nutrition Recommendations

Energy: 30-35 kcal/ kg IBW*/ day (acute and chronic phases);

Protein: 1,4 g/ kg IBW/ day (acute phase); 0,75 — 1,0 g/ kg IBW / day (chronic phase); |

3. Fat: <30% of total energy, with 8-10% of total energy from n-6 polyunsaturated fat; there should also be n-3 polyunsaturated fats from both marine sources and
plant. Approximately 20% monounsaturated fat and <10% saturated and trans fatty acids.

4. Carbohydrates: approx. 50% of total energy. These foods ought to be rich in dietary fiber and have a low glycemic index. Restrict the intake of simple sugars.

6. The recommended daily allowances (RDA) for various nutrients are as
follows:

Calcium: 1000 - 1300 mg per day

Phosphorus: 1000 - 1300 mg per day

Sodium: 80 - 100 mmol per day (without added salt)
Potassium: Restricted if hyperkalemia persists

Iron: 10 - 15 mg per day

Vitamin D: 5 - 15 mg per day

Fiber: 25 - 30 g per day

5. Additionally, vitamins and minerals such as Be, B2, magnesium, and
zinc should be consumed according to the RDA for the general
population or adjusted based on factors such as age, gender, body size,
nutritional status, and physical activity levels.

7. The recommended fluid intake is approximately 2.0-2.5 liters per day.

Fig. 1 The nutritional approach for patients after kidney transplantation

the International Prospective Register for Systematic
Reviews (PROSPERO) [CRD42023396773] (registration
date: 12 April 2023) [13]. The protocol for the proposed
systematic review was published elsewhere [14].

Eligibility criteria

Types of participants

We included studies on adult patients (18 years of age or
older). Studies based on children, adults younger than
18 years of age, and pregnant women were excluded.

Intervention
Studies with single kidney transplantation were included.
Studies on multiple organ transplantation were excluded.

Exposure(s)

Exposure included different schemes of immunosup-
pressive therapy, such as types and doses of immunosup-
pressives used. Studies were included where the scheme
of immunosuppression was stated in the protocol. We
excluded studies in which the immunosuppressive regi-
men was not clearly specified.

Outcome(s)

Eligible outcomes included anthropometric measure-
ments and biochemical markers, such as body compo-
sition, body weight, body mass index (BMI), vitamins
(i.e., Vitamin B4, Vitamin B;, Vitamin D and Folic
Acid) and minerals levels (i.e., Iron (Fe), Magnesium
(Mg), Phosphorus (P), and Potassium (K)). As body
composition we considered all relevant parameters
such as i.e. waist and hip circumferences, waist-to-hip
ratio, body fat percentage, and percentage changes
in hip circumferences. As body weight, we specifi-
cally addressed weight gain, body mass index (BMI),
and obesity, all of which emerged as notable outcomes
in the studies referenced. In our review, we outlined
post-transplant diabetes mellitus (PTDM), new-onset
diabetes after transplantation (NODAT), and hypergly-
caemia as key facets of diabetes under consideration.
PTDM and NODAT were considered based on glyce-
mic parameters (serum glucose levels). Lipid abnormal-
ities were evaluated, taking into consideration factors
such as HDL-cholesterol, LDL-cholesterol, and triglyc-
erides. In addition, bioimpedance (BIA) analysis com-
ponents such as i.e.,, per cent body fat, mass of body
fat, lean body mass, total body water, body cell mass,
skeletal muscle mass was considered. The outcomes
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and outcomes measures for each study included in the
review are presented in Table 1.

Setting and design

We included observational studies (cohort, case—con-
trol and cross-sectional) and RCTs, both published and
unpublished, completed, and ongoing, written in English
from the last 10 years (up to 17th February 2023). Quali-
tative studies, case studies, conference reports and litera-
ture reviews were excluded. Any settings were eligible for
inclusion. The reference lists of the articles were searched
additionally. For missing data authors were contacted.

Information sources and search strategy

We searched following databases: MEDLINE (via Pub-
Med), EMBASE (Elsevier), Scopus and Web of Science.
A search strategy was developed in collaboration with
an experienced research librarian [Supplementary file
2]. To construct accurate search terms, we used subject
headings and subheading as well as text words that will
be used to describe words and phrases. For example, in
MEDLINE (via PubMed) database for ‘kidney trans-
plantation’ we used term “kidney transplantation” found
in [All fields] as well as “organ transplantation’, “Renal
Replacement Therapy” and “Transplants” all found as
MeSH terms; for ‘immunosuppression therapy” “immu-
nosuppression therapy” [MeSH Terms], ("Immunosup-
pressive Agents"), “Immunosuppressive Agents” [MeSH
Terms], “Immunosuppressive scheme’, “immunocom-
promised host” [MeSH Terms]; and for nutritional status
"nutritional status”, “body composition”, “body compo-
sition” [MeSH Terms], "body mass index", "body mass
index"[MeSH Terms] etc. Each group has been combined
using operators AND, OR and NOT. According to each
database guidelines: EMBASE (Elsevier); Scopus and
Web of Science we applied all the rules in our search
strategy. The search was revised and approved by all
authors.

Study selection

The selection of studies was done in Covidence, which
is a web-based systematic review management tool [15].
After removing duplicates, two authors (A.A.K., A.K.N.)
blindly screened titles and abstracts for exclusion fol-
lowed by full-text screening that was also conducted by
two reviewers (A.A.K., A.K.N.). Disagreements were
solved through discussion or with the help of the third
reviewer (D.S.L.). The selection of studies is illustrated in
the PRISMA flow chart 2020, which is presented in Fig. 2.

