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Objective: To evaluate the role of elastography point quantification (ElastPQ) for the quantitative assessment of stiffness in the fatty 
liver disease in mental disorder patients and to provide a noninvasive detection method for non-alcoholic fatty liver (NAFLD) caused 
by atypical antipsychotics drugs (AAPDs).
Methods: A total number of 168 mental disorder patients treated with AAPDs and 58 healthy volunteers were enrolled in this study. 
All the subjects underwent ultrasound and ElastPQ tests. The basic data of the patients were analyzed.
Results: BMI, liver function, and the value of ElastPQ were considerably higher in the patient group than that in the healthy 
volunteers. The values of liver stiffness obtained by ElastPQ were increased gradually from 3.48(3.14–3.81) kPa in the normal liver to 
8.15(6.44–9.88) in the severe fatty liver. The receiver operating characteristic (ROC) for the diagnosis of fatty liver with ElastPQ were 
0.85, 0.79, 0.80, and 0.87 for the diagnosis of normal, mild, moderate, and severe steatosis, respectively, with a sensitive/specificity of 
79%/76.4%, 85.7%/78.3%, 86.2%/73%, and 81.3%/82.1%, correspondingly. Moreover, ElastPQ in the olanzapine group was higher 
than those in the risperidone and aripiprazole groups (5.11(3.83–5.61) kPa vs 4.35(3.63–4.98) kPa, P < 0.05; 5.11(3.83–5.61) kPa vs 
4.79(4.18–5.24) kPa, P < 0.05). After one-year treatment, the value of ElastPQ was 4.43(3.85–5.22) kPa, but it was 5.81(5.09–7.33) 
kPa in patients treated for more than three years. This value increased with treatment prolongation (P < 0.05).
Conclusion: ElastPQ is a real-time, quantitative method for assessing the stiffness of NAFLD. The liver stiffness value could be 
varied in the different stages of fatty liver. Olanzapine has a considerable influence on liver stiffness. The long-term use of AAPDs can 
increase the stiffness value of fatty liver.
Keywords: non-alcoholic fatty liver, ultrasound, elastography, antipsychotics drugs

Introduction
Atypical antipsychotics (AAPDs) such as olanzapine represent the mainstay for the treatment of schizophrenia and 
bipolar disorder.1 AAPDs are a diverse drug class grouped together based on their lack of extrapyramidal side effects 
caused by typical antipsychotics. However, the administration of AAPDs is associated with other effects, the most 
notable of which are weight gain and metabolic syndrome (MS). Clinically significant weight gain (> 7%),2 hypergly-
cemia, and hyperlipidemia often occur in more than 50% of patients receiving an atypical antipsychotic.3

Non-alcoholic fatty liver disease (NAFLD) is the most common liver disease in the world.4 In China, the prevalence of 
NAFLD in adults was estimated to be 20.1%–29.2%, and has increased over time.5 NAFLD is closely associated with 
metabolic syndrome, obesity, type 2 diabetes, and dyslipidemia.6,7 As NAFLD is considered as independent hepatic 
manifestation of the metabolic syndrome,8 it is expected1 that NAFLD could be more common among people with mental 
disorders. For example, patients with schizophrenia had higher prevalence of chronic liver disease than the general population 
due to higher prevalence of metabolic syndrome, unhealthy lives, and antipsychotics use.9 NAFLD is divided into two major 
subtypes: non-alcoholic fatty liver (NAFL, also termed simple steatosis) and NASH (non-alcoholic steatohepatitis), which is 
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the progressive form of NAFLD that can lead to cirrhosis, hepatocellular carcinoma (HCC) and liver-related mortality 
characterized by the presence of steatosis, ballooning degeneration, and lobular inflammation.10 Thus, the burden of NAFLD 
is tremendous and the prevention of the disease and the early detection of its complications are of crucial importance.

