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Abstract. Background. Liver disease is responsible for relevant morbidity and mortality in children with cystic
fibrosis. We aimed to assess the predictive value of a combination of transient elastography, ultrasound imaging
and serum liver enzymes for diagnosis of cystic fibrosis-related liver disease. Materials and methods. A total of
108 children aged 0—17 years with cystic fibrosis were examined. The fibrosis stage was determined using tran-
sient elastography. The activity of enzymes (alanine transaminase, aspartate transaminase, alkaline phosphatase,
gamma-glutamyl transferase, lactate dehydrogenase-5), ultrasound parameters of the liver at different stages of
liver fibrosis have been investigated. Results. Liver fibrosis of varying severity (F1-F4) was detected in 29.6 % of
patients with cystic fibrosis. Liver cirrhosis was observed in 14.8 % of children with cystic fibrosis. The association
between an elevated activity of alkaline phosphatase, gamma-glutamyl transferase, lactate dehydrogenase-5, an
enlargement of the left lobe of the liver and the degree of fibrosis F1-F4 was found. Moreover, a significant increase
in the size of the left lobe corresponded to a higher degree of fibrosis. A reverse correlation was detected between
the k coefficient (the ratio of the sizes of the right and left lobes of the liver) and the degree of fibrosis, with a greater
degree of fibrosis corresponding to a lower value of this parameter. The maximum enlargement of the left lobe of the
liver, the lowest value of the k coefficient, and the dilation of the portal and splenic veins were observed in patients
with liver cirrhosis. Conclusions. The transient elastography, changing of ultrasound liver parameters with elevated
activity of the alkaline phosphatase, gamma-glutamyl transferase, lactate dehydrogenase-5 could be used for early
diagnosis of cystic fibrosis-related liver disease.
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Introduction

Cystic fibrosis (CF) is the most common monogenic
autosomal recessive metabolic disorder among people of
European descent. It is characterized by a progressive course,
disruption of vital functions, early development of complica-
tions, premature disability, and a high mortality rate [1]. An
increased lifespan of CF patients contributes to the develop-
ment of severe pathology of hepatobiliary system [2, 3]. Liver
disease is responsible for relevant morbidity and mortality in
children with CF [2—5]. Literature reports indicate a high
frequency of liver involvement in CF (ranging from 20 to
80 %) with a characteristic asymptomatic course [5, 6]. It is

known that clinical manifestations of cystic fibrosis-related
liver disease (CFLD) occurred in the stage of established
cirrhosis, indicating the late diagnosis [4, 7]. There is a sug-
gestion about a correlation between hepatomegaly and the
severity of histological changes in the liver, and about the
high frequency of CFLD in males; there are differing opi-
nions regarding the association of liver involvement and CF
gene mutations [5—8]. From this perspective, it is essential to
assess the characteristics of hepatobiliary system involvement
in CF and to find the criteria for early diagnosis of CFLD.
The need for such research is supported by several authors
[1,8—14].
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The purpose of the study was to assess the predictive value
of a combination of transient elastography, ultrasound ima-
ging and serum liver enzymes for diagnosis of CFLD.

Materials and methods
An observational study with collecting of longitudinal
data from 108 children with CF attending the Cystic Fibro-
sis Center within the Regional Children’s Clinical Hospital
(Odesa, Ukraine) between 2010 and 2020 was performed.
Inclusion criteria for the study were: CF diagnosis; age 0 to
17 years; absence of other chronic comorbidities; informed
consent from both parents and the child for participation
in the research. Exclusion criteria were as follows: severe
congenital or acquired comorbidities; lack of consent from
parents and/or the child for participation in the study.
Patient involvement. Patients and their families (parents
or caregivers) were involved in the planning and conducting a
survey. They were intimately involved in the setting of priority
issues, defining research questions, outcome measures, and
design. Patient partners (parents or caregivers) promoted the
study to the target audience and played the key role in the
recruitment effort. They were central to dissemination of the
baseline information about the survey, which helped motivate
patients and community during and beyond the study. Final-
ly, they reviewed and confirmed the results and conclusions.
Patients attended the CF center at least once a year where
they had a traditional clinical examination. All patients had
genetic testing for the disease regarding CFTR mutation.
The hepatic status was evaluated in all patients, including
biochemical measurements (alanine transaminase (ALT),
aspartate transaminase (AST), alkaline phosphatase (ALP),
gamma-glutamyl transferase (GGT), and lactate dehydro-
genase-5 (LDH-5)), abdominal ultrasonography and tran-
sient elastography on the FibroScan® 502 (Echosens, Paris,
France). Elastography allowed for a quantitative assessment
of liver stiffness in kilopascals (kPa) and determination of
the fibrosis stage according to the METAVIR scale: liver
stiffness < 5.8 kPa corresponded to absence of fibrosis (F0),
5.9—-7.0 kPa — Fl fibrosis, 7.1—-9.4 kPa — F2 fibrosis, 9.5—
12.5 kPa — F3 fibrosis, > 12.5 kPa — F4 fibrosis, or liver

