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Background. Cystic fibrosis (CF) is one of the most frequent genetic diseases. )e discovery and implementation of new therapies
prolonged the survival of CF patients in the last years. Evaluation of long-term complications could be useful to improve the
outcome of these patients. Aim of the Study. To evaluate renal function, metabolic, nutritional, and inflammatory status in CF
patients on cystic fibrosis transmembrane regulator (CFTR) modulators therapy as well as lung transplant recipients (LRs) and
patients on conservative therapy (control group).Materials and Methods. We performed a prospective, longitudinal study on 69
CF patients. Clinical and laboratory parameters (metabolic and nutritional indices and inflammatory markers) were evaluated in
all patients before starting CFTR therapy or transplant (T0) and after 3 years (T1). Results. We enrolled 69 CF patients (42 males).
Patients were distributed into three groups. )e average age was 35.01± 10.57 years for the control group (group 0), 32.47± 9.40
years for patients on CFTRmodulators therapy (group 1), and 38.93± 7.14 years for LRs (group 2). At T1, we showed a significant
difference among the three groups in terms of renal function indices: creatinine, eGFR, serum nitrogen as well as serum uric acid,
sodium, and potassium (p< 0.001, p< 0.001, p< 0.001, p< 0.001, p< 0.001, and p< 0.001, respectively), particularly in LRs
patients. Significant differences were found in nutritional status parameters among the three groups: total protein, serum albumin,
serum fibrinogen, serum transferrin, and white blood cell counts (p< 0.001, p � 0.037, p � 0.04, p � 0.003, and p � 0.007,
respectively), particularly in LRs compared with other groups. Moreover, we found significant differences in metabolic profile
(HbA1c, p � 0.026) and inflammatory status, with a significant difference in C-reactive protein values, neutrophil counts, and
neutrophil-lymphocyte ratio (NLR) among the three groups (p< 0.001, p � 0.005, and p � 0.026, respectively). Conclusions. Our
study showed a reduced renal function and poor nutritional status in LRs, along with worse metabolic control. Moreover, we
showed a lower inflammatory status in patients on CFTRmodulators therapy.)erefore, we suggest early and careful monitoring
of renal function, metabolic, and nutritional parameters in CF patients, whether they are on conservative therapy, CFTR
modulators therapy, and LRs patients.
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1. Background

Cystic fibrosis (CF) is the most common autosomal recessive
genetic disorder affecting ∼70,000 patients worldwide [1]. CF
is characterized by chronic airway infection and repeated
pulmonary exacerbations which cause lung function decline
and poor quality of life, leading to an overall reduction in
terms of survival [2]. In these patients, the main cause of
respiratory failure is end-stage lung disease, which represents
the most common cause of death. Survival rates remarkably
improved over the past 40 years, with average survival cur-
rently reaching 47.7 years [3]. Advancements in airway
clearance, selected antibiotic therapies for chronic infections,
and adequate nutrition contributed to ameliorating survival
rates [4]. Moreover, new specific treatments were introduced,
such as CF transmembrane regulator (CFTR) modulators
among others. CF is caused by pathogenic variants of CFTR
gene, which is located on chromosome 7 and encodes the
CFTR protein, a transmembrane channel of chlorine [5]. )is
channel is involved in the regulation of anion transport and
ciliary mucus clearance in lungs. When these functions are
deranged, mucosal retention, chronic pulmonary infections,
as well as inflammation occur along the respiratory tract, with
a progressive clinical deterioration, which leads to respiratory
failure [6]. CFTR modulators represent a targeted treatment,
improving the original functions of the defective CFTR
protein which causes CF. Modulators are specifically effective
on different types or classes of CFTR pathogenic variants
carried by the patient. In fact, more than 2000 pathogenic
variants of CFTR gene were identified, with the most frequent
being ΔF508 (Class II), characterized by the deletion of three
nucleotides which are involved in the coding of phenylalanine
[7]. )is particular condition causes an altered assembling of
the CFTR protein structure, with its consequent degradation
by proteasomes in the endoplasmic reticulum, resulting in a
lack of exposure of these channels on the cell membrane [4].
All pathogenic variants are categorized into six classes,
according to the type of protein deficit [8]. Although such
novel therapies considerably improved the outcome of CF
patients, survival rates remain poorer than those observed in
general population. In addition, high morbidity affects CF
patients’ quality of life. In spite of advancements in man-
agement and treatment, a large portion of CF patients
progresses to end-stage lung disease, finally requiring lung
transplant (LT). Lung transplant recipient (LRs) patients’
outcome improved over the last 2 decades, with an average
posttransplant survival of 8.9 years [9]. Nonetheless, survival
rates related to LT are lower than those seen in other solid
organ transplantations. In addition, LRs are at high risk for
several complications, including acute and chronic rejection,
infections, as well as immunosuppressants adverse effects.
)erefore, it could be useful to evaluate long-term effects of
different therapies along with metabolic, nutritional, and
inflammatory status in order to improve CF patients’
outcomes.