According to World Federation for Ultrasound in Medicine and Biology (WFUMB), two methods are considered 
reference standards in diagnosing hepatic steatosis (HS): liver biopsy (LB) and magnetic resonance imaging-proton density 
fat fraction (MRI-PDFF).11 Depending on the percentage of hepatocytes with fatty infiltration, a pathohistological grading 
system for HS has been developed. It serves as a reference for testing the accuracy of the development of non-invasive 
methods:12 steatosis grade 0 (normal liver) refers to a percentage of fatty transformed hepatocytes (FTH) < 5%; steatosis 
grade 1 (mild fatty liver) refers to a percentage of FTH within 5%–33%; steatosis grade 2 (moderate fatty liver) refers to 
a percentage of FTH 33%–66%; steatosis grade 3 (severe fatty liver) refers to a percentage of FTH >66%. A clinically 
important entity is the transition to S ≥ 2, as this significantly increases the possibility of the presence of metabolic 
syndrome factors and liver fibrosis (LF) progression. Risk reduction related to S < 2 regression is clinically plausible and 
physiologically justified.13 Liver biopsy has been commonly performed in chronic liver disease to assess liver fibrosis, and 
it is required for the diagnosis of NASH. However, the invasiveness of the procedure entails a risk for the patient.14

Conventional ultrasound (US) has been the most routinely used method for the assessment of HS. Furthermore, some 
studies suggest that non-invasive methods in patients suspected of having NAFLD can be implemented to select patients 
who may benefit from liver biopsy. However, its disadvantages have been revealed over the years, including the high inter- 
observer variability, low sensitivity for detection of mild steatosis (liver fat content < 20%) and lower accuracy in patients 
with liver fibrosis.15 NAFLD degree is important to know to rule out significant fibrosis (F ≥ 2). Several studies about TE 
were reported in NAFLD and NASH. Wong et al compared TE with liver biopsy in 246 consecutive patients with NAFLD 
and revealed 91% sensitivity and 75% specificity for predicting severe fibrosis (F ≥ 3), using a cut-off value of 7.9 kPa.16

Point share wave elastography (pSWE) is a recently developed method for liver stiffness assessment, which is 
characterized by better stability of results and a higher successful rate than those of other elastography techniques.17 This 
novel approach is regarded as a standardized method for the diagnosis of the fibrosis stage in patients with chronic liver 
disease.18 A recent study revealed that pSWE is a viable imaging technique for non-invasive staging of liver fibrosis in 
patients with NAFLD, especially in those with advanced cirrhosis and fibrosis.19,20 ElastPQ is an ARFI-based pSWE 
technique, that has been confirmed to be accurate for the staging liver fibrosis in studies performed using liver biopsy as 
a reference standard.21–23 However, the liver stiffness obtained by ElastPQ for assessing different stage of steatosis has 
been rarely reported, especially its application for the differentiation of a normal liver from a fatty liver, and for the 
quantitative assessment of the progression from a mild fatty liver to a severe fatty liver. Moreover, to date, only few 
studies have been performed with ElastPQ in mental disorder patients with NAFLD.

Therefore, the purpose of this study was to apply ElastPQ to quantitatively analyze the variation of the stiffness values 
in fatty liver and to provide a noninvasive method for monitoring the NAFLD in patients during their AAPDs treatment.

Materials and Methods
Subjects
All subjects were Chinese and provided written inform consent before any study-related tests were performed. All 
procedures were reviewed and approved by the Ethics Committee of Beijing Huilongguan Hospital. This investigation 
was performed in accordance with the guidelines laid out in the Declaration of Helsinki as revised.

From March 2018 to May 2020, three hundred and eighty-seven patients were diagnosed with mental disorders and 
received standard AAPDs treatment, regular diet, and hospital care during the hospitalization. All patients were 
diagnosed based on the Diagnostic and Statistical Manual (DSM-IV).24 Diagnostic assessments were completed by 
two independent senior psychiatrists for each patient and confirmed using the Structured Clinical Interview for DSM-IV 
(SCID).25 Of them, a total number of 168 patients were enrolled in this study based on the inclusion and exclusion 
criteria. One hundred and fifteen of 168 patients were diagnosed with schizophrenia (77 with undifferentiated schizo-
phrenia, 28 with paranoid schizophrenia, 6 with refractory schizophrenia, and 4 with residual schizophrenia), 12 patients 
were with mania, 14 patients were with major depression (MD) with psychotic symptoms, 22 patients were with bipolar 

https://doi.org/10.2147/NDT.S409210                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2023:19 1492

