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1 Introduction
Chronic liver disease is a substantial world-wide problem. 

Its major consequence is increasing deposition of fibrous tissue 
within the liver leading to the development of cirrhosis with its 
consequences of portal hypertension, hepatic insufficiency, and 
hepatocellular carcinoma (Barr, 2018). The stage of liver fibrosis 
is important to determine prognosis, surveillance, prioritize for 
treatment, and potential for reversibility. The process of fibrosis 
is dynamic and regression of fibrosis is possible with treatment 
of the underlying conditions (Barr, 2018). Previously, the only 
method of staging the degree of fibrosis was liver biopsy. However, 
the application of liver biopsy is limited due to its invasive 
procedure, which is inherent risk to the subjects.

Transient elastography (TE) is a nonimaging elastographic 
technique, which is commonly used to measure liver elasticity, 
noninvasive and rapid assessment of liver fibrosis (Castera, 2012; 
Lemoine et al., 2014). The novel type of real-time shear wave 
elastography (SWE) technology emits shear waves to tissues, 
and captures the propagation information in tissues. The Young’s 
modulus (kPa) is used to represent the stiffness of tissues. It is 
not only a real-time processing, full-scale display, quantitative 
evaluation of tissue elastic imaging mode, while this method 
could also overcome the impact of potential human factors such 
as pressure frequency and pressure size, with good repeatability 
of operation. The evidence suggests that SWE is more accurate 
than TE (Barr, 2018).

Liver stiffness measurement (LSM) could be affected by 
exercise, diet, inflammation, fatty liver disease, cholestasis and 
other pathological factors (Xu  et  al., 2020; Darweesh  et  al., 

2020). The impact of diet on LSM has been used to evaluated 
using TE technology (Berzigotti  et  al., 2013; Popescu  et  al., 
2013). However, the influence of diet on SWE has been seldom 
evaluated. Therefore, this study was aimed to evaluate the effect 
of diet on LSM using real-time SWE, and to explore the effect 
of diet on liver elasticity.

2 Methods
This study is approved by the Ethics Committee of Hebei 

General Hospital. Written informed consent was obtained.

2.1 Subjects

Fifty-four healthy volunteers were selected from January 
2019 to October 2019 in Hebei Provincial People’s hospital. 
Two volunteers were excluded from the study due to fatty liver 
observed by two-dimensional ultrasound examination, and a 
total of 52 volunteers were included in the study.

Inclusion criteria were the healthy volunteers without 
history of liver disease. All the volunteers participated in the 
experiment voluntarily and signed informed consent. The 
exclusion criteria were following, 1) abnormal hepatitis markers 
and liver function examination; 2) Ascites, liver lesions (such as 
liver abscess, hemangioma, nodular liver cancer, etc.), diffuse 
liver lesions (such as liver schistosomiasis, liver cirrhosis and 
other diffuse liver diseases); 3) Heart failure or abnormal increase 
of inferior vena cava (9-38 mm) and/or hepatic vein diameter 
(5-10 mm); 4) gestation; 5) Taking beta blockers or vasoactive 
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drugs; 6) unable to complete breathing training and breath 
holding; 7) food intake in the last 8 hours.

2.2 Examination

SuperSonic Imagine Aixplorer color Doppler ultrasound 
diagnostic instrument was used, the probe with the frequency of 
3-5 MHz was selected. The volunteers took the supine position, 
kept calm breathing, fully exposed the right upper abdomen. 
Couplant was coated the probe and vertically pressed against 
the skin of the patient. Routine ultrasound examination was 
used to exclude liver lesions and diffuse lesions. The diameter 
of the main portal vein and the portal vein 1-2 cm away from 
the left and right branches of the portal vein were measured.

Spectral Doppler mode was selected, sampling volume was 
placed in the center of the portal vein lumen, so that the angle 
between the emitted ultrasound beam and the long axis of the 
blood vessel was less than 60°, the blood flow velocity of the 
portal vein was measured. Adjust to elasticity-imaging mode, the 
probe was placed in the 4th or 5th intercostal space of the right 
middle clavicle of the volunteer, the region of interest (ROI) was 
placed in the right lobe of the liver, with the detection depth of 
3-4 cm. During the measurement, the subjects were instructed 
to hold their breath, avoid the large vascular structure, and 
stand for 3-4 s, after the image is stable, the image was recorded. 
All measurements were performed by a single researcher with 
5 years experiences in ultrasonography and liver elastography.