Data extraction
Data extraction and management of data were done by
two reviewers (A.A.K., A.K.N.). Data were exported to
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the standardized MS Excel template. Disagreements were
solved through discussion or with the assistance of the
third reviewer (D.S.L.). The following data was extracted:
1) study reference (first author and year of publication),
2) study design, 3) country where the study was con-
ducted, 4) settings, 5) sample size, 6) mean age of partici-
pants, 7) the number of males and females, 8) description
of exposure, 9) description of outcome, 10) measures
of effects and tools of measurements, and, 11) how the
data was analysed, including statistical methods and any
adjustments for confounding factors.

Quality assessment

Two investigators (A.A.K., M.K.) assessed the risk of bias
of eligible studies. The quality of observational studies
was assessed using the Risk of Bias in Non-randomized
Studies of Interventions (ROBINS-I) tool, which include:
bias due to confounding, bias in the selection of partici-
pants into the study, bias in classification of interven-
tions, bias due to deviations from intended interventions,
bias due to missing data, bias in the measurement of out-
comes, and bias in selection of the reported result, [Sup-
plementary file 3] [16]. For RCTs the Cochrane Risk of
Bias tool (RoB2, August 2019) was used, which consider
five domains: risk of bias arising from the randomization
process, risk of bias due to deviations from the intended
interventions, missing outcome data, risk of bias in meas-
urement of the outcome, and the risk of bias in the selec-
tion of the reported result, [Supplementary file 4] [17].
Risk-of-bias plots were generated using the web applica-
tion Robvis [18].

Data analysis

Data from eligible studies was extracted and presented in
a narrative synthesis. We grouped studies based on the
exposures and outcomes assessed. We discussed how
potential confounders were addressed and controlled
in each study. In order to present quantitative data, we
developed a forest plot that summarises the evidence of
the effect of various immunosuppressants on NODAT
among kTx patients (Fig. 3). Statistica 13.1 was used for
data analysis. The studies were too heterogeneous to per-
form subgroup analysis.

Results

Description of search results

Our search yielded a total of 2682 results. After eliminat-
ing duplicates, 2322 results were screened for title and
abstract. Of these, 2245 were excluded for not being rel-
evant, with a total of 77 studies included. After further
screening, 77 articles were accessed for eligibility and full
texts were screened. Out of these, 53 were excluded for
specific reasons such as wrong study design, duplicate,
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[ Identification of studies via databases and registers ]
PubMed Embase Scopus Web of
(Medline) (Ovid) (Elsevier) Science
(n=934) (n=904) (n = 460) (n=384)
A 4 A4 A
)
Records removed before screening:
= Duplicate records removed (n =
2 Records identified from: 360)
§ Databases (n = 2682) > Records marked as ineligible by
b= Registers (n = 0) automation tools (n = 0)
§ Records removed for other
reasons (n = 0)
—
)
Records excluded:
Records screened: (n=2245)
(n=2322)
o0
o]
§ A
5
2
Reports assessed for eligibility: Reports excluded Wlt_h reasons:
(n=77) Wrong study design (n = 12)
> Duplicate (n = 3)
Wrong outcomes (n=12)
Wrong exposures (n=11)
Wrong language (n=5)
Missing full text (n=6)
Abstract only (n=4)
A 4
)
g Studies included in the review:
E (n=24)
g
—

Fig. 2 PRISMA flow diagram of the review process

wrong exposure or outcome, wrong language (mean-
ing different than English), or missing full text. Our final
number of included studies was 24 [19-42] (Fig. 2).

Description of study characteristics
As presented in Table 2 most of the studies included in
the review were cohort studies (n=16).

Further, two RCTs were included, and six cross-sec-
tional studies. There was a total of 9,536 participants in
the included studies, with a minimum and maximum
sample size of 56 and 3342, respectively. The majority
of studies were conducted in hospital settings (n=16).
In all studies the percentage of male participants was
higher than female, except one [35]. Studies were

conducted in different parts of the world, from Saudi
Arabia to Australia, with the highest number coming
from China (n=05), Brazil (#=3), and Poland (n=2).
The most common outcome assessed was diabetes
(n=14). The other following outcomes considered body
weight (n=3), lipid profile (n=2), body composition
(n=1), electrolyte disorders (n=1), bone status (n=1),
Vitamin D (n=1), and Vitamin B, (n=1) deficiencies.
The most common immunosuppressant assessed was
tacrolimus (n=16). The time of participants after kTx
being included in the studies varied from 0 to 8.4 years.
The majority of studies were conducted 1 year after kTx
(n=9). There were only five studies conducted within
the 1-year post-transplant, and the majority of studies
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Odds Ratio of NODAT in tacrolimus patients
Meta-Analysis: OR; 95% CI
Study  year OR 95% CI p Weight %
Borda 2014 —— 1,26 (1,00 1,58) 0,0500 7,66%
Chen 2015 445 (218 9,10) 0,0000 1,04%
Yula] 2016 | 1,05 (1,01 1,08) 00130 2649%
Yu[b] 2016 248 (1,04 594) 0,0410 0,71%
Yulc] 2016 ] 1,04 (1,01 1,08) 00130 27,35%
Yul[d] 2016 346 (1,55 7,73) 0,0020 0,83%
Xu 2018 195 (117 3,26) 0,010 195%
Ajabnoor [a] 2020 275 (1,39 5,43) 0,0040 1,14%
Ajabnoor [b] 2020 204 (1,03 405) 00400 1,13%
Ajabnoor [c] 2020 265 (1,28 548) 0,0080 1,00%
De Lucena 2020 — 099 (046 2,11) 09700 0,92%
van der Burgh 2020 ] 1,00 (0,99 1,00) 0,8000 2841%
Wang 2023 212 (114 473) 00130 1,36%
Total * 1,13 (1,056 1,22) 0,0009 100,00%
0.5 1 2 5 10

*Yu [a] refers to old patients

**Yu[b] refers to family history of DM

***Yu [c] refers to pretransplant high serum glucose level
****Yu [d] refers to obesity

*Ajabnoor [a] refers to patients over 40 years old;
**Ajabnoor [b] refers to patients with BMI over 25 kg/m?