Sun et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


disorder, 3 patients were with paranoia, and acute transient mental disorder was diagnosed in 2 cases. The inclusion 
criteria were as follows: (1) The patient was regularly treated with AAPDs as first-line treatment during hospitalization; 
(2) Aged from 18 to 80 years. The exclusion criteria in this study were as follows: (1) Liver chronic disease before 
hospitalization, including autoimmune hepatitis, viral hepatitis, and schistosomiasis; (2) Single or multiple intrahepatic 
solid tumors; (3) Alcoholic hepatitis caused by long-term alcohol drinking; (4) Other diseases, such as hemopathy (eg, 
acute leukemia), induced liver disease, or heart failure-induced hepatomegaly, and other drug-induced liver injury; (5) 
Poor compliance with abdominal ultrasound examination.

In addition, volunteers were recruited through an advertisement, who were enrolled into the control group, with an 
age within 18–60 years during the same period. Under the supervision of a research psychiatrist, trained researchers 
interviewed the participants in the control group. They did not have a personal history of mental disorder disease, as 
assessed by the researchers using SCID, and their first-degree relatives did not have any known history of mental illness. 
Each people in the control group were asked for a complete medical history including routine physical examination and 
laboratory testing to rule out other chronic liver diseases except NAFLD. The exclusion criteria for these volunteers were 
the same as it described above for enrolled inpatients. Finally, fifty-eight volunteers were enrolled in this study, and all of 
them were defined as healthy people. The subject flowchart in this study is shown in Figure 1.

Clinical Measurements
The data of all subjects were collected and analyzed by the same doctor (Zhang Ligang) in this study. Gender, age, 
education, smoking status, height (cm), and weight (kg) were recorded. Then the body mass index (BMI) was calculated 
using the formula: BMI ¼ weight kgð Þ=height cmð Þ

2.

Medicine Treatment
All patients were treated with single or multiple AAPDs including olanzapine, risperidone, aripiprazole, clozapine, and 
quetiapine. The combinational treatment was defined as the treatment using more than two types of AAPDs or AAPDs 
combined with other antipsychotics. The treatment time was defined as the period during an AAPDs was first applied to 
the date that the value of ElastPQ was obtained. It ranged from 1 to 50 years with a median of 11.18(2–12) years. The 
treatment dose was (594.94 ± 237.50) mg·d-1 (equivalent dose of chlorpromazine).26

Laboratory Tests
After an overnight fast, samples of venous blood (5 mL) were taken from all the subjects between 6:30 and 7:00 in the 
morning. All the serum samples were tested in the Laboratory Department of Beijing Huilongguan Hospital. The alanine 

Figure 1 Subject flow chart of the present study.
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aminotransferase (ALT), aspartate aminotransferase (AST), total blood cholesterol (TC), triglyceride (TG), and low- 
density lipoprotein (LDL) levels were tested in all subjects.

Diagnostic Ultrasonographic Fatty Liver Grading System
An iU-22 ultrasound system (Philips Medical Systems, Bothell, WA, USA) was used for the conventional ultrasound 
examination. The type of probe was C5-1 with a frequency of 3–5MHz. For the diagnoses of fatty liver, two senior 
abdominal radiologists (Linlin Sun and Nan Li, both with more than five years of liver ultrasonographic diagnostic 
experience), who were blinded to the patient information, made the final decision. The standard for the diagnoses of 
different of fatty liver degrees was based on the ultrasonographic grading system.27 The sonographic features employed 
for the diagnosis are presented in Figure 2.

