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ABSTRACT

Background: cystic fibrosis liver disease is a poorly under-
stood entity, especially in adults, in terms of its real preva-
lence, natural history and diagnostic criteria, despite being 
the most important extrapulmonary cause of mortality. 
The aim was to evaluate the prevalence, characteristics and 
potential risk factors of liver disease in adults with cystic 
fibrosis, according to two diagnostic criteria accepted in the 
scientific literature.

Methods: patients were recruited in a tertiary referral hos-
pital, and laboratory, ultrasound, non-invasive liver fibrosis 
tests (AST to Platelet Ratio Index [APRI]; Fibrosis-4 Index [FIB-
4]) and transient elastography (Fibroscan®) were performed. 
The proportion of patients with liver disease according to 
the Debray and Koh criteria were evaluated.

Results: ninety-five patients were included, 48 (50.5 %) fe-
males, with a mean age of 30.4 (28.6-32.2) years. According 
to the Debray criteria, six (6.3 %) patients presented liver 
disease. According to the Koh criteria, prevalence increased 
up to 8.4 %, being statistically different from the 25 % val-
ue described in other published series (p = 0.005). Seven 
(7.5 %) presented ultrasonographic chronic liver disease. 

Eleven (13 %) presented liver fibrosis according to the APRI 
score; 95 (100 %) had a normal FIB-4 value. Mean liver stiff-
ness value was 4.4 (4.1-4.7) kPa. FEV1 (OR = 0.16, p 0.05), 
meconium ileus (OR = 14.16, p 0.002), platelets (Pearson co-
efficient -0.25, p 0.05) and younger age (Pearson coefficient 
-0.19, p 0.05) were risk factors.

Conclusions: prevalence and severity of liver disease in adult 
cystic fibrosis patients were lower than expected. Meconium 
ileus, platelets, age and respiratory function were confirmed 
as risk factors associated to cystic fibrosis liver disease.

Keywords: Cystic fibrosis liver disease. Prevalence. Risk fac-
tors. Adults.

INTRODUCTION

Cystic fibrosis (CF) is a multisystemic disease with autosomal 
recessive inheritance, as a consequence of the malfunction 
of the cystic fibrosis transmembrane regulator (CFTR) pro-
tein, present in exocrine tissues of the organism (1). Liver 
involvement is currently the most important extrapulmonary 
cause of mortality (2-4). However, despite its importance, it 
is a poorly understood entity, both in terms of its prevalence 
and natural history.
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Over the years, the diagnostic criteria for cystic fibrosis liv-
er disease (CFLD) have been modified. Nevertheless, the 
most accepted to date are those proposed by Debray et 
al. (5). Recent publications including the use of non-invasive 
liver fibrosis markers are revolutionizing diagnosis (6-11), 
improving the detection of affected patients (12,13). Their 
implementation is recommended by different authors, but 
they are yet to be included in the clinical practice guidelines 
of the different societies (14,15).

The prevalence of CFLD has been documented in a variable 
way over the years, ranging between 17 and 47 % (3,4,12,16-
20). However, it varies among different age groups. The 
numbers vary even more widely in adults and furthermore, 
a second incidence peak in adulthood, not previously ac-
counted for, seems possible nowadays (4,12).

Given that this pathology has not been thoroughly evaluat-
ed in adult patients and the limited number of publications 
on the subject, this study evaluated the prevalence, charac-
teristics and potential risk factors of liver disease in adults 
with cystic fibrosis, according to two diagnostic criteria ac-
cepted in scientific literature.

METHODS
Patients who attended the CF monographic clinic of the 
Pneumology Service of Hospital Universitario de La Princesa 
in Madrid between January 2018 and 2020 were consecutive-
ly recruited. Inclusion criteria were as follows: age ≥ 18 years, 
diagnosis of CF (according to international criteria) (14,21) 
and maintained follow-up in the aforementioned clinic.

Clinical data was collected from follow-up visits, including 
physical examination and spirometry values (Datospir 120 Si-
belmed spirometer). Three procedures were carried out. First, 
complete blood count, including liver function parameters 
and variables to rule out concomitant liver diseases. Two liver 
fibrosis scores based on serum biomarkers, AST to Platelet 
Ratio Index (APRI) and Fibrosis-4 Index (FIB-4) were calculated 
(22,23). Second, abdominal ultrasound (US) (Toshiba Aplio XG 
ultrasound machine) performed by an experienced sonogra-
pher on the same day patients were evaluated in the clinic, 
after fasting for 6-8 hours. Different US variables were evaluat-
ed, according to criteria established by Williams et al. (24). He-
patic steatosis was not considered as a parameter of CFLD 
but was collected as an independent item. Third, transient 
elastography (TE) (Fibroscan®, Echosens, Paris, France; version 
1.40), carried out by the same sonographer after the ultra-
sound, following the usual technique. The M probe was used 
in all patients. Stiffness (kPa), IQR/MED (%) and controlled 
attenuation parameter (CAP) values (dB/m) were collected as 
variables. At least ten valid measurements were carried out 
and the results were considered to be reliable when the IQR/
MED was ≤ 30 %. According to the available scientific liter-
ature, a cut-off point of 5.5 kPa was used to distinguish de-
gree of fibrosis (F0-1, F ≥ 2) (6,7). Degree of steatosis was also 
classified (S0: < 248; S1: 248-268; S2: 269-279; S3: ≥ 280) (25).