Aim of the study: to evaluate renal function as well as
metabolic, nutritional, and inflammatory status in CF pa-
tients treated with CFTR modulators, LRs, and conservative
therapy (control group).

2. Materials and Methods

)e study protocol was approved by the Clinical Research
Ethics Committee of Sapienza, University of Rome, Italy.
)e study conforms to the principles outlined in the Dec-
laration of Helsinki, and we obtained written consent by
each patient enrolled.

2.1. Study Design and Subjects. We performed a prospective,
longitudinal, single-centre study, with control group, that
includes patients aged at least 18 years with diagnosis of CF,
afferent to the CF centre at the University Hospital “Poli-
clinico Umberto I” in Rome, Sapienza University of Rome,
Italy.

2.2. Patients. A total of 69 patients (42 males) were divided
into three groups matched by sex and age: patients on
conservative therapy (controls) (group 0) (29 patients);
patients with CFTR modulators therapy, particularly Ork-
ambi and Kalydeco (group 1) (19 patients); and LRs (group
2) (21 patients). Patients with mutation Classes III and IV
(mutations that reduce the function of CFTR proteins at the
apical cell surface) can benefit from treatment with po-
tentiators (i.e., VX 770–Ivacaftor, commercialized as
Kalydeco®). Patients with mutation Classes I, II, and V
(mutations that reduce the quantity of functional CFTR
proteins that reach the apical cell surface) can benefit from
treatment with correctors (i.e., VX 809–Lumacaftor, com-
mercialized in combination with Ivacaftor as Orkambi®)[10]. We performed clinical examinations and blood tests
before patients started therapy or underwent LT procedure
(T0) and after 3 years (T1), from September 2015 to August
2019. Patients were clinically stable at the time of blood
sample, in the absence of exacerbations. We followed the
methods of Lai et al. [11].

2.3. InclusionCriteria. Patients aged at least 18 years with CF
diagnosis.

2.4. Exclusion Criteria. We excluded patients affected by
severe heart disease, ongoing infections, neoplastic disease in
progress, as well as chronic liver impairments and cere-
brovascular disease. In addition, patients refusing to give
consent and those with missing data in their clinical history
were excluded.

2.5. Laboratory Measurements. Blood samples were col-
lected in the morning after an overnight fast of at least 12
hours. Standard automated techniques have been used to
analyze all patients’ samples. We measured the following
analytes: plasma glucose (mmol/L), haemoglobin A1c
(HbA1c) (%), total serum cholesterol (mg/dL), triglycerides
(mg/dL), high-density lipoprotein (mg/dL), creatinine
(mg/dL), serum nitrogen (mg/dL), serum uric acid (SUA)
(mmol/L), calcium (mg/dL), serum electrolytes (mEq/L),
C-reactive protein (CRP) (μg/L), and total protein (g/dL).
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Low-density lipoprotein-cholesterol was assessed using the
Friedewald equation: low-density lipoprotein (LDL) (mg/
dL) � total cholesterol− high-density lip-
oprotein − (triglycerides/5). )e neutrophil-lymphocyte
ratio (NLR) was calculated by dividing the absolute neu-
trophil counts by the absolute lymphocyte counts. 25-
Hydroxy-vitamin-D (ng/mL) was measured by radioim-
munoassay. Serum albumin (g/dL) was determined by
bromocresol purple method. )e estimated glomerular
filtration rate (eGFR) was evaluated according to the
Modification of Diet in Renal Disease Formula (MDRD),
Chronic Kidney Disease-Epidemiology [12].