***Ajabnoor [c] refers to patients with FK506 level > 10 ng/mL during the first 3 months.

Heterogeneity: Tau2=0.005, Chi2=75.42, df=12, p<0.001, 1=84.09%

Fig. 3 The forest plot showing the relationship between tacrolimus and development of NODAT among kTx patients

(n=10) were conducted long-term which means both
within the 1 year after kTx and one-year post-trans-
plant (Fig. 4).

Quality assessment

Figures 5 and 6 show quality ratings of the included stud-
ies for observational and RCTs, respectively. The twenty-
two observational studies included present moderate
(n=13), serious (n=7), or critical risk of bias (n=2). Two
RCTs included in the review present ‘some concerns’
assessment and low risk of bias.

The summary of results

In the summary, seven main nutritional outcomes were
assessed, described as follows: diabetes, body weight,
lipid profile, body composition, electrolyte disorders,
bone status, vitamin D and vitamin B;, deficiencies. The
summary of results is presented in Table 3.

Diabetes

In total, fourteen studies assessed the effect of immuno-
suppressive therapy on the occurrence of diabetes follow-
ing kidney transplantation [19-21, 24-26, 31, 36—42].
Among these, seven studies examined NODAT (n=7),
six investigated PTDM (n=6), and one study focused
on hyperglycaemia (n=1). In general, the immunosup-
pressive regimens under consideration predominantly
included combinations involving calcineurin inhibi-
tors, such as: i) Tac vs. CsA (n=8); ii) Tac alone (n=4),
and CsA alone (n=1). Additionally, one study examined
the transition from CNIs to belatacept. Overall, with
the exception of two studies [73,91], all concluded that
CNIs pose a risk factor for the development of diabe-
tes. NODAT occurrence within the first year after kTx
was investigated in three studies; however, comparing
the findings proved challenging due to variations in the
assessment of immunosuppressive regimens [36, 41, 42].
According to Xue et al., the incidence of NODAT stood
at 20.3%, with the type of immunosuppressive regimen
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Follow-up time of studies included in the review

* Pontes, 2019

¢ Terrec, 2020

m Studies within 1 year

¢ Torres, 2018

* Xue, 2018
* Yu, 2016

* Ajabnoor, 2020

* Bergmann, 2015
* de Lucena, 2020
¢ de Oliveira, 2014

+ Filipov, 2015

* Ruangkanchanasetr, 2014
* Sayilar, 2022

* Xu, 2018

Fig. 4 Follow-up time of studies included in the review

demonstrating a consistent protective effect against its
onset. On the contrary, Yu et al. discovered an association
between the use of tacrolimus and the onset of NODAT.
Finally, Terrec et al. concluded that a late transition from
CNIs to belacept proved to be a beneficial therapeutic
strategy, significantly enhancing glycemic parameters.
NODAT incidence among patients beyond the first year
post-kTx was delineated in four studies, all of which
examined the impact of tacrolimus or cyclosporine (Tac
vs. CsA) [20, 25, 37, 39]. Three of them identified tac-
rolimus as posing a higher risk for the development of
NODAT compared to cyclosporine [20, 25, 37]. One of
them found no difference in the occurrence of NODAT
between tacrolimus and cyclosporine [39]. The forest plot
showing the relationship between tacrolimus and devel-
opment of NODAT among kTx patients is described in
Fig. 3. Eight studies explored the relationship between
developing NODAT and the use of tacrolimus. Six of
the studies showed an increased risk of NODAT (OR > 1,
p<0.05). The studies were though too heterogeneous to
perform subgroup analysis. Torres et al. described PTDM
within the first year post-kTx, concluding that in high-
risk patients, employing tacrolimus-based immunosup-
pression with steroid minimization provides the optimal
balance between the incidence of PTDM [21]. Two stud-
ies examined PTDM incidence among patients beyond
the first year post-kTx [24, 38]. Brzezinska et al. found no

after kTx

m Studies in more than 1
year after kTx

m Studies in both within
and more than 1 year
after kTx

Beilhack, 2020
Borda, 2014
Brzeziniska, 2013

* Chen, 2015
Gregorini, 2017

+ Ichimaru, 2015
Tillmann, 2018
Van der Burgh, 2020
Wang, 2023

m Studies with no
information data about
the time after kTx

difference between tacrolimus and cyclosporine concern-
ing the incidence of PTDM after kTx. However, van der
Burgh et al. discovered that tacrolimus use posed a risk
factor for PTDM development. Three studies examined
the long-term incidence of PTDM [19, 26, 40]. In them,
tacrolimus has been identified as a risk factor for devel-
oping PTDM. Finally, cyclosporine was identified as the
higher risk factor for hyperglycaemia [31].

Body weight

Three studies analysed the effect of immunosuppres-
sive therapy on body weight, of which two were cohort
studies and one cross-sectional [27, 33, 34]. According
to Ruangkanchanasetr et al., the prevalence of obesity
stood at 12.6% during the initial year, escalated to 28.6%
within the first three years, and surged to 39.7% beyond
the third-year post-transplantation. mTOR inhibitor was
administered more frequently to obese patients com-
pared to those with normal BMI (16.1% vs 7%; P=0.056).
Conversely, obese recepients showed significantly lower
usage of tacrolimus compared to those with normal BMI
[8]. In contrast, Sayilar et al. observed notable rises in
body weight and body mass index across both CsA and
Tac groups. Following a successful kidney transplant,
anthropometric measurements typically increase in most
recipients. While the impact of calcineurin inhibitor
type on weight gain remains unclear, regression analysis
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Fig. 5 Risk of bias assessment of observational studies included in the review using ROBINS-I tool
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Domains: Judgement