cirrhosis [15, 16]. Liver biopsy was not performed due to its
invasiveness and the high risk of complications. The diag-
nosis of CFLD relied on classical criteria: if two or more
categories were present including abnormal liver function
tests (increase of ALT, AST, GGT above upper limits in at
least three consecutive determinations over 12 months after
excluding other causes), abnormal physical examination
(hepatomegaly, splenomegaly confirmed by ultrasonogra-
phy), ultrasonographic evidence of liver involvement or por-
tal hypertension, or biliary abnormalities [8].

Statistical data analysis was conducted using the software
package Statistica 10 (StatSoft Inc., USA) and the online
calculator SISA (Simple Interactive Statistical Analysis). To
test statistical hypotheses regarding differences in relative
frequencies in independent samples, odds ratios and the
achieved level of significance (p) were calculated. Differen-
ces were considered non-random when the probability was
p < 0.05. The biases from ignoring the frequency-matched
design in the analysis are relatively small and similar in mag-
nitude to those seen on conditional analyses. A conditional
logistic regression sensitivity analysis was performed using
the frequency-matched sets.

Results

From 2010 to 2020, 108 children aged 0—17 with CF
were examined. General clinical examination revealed he-
patomegaly, with the liver enlarged by 1 to 5 cm below the
costal margin in 98 patients (90.7 %). In 32 cases (29.6 %),
the liver was firm in consistency and painless, while in 10
(9.3 %), it had an uneven, nodular surface. Enlargement of
the spleen from 1 to 7 cm was observed in 8 children (7.4 %).
On ultrasound examination, most patients (88.9 %) exhibi-
ted heterogeneous acoustic structure of the liver. Clinical
manifestations of CFLD were characterized by a mild and
latent course, and the results of routine hematological and
biochemical studies were not informative for specifying
pathological changes in the liver parenchyma. Diagnosis of
structural abnormalities was only possible through modern
visualization methods. The distribution of CF children by the
severity of liver fibrosis according to transient elastography

Table 1 — Epidemiological characteristics of patients with CFLD, fibrosis F1-3, cirrhosis F4

and without CFLD in a cohort of children with CF

Total (n = 108) No CFLD (n=76) | CFLD,F1-3(n=16) | CFLD, F4(n=16)
Sex
Male 58 (53.7) 34 (44.7) 10 (62.5)* 14 (87.5)**
Female 50 (46.3 42 (55.3) 6 (37.5) 2 (12.5)
Age group, years
0-3 20 (18.5) 18 (23.7) 2 (12.5) 0 (0.0)
4-6 34 (31.5) 24 (31.6) 6 (37.5) 4 (25.0)
7-9 30 (27.8) 20 (26.3) 4 (25.0) 6 (37.5)
10-17 24 (22.2) 14 (18.4) 4 (25.0) 6 (37.5)
AF508 mutation in genotype
Homozygote AF508 60 (55.6) 34 (44.7) 11 (68.8)* 15 (93.8)**
Heterozygote AF508 34 (31.5) 30 (39.5) 4 (25.0) 0 (0.0)
Other CFTR mutation 14 (12.9) 12 (15.8) 1(6.2) 1(6.2)

Notes: here and in the Table 2: data are presented as n (%); * — significant difference between patients without
CFLD and with CFLD, fibrosis F1-3 (p < 0.05), ** — significant difference between patients with CFLD, fibrosis
F1-3, and with CFLD, cirrhosis F4 (p < 0.05).
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(FibroScan, Echosens, France) was as follows: F0O (absence
of fibrosis) — 76 patients (70.4 %), F1 (minimal fibrosis) —
3 children (2.8 %), F2 (moderate fibrosis) — 5 children
(4.6 %), F3 (severe fibrosis) — 8 children (7.4 %), F4 (liver
cirrhosis) — 16 patients (14.8 %).