CFLD was diagnosed according to the criteria established 
by Debray et al. and by Koh et al. in their respective studies 
(5,12). Regarding serum liver enzymes, an elevation in at 
least two of them at least ≥ 2 the upper limit of normality 
(ULN) was considered as diagnostic.

The study was carried out following the standards specified 
in the Declaration of Helsinki, the Good Clinical Practice 
Standards and the International Conference on Harmonisa-
tion (ICH) guidelines, and complied with current legislation. 
The patients who agreed to participate signed an informed 
consent.

Statistical analysis was performed with the Stata 13.1 sta-
tistical software (StataCorp LD, Texas, USA). A sample size 
calculation was performed assuming that the percentage 
of CFLD in the reference population is 25 % (3,4,12,16), al-
though the real percentage will be around 10 %, according 
to our experience in clinical practice. The calculation was 
performed with an alpha risk of 5 % and a power of 90 %, 
and with a bilateral test using the arcsine method, deter-
mining that 65 patients would be required.

Qualitative variables were expressed as number of patients 
(percentage). Quantitative variables were described as the 
mean and 95 % confidence interval (95 % CI), provided 
they had a normal distribution (n > 30 or Shapiro-Wilk test 
with p < 0.05) or as a median (range) (if n < 30). The hypoth-
esis testing was performed with a Student’s t or Mann-Whit-
ney U test for quantitative variables with or without normal 
distribution, respectively, and with a Fisher test or X2 for 
qualitative variables. p < 0.05 was considered as statistically 
significant. The hypothesis testing was carried out with vari-
ables related to CFLD assessed according to Koh et al. (12).

RESULTS

Clinical and demographic data of the study cohort are sum-
marized in table 1. Mean values of the different liver func-
tion parameters can be seen in table 2. All the patients had a 
normal physical examination and no patient had received a 
liver transplant. Four (4.2 %) patients had histological results 
compatible with CFLD: two of them with “focal biliary fibro-
sis” and the other two with “multilobular cirrhosis”. No liver 
biopsy was obtained in 91 (95.8 %) patients. Regarding the 
parameters to rule out concomitant liver disease, ceruloplas-
min, alpha-1-antitrypsin and iron profile values were normal 
in all of the patients. Values regarding immune-globulins 
and autoantibodies are shown in figure 1. Serologic hep-
atotropic results were negative in 36 (48 %) patients. The 
rest of the values correspond to past infections or vaccina-
tion: 24 (32 %) patients were anti-HBs positive, five (6.7 %) 
were IgG anti-HAV positive and ten (13.3 %) patients pre-
sented serological results compatible with Epstein-Barr virus 
(EBV) and cytomegalovirus (CMV) past infections.

On abdominal US, seven (7.5 %) patients presented one or 
more abnormal parameters suggestive of chronic liver dis-
ease. Hepatic steatosis was described in 15 (16 %) patients. 
Mean APRI value was 0.21 (0.19-0.23). Eleven (13 %) pa-
tients presented a value compatible with some degree of 
fibrosis: nine (9.9 %) with possible fibrosis and two (2.2 %) 
with likely significant fibrosis. However, 95 (100 %) patients 
had a normal FIB-4 value. The mean FIB-4 value was 0.47 
(0.43-0.52).

Regarding TE, results from 71 patients were obtained. Mean 
liver stiffness value was 4.4 (4.1-4.7) kPa. All had an IQR/med 
rate ≤ 30 %. Fifty-eight (81.7 %) patients presented degree 
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F0-1 and 13 (18.3 %) degree F2. The mean CAP value was 
209.2 (195.4-223) (dB/m). Fifty-nine (83.1 %) patients pre-
sented a degree of steatosis of S0, whilst six (8.5 %) patients 
presented degree S1, one (1.4 %) degree S2 and five (7 %) 
patients degree S3.

30
(33.3 %)

51
(56.7 %)

9
(10 %)

Immunoglobulins

Normal levels High levels 
Low levels

6
(8.6 %)

9
(12.9 %)

55
(78.5 %)

Autoantibodies

ANA positive ASMA positive 
Negative

Fig. 1. Values obtained by the patients in blood counts 
regarding the study of autoimmunity.

