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Purpose: In this study, our primary aim is to analyze the genetic expression feature and analyze specific Traditional Chinese medicine
(TCM) constitution distribution in non-alcoholic fatty liver disease (NAFLD) and reveal the metabolic characteristic of NAFLD.
Materials and Methods: For revealing genetic features, we obtained the gene expression data from the Gene Expression Omnibus
(GEO) database of the National Center for Biotechnology Information (NCBI). The genetic data on NAFLD were analyzed by identifying
differentially expressed genes (DEGs), associated pathways, co-expressed genetic networks, and gene set enrichment function.
Concurrently, we assessed specific constitution distributions among local NAFLD patients through established TCM constitution models
and determined the independent variable, including specific constitution to the NAFLD via the regression analyses.

Results: The analyses on GEO datasets showed that simple steatosis in NAFLD is strongly associated with HOMA-insulin resistance
(HOMA-IR). Analyses of GEO datasets revealed significantly altered genetic expression profiles between NAFLD and normal
populations. For TCM constitution analyses, we demonstrated a decline in yin-yang harmony (YYH) and yang-asthenia (YAAC)
constitution, whereas there was an increase in qi-stagnation (QSC) and phlegm-dampness (PDC) in NAFLD. The binary logistic
regression analysis indicated that besides other metabolic parameters, YYH, qi asthenia (QAC), YYAC, and yin-asthenia (YAC) were
the independent variables of NAFLD, while YAC was the independent variables of T2D. The multilinear regression analyses
suggested that NAFLD, DM, BMI, waist, TC, TG, hypertension, ALT, AST, and YAC were the significant determinators of the FPG.
Conclusion: This study presents a relatively comprehensive metabolic profile in steatosis of NAFLD, revealed by significant genetic
expression feature alterations and different TCM constitution distribution in NAFLD. Through this method, the study intends to
associate the genetic feature with the phenotype of TCM constitution. The results could be applied to assist integrative medicine
research in exploring the appropriate personalized approaches for NAFLD.
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Introduction
The incidence of T2D in China has soared sharply in recent years, with the country recording the highest number of cases

worldwide.' In obesity-related metabolic diseases, non-alcoholic fatty liver disease (NAFLD) has recently been
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considered an independent risk factor that induces the early onset of T2D.? According to a review study on compiled data
of the NAFLD epidemiology, the overall prevalence of NAFLD worldwide was estimated to be 32.4% (95% CI 29.9—
34.9). Its prevalence has increased substantially over time, from 25.5% (20.1-31.0) in or before 2005 to 37.8% (32.4—
43.3) in 2016 or later (p = 0.013). The overall prevalence of NAFLD was significantly higher in males than in females
(39.7% [36.6-42.8] vs 25.6% [22.3-28.8]; p < 0-0001). The overall incidence of NAFLD was estimated to be 46.9 cases
per 1000 person-years (36.4-57.5), 70.8 cases per 1000 person-years (48.7-92.8) in males and 29.6 cases per 1000 per-
son-years (20.2-38.9) in female.® The prevalence increased in China from 23.8% to 29% from 1999 to 2018, according
to a recent study,® where NAFLD-related advanced liver disease and its mortality, along with its overall disease burden,
are expected to increase substantially. The percentage of total deaths from all causes attributable to NAFLD increased
from 0.10% (0.8-0.14%) to 0.17% (0.13-0.23%).> Because of the dramatic increase in the global incidence of metabolic
risk factors and the aging population, it is expected that the burden of advanced disease due to NAFLD will more than
double in t he period of 2016-2030.> Therefore, finding the effective treatment targets behind the delicate interconnection
net between NAFLD and metabolic diseases and its pathophysiology mechanism is emerging crucial.

In addition, Chinese medicine practitioners have used NAFLD as a critical target in dialectical treatment and
comprehensive conditioning. The application of integrated medicine to prevent and treat metabolic diseases has attracted
different research approaches in recent years. Several clinical studies, for example, by Wang Qi et al, have proposed the
concept of nine primary constitutional classifications for Chinese medicine and their diagnostic basis.®® Furthermore,
the research team explored the correlations of specific TCM constitutions with the genotypes of metabolic diseases and
the susceptibility to diseases using the translational medicine platform which was intended to reveal the molecular
biological characteristics of specific TCM constitutions.'®"* Some TCM clinical evidence has recently been used to
summarize the characteristics and biological mechanisms of metabolic diseases such as T2D.'*!'> Besides, some
researchers have explored the characteristics of metabolic syndromes assessed by TCM in small samples of patients,
with NAFLD using metabolomics methods in modern medical science.'® The relationship between different physical
characteristics and metabolic changes during the progression of NAFLD and the occurrence of T2D is yet to be
identified."”

The concepts used in early treatment through diet, exercise, and Chinese herbal medicine are emerging critical.'®
Since NAFLD is rather to be considered as a systemic disorder, which could result in or exacerbate other metabolic
disorders, such as DM by increase in the insulin resistance; thus, a multidiscipline approach, for instance, integrative
medicine, seems to be essential for the concept of individualized treatment. Based on the emerging advances in
discovering novel molecular targets, as well as an urge to seek out therapeutic targets regarding TCM in treating
NAFLD, a comprehensive analysis on genetic and its association with specific TCM constitution appeals to be critical.
Therefore, this study included the data of the genomic section in early NAFLD from the GEO database, which revealed
the significantly altered genetic expression features in NAFLD, and analyzed data via the TCM constitution theory on the
incidence, constitution characteristics, and risk factors associated with NAFLD. We delineated a relative whole map on
metabolic characteristics of NAFLD, where molecular modern medicine and systemic traditional medicine therapy
converged and connected each other, and provided potential targets for the treatment of NAFLD.