We compare three groups of patients: without CFLD,
with CFLD, fibrosis F1—3, and with CFLD, cirrhosis F4.
The comparison of epidemiological characteristics of pa-
tients are shown in the Table 1.

No difference in age (p = 0.05) was shown between pa-
tients with and without CFLD. However, there were signifi-
cant differences in sex category and CFTR mutations (ho-
mozygote AF508) between CFLD and non-CFLD patients.

When categorizing CF patients by age, a trend to CFLD
worsening with increasing life expectancy was observed.
Among children aged 0 to 3 years, CFLD was noted in 10 %
(95% confidence interval (CI) 3.14—23.14 %), 4 to 6 years —
in29.41 % (95% C1 13.74—44.25 %), 7 to 9 years in 33.33 %
(95% CI 16.17—49.82 %), and among those aged 10 to 17
years — in 41.67 % (95% CI 22.25—61.74 %). Given the pro-
gressive natural history of liver fibrosis, age is an important
risk factor for CFLD.

A significant predominance of males among CF pa-
tients with CFLD was found: fibrosis (F1-F4) was detected
in 41.38 % of boys (95% CI 29.29—54.70 %) and 16 % of
girls (95% CI 5.10—24.89 %). The odds ratio for develo-
ping CFLD in males compared to females was 3.7 (95% CI
1.47-9.29), and the relative risk of fibrosis F1-F4 was 2.59
(95% CI 1.24—5.85). Male gender in CF patients should be
considered an adverse prognostic factor for the CFLD.

The analysis of CF patient genotypes revealed that
among homozygotes for the AF508 deletion, the frequency
of CFLD was 43.33 % (95% CI 30.47—55.52 %), among
heterozygotes with the AF508 deletion together with other
mutations — 11.76 % (95% CI 1.07—-22.92 %), and among
patients with mutations other than AF508 — 14.28 % (95%
Cl14.17-32.17 %). The odds ratio for CFLD in patients with
the AF508 deletion in their genotype was 2.81 (95% CI 0.59—
13.36), and the relative risk was 2.23 (95% CI 0.67—13.25).

The assessment of the prognostic value of the studied
medical-biological factors regarding the development of
CFLD revealed high sensitivity, moderate specificity, and

positive prognostic value for the following parameters: age of
the CF patient over 7 years (0.63, 0.55, and 0.37, respective-
ly), and male gender (0.75, 0.55, and 0.41, respectively). It
is recommended to use the proposed criteria for identifying
high-risk group for the CFLD.

The ultrasound liver parameters and liver enzymes ac-
tivity (ALT, AST, ALP, GGT, and LDH-5) were assessed in
patients without CFLD, with CFLD, fibrosis F1—3, and
with CFLD, cirrhosis F4. The comparison of ultrasound and
laboratory characteristics of patients with and without CFLD
are shown in the Table 2.

We observed that the progression of fibrosis was associa-
ted with an enlargement of the left lobe of the liver. More-
over, a significant enlargement of the left lobe corresponded
to a higher degree of fibrosis (F1—3 and F4) (p < 0.05). An
inverse relationship was found between the k coefficient (the
ratio of the sizes of the right and left lobes of the liver) and
the degree of fibrosis (p < 0.05). The maximum enlargement
of the left lobe of the liver, the lowest value of the k coeffi-
cient, and the dilation of the portal and splenic veins were
detected in patients with liver cirrhosis (F4). The obtained
data support the rationale for using ultrasound liver parame-
ters for early diagnosis of CFLD.

Assessing the proposed criteria for early diagnosis of
CFLD revealed that the ultrasound parameters of the liver
had the highest positive prognostic value, namely the en-
largement of the left liver lobe (0.75), the k coefficient of the
right-to-left liver lobes (0.80), and the dilation of the portal
and splenic veins (0.88).

The ALT and AST activity remained within normal ran-
ges in CF patients with fibrosis stages FO-F3 but significantly
increased in those with cirrhosis F4 (p < 0.05). Therefore,
routine biochemical tests were not able to detect CFLD at
early stages.

We observed that the progression of CFLD was associated
with an elevated activity of ALP, GGT, and LDH-5, with the
highest activity in cirrhosis (p < 0.001). It also confirmed
the high sensitivity (0.94) and moderate positive prognostic
value of the elevated activity of ALP, GGT, and LDH-5 for
diagnosis of CFLD. The obtained data support the rationale
for using the elevation of ALP, GGT, and LDH-5 activity for
early diagnosis of CFLD.