Point Shear Wave Elastography
ElastPQ was performed immediately after the conventional ultrasound examination by an abdominal radiologist (Linlin 
Sun, with five-year experience in ultrasound elastography). The examiner was blinded to all clinical data during the 
measurements. Each patient was in the lying supine position with the right arm in maximum abduction. Then, the 
examinations proceeded through an intercostal approach to obtain the stiffness value of the right lobe of the liver, 1–2 cm 
under the liver capsule (18). Stiffness was expressed in kilopascals of young’s modulus. ElastPQ measurement box (1.5 × 
0.5 cm2 in size) were positioned by the examiner in a specific region that was free of visible vessels or ducts with the 
real-time B-model. During the acquisition of real-time stiffness measurements, patients were instructed to hold breath. If 
the amount of non-shear wave motion surpassed the threshold, the calculation of liver stiffness was not performed and 
was present as “0 kPa”. It was regarded as invalid data when the obtained result less than 1 kPa. The failed measurement 
was defined as unable obtaining ten valid measurements after 15 attempts. Finally, the ElastPQ measurement mean value 
was calculated from 10 valid measurements in each of the subjects.

Figure 2 Schematic diagram of sonographic features for fatty liver diagnosis.
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Statistical Analysis
Continuous variables are expressed as median (IQR) and categorical variables as numbers (percentages). The normality 
of data was tested by Kolmogorov–Smirnov (K–S test). The independent-sample t-test and the Mann–Whitney U-test 
were applied for normally and non-normally distributed data, respectively. Receiver operating characteristic (ROC) curve 
analysis was conducted to evaluate the diagnostic performance for detecting each grade of hepatic steatosis with ElastPQ, 
and the area under the ROC curve (AUROC) was calculated with 95% confidence intervals. Cutoff values of liver 
stiffness were determined to maximize the Youden index. Spearman’s test was implemented to evaluate the correlation 
between the ElastPQ value and age, BMI, ALT, AST, TC, TG, LDL, and treatment times. P < 0.05 was considered to be 
statistically significant. SPSS 27 and GraphPad Prism 8.0 statistical software was utilized for data analysis.

Results
Patient Characteristics and Examination Sets Subjected to Analysis
A total number of 168 mental disorder patients who were treated with AAPDs and 58 volunteers were included in this 
study. The baseline characteristics of the total number of 226 involved subjects are summarized in Table 1. The value of 
ElastPQ in the treatment group was 5.02(3.82–5.57) kPa, which was significantly higher than that in the control group, 
which was 4.01(3.58–5.47) kPa (P < 0.001).

Diagnostic Value of ElastPQ for Fatty Liver Evaluation
In the present study 73 subjects (45 patients and 28 control subjects) had normal liver as detected by conventional ultrasound 
examination, and the value of stiffness obtained by ElastPQ was 3.48(3.14–3.81) kPa (patients: 3.39(3.07–3.67) kPa vs control: 
3.25(3.31–4.01) kPa, P = 0.288). The values of ElastPQ in 76 mild fatty livers (53 patients and 14 controls), 70 moderate fatty 
livers (57 patients and 13 controls), and 16 severe fatty livers (13 patients and 3 controls) were 4.45(4.14–4.81) kPa (patients: 
4.35(4.21–4.62) kPa vs controls: 4.33(3.82–4.58) kPa, P = 0.620), 5.82(5.13–6.11) kPa (patients: 5.53(5.82–6.78) kPa vs 

Table 1 Characteristics of the Study Population

Characteristic Treatment Group Control Group Total P value

Number 168(74.34) 58(25.66) 226

Age (year) 49.59(38.0–61.0) 48.05(38.0–56.0) 49.31(38.0–60.9) 0.124

Sex (n) 0.267

Male 96(57.14) 28(48.27) 124(54.87)
Female 72(42.85) 30(51.72) 102(45.13)

Fatty Liver (n) 0.027

Normal 45(26.79) 28(48.28) 73(32.30)
Mild 53(31.55) 14(24.14) 76(29.65)

Moderate 57(33.93) 13(22.41) 70(30.97)

Severe 13(7.74) 3(5.17) 16(7.08)
Hypertension (n) 34(20.24) 12(20.69) 46(20.35) 0.941

DM (n) 43(25.60) 6(10.34) 49(17.26) 0.016

Smoking (n) 68(40.48) 22(37.93) 90(39.82) 0.758
BMI (kg.m2) 25.61(23.68–27.53) 24.43(22.41–26.59) 25.31(23.20–27.37) 0.023