Materials and Methods

Ethics Statements

All of the genomic and associated datasets used in this study were obtained from public databases of GEO in NCBI. The
local TCM constitution study, including surveys, sampling, and examinations, has obtained ethics approvals from the
Ethics Committee of Shanghai Pudong Hospital (NO. WZ-010). The consent was received from study participants before
the whole Study. The guidelines outlined and procedures followed the Declaration of Helsinki.
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Data Extraction from Genomic Datasets and ldentification of Differential Expressed

Genes (DEGs)
We first obtained the gene expression datasets of NAFLD through the Gene Expression Omnibus (GEO) database in
NCBI (http://www.ncbi.nlm.nih.gov/)."” We intentionally searched and found the latest 5-year data originated from

microarray and sequencing studies, where we used the medical subject headings (MESH) terms: “Nonalcoholic Fatty
liver disease” or “NAFLD.” Among the related datasets found, we selected GSE89632, which is a genome-wide analytic
dataset from the biopsy species of patients with NAFLD and healthy donors;>° GSE107231, another dataset contains the
information of IncRNA change in the livers of NAFLD patients compared with that of healthy control;>' GSE114923,
dataset primarily on the serum miRNA obtained by profiling with high throughput sequencing assay.”> We subsequently
analyzed the GSE89632, GSE107231 data with GEO2R, which is one part of the function of GEO database for initial
gene expression analysis, and gained significantly expressed genes including both up-regulated and down-regulated
genes, which were defined as differentially expressed genes (DEGs). DEGs in GSE89632 was originated from normal
human liver biopsy and simple steatosis cases but excluded non-alcoholic steatohepatitis (NASH), whereas the
GSE114923 from patients’ serum were analyzed via an online analytic toolkit, named as BioJupies (https://amp.
pharm.mssm.edu/biojupies/).>* The |log2 fold change (FC)| > 2, which indicates the amplitude of gene expression, and

with P-value <0.05 were defined as the cut-off criteria to judge for DEGs. The conversion of the name of DEGs from the
corresponding ID of array or sequence probes was completed via the online biological DataBase network (bioDBnet,
https://biodbnet-abce.ncifcrf.gov/db/db2db.php). Then, the volcano plots were drawn for presenting up-regulated (red

dots) or down-regulated genes (green dots), Heatmaps of DEGs were drawn using series matrix data from GEO dataset,
and DEGs were listed at the right side of the heatmap, visualized by software of Prism (GraphPad, version 8.0).

DEGs Applicated for Pathway Analyses via Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG)

The Database for Annotation, Visualization, and Integrated Discovery (DAVID, http:/david.abcc.nciferf.gov/)* is the
most common functional annotation tool, which was used for GO functional enrichment analysis and KEGG pathway

analysis. The items of GO analysis on DEGs including biological process, cellular component, and molecular function. In
addition, KEGG pathway analysis presents already compiled data of genes, concurrently with the possible roles in related
acknowledged pathways demonstrated in other studies. We uploaded the DEG list in DAVID and Web-based gene set
analysis toolkit (WebGestalt, http://www.webgestalt.org/)> to investigate the potential functions of genes. P-value <0.05

and false discovery rate (FDR) <0.05 were regarded as the cut-off criteria for identification of meaningful pathway.

Weighted Gene Co-Expression Network Analysis (WGCNA) and Gene Set

Enrichment Analysis (GSEA)

The series matrix files of GEO data on GSE89632, GSE107231 and group information deposited in EXCEL files were
downloaded. Then, data were rearranged to be the format suited for WGCNA analyses, which was performed online, via
integrated differential expression and pathway analysis 9.1 (iDEP 9.1, http://bioinformatics.sdstate.edu/idep/),”® whereas
hallmark gene analyses through validated GSEA software.’”*® The WGCNA calculates and divides the genes into
significant different modules related to the phenotype of NAFLD, and reveals molecular network of regulation, while

GSEA analyses use enrichment methods and identify function of gene set in NAFLD.

Diagnostic Standards, Constitutional Assessment Criteria, and Exclusion Criteria for

NAFLD by TCM Constitution Analyses

The criteria for NAFLD follow the 2018 Guidelines of prevention and treatment for NAFLD in China.?® The diagnosis
includes imaging or histological evidence of diffuse hepatic steatosis and excludes alcohol abuse (the equivalent alcohol
consumption of men <30 g/d, and that of women <20 g/d) and other causes of liver steatosis such as chronic viral
hepatitis. The physique types of individuals with NAFLD were determined by applying the “nine types of Chinese Basic
Physique Classification Scales” and “TCM Physique Classification Judging Standards”.*® Individuals with obvious
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hepatitis and biliary diseases, alcoholic fatty liver, type 1 diabetes, particular type diabetes, cirrhosis, severe cardiovas-
cular and cerebrovascular diseases or diseases, such as hydronephrosis and renal insufficiency, were excluded from the
study. We intended to explore the relationship between T2D and NAFLD, as well as the role of T2D in TCM
constitution. The diagnosis of T2D is based on the World Health Organization’s (WHO) 2005 diagnostic criteria.

The Process of Inclusion the NAFLD Patients as Participants

Eleven thousand six hundred eighty villagers aged over 60 years from 8§ villages of Laogang Town, Pudong, Shanghai,
were assessed from March to December 2016. After removing incomplete data due to unqualified examinations, a total
number of 7063 samples were subjected to randomized sampling for the group-controlled study. Notably, we recorded
2619 patients with NAFLD and 2619 without NAFLD disease (NAFLD and control group), respectively.

Sampling and Obtaining the Demographic, Laboratory Data of the Study Groups

The parameters were measured by designated persons for all patients, including height, waist circumference, weight,
body mass index (BMI), waist-to-hip ratio, and blood pressure. For the laboratory examination, all the candidates had to
fast for 8—12 hours after dinner. After that, we measured fasting plasma glucose levels, blood lipids, including total
cholesterol (TC) and triglycerides (TG). In addition, the indices for liver and kidney functions were measured in the
morning. For diagnostic examination of fatty liver, all patients who underwent a B-ultrasound with probes used were
3.5Hz type.