Table 2 — Ultrasound liver parameters and liver enzyme activity in patients with CFLD, fibrosis F1-3,
cirrhosis F4 and without CFLD in a cohort of children with CF

Characteristics No CFLD (n = 76) CFLD, F1-3 (n = 16) CFLD, F4(n = 16)
Ultrasound liver parameters (upper normal limit)
Enlargement of the right lobe of the liver, mm 0.40 + 0.03 4.80 +1.10* 0.20 + 0.02
Enlargement of the left lobe of the liver, mm 0.40 = 0.02 194 +1.1* 31.5+1.4*
Coefficient k of the liver lobes ratio 1.60 £ 0.10 1.30 + 0.08" 1.00 + 0.30**
Portal vein dilation, mm 0.0+0.0 0.0+ 0.0 2.5+ 0.5
Splenic vein dilation, mm 0.0+ 0.0 0.0+ 0.0 1.9+0.3"
Liver enzyme activity
ALT, IU/L 235+1.3 28.7+4.7 72.4 +14.8*
AST, IU/L 18.7 + 2.1 295+24 69.6 + 2.8™"
ALP, IU/L 320.3 +9.3 455.8 + 39.3" 628.1 + 47.5**
GGT, IU/L 28.6 + 3.1 54.3 + 8.1* 128.3 + 21.2**
LDH-5, % 76+04 23.0+1.8* 32.3 +4.3**
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Discussion

The use of advanced medical technologies, aggressive
therapeutic regimens, and transplantation programs in CF
patients has become an objective factor contributing to an
increase in the frequency of late complications of the di-
sease. CFLD is the second leading cause of death after lung
complications [1—4].

In-depth research into the features of CFLD was con-
ducted in 108 children with CF. Clinical manifestations of
biliary pathology differed with a mild and latent course, and
the results of routine biochemical tests were not informative
for detecting pathological changes in the liver parenchyma.
Diagnosis of structural abnormalities required modern ima-
ging methods with the detection of fibrosis severity using the
METAVIR scale.

The conducted transient elastography of the liver (Fibro-
Scan, Echosens, France) showed the absence of fibrosis in
70.4 % of CF patients and the presence of fibrotic changes of
varying severity in 29.6 % (with a range of liver elasticity me-
dian values from 5.9 to 49.0 kPa), with half of them (14.8 %)
having liver cirrhosis. The results indicate a high frequency
(in every third patient) of CFLD, which can lead to a fatal
outcome and is consistent with previous research findings
[1,3—6, 19-21].

The trend of progressive CFLD with increasing patient
lifespan has been established: liver involvement was observed
in 10 % of children aged 0—3 years, 29.41 % aged 4—6 years,
33.33 % aged 7—9 years, and in 41.67 % of those aged 10—17
years. These findings confirm the association between the
severity of CFLD and disease duration. These results align
with existing literature data on the increasing frequency and
severity of hepatobiliary system involvement in CF with pro-
longed patient survival [1, 5—8, 17—19].

The study revealed a significant predominance of
males among patients with CFLD: fibrosis (F1-F4) was
observed in 41.38 % of boys and 16 % of girls. Therefore,
CFLD occurs much more frequently in boys than in girls.
The odds ratio of developing CFLD in males compared
to females was 3.7 (95% CI 1.47-9.29), and the relative
risk of CFLD was 2.59 (95% CI 1.24—5.85). Male gender
in CF patients is considered an unfavorable prognostic
factor for the development of CFLD. These results are
consistent with findings from some authors, indicating
a high frequency of hepatobiliary system involvement in
males and the predominance of cirrhosis formation in
boys [1, 3, 5, 21].

The study confirmed a high frequency of CFLD among
homozygotes for the AF508 deletion (43.33 %) compared to
heterozygotes with the AF508 deletion together with other
mutations (11.76 %) and among patients with mutations
other than AF508. The odds ratio for developing CFLD in
CF patients with the AF508 deletion was 2.81 (95% CI 0.59—
13.36), and the relative risk was 2.23 (95% CI 0.67—13.25).
It is known that among the studied mutations of the CF
gene, there is no specific mutation that directly causes liver
involvement [5, 6, 10, 14, 21].

