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Patients and Methods: The data of adults who underwent yearly health check-ups were screened to establish
both a cross-sectional and a 6-year longitudinal cohort of individuals with MAFLD. BP was classified into the
following categories optimal, normal, high-normal, and hypertension. Liver fibrosis was diagnosed with
fibrosis-4 (FIB-4) score, nonalcoholic fatty liver disease fibrosis score (NFS), and aspartate aminotransferase-
to-platelet ratio index (APRI).
Results: A total of 10,232 individuals were included in the cross-sectional cohort. In the MAFLD population,
individuals with liver fibrosis had significantly higher BP levels and hypertension prevalence (P < 0.001)
than those without. Furthermore, liver fibrosis score was significantly associated with BP levels (P < 0.001).
In the 6-year longitudinal cohort of 3661 individuals with MAFLD without liver fibrosis, the incidence rates
of liver fibrosis increased with increasing BP levels as follows optimal=11.20%, normal=13.90%, high-nor-
mal=19.50%, hypertension=26.20% (log-rank 22.205; P < 0.001). Cox regression analysis showed that both
baseline high-normal BP (hazard ratio [HR], 1.820; P=0.019) and hypertension (HR, 2.656; P < 0.001) were
predictive of liver fibrosis.
Conclusions: BP stratification may be useful in predicting the progression of MAFLD. Individuals having
MAFLD with concurrent hypertension or high-normal BP are at a higher risk of liver fibrosis. These findings
may provide a criteria for early intervention of MAFLD to prevent liver fibrosis.

© 2022 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

The worldwide incidence of hypertension and nonalcoholic fatty
liver disease (NAFLD) has continued to rise over the past 20 years
owing to overnutrition and sedentary lifestyles, which are emerging

Abbreviations: NAFLD, nonalcoholic fatty liver disease; T2DM, type 2 diabetes melli-
tus; MAFLD, metabolic dysfunction-associated fatty liver disease; BP, blood pressure;
DBP, diastolic blood pressure; SBP, systolic blood pressure; FPG, fasting plasma glu-

cose; TG, triglycerides; TC, total cholesterol; HDL-c, high-density lipoprotein choles-
terol; LDL-c, low-density lipoprotein cholesterol; ALT, alanine aminotransferase; GGT,
gamma-glutamyl transferase; AST, aspartate aminotransferase; HbA1c, glycated hemo-
globin; SUA, serum uric acid; SCRP, high-sensitivity C-reactive protein; HOMA-IR,
homeostasis model assessment index insulin resistance; APRI, AST-to-platelet ratio
index; NFS, NAFLD fibrosis score; BMI, body mass index; FIB-4, fibrosis-4; HR, hazard
ratio
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as two major global public health problems [1,2]. NAFLD is associated
with the development of nonalcoholic steatohepatitis marked by
liver inflammation and can progress to advanced cirrhosis, hepatocel-
lular carcinoma, and even liver failure. Obesity, dyslipidemia, type 2
diabetes mellitus (T2DM), and metabolic syndrome are established
risk factors for NAFLD progression [3]. However, these risk factors
often coexist with hypertension in NAFLD, which makes it difficult to
determine specific correlations between hypertension and NAFLD.

1665-2681/© 2022 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espaiia, S.L.U. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)


http://crossmark.crossref.org/dialog/?doi=10.1016/j.aohep.2022.100892&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Xiaoben.Pan@GHDDI.org
https://doi.org/10.1016/j.aohep.2022.100892
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.aohep.2022.100892
http://www.ScienceDirect.com
http://www.elsevier.es/annalsofhepatology

J. Liu, H. Lv, J. Wang et al.

A recent study indicated that NAFLD may serve as an independent
risk factor and a driving force in the development and progression of
hypertension [4]. However, further clinical evidence is necessary to
prove this causality.