The quantitative analysis system (Q-box) was used and 
the diameter of Q-box was adjusted to 15mm. The instrument 
would automatically calculate and show the Young’s modulus 
(unit: kPa) of liver tissue in the region of interest, including 
maximum value (Emax), average value (Emean), minimum 
value (Emin) and standard deviation (SD).

2.3 Study protocol

Fifty-two volunteers were given 480 mL standard diet 
of 391 kcal (containing 24.385g carbohydrate, 23.21g fat and 
20.69g protein). The Young’s modulus of liver was measured 
before diet and 30 min, 60 min, 90 min and 120 min after diet. 
The liver Young’s modulus Emean was repeated measured for 
three times. The average values of the three measurements were 
statistically analyzed, and the age, gender, height and weight of 
the volunteers were recorded.

2.4 Assessment

Baseline value of liver stiffness: LSM before diet;

The change of liver stiffness = LSM at 60 min after diet - 
LSM before diet;

The peak value of liver stiffness: the maximum value of 
LSM after diet;

The percentage of increase in liver stiffness after diet = (The 
peak value of liver stiffness - Baseline value of liver stiffness)/
Baseline value of liver stiffness;

The baseline value of portal vein blood flow: the portal vein 
blood flow before diet;

The change of portal vein blood flow = portal vein blood 
flow at 60 minutes after diet - portal vein blood flow before diet.

2Portal vein blood flow (mL / min) portal vein diameter(cm) /
4 60 portal vein velocity(cm / s)

=
×π× ×

;

2Body mass index(BMI) weight(kg) / height (m)= .

2.5 Statistical analysis

SPSS 21.0 software was used to analyze the original data, 
the liver Young’s modulus and portal vein blood flow at each 
measurement point before and after diet were compared using 
repeated measurement multivariable analysis of variance 
(MANOVA) test. The data were further analyzed by paired 
sample t test. The measurement data were expressed by X  ± S. 
Independent sample t test or Pearson correlation test were used 
to analyze the influence of age, gender, BMI, baseline value 
of portal vein blood flow, baseline value of liver stiffness, and 
portal vein blood flow on baseline LSM and LSM change after 
diet. The independent relationship between these parameters 
and baseline LSM and LSM changes after diet was evaluated by 
multiple linear regression model.

3 Results
3.1 Baseline characteristics

A total of 52 volunteers were enrolled in this study, with an 
average age of 25.98 ± 1.38 years. Male accounted for 33% (17/52), 
average BMI was 23.09 ± 0.94 kg/m2, while female accounted 
for 67% (35/52), average BMI was 19.80 ± 1.70 kg/m2 (Table 1).

3.2 Values of LSM at different time points

The average liver Young’s modulus values of the whole 
sample and different gender volunteers after diet were different 
from those before diet (Figures 1 and 2) (Table 2).

The average LSM was 4.66 ± 0.65 kpa before diet and 
4.92 ± 0.69 kPa at 30 min after diet, which was significantly higher 
than baseline LSM (P < 0.05). The LSM was 5.02 ± 0.92 kPa at 
60 min after diet, which was also significantly higher than that 
before diet (P < 0.05). It was 4.54 ± 0.68 kpa at 90 min after diet, 
which was not significantly different compared with that before 
diet (P > 0.05). At 120 min after diet, LSM was 4.21 ± 0.58 kPa, 

Table 1. Basic characteristics.

Index Value
Age (years) 25.98 ± 1.38
Gender
male 17(33%)
female 35(67%)
BMI (kg/m2)
male 23.09 ± 0.94
female 19.80 ± 1.70
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Figure 1. The SWE image of a male volunteer’s right liver at different time points. (A) Before the diet Emean = 4.9kpa; (B) 30 minutes after diet 
Emean = 5.1 kpa; (C) 60 minutes after diet Emean = 5.6 kpa; (D) 90 minutes after diet Emean = 4.9 kpa.

Figure 2. LSM values of all subjects and different genders at each 
measurement time point.

Table 2. Paired t-test of LSM at different measurement points.