Table 1. Clinical data of the cohort

Clinical characteristics
n = 95

n (%)/median (95 % CI)

Gender (female) 48 (50.5 %)*

Age (years) 30.4 (28.6-32.2)†

Caucasian 95 (100 %)*

Age at diagnosis < 18 years 81 (90 %)*

Severe genotype 84 (97.7 %)*

BMI (kg/m2) 22.2 (21.6-22.9)†

History of meconium ileus 4 (4.2 %)*

Pancreatic insufficiency 73 (76.8 %)*

AGT/CFRD 42 (44.2 %)*

FEV1 81.5 (77.9-85)†

Bhalla score 14.8 (13.8-15.9)†

Chronic bronchial infection 81 (87.1 %)*

Lung transplant/waiting list 4 (4.3 %)*

Antibiotic therapy 74 (77.9 %)*

CFTR modulators 14 (14.7 %)*

UDCA 27 (28.4 %)*

CI: confidence interval; BMI: body mass index; AGT: abnormal glucose tolerance; CFRD: cystic 
fibrosis related diabetes; FEV1: forced expiratory volume in one second; CFTR: cystic fibrosis 
transmembrane regulator; UDCA: ursodeoxycholic acid. *n (%). †Mean (95 % CI).

Table 2. Liver function parameters

Variable
Value

Mean (95 % CI)

Patients with 
altered values

n (%)

AST (U/l) 21.2 (19.3-23.1) 2 (2.2 %)*

ALT (U/l) 23.7 (20.8-26.6) 11 (12.1 %)*

GGT (U/l) 24 (17.2-30.8) 5 (5.5 %)*

ALP (U/l) 92.7 (84.5-100.9) 17 (18.7 %)*

Total bilirubin (mg/dl) 0.5 (0.4-0.5) 4 (4.4 %)*

Albumin (g/dl) 4.5 (4.4-4.6) 2 (2.2 %)†

Platelet count (109/l) 288 (274.3-301.7) 1 (1.1 %)†

INR 1.03 (1.01-1.05) 0

AST: aspartate aminotransferase; ALT: alanine aminotransferase; GGT: gamma-glutamyl 
transferase; ALP: alkaline phosphatase; INR: international normalized ratio. *Above the 
upper limit of normal (ULN). †Below the lower limit of normal (LLN).

According to the criteria by Debray et al. (5), only six (6.3 %) 
patients presented liver disease. The prevalence according 
to the criteria of Koh et al. (12) was eight (8.4 %), being 
statistically different from the 25 % value described in oth-
er published series (p 0.005). The possible relationships of 
different factors with the fact of presenting CFLD were an-
alyzed, as shown in table 3.

DISCUSSION

The finding of a lower prevalence of liver disease in CF pa-
tients was surprising with respect to other reported studies, 
although with some variability, the prevalence values are 
between 17 and 47 % (3,4,12,16-20). However, not only was 
there a frequency low, but the involvement was relatively 
benign, with no data in patients suggesting terminal decom-
pensated cirrhosis. These findings support what had been 
reported about the insufficient knowledge of this entity, 
even today.

Despite the low general prevalence of CFLD, the use of 
non-invasive liver fibrosis tests led to an increase in its 
detection, which reinforces the usefulness of including 
these markers in routine clinical practice. However, more 
studies are needed to establish adequate and universal 
cut-off points, as in other liver diseases, to safely incorpo-
rate their use.

Different reasons could explain the variability of prevalence 
values among the different published studies, including 
ours. One of the most determining factors is the fact that 
clinical characteristics and study designs in the existing scien-
tific literature are very different from one another, thereby 
hindering a comparison between them. Our cohort should 
only be compared with similar Caucasian or Spanish cohorts 
(with previously reported prevalence values of 4.5 and 21 %) 
(17,26), as the values of other published studies may have 
been influenced by the particular genetic characteristics of 
the population in each territory (27,28).

In our study, younger age was a statistically proven risk fac-
tor, supporting what has been classically considered (2,3,29). 
However, young and therefore, potentially more severe pa-
tients may have been lost for follow-up and consequently, not 
included due to its transversal design. This survival bias may 
have affected the prevalence of adult cohorts such as ours.
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The existence of a second incidence peak in adulthood is in-
creasingly reported, due to the appearance of lesions other 
than classic fibrosis, such as non-cirrhotic portal hypertension 
(12,16,30). These lesions may not be appropriately detected 
without a targeted search for them (for example, with biop-
sy), thereby leading to an underestimation in studies like ours.