2.6.Diagnosis of Cystic Fibrosis. Immunoreactive trypsin test
in neonatal age was performed.)e genetic variants of CFTR
were analysed by sequencing analysis and multiple ligation-
dependent probe amplification (MLPA). Moreover, 17/19
and IR/Del sequencing were performed (INNO-LiPA®CFTR19 (20T)) when necessary. When the found patho-
genic variant was not common, molecular investigation of
the whole gene was carried out in order to identify the exon
deletion [13].)e gold standard for FC diagnosis is the sweat
test, in which we perform according to the international
guideline. A sweat chlorine concentration greater than
60mEq/L supports the diagnosis of CF; an intermediate
concentration of chlorine in sweat, between 40 and 60mEq/
L, is suggestive, but not diagnostic, for CF (gray zone); a
sweat chlorine concentration of less than 40mEq/L is
normal and associated with a low probability of CF.

2.7. Blood Pressure Measurements. Blood pressure mea-
surements have been performed using a standard automatic
sphygmomanometer according to the British Hypertension
Society guidelines [14]. )en, systolic blood pressure (SBP)
and diastolic blood pressure (DBP) mean values were cal-
culated for all participants. Hypertension was defined as SBP
≥140mmHg or DBP ≥80mmHg on repeatedmeasurements.

2.8. Statistical Analysis. Data management and analysis
were performed using IBM® SPSS® Statistics 22.0 for
Windows® software (IBM Corporation, New Orchard
Road Armonk, New York, United States). )e Shapir-
o–Wilk method for normal distributions was used to test
the normality of variables. Continuous variables were
expressed as average ± standard deviation; categorical
variables were expressed as percentage. )e hypothesis
testing was performed through the univariate analysis.
Following tests were used when appropriate: chi-squared
test (χ2), Student’s t-test, analysis of variance (ANOVA),
and bivariate correlation (Pearson’s r); values of p< 0.05
were considered statistically significant.

3. Results

A total of 69 patients (42 males) distributed into three
groups were evaluated, and the average age was 35.01± 10.57
years for the control group (group 0), 32.47± 9.40 years for

patients on CFTR modulators therapy (group 1), and
38.93± 7.14 years for LRs (group 2). We found no significant
difference between the 3 groups at T0 (Table 1). Conversely,
at T1, we found significant differences among the three
groups with respect to the renal function: creatinine, eGFR,
serum nitrogen, SUA, as well as serum sodium and potas-
sium (p< 0.001, p< 0.001, p< 0.001, p< 0.001, p< 0.001,
and p< 0.001, respectively) (Table 2), particularly in LRs
compared with other groups (Table 3). Regarding the nu-
tritional status, we showed significant differences among the
three groups regarding the following analysis: total protein,
serum albumin, serum fibrinogen, serum transferrin
(p< 0.001, p � 0.037, p � 0.04, and p � 0.003, respectively)
(Table 2), particularly in the LRs group (Table 3), although
the control group also showed a significant reduction in
serum transferrin between T0 and T1 (p � 0.019). In the
evaluation of metabolic profile, we showed significant dif-
ference in the value of HbA1c (p � 0.026) (Table 2), with the
group of LRs presenting a significant difference between T0
and T1 (p< 0.001) (Table 3). With respect to the inflam-
matory status, we found significant differences in CRP, white
blood cells, and NLR among the three groups (p< 0.001,
p � 0.007, and p � 0.026, respectively), while neutrophil
counts showed a difference in the limits of statistical sig-
nificance (p � 0.064) (Table 2). In particular, we showed a
significant increase of CRP value and neutrophil cells in the
control group between T0 and T1 (p � 0.009 and p< 0.001,
respectively), with a significant reduction of CRP in patients
on pharmacological therapy (p � 0.017) and a significant
increase of neutrophil cells in LRs patients (p � 0.003)

(Table 3).