ALT (IU/L) 31.49(16.0–43.75) 21.84(18.0–32.0) 29.71(15.0–41.0) 0.009

AST (IU/L) 24.05(17.0–29.0) 24.74(17.0–29.0) 24.17(17.0–29.0) 0.722
TC (mmol/L) 4.47(3.88–5.01) 3.90(2.77–5.20) 4.36(3.80–5.07) 0.032

TG (mmol/L) 1.92(1.17–2.49) 1.42(1.0–1.58) 1.83(1.16–2.29) 0.022

LDL (IU/L) 2.63(2.09–3.08) 2.45(2.09–2.80) 2.60(2.10–2.98) 0.175
ElastPQ (kPa) 5.02(3.82–5.57) 4.01(3.58–5.47) 4.92(3.77–5.51) 0.001

Abbreviations: DM, diabetes mellitus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TC, total choles-
terol; TG, triglyceride; LDL, low-density lipoprotein.
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controls: 5.37(4.91–5.78) kPa, P = 0.413), and 8.15(6.44–9.88) kPa (patients: 8.50(7.08–10.93) kPa vs control: 6.6(6.1–8.1) kPa, 
P = 0.028), respectively. The result was showed in the Table 2. The ElastPQ value gradually increased with the rise in the fatty 
liver severity degree (P < 0.001) (Figure 3).

The receiver operating characteristic curves (ROC) for ElastPQ for the diagnosis of the different fatty liver grade are 
illustrated in Figure 4. The area under the curve (AUC), cut-off value, sensitivity, and specificity value of ElastPQ for the 
diagnosis of different fatty liver grade are listed in Table 3. ElastPQ had good performance for the diagnosis of different 
stages of fatty liver disease. Moreover, no failed measurement occurred in this study.

Correlation of Liver Stiffness with BMI, Liver Function Test Results, and Age
We performed correlation analyses to identify the association of liver stiffness with BMI, liver function (ALT, AST, TC, TG, and 
LDL), and age. The results showed a good positive correlation between liver stiffness and BMI (R=0.513, P < 0.001), ALT 

Table 2 The Stiffness Value Using ElsatPQ in Different Stages of Fatty Liver

Liver Steatosis ElastPQ (kPa) P value

Over All Treatment Control

Normal 3.48(3.14–3.81) 3.39(3.07–3.67) 3.25(3.31–4.01) 0.288

Mild 4.45(4.14–4.81) 4.35(4.21–4.62) 4.33(3.82–4.58) 0.620
Moderate 5.82(5.13–6.11) 5.53(5.82–6.78) 5.37(4.91–5.78) 0.413

Severe 8.15(6.44–9.88) 8.50(7.08–10.93) 6.6(6.1–8.1) 0.028

Figure 3 Box plot of the ElastPQ values in different fatty liver degrees. In the normal liver, the stiffness value obtained by ElastPQ was 3.48(3.14–3.81) kPa, whereas it was 
3.39(3.07–3.67) kPa in the patients and 3.25(3.31–4.01) kPa in the control, respectively. For mild fatty liver, the stiffness value was 4.45(4.14–4.81) kPa, 4.35(4.21–4.62) kPa in 
the patients, and 4.33(3.82–4.58) kPa in the control, respectively. For moderate fatty liver, the stiffness value was 5.82(5.13–6.11) kPa, while 5.53(5.82–6.78) kPa in the 
patients and 5.37(4.91–5.78) kPa in the control, respectively. The liver stiffness value was 8.15(6.44–9.88) in the severe fatty liver, whereas 8.50(7.08–10.93) kPa in the 
patients and 6.6(6.1–8.1) kPa in the control, respectively. The blue bar represents the values in the patients, and the red bar represents the values in the control.
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(R=0.488, P < 0.001), AST (R=0.265, P < 0.001), TC (R=0.179, P =0.020), TG (R=0.458. P < 0.001), LDL (R=0.226, P = 0.003), 
and treatment time (R=0.226, P=0.028), but no obvious correlation with age (P = 0.659) in the patients. On the contrast, the value 
of liver stiffness has good positive correlation with BMI (R=0.325, P=0.014), ALT (R=0.379, P=0.004), and AST (R=0.449, 
P=0.001 in the control group.