Group t P
Before diet vs. 30 min after diet -3.821 <0.001*
Before diet vs. 60 min after diet -4.151 <0.001*
Before diet vs. 90 min after diet 1.611 0.113
Before diet vs. 120 min after diet 6.414 <0.001*
30 min after diet vs. 60 min after diet -1.297 0.200
60 min after diet vs. 90 min after diet 7.209 <0.001
90 min after diet vs. 120 min after diet 8.162 <0.001
P value is probability, which reflects the possibility of an event. t is just a statistic of t 
test, from which p value is calculated. *P<0.05 was considered as significant difference.

which was significantly lower than that before diet (P < 0.05). 
The average LSM of men before and after diets was significantly 
higher than that of women (P < 0.05).

There were significant differences in portal vein blood flow 
at different time points (P < 0.05). There were also significant 
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differences in liver stiffness at different measuring points 
(P < 0.05). The changes of liver stiffness after diet were not related 
to gender and BMI, but there were significant differences in 
the mean LSM of different genders at each measurement time 
point (P < 0.05). Pearson correlation analysis showed that age 
(r = 0.17, P = 0.21) and BMI (r = 0.24, P = 0.08) were weakly 
positively correlated with LSM baseline (P < 0.05).

The paired t-test of average LSM showed that the liver stiffness 
at 30 min and 60 min after diet were significantly increased 
compared with the baseline value (Figure 2), which reached 
maximum value at 60 min (Figure 2). There was no significant 
difference between baseline value and LSM at 90 min after diet 
(P > 0.05), and liver stiffness at 120 min was significantly lower 
than that before diet (P < 0.05). The portal venous blood flow 
was 692.02 ± 130.69 mL/min before diet, while it increased by 
84.39 mL/min within 30min after diet, and reached the maximum 
value of 776.41 ± 151.45 mL/min at 30 min, then decreased 
continuously (Table 3).

3.3 Proportion of LSM peak and percentage increase in LSM 
after diet

The proportion of patients with liver stiffness reaching the 
peak at different measurement points after diet was shown in 
Table 4. 33% (17/52) of the volunteers reached the peak value of 
liver stiffness at 30 min after diet, 42% (22/52) of the volunteers 
reached the peak at 60 min after diet, 4% (2/52) of the volunteers 
had the highest value of Young’s modulus at 90 min after diet. A 
total of 79% (41/52) of the volunteers showed an increase in LSM 
after diet, while 21% (11/52) of the volunteers had no change 
or decrease in the liver stiffness. 48% (25/52) of the volunteers 
had an increase of liver stiffness of less than 20%, while 31% 
(16/52) had an increase of more than 20%.

3.4 Peak value of liver stiffness

The average peak value of liver stiffness of the whole 
population and different gender volunteers was 5.12 ± 0.76 kPa 
in female, which increased by 15.6% compared with baseline, 
and that of male was 5.56 ± 0.78 kpa, which increased by 8.3% 
higher than that of baseline. The increase rate of women was 
larger than that of men.

3.5 Multiple linear regression analysis of LSM baseline and 
LSM change

Multiple linear regression analysis showed that age, BMI 
and LSM baseline had no significant correlation, and BMI 
(r = -0.002), age (r = 0.016) had no correlation with LSM changes 
(Table 5). There was no correlation between the baseline value 
of portal vein blood flow and the baseline value of liver stiffness, 
the change of portal vein blood flow and liver stiffness, or the 
baseline value of liver stiffness and the change of liver stiffness.

4 Discussion
Multiple studies have shown that liver stiffness has a good 

correlation with the degree of liver fibrosis (Kjærgaard et al., 
2017; Mulabecirovic et al., 2018). However, there are still some 

Table 3. Paired t-test of portal vein blood flow at different measuring 
points.

Group Portal vein blood 
flow t P

Before diet 692.02 ± 130.69
vs. 30 min after diet 776.41 ± 151.45 -9.500 <0.05*
60 min after diet 684.11 ± 121.16 2.235 <0.05*
90 min after diet 666.23 ± 96.88 2.421 <0.05*
120 min after diet 624.26 ± 93.13 4.980 <0.05*
30 min after diet vs. 60 min 
after diet ____ 11.076 <0.05*

60 min after diet vs. 90 min 
after diet ____ 1.908 >0.05*

90 min after diet vs. 120 min 
after diet ____ 6.476 <0.05 * 

*P<0.05 was considered as significant difference.