4. Discussion

Over the last two decades, CF patients’ median survival
improved, reaching up to 45 years. Improved treatments,
such as LTand CFTRmodulators, represented a key factor in
this challenge [5, 15], and therefore, it is now necessary to
evaluate the long-term complications of these therapies. In
our study, we showed a reduced renal function (with a
reduced eGFR) and an increase in serum nitrogen in LRs
compared to the other groups of patients. Similarly, Degen
et al. [16] and Lai et al. [11] reported a poorer renal function
in LRs, probably due to the concurrent administration of
immunosuppressive drugs, such as cyclosporine and other
calcineurin inhibitors. We found no significant difference in
renal function between patients on CFTR modulators and
controls. )erefore, the effect of these drugs on CFTRs
expressed on the renal tubule seems to be negligible. In fact,
although CFTR is widely expressed in kidneys, CF patients
do not present major renal dysfunctions. Nevertheless, it is
known that both the urinary excretion of proteins and the
renal ability to concentrate/dilute urine are altered in these
patients [17]. In rats and humans, CFTRmRNA is expressed
in all nephron segments, to a greater extent in renal cortex
and outer medulla areas. Souza-Menezes et al. [16] showed
that CFTR not only has chlorine transport functions but also
is probably involved in regulating different ion transport,
such as sodium and potassium channels. In kidney, CFTR
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modulates the expression and controls the activity of renal
outer medullary potassium (ROMK) channels, which are at
the centre of potassium recycling in the thick ascending loop
of Henle and its secretion in cortical collecting ducts [18].
)erefore, CFTR plays a key role in kidneys and, presum-
ably, in other organs where ROMK channels are expressed.
Besides, Souza-Menezes et al. [17] described a possible role
of CFTR in the epithelial sodium channel (ENaC) regula-
tion, suggesting an interaction between these channels and
ROMK channels in renal epithelia where they are coex-
pressed. In addition to this, the activity of CFTR is influ-
enced by arginine vasopressin, atrial natriuretic peptide, and
thyroid hormones, thus indicating the interplay between this
channel and the mechanisms of ion transport as well as

extracellular volume regulation [19]. However, we found no
significant difference in terms of arterial pressure among the
three groups of patients. Moreover, CFTR might also be
involved in the endocytosis of low-molecular-weight pro-
teins, such as transferrin, in proximal tubule [20]. In fact, in
our study, we reported a significant difference in serum
transferrin among the three groups. Additionally, as already
reported by Lai et al. [11], we found an increase of SUA in
LRs with worse renal function. In recent years, many authors
showed that high levels of SUA are associated with renal and
cardiovascular diseases, mainly due to renal glomerular
vasoconstriction [20]. Hyperuricemia is related to endo-
thelial dysfunction and inflammatory and oxidative stress, as
the integrity of the endothelium plays a fundamental role in

Table 1: Patients’ characteristics at T0.

T0 Group 0
N � 29

Group 1
N � 19

Group 2
N � 21 p value

Age 35.01± 10.57 32.47± 9.40 38.93± 7.14 0.092
Creatinine (mg/dL) 0.75± 0.14 0.76± 0.11 0.83± 0.10 0.060
eGFR (ml/min) 110.0± 25.26 107.60± 13.98 103.46± 22.42 0.580
Serum nitrogen (mg/dL) 5.17± 1.42 5.48± 1.19 5.26± 1.01 0.700
Serum uric acid (mmol/L) 0.32± 0.07 0.33± 0.06 0.37± 0.09 0.065
Serum sodium (mEq/L) 140.33± 3.23 141.33± 2.11 140.73± 2.32 0.458
Serum potassium (mEq/L) 4.56± 0.40 4.43± 0.29 4.58± 0.40 0.387
Total protein (g/dL) 7.67± 0.30 7.73± 0.44 7.63± 0.51 0.744
Serum albumin (g/dL) 4.51± 0.35 4.46± 0.25 4.42± 0.19 0.552
Serum fibrinogen (g/L) 3.31± 0.53 3.49± 0.74 3.33± 0.85 0.658
Serum transferrin (g/L) 2.83± 0.48 3.08± 0.60 2.80± 0.37 0.140
White blood cells ×103 cells/µL 8.16± 3.23 7.34± 1.74 7.86± 2.08 0.558
HbA1c (%) 5.53± 0.45 5.86± 1.01 5.38± 0.51 0.074
CRP (µg/L) 4663.0± 9948.0 4435.55± 158.26 5400.0± 1096.0 0.883
NLR 2.39± 1.34 2.37± 1.08 2.15± 0.98 0.750
Neutrophils, ×103 4345.0± 1657.09 4493.0± 1736.34 4696.0± 1740.20 0.773
CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HbA1c, A1c haemoglobin; N, number of patients; NLR, neutrophil-to-lymphocyte ratio.
Data are shown as mean± standard deviation or number (%). Group 0: CF patients on conservative therapy (controls); group 1: CF patients with CFTR
modulator therapy; group 2: lung transplant recipient patients.