Statistical Analysis

Measured data were expressed as mean + standard deviation. Analysis of variance was performed with ANOVA. The
differences between fatty liver and non-fatty liver patients were compared using the Chi-square test based on constitution
distribution, gender, and presence of hypertension and diabetes. Furthermore, binary logistic and multiple linear
regression analysis were performed on the factors associated with NAFLD and T2DM and fasting plasma glucose
(FPG). P values <0.05 were defined as significant. All statistical analyses were conducted via SPSS (version 24.0)
software with GraphPad Prism 9.0.

Results
The Analysis on the Relationship Between Clinical Characteristics of NAFLD vs

Regular Liver Donors and the Liver Steatosis Area

We concurrently analyzed the relationships between the liver steatosis area and the clinical metabolic characteristics of
patients with NAFLD versus ordinary people in the GSE89632 study. The results show that the area of steatosis and
HOMA-IR were increased significantly in patients with SS (P < 0.05), whereas blood lipids have no distinctions between
the two groups (P > 0.05) (Figure 1). The analysis also showed that the content of aracchidonic acid (ARA), an
unsaturated fatty acid (UFA) of the liver, significantly decreased in patients with simple steatosis (SS) compared with
regular donors (P < 0.0001). In addition, the HOMA-IR and fasting insulin, which are critical markers of insulin
resistance in T2D, are strongly associated with liver steatosis area and body mass index (BMI) (P < 0.05), whereas the
association of blood lipids and age is weak and not significant (P > 0.05) (Table 1 and Figure 2).

The Bioinformatic Analyses of the Global Genetic Feature on Data of GSE89632

The smaller the results analyzed the P-value in the GEO databases, the higher the gene ranks and the credibility of gene
differential expression. All the 492 significant genes, DEGs (3 upregulated and 32 downregulated) were determined
through the integrated analysis. The heatmap of the significant top 50 genes was shown (Figure 3A). The significant
genes aberrantly expressed in NAFLD including 3 upregulated genes [GCK (P = 3.66E-07), CYP7A1 (P = 2.45E-07),
SKIDA1 (P = 2.02E-09)] and the 32 down-regulated genes, including the most significant 3 down-regulated genes
[MIR21 (P = 8.66E-13), PHLDA1 (P = 1.30E-12), MYC (P=5.26E-12)]. The significant expression of up-or down-
regulated genes was shown in the volcano plot (Figure 3B).
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Figure | The comparison of clinical characteristics of patients with simple steatosis (SS) versus normal health control (HC) in GSE89632; the result of blood lipid
assessments showed no significance between SS and HC.

Notes: *The group of SS was compared with the HC group, p < 0.05, **p < 0.01; The data in figure steatosis use unpaired t-test; The data in figure HOMA-IR use Mann—
Whitney test; The data in figure Lipid and Liver UFAs use two-way ANOVA, Sidak multiple-comparison test.

Abbreviations: TG, total triglyceride; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; UFAs, unsaturated fatty acids; ARA, arachidonic
acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; HOMA-IR, Homeostasis model assessment-insulin resistant; ns, not significant.

Then, we determined to find out the biological process, cellular component, molecular function (GO analysis), and
pathway involved (KEGG analysis) that related to the DEGs, we uploaded the DEGs of the GSE89632 dataset to perform
the GO analysis and KEGG analysis. The outcomes revealed that protein binding (GO:0005515; P-value = 1.10E-04) has

Table | The Correlational Analysis Shows Implications of Age, BMI, Blood Lipids, and Area of Liver Steatosis
on Fasting Insulin or HOMA-IR

Age BMI TG TC LDL HDL Steatosis
Fasting insulin 0.201 0.733* 0.554* 0.355% 0.361* —0.353* 0.715%*
HOMA-IR 0.284 0.691** 0.540* 0.359* 0.359* —0.320 0.724**

Note: * p < 0.05, *p < 0.01.
Abbreviations: BMI, body mass index; TG, total triglyceride; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; HOMA-IR, homeostasis model assessment-insulin resistant.
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Figure 2 The Pearson correlation of clinical characteristics of NAFLD and regular liver donors. (A) Moreover, (B) shows multiple linear regression as fasting insulin is
a dependent variable. (C) Furthermore, (D) shows Pearson correlation analysis of fasting insulin and HOMA-IR with multiple clinical characteristics.

Abbreviations: BMI, body mass index; TG, total triglyceride; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; HOMA-IR, homeostasis
model assessment-insulin resistant.

the most significant counts enriched for molecular function, and plasma membrane (GO:0005886; P-value = 0.009426),
extracellular space (GO:0005615; P-value =
biological process, the results showed positive regulation of transcription from RNA polymerase II promoter in
(GO:0045944; P-value = 9.82E-08) has the most significant counts (Figure 3C). Furthermore, KEGG pathway enrich-
ment analysis showed that cytokine—cytokine receptor interaction (hsa04060; P-value = 2.05E-07) and Pathways in
cancer (hsa05200; P-value = 0.024471) have the most significant counts enriched (Figure 3C).

The WGCNA analyses show that there are seven modules; each module with different colors represents 1 group of co-

1.99E-10) for cellular component (Figure 3C and D). In terms of the

expressed or functionally related genes (Figure 3E-G). Thus, the results showed that 7 modules (Figure 3E and F) associated with
the phenotype of SS, and the network of related genes were represented in Figure 3G. The GSEA analysis included 29,377 genes;
after conversion into gene symbols, there are 19,008 genes. The top 50 significant genes by GSEA analysis in the heatmap were
shown. (Figure 3H) The results of hallmark gene analysis of GSEA showed 14/50 genes were upregulated in SS, including genes
associated with oxidative phosphorylation, bile acid metabolism, DNA repair, E2F targets, fatty acid metabolism, interferon-
alpha (IFN-a) response, G2M checkpoint, protein secretion, peroxisome, mitotic spindle, apical surface, PI3K-AKT- mTOR

https:

170 Hepatic Medicine: Evidence and Research 2023:15

Dove!


