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Abstract
Background and Aims: Despite the increasing use of nonin-
vasive methods for the assessment of liver fibrosis and ste-
atosis, the effect of fasting and food intake on these param-
eters is not yet clear. Our aims were to evaluate the effect of 
food intake on liver stiffness (LS) (measured by transient 
elastography) and controlled attenuation parameter (CAP) 
in patients with different degrees of liver disease and healthy 
volunteers, and secondarily, to assess possible factors asso-
ciated with variations of LS and CAP. Methods: We per-
formed a prospective single-center study including patients 
with liver disease and healthy volunteers. LS and CAP were 
evaluated using FibroScan® (Echosens, Paris, France), before 
(fasting ≥8 h) and 30 min after intake of a standardized 
breakfast. We used common cutoffs for LS: > 7 kPa for sig-
nificant fibrosis (F2 to F4) and > 11 to 14 kPa (mean 12.5 kPa) 
for cirrhosis. Results: Fifty-nine (72%) patients with liver dis-
ease and 22 (28%) healthy volunteers were included. LS sig-

nificantly increased 30 min after food intake (pre-meal 6.1 
kPa [IQR: 4.7–9.8] vs. after-meal 6.8 kPa [IQR: 5.5–10.6]; p < 
0.001). This difference was only significant in patients with 
chronic liver disease (p = 0.02) and not in healthy volunteers 
(p = 0.106). CAP values did not increase significantly after 
food intake. Gender, body mass index, mass of body fat, lean 
body mass, and percent of body fat were not related with 
significant variations of LS and CAP values after meal intake. 
Conclusions: Significant variations of LS were observed after 
ingestion of a standard meal, which may have consequences 
for patient management. CAP values were not significantly 
affected by food intake. Therefore, we consider that before 
the isolated evaluation of CAP, it is not necessary to perform 
any fasting period. © 2018 Sociedade Portuguesa de Gastrenterologia 
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Resumo
Introdução e Objetivos: Apesar do uso crescente de mé-
todos não invasivos para a avaliação da fibrose hepática e 
da esteatose, ainda não está claro o efeito do jejum e da 
ingestão alimentar na determinação destes parâmetros. 
Os nossos objetivos foram avaliar o efeito da ingestão de 
alimentos sobre a rigidez hepática (LS) (medida por elas-
tografia transitória) e o parâmetro de atenuação contro-
lada (CAP) em doentes com diferentes graus de doença 
hepática e voluntários saudáveis e, secundariamente, 
avaliar possíveis fatores associados às variações de LS e 
CAP. Métodos: Realizámos um estudo prospetivo, num 
único centro, incluindo doentes com doença hepática 
crónica e voluntários saudáveis. A LS e o CAP foram deter-
minados com a utilização de FibroScan®, antes (jejum  
≥8 h) e 30 minutos após a ingestão de um pequeno-al-
moço padronizado. Foram usados pontos de corte co-
muns para a elastografia: > 7 kPa para fibrose significativa 
(F2 a F4) e > 11–14 kPa (média 12.5 kPa) para cirrose. Re-
sultados: Cinquenta e nove (72%) doentes com doença 
hepática crónica e 22 (28%) voluntários saudáveis foram 
incluídos. A LS aumentou significativamente 30 minutos 
após a ingestão de alimentos (pré-refeição 6.1 kPa [IQR: 
4.7–9.8] versus após a refeição 6.8 kPa [IQR: 5.5–10.6], p < 
0.001). Essa diferença foi significativa em doentes com 
doença hepática crónica (p = 0.02) mas não nos voluntári-
os saudáveis (p = 0.106). Os valores da CAP não variaram 
significativamente após a ingestão de alimentos. O géne-
ro, o IMC, a massa de gordura corporal, a massa corporal 
magra e a percentagem de gordura corporal não se asso-
ciaram a variações significativas dos valores de LS e CAP 
após a ingestão da refeição. Conclusões: Verificaram-se 
variações significativas da LS após a ingestão de uma re-
feição padrão, o que pode ter consequências na avaliação 
dos doentes. Os valores da CAP não foram significativa-
mente afetados pela ingestão de alimentos. Por isso, con-
sideramos que perante a avaliação isolada de CAP não é 
necessário a realização de qualquer período de jejum.