D1: Bias arising from the randomization process. n

D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. ‘ Low

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. ' No information

Fig. 6 Risk of bias assessment of RCTs included in the review using RoB 2 tool
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Table 3 The summary of results from studies assessing the use of immunosuppressive therapy and the nutritional status of kTx

patients

Reference

Nutritional outcome Type of

immunosuppressants used

Results
(Yes/No)

Association with the disease

1. Diabetes
Borda, 2014 [20]

Brzezinska, 2013 [24]

Chen, 2015 [25]

Tillman, 2018

NODAT Tac vs. CsA (steroid free

therapy)

PTDM Tac vs. CsA

NODAT Tac vs. CsA

NODAT Tac vs. CsA

The incidence of diabetes Yes. Tac
was significantly different

in the CsA group compared

to the Tac group (14%

vs. 26%, p=0.0002). Tac

(OR=1.258, p=0.05); CsA
(OR=0.317,p=0.077)

In 103 patients (50%), we
diagnosed glucose metabo-
lism disorders. 19% of patients
had PTDM, 14% IFG, and 17%
IGT. We did not find any
differences in the frequency
of glucose metabolism
disorders between patients
treated with tacrolimus

and with cyclosporine

The incidence of NODAT

at 24 months was 28.6%.
Independent risk factors

of NODAT, evaluated by logis-
tic regression, were as follows:
age>50 (p<0.001), HCV
infection (p=0.004), acute
rejection episodes (p=0.015),
and tacrolimus usage
(p<0.001). Tac (OR=4.45,
95%Cl 2.18-9.10; p=0.000)

A small but statistically
significant difference

in HbA1c levels was observed
between the control

and the steroid groups
(5.56+0.54 vs. 567 +0.0.45%,
p=0.045). The incidence rates
of pre-diabetes and NODAT
per 100 patients per year
were 9.3 and 3.0, respec-
tively. Regression analysis
showed that low-dose
steroids (p=0.026, RR=1.789,
95%Cl=1.007-3.040) and age
(p<0.001,RR=1.037/

year, 95%CI=1.018-1.057)
were associated with pre-
diabetes, whereas BMI
(p<0.001,RR=1.190,
95%Cl=1.084-1.307), age
(p<0.001,RR=1.087/year,
95%Cl=1.047-1.129) and Tac
use (p=0.010, RR=3.300,
95%Cl=1.328-8.196) were
associated with NODAT

No difference

Yes. Tac

Yes. Tac
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Reference

Nutritional outcome Type of

immunosuppressants used

Results

Association with the disease

(Yes/No)

Torres, 2018 [21]

Wang, 2023 [39]

Xu, 2018 [40]

PTDM

NODAT

PTDM

Tac vs. CsA (steroids or steroid
free)

Tac or CsA

Tac vs. CsA

The study comprised 128

de novo renal transplant
recipients without pretrans-
plant diabetes (Tac- SW: 44,
Tac-SM: 42, CsA-SM: 42). The
1-year incidence of PTDM

in each arm was 37.8%

for Tac-SW, 25.7% for Tac- SM,
and 9.7% for CsA-SM (Tac-SW
vs. CSA-SM 39 [RR=1.2-124;
p=0.01]; RRTac-SM vs.
CsA-SM 2.7 [RR=0.8-8.9;
p=0.1]). Antidiabetic therapy
was required less commonly
in the CsA-SM arm (p=0.06);
however, acute rejection

rate was higher in CsA-SM
arm (Tac-SW 11.4%, Tac-SM
4.8%, and CsA-SM 21.4%

of patients; cumulative
incidence p=0.04). Graft

and patient survival, and graft
function were similar

among arms. In high-risk
patients, tacrolimus-based
immunosuppression with SM
provides the best balance
between PTDM and acute
rejection incidence

The risk factors of NODAT
include age, weight, BMI,
smoking habits, drinking hab-
its, preoperative fasting blood
glucose, preoperative TG, pre-
operative TC, acute rejection,
and exposure to immuno-
suppressive agents. Among
them, only acute rejection
and immunosuppressive
agents are modifiable fac-
tors. The application of CsA

as an immunosuppressive
agent after surgery may
decrease the incidence

rate of NODAT and prolong
the longevity of patients
receiving renal transplanta-
tion. Tac (OR=2.123; 95%ClI
1.142-4.731; p=0.013)

30.72% of participants were
diagnosed with PTDM.
Tacrolimus was a risk factor
for developing PTDM: Tac
(OR=1.952;95%CI 1.169—
3.258;p=0011)

Yes. Better Tac

Yes. Both

Yes. Tac
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Reference

Nutritional outcome Type of

immunosuppressants used

Results

Association with the disease
(Yes/No)

Xue, 2018 [41]

Ajabnoor, 2020 [19]

De Lucena, 2020 [26]

van der Burgh, 2019 [38]

Yu, 2016 [42]

Khalili, 2013 [31]

NODAT

PTDM

PTDM

PTDM

NODAT

Hyperglycaemia

Tac vs. CsA

Tac

Tac

Tac

Tac

CsA

The incidence of NODAT
at the end of follow-up
was 20.3%. Type of immu-
nosuppressive regimen,
and immunosuppressant
concentration after renal
transplantation, IL.-2Ra use
remained a protective factor
against the development
of NODAT (HR 0.12; 95% Cl
0.03-0.51; P=0.004)

22.5% — patients — (not —
diabetic — before —

kTx) = developed —

PTDM [95%Cl=22,5%].