The progression of CFLD was accompanied by an ele-
vated activity of serum enzymes, including ALP, GGT, and
LDH-5. The direct correlation was revealed between the
elevated activity of ALP, GGT, and LDH-5 and the degree

of fibrosis from F1 to F4 (p < 0.05). These findings are
consistent with the results of previous scientific studies
[11-13, 16—21].

The progression of CFLD was associated with an en-
largement of the left lobe of the liver and decreasing coeffi-
cient k (the ratio of the sizes of the right and left lobes of the
liver). The correlation was found between these deviations
and the degree of fibrosis from F1 to F4 (p < 0.05), which is
in line with reports from some researchers [17—21].

Conclusions

The combined use of transient elastography (FibroScan)
with elevated activity of the ALP, GGT, and LDH-5 enzymes
and changing of ultrasound liver parameters (enlargement
of the left lobe of the liver, a reduction in the k ratio of the
sizes of the right and left lobes of the liver, dilatation of the
portal and splenic veins) could be used for early diagnosis
of CFLD. The age of a patient with CF over 7 years, male
gender and the presence of AF508 deletion in the genotype
have a high positive predictive value for CFLD with liver
fibrosis and cirrhosis.
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UnyHumk KO.I, LLleByeHko I.M.2, LnyHumk A.B.5, CrenaHos . ®."

" OAeCbK HALIOHAAbHWY MeAnYHUM yHiBepcuTet, M. Oaecaq, YkpaiHa
2 HQyKOBO-AOCAIAHW IHCTUTYT TOQHCASILIIMHOT MeALMHW, OAECbHKA HALIOHQAbHUA MEANYHUA yHiBEpcuTeT, M. Oaeca, YKpaiHa
3 NiIKQPHSIHWY LIEHTP YHIBEpCUTETY bpyKkaennq, bpykaiH, Hero-Mopk, CLLUA

TpaHsieHTHa eAacTorpadist, YAbTPA3BYKOBA Bi3yQAi3aALLisl TO NeYiHKOBI pepMeHTH
B AiGrHOCTULI XBOPO6M NediHKn Npy MyKOBICLIMAO3I B AiTen

Pestome. Akmyaasnicmo. XBopoba MeviHKy € IPUUNHOK0 3HAYHOT
3aXBOPIOBAHOCTI Ta CMEPTHOCTI HiTell i3 MyKoBicuumo3zom. Me-
moro docaidxwcenns OyJia OlLliHKA MPOTHOCTUYHOI IIIHHOCTI TpaH-
3i€eHTHOI eactorpadii, yIbTpa3ByKOBOI Bidyari3allii i Te4iHKOBUX
(bepMEHTIB 111010 AiarHOCTUKM XBOPOOU MEUYiHKU MPU MYKOBiC-
uuno3i. Mamepiaiu ma memoou. O6¢texero 108 mireit Bikom
0—17 pokiB, xBopux Ha MyKoBicuuno3s. Crazito ¢iopo3y Bu3Ha-
Yyajy 3a JOITIOMOTOIO TpaH3i€eHTHOI eacTorpadii. JocaimKkyBanu
aKTHUBHICTb (pepMeHTIB (aJaHiHaMiHOTpaHC(depasa, acrapTar-
MiHoTpaHcdepasa, ayxHa docdaraza, ramma-riayTaMiaTpaHc-
depasza, nakrataerigporeHasa-5), yabTpa3ByKoBi mapaMeTpH Ie-
YiHKU Ha Pi3HUX cTafdisx ¢Giopo3sy. Pesyaemamu. Y 29,6 % xBopux
Ha MYKOBICIIMI03 BCTAHOBJIEHO (hiOpO3 MeUiHKKU Pi3HOTO CTYMEeHS
BupaxeHocri (F1-F4), y 14,8 % niarHocToBaHO IIMPO3 MEYiHKHU.
BusiBneHwmit 38’s130K MixX MiIBUIIIEHHSIM aKTUBHOCTI JIy>KHOI (hoc-
darasu, raMMma-TayTamiaTpaHcdepasu, JaKTaTaeTiaporeHa3u->5,