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

Dove Qiao et al

signaling, adipogenesis, and spermatogenesis. (Figure 3I). 14/50 gene sets are upregulated in SS, 3 gene sets are significant at
FDR <25%, 4 gene sets are significantly enriched at nominal value <1%, 4 gene sets are significantly enriched at nominal p-value
<5%. Markers for SS: 9843 (51.8%) with correlation area 46.4%, whereas markers for phenotype HC: 9165 (48.2%) with
correlation area 53.6%.

The Bioinformatic Analyses of DEGs in IncRNA Data (GSE107231)

All the 186 significant DEGs (45 up-regulated and 141 down-regulated) were determined through the integrated analysis.
The heatmap of the top 50 significant genes including up- and down-regulated genes was shown (Figure 4A). As the
volcano plot showed, significant IncRNA aberrantly expressed in NAFLD including 45 upregulated genes including the 3
most significant IncRNA [OGN (P = 6.44E-05), THSD4 (P = 0.000782), ATP2A3 (P = 0.000945)], and the 141 down-
regulated IncRNA, including the most significant 3 down-regulated genes [DA624691 (P = 1.85E-06), IncRNA p28817
(P = 2.21E-06), OR51B6 (P = 1.55E-05)]. The significant expression of up-or down-regulated genes was shown in the
volcano plot (Figure 4B).

We uploaded the 186 DEGs of GSE107231 dataset to perform the GO analysis and KEGG analysis. The outcomes
revealed that signal transduction (GO:0007165; P-value = 0.013818) has the most significant counts enriched for
molecular function and plasma membrane (GO:0005886; P-value = 0.001433) for cellular component (Figure 4C). In
terms of the biological process, the results showed cell proliferation (GO:0008283; P-value = 0.041499) has the most
significant counts (Figure 4C). Furthermore, KEGG pathway enrichment analysis showed that cytokine—cytokine
receptor interaction (hsa04060; P-value = 0.018647), RIG-I-like receptor signaling pathway (hsa04622; P-value =
0.07346), and Retinol metabolism (hsa00830; P-value = 0.062801) has the most significant counts enriched (Figure 4D).

The WGCNA showed that there are 10 modules; each module with different colors represents 1 group of co-
expressed or functionally related genes (Figure 4E). The heatmap and network connections in each module were shown
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Figure 3 The bioinformatics analyses of global genetic features of NAFLD using data of GSE89632. (A) The heatmap shows the expressions of the top 50 significant genes in liver
samples of SS versus HC; The deep red color represents the extent of high expressions of DEGs, whereas the green color represents the lower expressions of DEGs. The sample
number from GSM238570 to GSM2385755 on the left bottom of heatmap and GSM 2385773, GSM 2385777 indicate SS group, whereas the sample numbers on the right bottom from
GSM2385757 to GSM2385782 except GSM 2385773, GSM 2385777 indicate HC group. The right side lists the official gene symbols of the top 50 significant genes. (B) The volcano plot
of expressions of DEGs; the define and cut-off of up- (red) or down- (green) regulated genes are the absolute values of log,Fold change which exceed 2, and the label of Y-axis is the -log|o
adjusted P-value. (C) The overview of GO analysis of the DEGs, the order was defined by collected counts of DEGs in multiple Gene ontology (biological process, molecular function,
and cellular component). P < 0.05. (C) The overview of KEGG pathway analysis of the DEGs, the order was defined by collected counts of DEGs in multiple KEGG pathways. P < 0.05.
(D) The overview of respective GO component analysis of the DEGs, the order was defined by collected counts of DEGs in multiple Gene ontology (biological process, molecular
function, and cellular component). P < 0.05. (E) WGCNA analyses show the dendrogram of genes divided into 7 modules with different colors. The height shows the heterogeneities of
different co-expressed genes groups. (F) WGCNA analyses show the heatmap on the expression of 7 different modules, the different modules in different colors indicate corresponding
co-expressed gene groups, the gene amounts have been indicated on the correct upper box. The bottom displays a liver sample. SS: simple Steatosis, HC: normal health control. (G)
WGCNA analyses show the network connections in each meaningful module. A different color indicated each module. (H) GSEA analyzed the heatmap of top 50 genes; The upper label
showed numbers of liver samples, and the correct label indicates the official gene symbols of the top 50 significantly expressed genes. Red color indicates up-regulated, and blue indicates
down-regulated. The samples ID with SS indicate SS group, whereas sample ID with HC indicates HC group. (I) An overview of up-regulated genes by GSEA analysis. In each figure, the
up-regulated genes sets were displayed with a positive enrichment score. The last figure of the butterfly plot showed a signal-to-noise score in this GSEA analysis.

(Figure 4F and G). The GSEA analyses included 75,217 genes; after conversion into gene symbols, there are 22,595
genes. The top 50 significant genes in the heatmap were shown. (Figure 4H) The results of hallmark gene analysis of
GSEA showed 25/50 genes were upregulated in SS, including genes associated with epithelial-mesenchymal transition,
KRAS signaling up, cholesterol homeostasis, notch signaling, TNF-a signaling via NF-xB, allograft rejection, UV
response up, IL2-STATS signaling, hedgehog signaling, interferon-alpha (IFN-a) response, IFN-y response, complement,
hypoxia, apical junction, coagulation, inflammatory response, pS3 pathway, myogenesis, G2M checkpoint, IL6 JAK
STAT3 signaling (Figure 41). 25/50 gene sets are upregulated in SS, 0 gene sets are significant at FDR < 25%, 0 gene sets
are significantly enriched at nominal p-value <1%, 0 gene sets are significantly enriched at nominal p-value <5%.
Markers for NAFLD: 7966 (35.3%) with correlation area 32.7%, whereas markers for Control: 14,629 (64.7%) with
correlation area 67.3%.