Age >40 years at transplant
(OR=2.75, p=0.004), BMI
>25kg/ m 2 at transplant
(OR=2.04, p=0.040),

and FK506 level = 10 ng/mL
during the first 3 months
(OR=2.65;95% Cl 1.28-5.48;
p=0.009) were all significantly
related to PTDM develop-
ment

Tac (OR=0.99; 95%Cl 0.46—
2.11;,p=0.97); CsA (OR=145;
95%Cl 0.50- 4.24; p=0.49)

Risk factors for the develop-
ment of PTDM: 1) univariate
analysis: Tac (OR=1.06; 95%
C10.99-1.00; p=0.8), serum
magnesium (OR=0.98; 95%
C10.96-1.00; p=0.01) 2) multi-
variate analysis: Tac (OR=1.00;
95% C1 0.99- 1.00; p =0.6);
serum magnesium (OR=0.98;
95% C10.96-1.00; p =0.01)

By multivariate analy-

sis, old age (OR=1.05;
95%Cl=1.01-1.08), family
history of diabetes mellitus
(OR=2.48; 95%Cl=1.04-5.94),
pre-transplant high serum
glucose level (OR=1.04;
95%Cl=1.01-1.08), and obe-
sity (OR=3.46; 95%Cl: 1.55-
7.73) were independent risk
factors for NODAT. In contrast,
serum magnesium levels

and the use of tacrolimus are
not associated with the devel-
opment of NODAT (OR=1.50;
95% C10.69-3.26; p=0.311)

Risk factors for hyperglycae-
mia were higher Cyclosporine
level, impaired renal function,
and reduced HDL level.

Protective effect

Yes

Yes

Yes

No

Yes
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Table 3 (continued)

Reference Nutritional outcome Type of Results Association with the disease
immunosuppressants used (Yes/No)

Terrec, 2020 [36] NODAT Conversion from CNls A late switch from CNI Yes. Belacept better
to belacept to belatacept was a valu-

able therapeutic option

for diabetic kidney recipients
and substantially improved
glycemic parameters.

2. Body weight

Ruangkanchanasetr, 2014 [34] Body weight Tac (and other Univariate Analysis Yes. Tac
immunosuppressants of the Obesity Group
checked) and the At Risk of Obesity

Group Compared with Nor-
mal BMI Patients: 1) obesity
BMI> =25: Cyclosporine
(OR=1.27,95% Cl 0.72-2.26;
p=0.412); Tacrolimus
(OR=0.52; 95%Cl

0.28-0.95; p<0.05); Mycophe-
nolate mofetil (OR=0.83;
95%Cl1 0.42-1.64; p=0.597);
Mycophenolic acid (OR=0.66;
95%C10.33-1.31;p=1.31);
Azathioprine (OR=0.89;
95%C!1 0.38-2.08; p=0.786);
Sirolimus or everolimus
(OR=2.55;95%Cl 0.98-6.64;
p=0.056); Prednisolone
(OR=0.68; 95CI 0.33-143;
p=0.309); 2) at risk of obesity
BMI=23-249:

Cyclosporine (OR=0.72;
95%Cl1 0.36-1.44; p=0.354);
Tacrolimus (OR=1.22;

95%C1 0.62-2.41; p=0.563);
Mycophenolate mofetil
(OR=0.8; 95%C1 0.36-1.77;
p=0.563); Mycophenolic acid
(OR=0.68; 95%Cl 0.3-

1.54; p=0.35); Azathioprine
(OR=0.84; 95%Cl0.3-2.33;
p=0.734);

Sirolimus or everolimus
(OR=1.48;95%Cl 0.44-4.91;
p=0.525); Prednisolone
(OR=0.54; 95%Cl 0.24-1.24;
p=0.147)
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Reference

Nutritional outcome Type of

immunosuppressants used

Results

Association with the disease
(Yes/No)

Sayilar, 2022 [35]

De Oliveira, 2014 [27]

Body weight

Body weight

Tac vs. CsA

steroids vs. steroid-free
therapy

Significant increases in body
weight and body mass index
(between 3 and 48 months),
waist and hip circumferences
(between Tand 48 months),
waist-to-hip ratio (between 1
and 3 or 6 months) and neck
circumference (between 1
and 12 or 24 months) were
observed in both CsA and Tac
groups. A significant increase
was noted in post-transplant
body fat percentage values
for the 3 to 24 months

in the CsA group, whereas
for the

24 10 48 months in both CsA
and Tac groups. Hip
circumferences percent-

age changes from the pre-
transplant period to the 1,

12 and 24 months were
significantly higher in CsA
than in the Tac group. At each
time point, there was no sig-
nificant difference in per-
centage changes for other
anthropometric parameters
between the CsA and Tac
groups

The following variables were
identified as significantly
associated with a decreased
risk of weight gain within 36
months post-transplantation:
male gender of the recipi-
ent (OR=0.304; p=0.001;
95%Cl=0.147-0.631)

and older age of the recipi-
ent (OR=0.933; p<0.01;
95%CI=0.902-0.966)

Yes. Depends on the time
measure

No
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Reference

Nutritional outcome

Type of
immunosuppressants used

Results

Association with the disease
(Yes/No)

3. Lipid profile
Bergmann, 2015 [23]

Ichimaru, 2015 [30]

Lipid profile

Lipid profile

steroids vs. steroid-free
therapy

Various immunosuppressants

There was no statistically
significant correlation
between total or free predni-
solone exposure (tAUC0-6 h
or fAUCO-12 h) and HDL, LDL,
triglycerides or HbA1c.