Figure 4 The receiver operating characteristic curves for ElastPQ values used for the detection and differentiation of fatty liver grades.

Table 3 The AUC, Cut-off Value, Sensitivity, and Specificity for the Diagnosis of Fatty Liver Grade

Liver Steatosis Total (n, %) AUC (95% CI) Cutoff Value (kPa) Diagnose Ability (%)

Sensibility Specificity

Normal 73 0.85(0.79,0.90) 4.1 79 76.4
Mild 76 0.79(0.51,0.66) 4.9 85.7 78.3

Moderate 70 0.80(0.74,0.86) 5.5 86.2 73.0

Severe 16 0.87(0.78,0.95) 6.4 81.3 82.1
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Comparison of ElastPQ in Different Types of AAPDs and Different Therapy Times
As can be seen from the results presented in Table 4, ninety-two of the 112(82.14%) patients treated with olanzapine 
were diagnosed with fatty liver by ultrasound, whereas the liver in the remaining subjects was normal. The rate of fatty 
liver disease in the olanzapine group was higher (P < 0.05) than those in any of the groups in which other types of 
AAPDs were used. In addition, the mean value of ElastPQ in patients who received olanzapine was significantly higher 
than those in the risperidone and aripiprazole groups (5.11(3.83–5.61) kPa vs 4.35(3.63–4.98) kPa, P = 0.038; 5.11(3.83– 
5.61) kPa vs 4.79(4.18–5.24) kPa, P = 0.044). However, there was no obvious different in ElastPQ between olanzapine 
and combination groups (P > 0.05).

To further evaluate the variations in ElastPQ values after different treatment durations, we separated the patients into 
three groups based on the differences in their treatment time: less than one year, more than one year but less than three 
years, and more than three years. The results are presented in Table 5. The ElastPQ value after one-year treatment was 
4.43(3.85–5.22) kPa, but it was 5.02(3.82–5.57) kPa in patients treated for more than three years. The value of ElastPQ 
increased with treatment prolongation (P = 0.041).

Discussion
In the present study, the patients treated in our hospital had more severe metabolic syndrome manifestations than the 
volunteers. The distributions of NAFLD from mild fatty liver to severe fatty liver were 31.55%, 33.93%, and 7.74%, 
respectively. More importantly, the liver stiffness value obtained with ElastPQ was higher than that in the volunteers, 
with a value gradually elevated from 3.48(3.14–3.81) kPa to 8.15(6.44–9.88) kPa during the period of changing the liver 
tissue from normal to steatosis. Stiffness presented a good diagnostic value for the identification and differentiation of 
different fatty liver stages. The distribution of fatty liver as well as the liver stiffness value in the mental disorder patients 

Table 4 The Result of ElastPQ and Fatty Liver in Different Types of AAPs

Drug Number (n) Liver Steatosis (n, %) ElastPQ (kPa)

Normal Mild Moderate Severe

Olanzapine 110 19(8.18) 30(27.27) 46(41.82) 15(13.64) 5.11(3.83–5.61)

Risperidone 22 9(40.91) 10(45.46) 3(13.63) 0(0) 4.35(3.63–4.98)
Aripiprazole 20 4(20) 11(55) 4(20) 1(5) 4.79(4.18–5.24)

Combination* 16 6(37.5) 3(18.75) 4(25) 1(6.25) 5.07(3.52–6.35)

Total 168 38(22.62) 55(32.74) 57(33.93) 17(11.12) 5.02(3.82–5.57)

P value 0.036 0.028

Notes: *Combination was defined as treatment applied more than two types of AAPDs or AAPDs combined with other 
antipsychotics. Among these 16 patients, 6 patients diagnosed as major depression with psychotic symptoms were treated 
with clozapine and paroxetine, 8 patients diagnosed as major depression with psychotic symptoms were treated with 
aripiprazole, olanzapine, and agomelatine. Two patients diagnosed as acute and brief psychotic disorders (ATPD) were treated 
with olanzapine and risperidone.