The Bioinformatic Analyses of DEGs in miRNA Data (GSE|14923)

We performed the DEGs of 456 miRNAs expression on analysis. The analyses were conducted in BioJupies. The DEGs
include hsa-mir-193b-5p, hsa-mir-483-5p, hsa-mir-193a-5p, hsa-mir-320b-2-3p, hsa-mir-30a-5p, hsa-mir-122-5p, hsa-mir
-3591-3p, hsa-mir-320c-2-5p, hsa-mir-99a-5p, hsa-mir-100-5p, hsa-mir-320c-1-3p, hsa-mir-378c-5p, hsa-mir-320b-1-5p,
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hsa-mir-378a-3p, hsa-mir-192-5p, hsa-mir-1228-5p. (adjusted P < 0.05, 1og2FC > 1). The heatmap of the top 50 up and
down-regulated genes was shown (Figure 5A). The volcano plot showed significant miRNA aberrantly expressed in
NAFLD was shown (Figure 5B).

Investigation on the Prevalence of NAFLD with Comorbidities of the Local Area
The prevalence of NAFLD among 11,680 people aged over 60 years in the 8 investigated villages was 33.8%. Notably,
13.25%, 41.48%, and 5.27% of the analyzed population had T2D, hypertension, and cerebral infarction, respectively.

Comparing the General Characteristics and Biochemical Test Data of Individuals with
NAFLD versus Control Group

We observed no significant difference in systolic blood pressure between individuals with NAFLD and the control group
in this experiment. However, significant differences were noted in diastolic blood pressure, BMI, waist circumference,

waist-to-hip ratio, TG, TC, fasting plasma glucose, ALT, and AST between the two groups (p < 0.01), (Table 2)
(Figure 6).

Chi-Square Test Analysis of Constitutional Characteristics of Individuals with NAFLD
versus the Control Group

Of note, yin-yang harmony and yang asthenia declined (p < 0.01, p < 0.001), while qi- stagnation and phlegm-dampness
increased (p < 0.05, p <0.001). There was no significant difference between the NAFLD and control groups regarding qi

asthenia, damp-heat, blood stasis, yin asthenia, and allergic constitution (Table 3) (Figure 7).

Binary Logistic Regression Analysis of Factors on the NAFLD Disease

The logistic multiple-regression analysis was performed using the number of NAFLD cases as the dependent variable.
The regression model proved to be meaningful (p < 0.001). Gender, BMI, waist, diabetes, hypertension, fasting plasma
glucose, ALT, AST, TG, yin-yang harmony, yin asthenia, yang asthenia, Qi asthenia were identified as the significant
factors with NAFLD (Table 4).
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Figure 4 The bioinformatics analyses of the features of LncRNA in NAFLD using data of GSEI07231. (A) The heatmap shows the expressions of top 50 significant genes
including DEGs in liver samples of NAFLD versus normal; The deep red color represents the extent of high expressions of DEGs, whereas the green color represents the
lower expressions of DEGs. The sample numbers from GSM2863101 to GSM2863105 on the left bottom of the heatmap indicate the normal control group, whereas the
sample numbers on the right bottom from GSM2863106 to GSM28631 10 indicate the NAFLD group; The right side lists the official gene symbols of significant genes. (B)
The volcano plot of expressions of DEGs; the define and cut-off of up- (red) or down- (green) regulated genes are the absolute values of log,Fold change which exceed I,
and the label of the Y-axis is the -log|o adjusted P-value. (C) The overview of GO analysis of the DEGs, the order was defined by collected counts of DEGs in multiple Gene
ontology (biological process, molecular function, and cellular component). P < 0.05. (D) The overview of KEGG pathway analysis of the DEGs, the order was defined by
collected counts of DEGs in multiple KEGG pathways. P < 0.05. (E) The dendrogram of genes are divided into 7 modules with different colors. The height shows the
heterogeneities of different co-expressed genes groups. (F) The heatmap on the expression of 10 different modules, the different modules in different colors indicate
corresponding co-expressed gene groups, the gene amounts have been indicated on the upper right box. The sample numbers from GSM2863101 to GSM2863105 on the
left bottom of the heatmap indicate a normal group, whereas sample numbers on the right bottom from GSM2863106 to GSM28631 10 indicate the NAFLD group. (G) The
network connections in each meaningful module. A different color indicated each module. (H) GSEA analyzed the heatmap of top 50 genes; The upper label showed
numbers of liver samples, and the right label indicates the official gene symbols of the top 50 significantly expressed genes. Red color indicates up-regulated, and blue
indicates down-regulated. The sample numbers from GSM2863101 to GSM2863105 marketed by yellow indicate a normal control group, whereas sample numbers from
GSM2863106 to GSM28631 10 indicate the NAFLD group. (I) An overview of up-regulated genes by GSEA analysis. In each figure, the up-regulated genes sets were displayed
with a positive enrichment score. The last figure of the butterfly plot showed a signal-to-noise score in this GSEA analysis.

Additionally, we performed a multivariate linear regression analysis using FPG as the dependent variable to study the
significant factors related to hyperglycemia in NAFLD; high levels of FPG were related to NALFD, diabetes, BMI,
waist, blood lipids, both systolic and diastolic blood pressure, aminotransferases, and yin asthenia (Table 5).

Finally, binary logistic regression analysis was performed using diabetes as the dependent variable to assess the effect
of NAFLD on diabetes. The results showed that age, waist, NAFLD, hypertension, FPG, and yin asthenia were
significant factors of diabetes (Table 6).