© 2018 Sociedade Portuguesa de Gastrenterologia 
Publicado por S. Karger AG, Basel

Introduction

The concept of staging had been borrowed from the 
world of clinical oncology, where the stages give an idea of 
how far it has spread through the body. This information 
is both a powerful indicator of prognosis as well as an im-
portant determinant of the most appropriate therapy. In 
liver disease, the stage is a measure of the extent of fibrosis 

and architectural disruption indicating how far the hepa-
titis has come along a hypothetical path from normal liver 
to cirrhosis. Although the gold standard for fibrosis stag-
ing is liver biopsy [1], noninvasive methods have been de-
veloped over the recent years for the evaluation of fibrosis, 
such as Fibroscan® (Echosens, Paris, France) [2].

Steatosis is the accumulation of lipid droplets within 
hepatocytes and is considered pathologic when it affects 
more than 5% of hepatocytes. Steatosis initially exhibits 
an acinar zone 3 (centrilobular) distribution in adults [3]. 
It can act as a cofactor of fibrogenesis in patients with 
chronic liver disease of various etiologies such as chronic 
hepatitis C and B virus infection and alcoholic liver dis-
ease [4, 5]. Steatosis can also be diagnosed by noninvasive 
means, mainly using conventional imaging techniques, 
like computed tomography scan, magnetic resonance im-
aging, and ultrasonography [6]. However, these are cost-
ly and some are not easily available, not standardized, or 
have controversial performance [6]. Recently, the con-
trolled attenuation parameter (CAP) was developed and 
demonstrated good accuracy for the detection and quan-
tification of steatosis in patients with chronic liver disease 
from various etiologies [7, 8]. Furthermore, CAP is mea-
sured simultaneously with liver stiffness (LS) using tran-
sient elastography (TE) [2, 9]. However, it is difficult for 
clinicians to interpret CAP results, since validity criteria 
are not clearly defined [9]. A recent study by Andrade et 
al. [10] including 159 liver biopsies showed that optimal 
CAP cutoff values for detecting steatosis ≥S1, ≥S2, and 
≥S3 were 206.5, 232.5, and 282.5 dB/m, respectively. 

Results of LS are expressed in kPa and can range from 
2.5 to 75 kPa [11]. Cutoff values for diagnosing significant 
fibrosis (≥F2) or cirrhosis (F4) vary depending on the un-
derlying liver disease. However, commonly used cutoffs in 
clinical settings are > 7 kPa for significant fibrosis (F2 to F4) 
and > 11 to 14 kPa (mean 12.5 kPa) for cirrhosis [12–14].

Biliary obstruction, congested liver, and high alanine 
aminotransferase and bilirubin levels are well-known fac-
tors that may induce false-positive results in LS assess-
ment using TE but, the accuracy of CAP to detect moder-
ate to severe steatosis seems not to be influenced by these 
factors [6]. On the other hand, high body mass index 
(BMI), alcohol drinking, F3–4 fibrosis, and histological 
steatosis grade 3 interfere with the accuracy of CAP mea-
surement [9, 15]. Also, previous studies demonstrated 
that LS assessed by TE was affected by food ingestion 
from the mechanism of postprandial hyperemia [16–18]. 
Another study demonstrated a significant alteration in LS 
only in a subgroup of patients with chronic HBV infec-
tion without significant fibrosis, and the authors conclud-
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ed that the absence of fasting would not imply a change 
in the clinical decision [19]. Similarly, the effect of food 
intake on CAP is not yet clear. In the study by Ratchata-
settakul et al. [20], the CAP values were significantly re-
duced after a liquid meal intake (15–120 min), returning 
to the fasting levels 150 min later. 

As such, we aimed to evaluate the effect of food intake 
on LS (measured by TE) and CAP. Secondarily, we evalu-
ated possible anthropometric, clinical, and biological 
data associated with these possible effects.

Material and Methods

We performed a single-center prospective study between 
March and November 2016, including patients with different stag-
es of liver disease who came to our gastroenterology department 
for TE and healthy volunteers (apparently healthy employees or 
students of our hospital without known liver disease). We exclud-
ed from the study individuals in whom the fibroscan was not able 
to obtain results with accuracy (e.g., those having congestive heart 
failure, pregnancy, ascites, hepatitis, and/or cholestasis jaundice 
[aspartate aminotransferase or alanine aminotransferase >five 
times the upper normal, total bilirubin > 5 mg/dL]) [20].