Table 2: Patients’ characteristics at T1 (after 3 years).

T1 Group 0
N � 29

Group 1
N � 19

Group 2
N � 21 p value

Creatinine (mg/dL) 0.78± 0.4 0.76± 0.16 1.16± 0.34 p< 0.001
eGFR (ml/min) 107.66± 25.01 113.0± 22.38 69.38± 20.93 p< 0.001
Serum nitrogen (mg/dL) 5.21± 1.49 5.52± 1.21 9.64± 3.34 p< 0.001
Serum uric acid (mmol/L) 0.32± 0.06 0.34± 0.07 0.43± 0.10 p< 0.001
Serum sodium (mEq/L) 141.14± 3.21 140.53± 1.93 143.62± 2.65 p< 0.001
Serum potassium (mEq/L) 4.58± 0.32 4.46± 0.27 3.94± 0.52 p< 0.001
Total protein (g/dL) 78.52± 6.21 75.58± 5.13 67.29± 4.17 p< 0.001
Serum albumin (g/dL) 44.55± 4.44 46.26± 4.62 42.74± 3.47 p � 0.037
Serum fibrinogen (g/L) 3.52± 0.84 3.17± 0.78 2.93± 0.75 p � 0.04
Serum transferrin (g/L) 2.53± 0.36 3.16± 0.64 2.52± 0.61 p � 0.003
White blood cells, ×103/μL 8.58± 2.66 6.50± 1.58 7.85± 1.76 p � 0.007
HbA1c (%) 5.74± 0.73 5.98± 0.85 6.54± 1.19 p � 0.026
CRP (μg/L) 9552.0± 20573.49 1966.67± 2119.75 6265.79± 9016.59 p< 0.001
NLR 2.89± 4.34 2.44± 0.85 2.70± 1.43 p � 0.026
Neutrophils, ×103 (μL) 6197.8± 1080.0 5070.52± 1920.0 5897.6± 1900.0 p � 0.064
CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HbA1c, A1c haemoglobin; N, number of patients; NLR, neutrophil-to-lymphocyte ratio.
Data are shown as mean± standard deviation or number (%). Group 0: CF patients on conservative therapy (controls); group 1: CF patients with CFTR
modulator therapy; group 2: LT patients.
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maintaining vascular homeostasis by regulating the balance
between vasoconstriction and vasodilation [21, 22].
According to the literature, 40–50% of CF adult patients are
affected by CF-related diabetes (CFRD) [23]. CFRD is the
endpoint of a spectrum of glucose abnormalities, which
begin with early insulin deficiency and are associated with
accelerated nutritional decline and decline of lung function
[24]. In our study, we showed significant higher levels of
HbA1c in LRs considered as a marker of worse metabolic
balance in this group of patients, not reporting CFRD di-
agnosis. Indeed, the LRs group showed a poorer nutritional
status, as further evidenced by significant differences in total
protein, albumin, fibrinogen serum levels, as well as serum
transferrin and white blood cell counts. )ese findings could
reflect the greater nutritional vulnerability of LRs [25].)ere
is a strong association between CF and malnutrition, pri-
marily caused by high energy needs combined with lower
nutrient intake. In addition, a well-established correlation
between good nutritional status and better lung function was
reported. Ashkenazi et al. [26] described for the first time a
significant correlation between nutritional status of patients
in their infancy and their lung function as adults. Hence,
nutritional status should be carefully monitored from early
childhood in CF patients and, for this purpose, there is a
need for evidence-based recommendations on dietary
composition and nutritional guidelines. It is known that
body weight disorders, diabetes mellitus (DM), and fatty
acid-rich diets produce deleterious effects on immune re-
sponse, while a “tailored” nutritional approach with accurate
evaluation of energy balance remains the cornerstone of CF
therapy since it is associated with a better pulmonary
function and prolonged survival [24]. Nonetheless, a sig-
nificant proportion of patients still fail to achieve normal
growth and good nutritional status. In other studies,
Colombo [27] and Staufer [28] remarked the importance of
nutritional status as an important prognostic factor in pa-
tients with CF prior to LT. We found a significant difference
in HbA1c among the three groups, with a worse metabolic
profile in LRs. )is is probably due to the role played by
immunosuppressants in both renal function decline and
metabolic profile derangement, leading to a greater car-
diovascular risk. Similarly, Winhofer et al. [29] reported
profound alterations in glucose metabolism, with a high rate
of undetected DM andmarkedly delayed insulin secretion in
LRs. Postprandial hyperglycaemia is mainly caused by the
impaired beta-cell glucose sensitivity rather than insulin
resistance and is accompanied by disturbances in lipid
metabolism. Nevertheless, Valour et al. [30] and Hofer et al.
[31] did not see a worsening in CFRD and in the survival of
LRs with DM. In fact, even though LT is known to impair
glucose tolerance, evolution of pre-existing DM is not de-
scribed in transplanted CF patients. For this reason, al-
though the association with more severe phenotypes in CF
patients, it is unclear whether DM influences the LT out-
come. With respect to CFRD, a strong relation with lung
function decline and increased mortality was reported [24].
Mart́ın-Fŕıas et al. [32] showed that good CFRD metabolic
control and adequate nutrition have prolonged beneficial
effects on LRs. With regards to inflammatory status, we