Discussion

Medical practitioners or investigators have acknowledged the liver as a critical metabolic hub to the body.*® Among all
causes leading to liver injury, non-alcoholic fatty liver disease (NAFLD) may be more prevalent and is a multifactorial
cause of complex metabolic disorder related with the ectopic lipid accumulation. This disease in early is often without
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Figure 5 The bioinformatics analyses of the features of MiRNA in NAFLD using data of GSEI14923. (A) The heatmap shows the expressions of top 455 DEGs (partially
displayed) in serum samples of NAFLD versus normal; The deep red color represents the extent of high expressions of DEGs, whereas the green color represents the lower
expressions of DEGs. The sample numbers from GSM3154851 to GSM3 154854 on the left bottom of the heatmap indicate the NAFLD group, whereas the sample numbers
on the right bottom from GSM3154855 to GSM3 154850 indicate normal control group; The right side lists the official gene symbols of top 455 DEGs (partially displayed).
(B) The MA plot (left) and a volcano plot (right) of expressions of DEGs; the define and cut-off of up- (red) or down- (blue) regulated genes are the absolute values of
log,Fold change which exceed 2.
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Table 2 Analysis of General Characteristics and Biochemical Test Data of NAFLD and Control Group

Age (year) | BMI (kg/m?) | WC (cm) WHR SBP (mmHg) | DBP (mmHg) | FPG (mmol/l) | ALT (U/L) | AST (U/L) | TG (mmol/l) | TC (mmolll)
Control 68.7£9.8 23.643.1 83.6£13.9 0.89+0.2 131.4+15.4 78.0+9.0 6.0£1.4 26.8+12.3 22,6485 1.3+1.2 5.1£1.0
NAFLD 67.6%9.2 27.6+3.3% 93.3+£8.0%F | 0.94+0.1** 136.4+14.8 80.6+8.8** 6.8+2.0°%* 35.2£18.0% | 24.9+£12.0%F 2.0£1.9%* 5.3£1. 1%

Note: **NAFLD group compared with the control group, P < 0.01.
Abbreviations: NAFLD, non-alcoholic fatty liver disease group; BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; GPT,
ALT, glutamic pyruvic transaminase; AST, glutamic oxaloacetic transaminase; TG, triglyceride; TC, total cholesterol.
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Figure 6 Comparisons of general characteristics and biochemical test data between NAFLD and control group on Age (A), BMI (B), waist (C), WHR (D), SBP, DBP (E),
FPG (F), blood lipids (G), and aminotransferase (H); The results showed that besides Age, SBP, there were significant disparities in BMI, waist, WHR, DBP, FPG, blood lipids,
and aminotransferase between the NAFLD and normal participants.

Notes: *NAFLD group compared with the control group, P < 0.05; **NAFLD group compared with the control group, P < 0.01.

Abbreviations: ns, no significance; NAFLD, non-alcoholic fatty liver disease group; BMI, Body Mass Index; WHR, Waist-to-hip ratio; FPG, fasting plasma glucose; SBP,
Systolic blood pressure; DBP, Diastolic blood pressure; TG, triglyceride; TC, total cholesterol; ALT, glutamic pyruvic transaminase; AST, glutamic oxaloacetic transaminase.

symptoms but a milestone in glucose intolerance and insulin resistance.*' The sign of the liver in TCM is the “general”
organ. It maintains the regular activity of multiple organs and circulation by “upbearing”, and promotes nutrient digestive
and transformation smoothly by “effusion”.** Liver function could be dominated by the status of the gi dynamic. Besides,
NAFLD is an asthenia syndrome in TCM. According to the TCM five primary elements theory, the liver signifies wood,
and the earth-spleen could be easily invaded by the depression of liver. The role of spleen governs the movement and
transformation of grain and water; if the stagnation of liver invades the spleen-earth, the transportation of the spleen and
formation of dampness will be dysfunctional. Additionally, our study results showed that the proportion of liver qi-
stagnation (QSC) increased in NAFLD, which inter-restricts the spleen-earth, thus accumulating phlegm-wetness. Early
qi-stagnation, long-term injury to the spleen qi-stagnation, and dampness result in phlegm-dampness (PDC), the typical
manifestation of which including increased secretion of facial oil, dark yellow facial complexion, face and eyelid edema,
copious and sticky sweat, choking sensation over the chest, copious phlegm, tuck, and soft lower abdomen, drowsiness,
heavy limbs, thick and greasy tongue, and slippery pulse.™

Epidemiologic studies show that the phlegm-dampness constitution is highly related to diabetes, hypertension, and
metabolic syndromes.** The existing studies in China, including by Zhang Chun Ming et al assessed the correlation of

Table 3 Chi-Square Analysis of Constitutional Characteristics of NAFLD and Control Group

YYH QAC QscC DHC PDC BSC YAAC YAC ESP

Control 1934 229 8l 38 19 18 499 181 28
NAFLD 1836** 226 I 53 73R 17 333%k* 199 32
Chi-square 9.09 0.022 4.866 2516 32.26 0.029 39.37 0919 0.27
P 0.003 0.883 0.027 0.113 0.001 0.865 0.001 0.338 0.603

Notes: *NAFLD group compare with control group, P < 0.05; **P < 0.01; **P < 0.001.

Abbreviations: YYH, yin-yang harmony; QAC, qi asthenia constitution; QSC, gi-stagnation constitution; DHC, damp-heat constitution;
PDC, phlegm and dampness constitution; BSC, blood stasis constitution; YAAC, yang asthenia constitution; YAC, yin asthenia constitu-
tion; ESP, especially sensitive physique.
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Figure 7 The comparisons of TCM constitution distributions between NAFLD and control groups.

Notes: *NAFLD group compare with control group, P < 0.05; **P < 0.01; ***P < 0.001.