Table 4. Proportion of LSM peak at different measuring points after diet.

Time after diet Proportion Total
30 min 33% (17) 79% (41)
60 min 42% (22)
90 min 4% (2)
120 min 0% (0)
Unchanged or reduced 21% (11) 21% (11)
total 100% (52)

Table 5. Multiple linear regression analysis of LSM baseline and LSM 
change after diet.

Baseline of liver 
stiffness

Change value of liver 
stiffness

Standardized 
partial 

regression 
coefficient B

P

Standardized 
partial 

regression 
coefficient B

P

Age 0. 088 0.517 0.006 0.969
BMI -3.562 0.065 -1.086 0.636
Baseline of portal 
vein blood flow 0.061 0.676 __ __

Changes of portal 
venous blood flow __ __ 0.039 0.812

Baseline of liver 
stiffness __ __ 0.046 0.789

confounding factors, which could affect the measurement, 
such as exercise, food intake. Therefore, it is very important to 
determine the factors affecting the accuracy of determination of 
the liver stiffness. The indication of antiviral therapy in patients 
with chronic hepatitis mainly depends on the severity of liver 
fibrosis. If LSM is overestimated, it may lead to unnecessary 
treatment and unreasonable expenses that countries with limited 
resources can not afford (Feuth et al., 2013). Moreover, food 
intake may overestimate the degree of fibrosis in patients and 
mis-stage them. It has been reported that this condition exists 
in patients with chronic hepatitis C virus (HCV) infection 
(Lemoine et al., 2014). The patients might be excessively divided 
into pre cirrhosis or cirrhosis after food intake, but LSM was 
normal on fasting, and no severe fibrosis or cirrhosis was found 

Original Article



Ding; Li; Xue

Food Sci. Technol, Campinas,      v42, e52820, 2022 5

intake of standard diet significantly increased the liver stiffness. 
Compared with the baseline value of liver stiffness under fasting 
condition, the average peak liver stiffness increased by 12.8% 
(male 8.3%, female 15.6%). In previous study, the average 
stiffness value under fasting conditions increased by 2.2% in the 
whole sample, 6.1% in men and 2.3% in women (Popescu et al., 
2013). The difference may be due to that the number of male 
volunteers is relatively small in our study, and the proportion 
of men who studied the liver elasticity is basically unchanged 
or reduced. It may also be due to that we use a standard liquid 
diet, and the different nature and quantity of food intake can 
also cause different changes in liver stiffness.

In this study, the liver stiffness of male volunteers at different 
time points before and after diets was consistent with the value 
of women, but the average liver stiffness value of men was higher 
than that of women, which was also in accordance with the results 
of previous study (Popescu et al., 2013; Mulabecirovic et al., 
2018). There was no correlation between the increase value 
of liver hardness 60 minutes after diet and gender, which was 
consistent with previous study (Petzold et  al., 2019a). It was 
found that BMI, age had no influence on Young’s modulus, 
which was also confirmed by other studies (Mulabecirovic et al., 
2018; Gersak et al., 2016; Silva et al., 2019).

In this study, there was no correlation between the changes 
of portal vein blood flow and liver stiffness, the baseline value of 
liver stiffness and the change of liver stiffness, and the baseline 
value of portal vein blood flow and the baseline value of liver 
stiffness. Petzold et al. (2019b) has also found that there was 
no correlation between LSM and portal venous blood flow. 
It may be due to that the changes of portal blood flow are not 
synchronous with the changes of liver stiffness. Our study 
found that portal vein blood flow reached its maximum value 
at 30 minutes after diet.

Dauzat et al. (1994) measured the blood flow of portal vein 
after uptake of liquid food and found that the blood flow had 
increased at 15 minutes and reached the maximum at 30 minutes 
after diet. In this study, the changes of liver stiffness and portal 
vein blood flow were the differences between 60 min after diet 
and before diet, and the Young’s modulus of liver at 60 min after 
diet was equal to or even lower than the baseline value, which 
may be the reason why the increase of liver stiffness has no 
significant correlation with the increase of portal vein blood flow.