Free prednisolone AUC
(FAUCO-12 h) was signifi-
cantly positively correlated
with a patient’s waist

to upper arm circumfer-
ence ratio with a Spear-

man correlation coefficient
(r=03,p=0.02). A trend
towards a positive correlation
between free prednisolone
AUC and a patient’s neck

to upper arm circum- fer-
ence ratio was also observed,
but this did not reach statisti-
cal significance (Spearman
correlation coefficient
r=0.24, p=0.08). No signifi-
cant association was found
between VACS (Cushing
phenotype) score and total
or free prednisolone exposure

The relationships

among the patients’
immunosuppressant use
and lipid abnormalities: MMF
(OR=0.86; 95%Cl 0.37-2.03;
p>0.05); Everolimus
(OR=2.26;95%Cl 1.17-4.38;
p <0.05); Mizoribine
(OR=0.08; 95%Cl 0.28-2.28;
p=7), Azathioprine (OR=1.28;
95%Cl 0.48-3.40; p>0.05);
CsA (OR=1.71;95%Cl 0.57-
5.15;p>0.05); Tac (OR=1.15;
95%Cl 0.38-3.45; p>0.05);
Corticosteroids (OR=3.11;
95%Cl 1.27-7.67; p<0.05)

No

Yes—Everolimus and corticos-
teroids
No — CsA
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Reference Nutritional outcome Type of Results Association with the disease
immunosuppressants used (Yes/No)

4. Body composition

Kolonko, 2021 [32] Body composition Tac (slow and fast metaboliz-  There was no difference No
ers) in phase angle, visceral fat

5. Electrolyte disorders

Beilhack, 2020 [22] Electrolyte disorders  CNl inhibitors

6. Bone status

Gregorini, 2017 [29] Bone status Steroids, mTOR, CsA, Tac
7.Vitamin D
Filipov, 2015 [28] Vitamin D CNlinhibitors

area, lean body mass index
(LBMI) and the proportion

of lean mass as a percent-
age of total body mass
between the subgroups

of slow and fast metabo-
lizers. However, subjects

with LBMI > median value

of 18.7 kg/m?, despite similar
initial tacrolimus dose per kg
of body weight, were char-
acterized by a significantly
lower tacrolimus C/D ratio
(median 1.39 vs. 1.67, respec-
tively; p <0.05) in comparison
with the subgroup of lower
LBMI. Multivariate regression
analysis confirmed that age
(rpartial=0.322; p<0.001)
and LBMI (rpartial = —0.254;
p<0.01) independently
influenced the tacrolimus C/D
ratio. A LBMI assessed by BIA
may influence the tacrolimus
metabolism in the early post-
transplant period and can be
a useful in the optimization
of initial tacrolimus dosing

Patients without any CNI Yes
therapy (n=50) had a lower
prevalence of hypomag-
nesaemia, hyperkalaemia

and metabolic acidosis

compared with cal- cineurin
inhibitor treatment (4% vs

26%; 2% vs 14.1% and 2% vs
11.4%; p < 0.01)

A significant correlation Yes
(p<0.05) was observed

for both osteopenia and oste-
oporosis with menopause,
transplantologic age, CSD,
previous glomerulonephri-

tis, and mammalian target

of rapamycin (mTOR) inhibi-

tors treatment (imTOR)

There was negative associa-  Yes
tion between the concentra-

tion of 25(0OH)D and female
gender, presence of DM

and BMI. In addition, CNI

intake was also found

to negatively affect 25(OH)D
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Reference Nutritional outcome Type of Results Association with the disease
immunosuppressants used (Yes/No)

8.Vitamin B12

Pontes, 2019 [33] Vitamin B12 MMF Among individuals Yes

with adequate intake of B,
the deficiency of this vitamin
was more frequently seen

in those using MMF) (17%)
vs. azathioprine (2%), p=0.01.
In conclusion, the preva-
lence of B,, deficiency

in kTx was estimated

as 14% and was associated
with reduced intake of B,

as well as higher adipos-

ity, especially in women,

and with the use of MMF

indicated that CNI type wasn't identified as a risk factor
for obesity development by the 48th month. However,
it’s prudent to exercise caution regarding its dyslipidae-
mic effects in patients using CsA and the potential risks
associated with Tac use in patients with a predisposition
to diabetes [35]. In another study, assessing the preva-
lence and the influence of steroid-free therapy on obesity
de Oliveira et al. found that on average, the percentage
of weight gain reached 9% after 36 months post-trans-
plantation, coinciding with a significant increase in the
prevalence of overweight and obesity during this period.
Interestingly, steroid therapy showed no influence on the
percentage of weight gain post-transplantation. Instead,
weight gain can result from factors such as increased
appetite, fluid retention, or changes in energy balance
that occur indirectly due to steroid use. It must be out-
lined though that low-dose steroids play a key role in
managing chronic inflammatory and autoimmune con-
ditions by reducing inflammation with fewer side effects
than higher doses. Their use requires careful monitor-
ing to balance benefits and risks, such as osteoporosis
or adrenal suppression. Instead, associations were found
between younger recipient age, female gender, younger
donor age, and higher creatinine levels with the most
substantial weight gain following transplantation [27].
All studies were conducted long-term which means
within 1-year post-transplant and 1 year after.

Lipid profile

Two studies investigated the relationship between
immunosuppressives and lipid profile among kidney
transplant recepients [23, 30]. One study was conducted
within 1 year after kTx and one was conducted long-
term. The results were inconsistent. Bergmann et al.
reported no statistically significant correlation between
total or free prednisolone exposure (tAUCO0-6 h or

fAUC0-12 h) and serum levels of HDL-cholesterol,
LDL-cholesterol, and triglycerides [23]. However, Ichi-
maru et al. found that everolimus and corticosteroid
use were significant risk factors for lipid abnormali-
ties. In the same study, cyclosporine was not identified
as a significant risk factor for the development of lipid
abnormalities [30].

Body composition

In our review, one study assessed the body composition
among kidney transplant recepients [32]. In this cohort
study, significant increases were observed in various
anthropometric measurements in both CsA and Tac
groups. These included waist and hip circumferences
between the 1st and 48th months, waist-to-hip ratio
between the 1st and 3rd or 6th months, and neck circum-
ference between the 1st and 12th or 24th months. Addi-
tionally, a significant increase in post-transplant body fat
percentage values was noted for the 3rd to 24th months
in the CsA group and for the 24th to 48th months in
both CsA and Tac groups. Moreover, percentage changes
in hip circumferences from the pre-transplant period
to the 1st, 12th, and 24th months were significantly
higher in the CsA group compared to the Tac group.
However, there were no significant differences in per-
centage changes for other anthropometric parameters
between the CsA and Tac groups at each time point [35].
Acknowledging the integral role that body weight and
BMI play in the care of patients following kidney trans-
plantation, it merits a separate paragraph given its signifi-
cance for their post-transplant health and well-being.