Abbreviations: YYH, yin-yang harmony; QAC, qi asthenia constitution; QSC, gi-stagnation constitution; DHC, damp-heat constitution; PDC, phlegm and dampness
constitution; BSC, blood stasis constitution; YAAC, yang asthenia constitution; YAC, yin asthenia constitution; ESP, especially sensitive physique.

glycolipid metabolic disorders with TCM syndromes. They found that as the NAFLD progresses, dampness and heat,
phlegm, and blood stasis increase, accompanied by an abnormal increase in ALT, blood lipids, the insulin resistance
index, and a significant increase in glucose metabolism disorders.*>*® Similarly, our large-scale clinical controlled study
revealed that patients with NAFLD showed characteristics of phlegm-dampness and qi-stagnation accompanied by an
increase in fasting blood glucose, blood lipids (TG, TC), and liver transaminase. Multiple kinds of research indicated that

Table 4 Binary Logistic Regression Analyzes the Implications of Metabolic Characteristics and TCM
Constitutions on NAFLD

Variable | Age Gender | BMI Waist DM HBP FPG ALT AST TC
B —-0.005 | —0.755* | 0.266* | 0.06* | —1.024* | -0.166* | 0.138* | 0.042* | —0.022* | 0.058
SE 0.005 0.079 0.019 0.007 0.123 0.077 0.026 | 0.005 0.006 0.038

Variable TG YYH QAC | YAAC YAC PDC DHC BSC QsC ESP

B 0.311* 0.909* | 0.495* | 0.899* | 0.565*% 0.352 0.28 0.702 0.038 —0.143
SE 0.036 0.144 0.156 0.146 0.163 0.356 0.296 | 0.492 0.210 0.348

Note: *p < 0.05.

Abbreviations: SE, standard error; DM, diabetes mellitus; HBP, hypertensive diseases; YYH, yin-yang harmony; QAC, gi asthenia
constitution; YAAC, yang asthenia constitution; YAC, yin asthenia constitution; PDC, phlegm and dampness constitution; DHC, damp-
heat constitution; BSC, blood stasis constitution; QSC, gi-stagnation constitution; ESP, Especially sensitive physique; ALT, glutamic pyru-
vic transaminase; AST, glutamic oxaloacetic transaminase; TG, triglyceride; TC, total cholesterol.

Table 5 Multiple Linear Regression Analysis Shows Significant Factors with
Fasting Plasma Glucose (FPG) (P < 0.05)

Variable | NAFLD | Diabetes BMI Waist TC TG
B 0.213 2013 -0.025 0.017 0.107 0.086
SE 0.052 0.060 0.010 0.004 0.021 0.013
Variable SBP DBP ALT AST YAC

B 0.013 -0.012 0.014 -0.018 0.357

SE 0.002 0.003 0.002 0.003 0.081

Abbreviations: NAFLD, non-alcoholic fatty liver disease; ALT, glutamic pyruvic transaminase; AST,
glutamic oxaloacetic transaminase; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG,
triglyceride; TC, total cholesterol; YAC, yin asthenia constitution.
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Table 6 Binary Logistic Regression Analysis on the Implications of Metabolic Characteristics and TCM
Constitutions on DM

Variable Age Gender BMI Waist | NAFLD HBP FPG ALT AST TC
B 0.044* —0.037 0.029 —0.017% | —-0.966* | —0.349* | 0.599* | <0.000 | —0.002 | —0.077
SE 0.006 0.098 0.020 0.008 0.117 0.098 0.028 0.005 0.006 0.043
Variable TG YYH QAC YAAC YAC PDC DHC BSC QsC ESP
B —0.011 —0.058 —0.306 | —0.071 —0.342% —0.362 0.070 | —0.273 | —0.105 | —0.433
SE 0.025 0.161 0.163 0.161 0.172 0.314 0.334 0.467 0.230 0.406

Note: *p < 0.05.

Abbreviations: SE, standard error; DM, diabetes mellitus; NAFLD, non-alcoholic fatty liver disease; HBP, hypertensive diseases; YYH, yin-yang
harmony; QAC, qi asthenia constitution; YAAC, yang asthenia constitution; YAC, yin asthenia constitution; PDC, phlegm and dampness
constitution; DHC, damp-heat constitution; BSC, blood stasis constitution; QSC, qgi-stagnation constitution; ESP, Especially sensitive physique;
ALT, glutamic pyruvic transaminase; AST, glutamic oxaloacetic transaminase; TG, triglyceride; TC, total cholesterol.

NAFLD progression increases the serum ALT levels before the onset of T2D, and ALT/AST can independently predict
the occurrence of T2D.*”*® Thus, it is of critical to explore the potential pathophysiological mechanism that underlies the
TCM constitution in NAFLD through the integrative medicine assay especially specific genetic expression profile.

We first found that the area of steatosis is strongly positively associated with the fasting insulin and HOMA-insulin
resistance in GSE89632. This result backups that liver is an essential hub to glucose tolerance and suggests that despite in
the early phases of NAFLD, there is an alteration in glucose intolerance, leading to insulin resistance or hyperinsulinemia
due to 5% or more of steatosis.>® Due to the background of metabolic syndrome, we can see that BMI and blood lipids
are also positively related to HOMA-IR and fasting insulin. They may be directly related to hyperinsulinemia or act as an
indirect mediator.

In recent years, novel studies are integrating the technique prevalent in western medicine to TCM theory, especially
constitution.*® Qi Wang et al'® used genetic arrays to analyze the related gene expressions and single nucleotide polymorph-
isms (SNPs) of the phlegm-dampness constitution and identified the genes involved in enzyme activity, sterol transporter
activity, participate in the biological process of lipid metabolism, cholesterol metabolic process, etc. Lingru Li et al'' used
gene chips to analyze isolated total RNA from the PBMCs of phlegm-dampness and normal control. They found the hallmark
genes related to the insulin signaling pathway, PPAR signaling pathway, hypertrophic cardiomyopathy, and others. Moreover,
metabolomics technology was also widely applied to TCM in NAFLD and associated various constitutions.'® The present
study investigated the relationship between our residents who affected NAFLD and normal individuals by using TCM
constitution methods. The results may provide potential practical tools to assess the diverse constitutions of NAFLD.