The main limitation of this study was that the instruction 
of intra- and interobserver reliability tests were not performed. 
The stiffness measurements only obtained 3 times. In this study, 
no correlation was found between the baseline value of liver 
stiffness and the change of liver stiffness, and the baseline value 
of portal vein blood flow with the baseline value of liver stiffness. 
However, Petzold et al. (2019a) showed that the baseline value 
of LSM was negatively correlated with the increase value of 
LSM after diet, which may be related to the differences of liver 
mechanical properties and hemodynamics in different individuals.

There were also some limitations of this study. The patients 
included in this study was overwhelmingly young with mean 
age of 26 years, thin (BMI of 23) and male patients accounted 
for about two thirds of the total patients, which might affect 

in liver biopsy (Lemoine  et  al., 2014). Therefore, the main 
potential confounding factors should be excluded before LSM 
measurement, or considered when interpreting LSM results.

In this study, we mainly analyzed the effect of food intake on 
Young’s modulus of liver, and analyzed several possible related 
factors. By using shear wave elastography to measure the average 
liver stiffness, it was found that the liver stiffness measured at 
30 min or 60 min after diet was significantly increased compared 
with the baseline value of Young’s modulus. The average LSM 
was the largest at 60 min, decreased at 60-90 min, and returned 
to the baseline value at 90 min. after that, the liver stiffness 
continued to decline slowly, and was decreased compared with 
the baseline value at 120 min after diet. Gersak et al. (2016) found 
that liver stiffness increased significantly 40 minutes after diet, 
and LSM decreased significantly at 60-80 minutes after diet, 
while the value of 120 minutes after diet was significantly lower 
than that of fasting. Though the measurement time points were 
different compared our study, the change trend of liver stiffness 
is consistent with our results and dietary has an impact on liver 
elasticity. This phenomenon not only exists in healthy people, 
but also in a number of studies on patients with chronic liver 
disease, it has been found that the liver stiffness after diet has 
increased significantly, and the increase of LSM in patients with 
chronic liver disease and liver cirrhosis is more obvious and 
lasts longer than that of healthy people (Berzigotti et al., 2013; 
Abenavoli et al., 2017). Mederacke et al. (2009) first reported 
a significant and long-term increase in LSM in patients with 
chronic hepatitis C immediately after diet, and concluded that 
liver elasticity should be measured after fasting for at least 3 hours.

In this study, we also analyzed the percentage of increase in 
liver stiffness. After diet LSM increased in 79% of the volunteers, 
among them, 31% of the subjects showed an increase of more 
than 20% of the liver stiffness. 21% of the volunteers had no 
change or decrease in LSM. Berzigotti et al. (2013) found that 
postprandial liver stiffness increased significantly by 27%. LSM 
increased in 15 cases, LSM remained unchanged in 1 case and 
decreased in 3 cases, which was consistent with our results. 
LSM assessment by both TE imaging and ARFI imaging were 
affected by food intake. The LSM began to increase at 15 minutes 
after diet, and returned to baseline value 2-3 hours after diet 
(Popescu et al., 2013; Arena et al., 2013; Goertz et al., 2012). In 
this study, shear wave elastography found that the effect of diet 
on liver stiffness of healthy people lasted for two hours after 
diet. It was suggested that LSM should be measured after one 
night of fasting following the guideline (Dietrich et al., 2017).

Not all the volunteers’ liver stiffness increased after diets 
or at a fixed time point. There were differences among different 
individuals. Therefore, it is necessary to evaluate the liver stiffness 
peak value of each volunteer, that is, the maximum liver stiffness 
value after food intake. This value is more representative of the 
importance of increasing LSM after a diet, which is clinically 
representative, rather than the average value at 30 min or 60 min 
after diet.

Petzold et al. (2019a) found that standard liquid diet intake 
significantly increased LSM in healthy people, with an average 
increase of 21.6%. In our study, it was found that 31% of the 
total population increased LSM by more than 20%, and the 
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our result. The minimum fasting time was not evaluated in this 
study. Further study with more strict design and larger sample 
size was needed.

In conclusion, diet could affect the Young’s modulus 
measurement of liver. In order to avoid the effect, it is suggested 
to use real-time shear wave elastic imaging to measure the 
Young’s modulus of liver in fasting state.
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