The study was conducted according to the principles of the 
Declaration of Helsinki. The study was reviewed and approved by 
the local ethics committee “Comissão de Ética para a Saúde do 
Centro Hospitalar São João/Faculdade de Medicina da Universi-
dade do Porto.”

LS and CAP were evaluated using FibroScan® (Echosens, Paris, 
France) before (fasting ≥8 h) and 30 min after intake of a standard-
ized breakfast (milk, coffee, sugar, bread, butter, cookies – with 
∼600 kcal). Although the use of only 2–4 h of fasting was described 
[16, 17, 21], in our study, an overnight fasting period (nearly 8 h) 
was used in order to ensure that there was definitively no bias with 

food ingestion prior to the evaluation, as described in other articles 
[18, 20, 22, 23].

Anthropometric and body composition measurement (Tani-
ta® TBF-300A, Arlington Heights, IL, USA) including BMI, mass 
of body fat, lean body mass, and percent of body fat were obtained 
on the same day of LS and CAP assessment. 

Two experienced (over 300 cases) operators performed all LS 
and CAP measurements, using standard M probe, and following 
international recommendations and those of the provider of the 
instrumentation [24]. TE is performed on a patient in supine posi-
tion, with the right arm elevated to facilitate access to the right 
liver lobe. The tip of the probe is contacted to the intercostal skin 
with coupling gel in the 9th to 11th intercostal space, considering 
as valid measurements 10 successful acquisitions with a success 
rate > 60%, and with an interquartile range (IQR) < 30% [25].

CAP was evaluated using the same radiofrequency data and 
region of interest used for the assessment of LS. LS and CAP values 
were expressed in kilopascal (kPa) and dB/m, respectively. CAP 
was evaluated simultaneously with LS determination, and the CAP 
values were considered only when the LS values were valid. 

For descriptive analysis, categorical variables are presented as 
frequencies and percentages, and continuous variables as means 
and standard deviations, or medians and IQRs for variables with 
skewed distributions. All reported p values are two-tailed, with a p 
value of < 0.05 indicating statistical significance. Analyses were 
performed with the use of SPSS software version 22.0.

Results

During the period of the study, 85 cases were included. 
Four (5%) patients with inconclusive LS determination 
were excluded. 

Baseline characteristics and biochemical data are 
shown in Table 1. The majority of patients were male 
(69%). The mean age was 51 ± 13 years. The mean BMI 

Table 1. Mean liver stiffness (LS) and controlled attenuation parameter (CAP) at fasting and 30 min after meal 
ingestion in patients with chronic liver disease and healthy volunteers

Determination p

fasting 30 min after meal ingestion

Total
LS, kPa
CAP, dB/m

6.1 (4.7–9.8)
239.5 (199–296.5)

6.8 (5.5–10.6)
239.5 (202.5–283.8)

<0.001
0.606

Chronic liver disease
LS, kPa
CAP, dB/m

6.6 (5.4–11.8)
253 (199.5–301)

7.3 (6.1–14.3)
247 (208–300)

0.02
0.853

Healthy volunteers
LS, kPa
CAP, dB/m

5.2 (3.7–8.9)
210 (189–264)

5.5 (4.2–7.7)
217 (180–241)

0.106
0.408

Values are presented as median (interquartile range).
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was 26.1 ± 4.2, and the mean percentage mass of body fat 
was 23.4 ± 9.5%.

Overall, 59 (73%) patients with chronic liver disease 
– among whom 13 (22%) with cirrhosis – and 22 (27%) 
healthy volunteers were included. The etiologies of liver 
disease were NAFLD/NASH (34%), alcohol (31%), HCV 
(25%), and HBV infection (10%). 

LS significantly increased 30 min after food intake (6.1 
kPa [IQR: 4.7–9.8] vs. 6.8 kPa [IQR: 5.5–10.6]; p < 0.001). 
This difference was only significant in patients with 
chronic liver disease (p = 0.02) and not in healthy volun-
teers (p = 0.106) (Table 1). An intraindividual analysis 
showed that 4 (17%) patients with initial LS of 6–10 kPa 
and 11 (28%) patients with initial LS < 6 kPa had an after-
meal LS of > 10 and > 6 kPa, respectively. On the other 
hand, 2 (11%) patients with initial LS > 10 kPa and 2 (9%) 
patients with initial LS of 6–10 kPa had an after-meal LS 
of < 10 and < 6 kPa, respectively. 