30iJIbILIEHHSIM JIiBO1 YaCTKU TMEeYiHKU Ta cTyneHeM ¢iopo3y F1-F4.
Kpim Toro, 3HauHe 30iJbIIEHHSI PO3MipiB JIiBO1 YaCTKU BiAIOBi-
I1aJIo BUILIOMY CTyTIeHIo (hibpo3y. BusiBiieHO 3BOPOTHY KOpEJISIIit0
Mix KoeditieHTom k (cTiiBBimHOIIEHHS pO3MipiB MpaBoi Ta JIiBoi
YaCTOK MEeYiHKMU) i cTyrneHeM (hidbpo3sy, IpuyoMy BUILIOMY CTYTIEHIO
(hidpo3y Bianosizano MeHIle 3HaYEHHS LIbOTO Mapamerpa. ¥ XBo-
PHYX Ha LMPO3 MEUYiHKU CIOCTEPirasocs MakCMMaibHe 30iIbLIeH -
HSI JIIBOI YaCTKM TIeUiHKM, HaliMeHIIe 3HaYeHHs KoedilieHTa k,
PO3IIMPEHHSI TiaMeTPiB BOPITHOI Ta ceJie3iHKOBO1 BeH. Bucnosku.
TpanzieHnTHa enactorpadisi, 3MiHU yJIbTPAa3BYKOBUX MapaMeTpiB
MEeYiHKM pa3oM i3 MiIBUIIEHO aKTUBHICTIO JTyXXHOI pocarasu,
raMma-riIyTaMinTpaHcdepasu, JaKTaTAeTiapoTreHa3n-5 MOXYTh
OyTM BUKOPHUCTAHI IS paHHbOI 1iarHOCTUKU XBOPOOU TMEeUiHKU
MpU MyKOBICIIUI03i.

KirouoBi ciioBa: mykosicimmos; xBopoba MediHKK; TpaH3i€HTHA
enacrorpadist; yIsTpa3ByKoBa Bidyarizalis

Vol. 58, No. 3, 2024

www.gastro.org.ua, https://gastro.zaslavsky.com.ua

209


https://pubmed.ncbi.nlm.nih.gov/27506882/
https://pubmed.ncbi.nlm.nih.gov/27506882/
https://pubmed.ncbi.nlm.nih.gov/27506882/
https://pubmed.ncbi.nlm.nih.gov/27506882/
https://pubmed.ncbi.nlm.nih.gov/26223427/
https://pubmed.ncbi.nlm.nih.gov/26223427/
https://pubmed.ncbi.nlm.nih.gov/26223427/
https://pubmed.ncbi.nlm.nih.gov/26223427/
https://pubmed.ncbi.nlm.nih.gov/25625579/
https://pubmed.ncbi.nlm.nih.gov/25625579/
https://pubmed.ncbi.nlm.nih.gov/25625579/
https://pubmed.ncbi.nlm.nih.gov/25625579/
https://pubmed.ncbi.nlm.nih.gov/38536042/
https://pubmed.ncbi.nlm.nih.gov/38536042/
https://pubmed.ncbi.nlm.nih.gov/38536042/
https://pubmed.ncbi.nlm.nih.gov/38536042/
https://pubmed.ncbi.nlm.nih.gov/8690394/
https://pubmed.ncbi.nlm.nih.gov/8690394/
https://pubmed.ncbi.nlm.nih.gov/8690394/
https://pubmed.ncbi.nlm.nih.gov/30992975/
https://pubmed.ncbi.nlm.nih.gov/30992975/
https://pubmed.ncbi.nlm.nih.gov/30992975/
https://pubmed.ncbi.nlm.nih.gov/28422310/
https://pubmed.ncbi.nlm.nih.gov/28422310/
https://pubmed.ncbi.nlm.nih.gov/28422310/
https://pubmed.ncbi.nlm.nih.gov/29105109/
https://pubmed.ncbi.nlm.nih.gov/29105109/
https://pubmed.ncbi.nlm.nih.gov/29105109/
https://pubmed.ncbi.nlm.nih.gov/26254836/
https://pubmed.ncbi.nlm.nih.gov/26254836/
https://pubmed.ncbi.nlm.nih.gov/26254836/
https://pubmed.ncbi.nlm.nih.gov/26254836/
https://pubmed.ncbi.nlm.nih.gov/28753176/
https://pubmed.ncbi.nlm.nih.gov/28753176/
https://pubmed.ncbi.nlm.nih.gov/28753176/
https://pubmed.ncbi.nlm.nih.gov/28753176/
https://pubmed.ncbi.nlm.nih.gov/37934656/
https://pubmed.ncbi.nlm.nih.gov/37934656/
https://pubmed.ncbi.nlm.nih.gov/37934656/
https://pubmed.ncbi.nlm.nih.gov/37934656/