Therefore, we then used bioinformatic assay to analyze the wide genomic alterations in NAFLD. The function of the
particular gene was referenced from the genecard database (https://www.genecards.org/). The DEG analysis in
GSE89632 by GEO2R revealed that 3 genes were substantially upregulated in SS compared with HC, GCK, the protein
product of which is glucokinase, responsible for glucose phosphorylation, which is a critical enzyme for glucose

utilization,*' maybe a marker for hyperinsulinemia. CYP7A1, a gene for monooxygenases cytochrome P450, which is
a rate-limiting enzyme for cholesterol catabolic and bile acid synthesis pathway,*” is also upregulated, which involves in
the target of microbiota,** metformin,** and incretin action,* and also represents the compensatory activity of the liver in
early NAFLD. SKIDAI, also known as SKI/DACH domain containing 1, is also associated with BMI and waist-hip
ratio.*®*” However, there were relatively increased downregulated genes, such as MIR21, a microRNA, has multiple
functions related to carcinoma,*® glioma, and is associated with heat production by uncoupling proteins and anti-ROS,*
suggesting NAFLD may be related to the reduced energy expenditure. PHLDA1, also known as pleckstrin homology-like
domain family member 1, has functions related to antiapoptotic effects of insulin-like growth factor-1 (IGF-1) and PI3K-
AKT pathway,® which suggests it has a role in hepatic cellular growth and insulin action. MYC is a well-known proto-
on-co-gene, related to the metabolism of proteins and progression of cancer, which was found to be down-regulated,
suggesting abnormal protein metabolism, and an early sign-in hepatocarcinoma.”’ GSE107231, which analyzes the
IncRNA changes, showed that especially OGN, THSD4, and ATP2A3 significantly upregulated. OGN is associated with
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ectopic bone formation, and its high expression was positive with insulin secretion and action, and elevated heart left
ventricular mass.**>*> THSD4 is associated with the peters-plus syndrome, TGF-p signaling, and bone density.”* ATP2A3
is associated with muscle excitability, heat production, cancer, etc.>> In GSE114923, hsa-mir-193b-5p, hsa-mir-483-5p,
hsa-mir-193a-5p, etc.’® have been found as DEGs. We conceptualized that these genes may play roles in NAFLD.

By GO and KEGG analysis, we found protein bindings, plasma membrane, extracellular space, and mRNA
transcription connected to the most functional genes counts in GO, and cytokine—cytokine receptor interactions and
Pathways in cancer were indicated by KEGG in GSE89632, thus, suggesting NAFLD has distinct gene expression,
functional alterations, and may share the common pathological pathway with liver cancer. In GSE107231, we found that
signal transduction, plasma membrane, cell proliferation in GO analysis, cytokine—cytokine receptor interaction, RIG-
I-like receptor signaling pathway, suggesting distinct gene expression, functional alterations, and may share the pathway
with antivirus response.

The WGCNA distinguishes multiple co-expressed gene groups and provides gene network connections, which may
assist in founding more associated functional genes related to NAFLD and glucose metabolism. We found multiple gene
alterations in SS related to glucose metabolism and insulin resistance through the bioinformatics assay, which could be
utilized as potential biomarkers for prevention of T2D with NAFLD. Moreover, the GSEA analysis showed that gene sets
related to energy and lipid metabolism were upregulated, which is generally consistent with formal analysis, and
provided comprehensive gene functional annotations related to early NAFLD.

Finally, through regression analyses, we found that the incidence of T2D is closely associated with NAFLD. We
reported that the QSC and PDC of the NAFLD group were significantly increased. The analysis of the relationship
between NAFLD and T2D also indicated that, with an increase in ALT, the fasting blood glucose increases, and yin
asthenia occurs. The progression of NAFLD and yin- asthenia are closely associated with the onset of T2D. Of note, the
early onset of NAFLD originates from liver QSC. Therefore, it is imperative to condition the liver QSC, PDC as systemic
targets to postpone the progression of NAFLD and the possibility of insulin resistance and DM, which could be attributed
to the injury to the spleen function by QSC and PDC. As aforementioned contents indicated, multiple genes may be
involved in the process of lipid metabolism, and cholesterol metabolic process, as well the hallmark genes had been
found to be related to the insulin signaling pathway, PPAR signaling pathway in PDC. Fortunately, TCM medicine could
be proficient at condition in QSC, which cause the target of modern medicine to rectify the overweight, hyperinsulinemia
and insulin resistance, dyslipidemia, and the key molecular target may be GSK, CYP7A1, SKIDA1, PHLDAI, OGN,
THSD4, and ATP2A3, as well as a few of miRNAs in our bioinformatic analytic results previously referred. It is also to
be expected that whether conditioning QSC or PDC by TCM could ameliorate the imbalanced genetic expression
regulating network previously analyzed via WGCNA and GSEA assay, since the TCM herbs may act to influence
multiple essential targets in NAFLD.

Conclusion

In order to lessen the onset of multiple complications or metabolic consequences of NAFLD and DM, it is of critical to
intervention the pathophysiology of NAFLD in its early infancy. Such earlier intervention may lie in the adjustment of
the effects of different genetic expression features, ie GSK, CYP7A1, SKIDA1, PHLDAI1, OGN, THSD4, and ATP2A3,
etc, as well as a few of miRNAs in glucolipid metabolism, with regulating hallmark genes involved in enriched gene sets
and networks. Additionally, through the methodology of integrative medicine, we could link these candidates in the
specific TCM constitutions including QSC and PDC to be regarded in our personalized treatment options. The result of
current study provides both molecular and general systemic overview of the role of NAFLD in the pathophysiology of
T2D. It proves the rationale of integrative methods as a helpful model to predict NAFLD progression to T2D and the
personalized therapy, as well as prompts more researches to reveal the molecular features behind the different TCM
constitution categories of NAFLD.
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