CAP values did not vary significantly after food intake. 
However, 8 (25%) patients with initial CAP < 222 dB/m 
had an after-meal CAP ≥222 dB/m. On the contrary, 5 
(11%) patients with initial CAP ≥222 dB/m had an after-
meal CAP < 222 dB/m.

Gender, etiology of liver disease, BMI, lean body mass, 
and fat body mass were not related with significant chang-
es on LS and CAP values after meal intake. 

Discussion

In the last decade, TE became a valuable tool for the 
noninvasive assessment of fibrosis in chronic liver dis-
eases, with obvious advantages in the allocation of pa-
tients on different classes of disease progression [25, 26]. 
While advanced fibrosis and cirrhosis are detected with 
high sensitivity and specificity, the discrimination of ear-
ly stages of fibrosis by TE remains difficult [24].

TE is increasingly becoming a routine procedure in 
clinical practice in several countries and is already con-
sidered in treatment guidelines. However, small differ-
ences in TE values (such as 2–3 kPa) may have an impact 
in identifying cases of significant fibrosis, reinforcing the 
need for quality standardization [27].

The increase in LS after a meal is possibly a conse-
quence of increased liver blood flow after food intake. 
Previous studies showed this effect by measure of liver 
blood flow using Doppler ultrasound [28]. Also, Dauzat 
M et al. [29] analyzed the volume of blood flow in portal 
vein after the intake of a fluid meal and showed that the 
blood flow already increased at 15 min and reached a 

maximum 30 min after food intake. Berzigotti et al. [18] 
measured LS, portal vein vascular flow, and hepatic artery 
vascular flow after meal intake in cirrhotic patients. Post-
prandial hyperemia was accompanied by a marked in-
crease in LS and these differences directly correlated with 
hepatic artery vascular flow (but surprisingly were not as-
sociated with differences in portal vein vascular flow).

In our study, we found a significant statistical differ-
ence in TE values in patients with chronic liver disease (p 
= 0.02). These data are in accordance with previous works 
[16–18]. In fact, in the study by Arena et al. [17], with a 
fibrosis stage validated by histology, a higher LS value was 
found between 15 and 45 min after meal intake in all pa-
tients, with more pronounced differences in cirrhotic in-
dividuals.

We verified that 11 patients (28%) with ET < 6 kPa ob-
tained values > 6 kPa 30 min after the standardized meal. 
LS values of < 6 kPa are generally considered normal [30], 
and some authors therefore consider LS values of > 6–7 
kPa to be sufficient for the diagnosis of significant fibrosis 
[31]. Such differences in patient stratification may lead to 
unnecessary treatments (taking into account the pre-
sumption of significant fibrosis). 

In the study by Ratchatasettakul et al. [20], a significant 
decline of CAP values following meal intake was observed 
at 15–120 min. We have not found the same effect of meal 
intake on CAP values. In our study, the timing of the mea-
surements was set at 30 min after meal ingestion, while in 
the study by Ratchatasettakul et al. [20], the CAP post-
meal peak was observed 60 min after meal intake. Our 
time point was chosen according to previous observa-
tions indicating that postprandial hyperemia and the 
postprandial increase of portal pressure were highest 30 
min after meal ingestion [18]. Also, contrary to this study 
and previous studies that have used a liquid meal with 600 
kcal as a standardized measure [28, 29], in our study, we 
preferred the adoption of a solid meal with equal caloric 
load, in order to bring the study conditions closer to real-
world practice. Meal composition may also have played 
some role in LS and CAP determinations, and thus, it may 
explain some differences between these studies. However, 
further studies are necessary to determine the real role of 
meal composition in the assessment of CAP and LS val-
ues.

The lack of later time points is a limitation of our study 
that makes it difficult to specify how long the fasting pe-
riod before CAP and LS assessment should be. Our data 
did not demonstrate a statistically significant difference 
between the values of CAP obtained in the fasting period 
and after a standard meal. Therefore, we consider that 
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before the isolated evaluation of CAP, it is not necessary 
to perform any fasting period.

This type of prospective study could have a central im-
pact in the adoption of better resource management and 
scheduling strategies in diagnostic centers.
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