Electrolyte disorders

Electrolyte disorders in our review were described in one
study [22]. Patients without any CNI therapy (»=>50) had
a lower prevalence of hypomagnesaemia, hyperkaliaemia
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and metabolic acidosis compared to calcineurin inhibi-
tor treatment (4% vs 26%; 2% vs 14.1% and 2% vs
11.4%; p<0.01). The study was conducted above 1-year
post-transplant.

Bone status

One study explored the relationship between immu-
nosuppressive therapy and bone status among kidney
transplant patients [29]. Gregorini et al. found that there
is a significant correlation (p<0.05) for both osteopenia
and osteoporosis with mammalian target of rapamy-
cin (mTOR) inhibitors treatment (imTOR) among kTx
patients. The study was conducted above 1-year post-
transplant. None of the studies included in this review
mentioned the effect of the steroids on bone status
among kTx patients.

Vitamin D

The relationship between immunosuppressive therapy
and serum 25(OH)D level among KkTx patients in our
review was described in one study [28]. CNIs were found
to negatively affect serum 25(OH)D level by Filipov et. al.
In addition, there was a negative association between the
concentration of 25(OH)D and female gender, presence
of DM and BMI. The study was conducted long-term.

Vitamin B,,

The association between the immunosuppressive medi-
cation and vitamin B,, deficiency was described in one
study [33]. Pontes et al., found that among individuals
with adequate intake of B;,, the deficiency of this vitamin
was more frequently seen in those using MMF) (17%) vs.
azathioprine (2%), p=0.01. In conclusion, the prevalence
of B, deficiency in kTx was estimated as 14% and was
associated with reduced intake of B, as well as higher
adiposity, especially in women, and with the use of MMFE.

Discussion

The aim of this systematic review was to summarise
the evidence of nutritional diseases following exposure
to immunosuppressive therapy among patients follow-
ing kidney transplantation (kTx). A total of 24 stud-
ies met our inclusion criteria [19-42]. The assessed
outcomes encompassed diabetes, body weight, lipid
abnormalities, body composition, electrolyte disorders,
bone status, and serum of the vitamin D and the vita-
min B, levels. The immunosuppressive medications
comprised calcineurin inhibitors (CNIs), tacrolimus
(Tac), cyclosporine (CsA), mTOR inhibitors, antiprolif-
erative, and glucocorticosteroids. Our findings indicate
that, overall, immunosuppressive therapy has an effect
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on nutritional diseases among kTx patients. Nutri-
tional diseases are important because they affect the
health of the patient and the success of the graft. Poor
nutrition, whether due to malnutrition or obesity, can
weaken the immune system, slow down healing, and
increase the risk of complications like infections or
graft rejection. Proper nutrition helps patients recover
better and improves the chances of the graft function-
ing well over time. Furthermore, certain immunosup-
pressants demonstrate a stronger association than the
others. Half of the studies regarding diabetes included
in our review described Tac as a stronger risk factor
for developing this disease compared to CsA. Our find-
ings are in line with a systematic review conducted by
Heisel et al., which examined diabetes and CNIs among
solid organ transplant patients. Heisel et al. concluded
that patients receiving Tac exhibited a higher incidence
of post-transplant diabetes compared to those receiv-
ing CsA [43]. Additionally, other studies have linked
diabetes to the use of immunosuppressive medications,
which may be reversible after modifying the immuno-
suppressive treatment. This includes reducing the doses
of steroid drugs and replacing Tac with CsA [10]. It is
important though to consider the overall immunologi-
cal risk when making decisions about immunosuppres-
sive therapy, particularly regarding glycaemia control.
Switching from tacrolimus to cyclosporine or adjust-
ing steroid doses must be based on the patient’s indi-
vidual immunological risk and medically justified. Tac
is a more potent immunosuppressant than CsA, and
any changes should account for the risk of all immunity
and graft rejection. However, in two RCTs studies con-
cerning diabetes and immunosuppressive medications,
the results from Torres and Borda were inconsistent.
This underscores the necessity for further research in
this area, emphasizing the importance of conducting
studies of the highest quality, prospective RCTs. In the
later post-transplant period, particularly in recipients
where metabolic risks outweigh the risks of alloimmun-
ity, switching from tacrolimus to cyclosporine may be a
viable option. The importance of a dynamic, individu-
alized approach, focusing on gradually reducing steroid
dosages to levels that are proven to be safe while closely
monitoring the patient’s immunological and metabolic
status. This personalized approach ensures that the
benefits of immunosuppressive therapy are balanced
with the need to minimize metabolic complications.
The causes of increased body fat mass in patients after
transplantation include factors such as improved appe-
tite, enhanced sense of taste, lack of necessity to adhere
to a restrictive diet, and the use of steroid medications
[10]. In proposed systematic review, three studies ana-
lysed the effect of immunosuppressive medications on
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body weight, of which two were cohort studies and one
cross-sectional. It was observed that obese patients
more frequently used mTOR inhibitors and less often
Tac [34]. In contrast, another study noted significant
increases in body weight and body mass index across
both CsA and Tac groups [35]. Our findings are consist-
ent with a scoping review that emphasized the limited
evidence on this topic in the scientific literature, as well
as the lack of high-quality evidence from intervention
studies [44]. One of the complications associated with
chronic steroid therapy is Cushing’s syndrome, charac-
terized by abdominal obesity and sarcopenia. Interest-
ingly, steroid therapy did not demonstrate any influence
on the percentage of weight gain post-transplantation in
our review [27].