However, the most determining factor when comparing 
prevalence is the heterogeneity in the defining criteria of 
CFLD. The different studies select different parameters, 
sometimes in a very unequal way. We strictly applied the 
most accepted criteria (5,12), but this may have limited the 
number of diagnosed patients compared to other studies 
carried out with less stringent specifications. The phenotypic 
classification proposed by other authors (31) is perhaps more 
practical for routine clinical practice. However, it seems less 
useful whenever the frequency of advanced liver disease is 
low, as occurred in our cohort.

Hepatic steatosis was ultrasonographically detected in a 
lower percentage than in other published series (16 % as 
compared to 25-67 %) (18,31) but there was a good agree-
ment with the results of TE (16.9 % CAP ≥ S1). Following cri-
teria commonly used in the literature, it was not considered 
as suggestive of liver involvement (3,5,12,18,32). However, 
some studies include it as a CFLD parameter and therefore, 
the prevalence described in those studies increases (16).

Considering steatosis as part of the CFLD spectrum is contro-
versial. Some of the factors involved in non-alcoholic fatty 
liver disease (NAFLD) are also present in CF patients (such 
as chronic antibiotic therapy or insulin resistance). However, 
very few have shown a causal relationship with steatosis 
in CF (18,32). Steatosis is modified with CFTR modulators, 
suggesting it is related to CFTR protein dysfunction (33). On 

the other hand, the causal relationship between altered in-
testinal permeability and the development of liver disease 
(within the intestine-liver axis theory) may also explain CFLD 
pathogenesis (34).

Forced expiratory volume in one second (FEV1) values pre-
sented a statistically significant inverse relationship with 
the presence of CFLD. Different studies have shown similar 
results to ours (18), while others have demonstrated an asso-
ciation between poor respiratory function and the presence 
of CFLD (16,19). Although respiratory and hepatic functions 
are mutually dependent on each other, many other factors 
must play a role in this interrelation and are yet to be ade-
quately investigated.

Our study has several limitations, its transversal design be-
ing the most significant one. Although it was carried out in 
a reference hospital, it is a single-center study. Therefore, 
although the sample size is adequate, the recruitment of 
patients from only one location may have an impact on the 
applicability of our results to wider populations. On the 
other hand, it was conducted in a clinical practice setting. 
Therefore, our observations may be more suitable for appli-
cation in real-life practice. Our study is one of a few based 
exclusively on adult patients. Available studies of Spanish 
cohorts are even more infrequent and encompass all diges-
tive comorbidities (17,26), whereas our study is specific to 
liver involvement.

We can conclude that the prevalence and severity of CFLD in 
our cohort of adult patients were lower than expected. Uni-
versally accepted diagnostic criteria should be established 
for a better characterization of the disease. Meconium ileus, 
younger age, platelet count and respiratory function were 
confirmed as factors associated to CFLD.

Table 3. Possible risk factors related with CFLD

Variables No CFLD CFLD Pearson correlation/OR p

Age (years)‡ 29.1 (19-60) 23.7 (18.7-36.6) -0.19* 0.05

BMI (kg/m2)‡ 21.7 (16.2-33.3) 21.5 (19.2-27) < 0.001* 0.93

Gender (male)§ 41 (47.1 %) 6 (75 %) 3.06 (0.65-14.41)† 0.15

Severe genotype§ 77 (97.5 %) 7 (100 %) - 1

UDCA therapy§ 24 (27.6 %) 3 (37.5 %) 1.51 (0.38-5.88)† 0.68

Antibiotic therapy§ 67 (77 %) 7 (87.5 %) 1.98 (0.25-15.25)† 0.68

Platelet count (109/l)‡ 288.5 (149-464) 238 (178-280) -0.25* 0.005

Albumin (g/dl)‡ 4.55 (2.9-5.2) 4.50 (4.3-4.9) 0.004* 0.8

Bilirubin (mg/dl)‡ 0.39 (0.14-1.67) 0.54 (0.22-0.84) 0.05* 0.23

FEV1‡ 82 (40-122) 93 (55-108) 0.16* 0.05

Meconium ileus§ 2 (2.3 %) 2 (25 %) 14.16 (2.10-97.25)† 0.002

Pancreatic insufficiency§ 65 (74.7 %) 8 (100 %) - 0.19

AGT/CFRD§ 18 (20.7 %) 1 (12.5 %) 0.57 (0.07-4.36)† 1

CFLD: cystic fibrosis liver disease; BMI: body mass index; AGT: abnormal glucose tolerance; CFRD: cystic fibrosis related diabetes; FEV1: forced expiratory volume in one second; UDCA: 
ursodeoxycholic acid. *Pearson correlation. †Odds ratio. ‡Mean (95 % CI). §n (%).
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