Table 5 The Variation of ElastPQ in Different Treatment 
Time

Treatment Time Number ElastPQ (kPa)

1 year 108 4.43(3.85–5.22)

1~3 years 42 5.47(4.77–6.28)
>3 years 18 5.81(5.09–7.33)

Total 168 5.02(3.82–5.57)

P value 0.041

https://doi.org/10.2147/NDT.S409210                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2023:19 1498

Sun et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


treated with olanzapine was different from those of patients treated with other AAPDs. In addition, the AAPDs treatment 
time influenced the liver stiffness value, presenting a positive correlation.

NAFLD is closely associated with MS, including central obesity, dyslipidemia, hypertension, hyperglycemia, and 
persistent abnormalities detected in liver function tests.28 In general, NAFLD is a common denominator for a broad 
spectrum of damage to the liver, which can be due to hepatocyte injury, inflammatory processes, and fibrosis.29 There is 
growing evidence linking the incidence of NAFLD with psychiatric illnesses such as schizophrenia, bipolar disorder, and 
depression mechanistically via the administration of genetic, metabolic, inflammatory, and psychiatric medications.30 In 
fact, patients prescribed with antipsychotic medications, regardless of their diagnoses, have a higher incidence of 
NAFLD than the normal population. The mechanistic pharmacology of antipsychotic-associated NAFLD is beginning 
to emerge. Furthermore, much more evidence has gradually revealed an association of the risk of MetS and AAPDs 
tacking including diabetes, obesity, and hyperlipidemia.31,32 In this study, we attempted to reduce the influence of other 
risk factors on NAFLD, including the administration of non-AAPD drugs and those of the environment. All the patients 
were treated with regular AAPDs during the hospital stay; unified healthy diet and hospital care were implemented for 
each patient. More importantly, smoking was forbidden during the hospital stay. Our results indicated that AAPDs might 
encourage the development of NAFLD in patients. The prevalence rates of fatty liver and DM in the treatment group 
were both higher than those in the control group. These findings were consistent with other results revealing that AAPDs 
might contribute to weight gain and liver dysfunction.33,34

Recently, the utilization of elastography techniques for the quantitative analysis of the liver fiber stage has received 
extensive attention.20,35 Ultrasound elastography examines the degree of deformation (stiffness) of an organ or lesion. 
Thus, such alterations are well manifested in the presence of hardening, fibrosis, or cirrhosis of the liver. Liver stiffness 
measurements using TE have shown good diagnostic performance for staging liver fibrosis and detecting cirrhosis.36 

Moreover, studies on the quantitative evaluation of hepatic steatosis using controlled attenuation parameter (CAP), which 
can quantify the degree of ultrasound (US) beam attenuation by the tissue, have also been conducted for several years and 
have yielded promising results.37–40 Since steatosis and fibrosis assessment is required in NAFLD patients, 
a multiparametric approach using either TE with CAP is needed for a comprehensive evaluation.37,41 However, few 
studies have revealed the value of liver stiffness in fatty liver staging. In our study, only one parametric test was applied 
to assess the stage of the liver tissue. We quantitatively evaluated the stiffness value of the liver with ElastPQ and 
established that 3.48(3.14–3.81) kPa was the median stiffness value of a normal liver. This result was consistent with the 
ones of other investigations that involved healthy people with normal liver stiffness and reported similar values of 3.6 
kPa42 and 3.8 kPa.43 In addition, these results also showed that the liver stiffness value in a fatty liver was significantly 
higher than that in a normal liver, and its increase was associated with the raised level of liver steatosis. Furthermore, our 
results showed that ElastPQ has a good diagnostic ability and high sensitivity and specificity for different fatty liver 
degrees. Furthermore, the median stiffness value in the severe fatty liver was 8.15(6.44–9.88) kPa, which was similar to 
the value of liver fibrosis. Additionally, the cut-off value for diagnosing a severe fatty liver was 6.4 kPa with an AUC of 
0.87 and sensibility and specificity of 81.3% and 82.1, respectively. In previous research, Lee et al revealed that the 
values of liver stiffness for fibrosis stages from F1 to F4 were 6.9(6.0–8.6) kPa, 8.5(6.8–10.7) kPa, 9.7(6.8–10.5) kPa, 
and 13.0(7.4–16.6) kPa, respectively.44 The dissimilarities in the results might have been due to the differences between 
the stiffness in liver steatosis and liver fibrosis.45 More importantly, we found that the stiffness value of liver tissue was 
higher in the liver steatosis than that in normal liver tissue. With a progressively increasing stiffness value, a severe fatty 
liver tissue might change and progress to liver fibrosis. This result was consisted with the pathological changing. Thus, 
we consider that ElastPQ provides good diagnostic accuracy in stage-significant fatty liver and good ability for dynamic 
monitoring of the progression of liver steatosis to liver fibrosis.