found a significant difference in CRP levels among the three
groups, with a significant increase in patients receiving
conservative therapy and a significant reduction in patients
on CFTR modulators therapy. Li et al. [33] reported a role of
CFTR in preventing inflammation and atherogenesis via
inhibition of both NFκB and MAPKs activation, therefore
suggesting that CFTRmight be a potential therapeutic target
for the treatment of vascular inflammation as well as the
development of atherosclerotic disease. Furthermore, CFTR
dysfunction was shown to result in proinflammatory re-
sponses in CF patients, but its role in vascular inflammation
and atherogenesis remains unclear. In our study, also
neutrophil cells count was increased in the control group
and in LRs patients. )is finding could be explained by the
effects of CFTR modulators therapy, suggesting that acting
pharmacologically on this receptor might reduce the in-
flammatory response. High neutrophil levels are associated
with CF, and delayed neutrophil apoptosis is also described
in this disease, albeit it is unclear whether this condition is
due to a primary neutrophil defect or chronic inflammation.
Gray et al. [34] showed how CF patients present neutrophils
with prosurvival phenotype, associated with absent CFTR
function and increased neutrophil extracellular traps pro-
duction, which might induce inflammation. In our study, we
found a significant increase in neutrophil counts in CF
patients not receiving receptor modulating therapy and in
LRs patients, while NLR was significantly different between
the 3 groups at T1, being greater in the control group but
without a significant difference between T0 and T1.
Nacaroglu et al. [35] reported that leukocyte and platelet
count as well as absolute neutrophil count and NLRmight be
helpful to assess chronic inflammation, but only NLR and
absolute neutrophil count should be used as biomarkers of
acute exacerbations, an exclusion criterion in our study.
Similarly, O’Brien et al. [36] reported a significant corre-
lation between NLR and clinical conditions in child patients,
suggesting that NLR might be a potentially useful index of
clinical evaluation in CF.

5. Limitations

)e limitations of our study are the limited sample size of CF
patients, and the single-centre study. )e limitation for all
single-centre analyses is the potential lack of generalizability.
Additional prospective follow-up studies with a larger
number of patients are needed to confirm our results.

6. Conclusions

CF outcomes and survival improved over the last years,
mainly due to the advancements in specific therapies and
LT-improved management [9]. CFTRmodulators have been
developed to correct the underlying pathogenetic mecha-
nism of CF, although they are not eligible for all classes of
mutation. Moreover, there is a need to evaluate extrap-
ulmonary long-term complications, such as metabolic,
nutritional, and inflammatory status. Our study reports a
reduced renal function and poorer nutritional status in LRs,
along with worse metabolic control. In addition, we showed
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a reduced general phlogosis in patients on CFTRmodulators
therapy. )erefore, we suggest an early and careful moni-
toring of renal function and metabolic and nutritional in-
dices in CF patients, whether these patients are on
conservative therapy, CFTRmodulators therapy, or after LT.
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