Dyslipidaemia represents a significant and frequently
encountered burden post-transplant. In our review, two
studies investigated the association between immu-
nosuppressive medications and lipid profile. Everoli-
mus emerged as a significant risk factor for lipid
abnormalities, while CsA did not show the same associa-
tion. However, the results regarding the use of steroids
were inconsistent. Our findings contradict the existing
literature, which suggests that components contributing
to lipid abnormalities include immunosuppressive medi-
cations such as steroid drugs, calcineurin inhibitors like
CsA rather than Tac, and mTOR inhibitors [45].

One study assessed the effect of fast and slow Tac
metabolizers on body composition [32]. As a result,
there was no difference in phase angle, visceral fat area,
lean body mass index (LBMI) and the proportion of lean
mass as a percentage of total body mass between the sub-
groups of slow and fast metabolizers.

In our review, mTOR inhibitors were found to be asso-
ciated with the bone status post-transplant. Gregorini
et al. concluded that there is a significant correlation for
both osteopenia and osteoporosis with mammalian tar-
get of rapamycin (mTOR) inhibitors treatment (imTOR)
among kTx patients [29]. What is more, CNIs were found
to negatively affect serum 25(OH)D level [28]. Interest-
ingly, none of the studies included in our review specifi-
cally addressed the impact of steroids on bone status, a
crucial aspect given their widespread use in transplant
patients. Steroids are known to affect bone metabo-
lism, increasing the risk of osteoporosis and fractures.
Future research should focus on this gap, as understand-
ing the role of steroids in bone health could significantly
improve patient management and outcomes. This topic is
particularly relevant in the context of long-term immu-
nosuppressive therapy and its associated risk [46].The
association between the immunosuppressive medica-
tion and vitamin B,, deficiency was described in one
study [33]. Pontes et al. established the B,, deficiency was
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linked to the use of MME. Our findings are in line with
the literature which states that immunosuppressive med-
ications contribute to development of anemia (mycophe-
nolate mofetil/Na, Tac, azathioprine, mTOR inhibitors),
blockers of the renin—angiotensin—aldosterone (RAA)
system (angiotensin-converting enzyme inhibitors and
angiotensin receptor antagonists), allopurinol, trimetho-
prim [10].

Patients without using CNIs had a lower prevalence
of hypomagnesaemia, hyperkalaemia and metabolic aci-
dosis compared with calcineurin inhibitor treatment.
There was no difference in phase angle, visceral fat area,
LBMI and the proportion of lean mass as a percent-
age of total body mass between the subgroups of slow
and fast Tac metabolizers. Only one study assessed this
relationship which found that patients without any CNI
therapy had a lower prevalence of hypomagnesaemia,
hyperkalaemia and metabolic acidosis compared with
calcineurin inhibitor treatment. Our findings are in
line with the existing literature [10]. It is necessary to
monitor magnesium concentrations and in case of defi-
ciency—depending on its severity—supplementation
of this element via intravenous infusions (in the early
period after transplantation) or in the form of tablets
[38].None of the studies examined an important aspects
which are serum potassium and calcium levels. Among
patients following kTx, variations in serum potassium
concentrations are evident, encompassing both hypo-
and hyperkalaemia [20]. Furthermore, the distribution
of studies across different outcomes may not accu-
rately represent the prevalence or clinical significance
of those outcomes post-transplant. While our review
highlighted 14 studies on post-transplant diabetes, it’s
crucial to acknowledge that certain outcomes may gar-
ner more attention due to their clinical relevance, exist-
ing literature, or research priorities. For instance, lipid
abnormalities are more prevalent than diabetes among
kTx patients. The relatively low number of studies
examining body weight may be due to various factors
such as methodological challenges, limited resources, or
research priorities. While it’s important to acknowledge
the discrepancies in the distribution of studied out-
comes, it’s also crucial to interpret the findings in the
context of available evidence and research limitations.
Future research efforts may benefit from addressing
gaps in the literature and prioritizing areas with signifi-
cant clinical implications for kTx patients.

Conclusions

To the best of our knowledge, this is the first systematic
review that summarises the evidence of immunosup-
pressive therapy and nutritional diseases of patients fol-
lowing kidney transplantation. A strength of our review
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is that we report on a large number of studies, including
data from various populations. What is more, we have
analysed the data both qualitatively and quantitatively.
The limitations include high heterogeneity, and the
low quality of studies incorporated in the review. Also,
publication bias, language and access to certain studies
as well as reviewer bias must be taken into considera-
tion. Despite the above limitations, our findings carry
significant clinical implications: i) Immunosuppressive
therapy affects various nutritional diseases among post-
kidney transplant patients; ii) Tac emerged as a higher
potent risk factor for disease development compared to
CsA; iii) Diabetes garnered the most attention in this
research area. Given the heterogeneity and suboptimal
quality of the studies included in our review, it is imper-
ative that future research endeavors prioritize high-
quality, prospective randomized controlled studies.
These rigorous study designs can provide more reliable
evidence regarding the association between immuno-
suppressive therapy and the nutritional status of kidney
transplant recepients. Furthermore, additional longitu-
dinal studies focusing on nutritional outcomes are war-
ranted to enhance our understanding of the long-term
effects of immunosuppressive therapy among this popu-
lation. By conducting well-designed RCTs and longitu-
dinal studies, researchers can contribute to filling the
existing gaps in the literature and ultimately improve
clinical management strategies for kTx patients, thereby
enhancing their overall health and well-being. Finally,
for a conclusive attribution of the increase in the men-
tioned diseases to immunosuppressive medications,
forthcoming researchers ought to delve into the dietary
habits of kidney transplant patients. This exploration
will afford a more profound comprehension of the sub-
ject matter under study.
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