To date, the risk factors influencing liver stiffness have been evaluated by several studies.46,47 But results are still in 
controversial. Such as Li et al reported that their findings indicated that NAFLD was significantly associated with the risk of 
hypertension in males than in females.48 However, their findings also need to be confirmed in future prospective studies. 
A recent investigation revealed that liver fibrosis was associated with multiple cardiovascular risk factors, including obesity, 
metabolic syndrome, diabetes, hypertension, and high-density lipoprotein cholesterol. Moreover, several studies revealed 
that the abnormal laboratory finding could indicate NAFLD.49,50 Consisting with the previous studies, the value of liver 
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stiffness obtained by ElastPQ has a good positive correlation with MetS risk factors, such as BMI, ALT, AST, TC, TG, 
LDL, and treatment time in the patient prescribed with AAPDs. However, the liver stiffness value has positive correlation 
with the BMI, ALT, and AST. Base on the results, we believe that the ElastPQ could reflect the change of liver function 
which was similar to the laboratory test. Compared with psychotic patient, TC, TG, and LDL were not correlated with liver 
stiffness. The reason mainly due to the patient’s habits and AAPDs applying for a long time.51

In an earlier cross-sectional study, MetS occurred in 46.7% of patients with schizophrenia treated with AAPDs,51 

whereas the morbidity of MetS change between 14% and 69% in the general population. Moreover, the incidence reached 
20% after one-year AAPDs administration.52 Although NAFLD has been recognized as a part of MetS, scarce research has 
been focused on the correlation between NAFLD and AAPDs use in schizophrenia patients. According to recent case- 
control research, a higher incidence of liver disease was present in patients with schizophrenia.53 In our study, we evaluated 
the role ElastPQ in tests for fatty liver disease in schizophrenia patients prescribed with AAPDs, according to other 
acknowledged information that has previously been published.54 The results of this study revealed that olanzapine has the 
greatest effect on fatty liver compared those of other drugs. Meanwhile, the value of liver stiffness in the olanzapine group 
was higher than those in the groups treated with other AAPD drugs. Furthermore, the course of treatment influenced the 
liver stiffness value; a long treatment time led to a higher stiffness value. The chronic use of AAPDs may produce hepatic 
damage due to its toxic-free radical metabolic intermediates extensively metabolized by the liver.51

In spite of the promising results, several limitations exist in our study that need to be acknowledged. First, the absence 
of biopsy results was due to ethical and equipment limitations. Therefore, we applied the most common examination, 
grayscale ultrasound, to diagnose the different stages of fatty liver. Moreover, the progression of liver steatosis to liver 
fibrosis could not be completely detected by ElastPQ due to the absence of liver biopsy samples. Thus, in this study, we 
focused on the early effects of AAPSs on liver steatosis or liver stiffness. Second, the sample of subjects enrolled in this 
study was small, and olanzapine was the main type of antipsychotic medication for the enrolled patients, whereas a small 
number of patients received other medications. Different ElastPQ result s could have been obtained in the other treatment 
groups with an increase in the sample size in a further study. Third, comparative analysis was performed on a relatively 
small number of volunteers, because only 58 healthy participants matched the inclusion criteria in this study.

Conclusion
ElastPQ is a real-time, convenient, and quantitative detection method for assessing NAFLD liver stiffness. The fatty liver 
stiffness value was varied in different stages of liver steatosis. Olanzapine has a significant influence on fatty liver 
development as well as on liver stiffness values. The long-term use of AAPDs can increase the stiffness value of a fatty liver.
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