Recently, a consensus of international experts proposed changing
the disease acronym from NAFLD to metabolic dysfunction-associ-
ated fatty liver disease (MAFLD), and it was supported by many
experts around the world [5]. The diagnostic criteria for MAFLD are
hepatic steatosis with the coexistence of T2DM or overweight/obesity
or hepatic steatosis combined with metabolic disorder in the normal-
weight/lean population [6]. A recent meta-analysis showed that the
prevalence of MAFLD is 38.77%, affecting more than one third of the
global population [7]. The disease spectrum is similar to that of
NAFLD, encompassing all stages from steatosis to steatohepatitis,
fibrosis, cirrhosis, and hepatocellular carcinoma. However, MAFLD
places a greater emphasis on the role of metabolic dysfunction in this
disease, and the multidisciplinary care of patients with metabolic dis-
eases now tends to include treatment of fatty liver [8]; thus, closer
attention to the correlation between metabolic factors such as blood
pressure (BP) and MAFLD progression may be required.

In 2018, the European Society of Cardiology recommended a
novel classification of BP into the categories of “optimal,” “normal,”
“high-normal,” and “hypertension” as part of their clinical practice
guidelines[9]. However, the most appropriate BP stratification system
for individuals with MAFLD remains unclear. Liver fibrosis is a
remarkable progression of MAFLD and has been generally accepted
as a key predictor of overall or liver-related death rates in patients
with this disease [9—12]. Thus, the purpose of this study was to clar-
ify the relationship between stratified BP levels (according to the
above BP classification system [13]) and the incidence of MAFLD-
associated liver fibrosis in Chinese adults.

2. Patients and Methods
2.1. Study participants

Data from individuals who received health check-ups, including
physical examinations, laboratory tests, and abdominal ultrasonogra-
phy, at least twice between January 1, 2013, and December 31, 2020,
at the Affiliated Hospital of Hangzhou Normal University were col-
lected. The exclusion criteria were as follows: evidence of chronic
liver diseases other than MAFLD; history of malignancy; and missing
information such as BP, weight, and height. To establish a 6-year lon-
gitudinal cohort, the data of individuals who received continuous
yearly health check-ups after the first survey were also included dur-
ing data collection.

2.2. Physical examination, biochemical tests, and ultrasonography

Diastolic BP (DBP), systolic BP (SBP), height, and body weight
were measured by physicians according to standard protocols.
Blood samples were collected after 12 h of fasting for routine
hematological and biochemical tests, including assessment of
platelet count and fasting plasma glucose (FPG), triglycerides
(TG), total cholesterol (TC), high/low-density lipoprotein choles-
terol (HDL-c/LDL-c), alanine aminotransferase (ALT), gamma-
glutamyl transferase (GGT), aspartate aminotransferase (AST),
glycated hemoglobin (HbAlc), and serum uric acid (SUA) levels.
Biochemical analyses were performed using the automated bio-
chemical analyzer (AU5821+ISE, OLYMPUS, Tokyo, Japan). Ultra-
sound examination was performed by two specialized physicians
using an ultrasound machine (Toshiba Nemio 20, Toshiba, Tokyo,
Japan) with a 3.5-MHz probe. Hepatic steatosis was diagnosed
according to characteristic echo patterns on ultrasound examina-
tion [14].
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2.3. Diagnostic criteria for MAFLD and noninvasive evaluation of liver
fibrosis

Diagnosis of MAFLD was based on evidence of hepatic steatosis
(from imaging techniques or blood biomarkers and scores) with over-
weight/obesity or T2DM or hepatic steatosis with at least two meta-
bolic risk abnormalities in normal-weight or lean individuals [6,15].
The metabolic risk abnormalities included the following: (1) TG
>1.70 mmol/L or specific medication; (2) HDL-c<1.0 mmol/L for men
and <1.3 mmol/L for women or specific medication; (3) BP >130/85
mmHg or specific medication; and (4) prediabetes (FPG 5.6
—6.9 mmol/L, HbA1c 5.7—6.4%, or 2-h post-load plasma glucose level
7.8—11.0 mmol/L). Waist circumference, high-sensitivity C-reactive
protein (SCRP), and homeostasis model assessment index insulin
resistance (HOMA-IR) were not available for data collection.

The noninvasive measures of liver fibrosis included the NAFLD
fibrosis score (NFS), AST-to-platelet ratio index (APRI), and fibrosis-4
(FIB-4) score and were calculated as follows: NFS=-1.675
+[0.037 x age] +[0.094 x body mass index (BMI)] +1.13 x impaired
fasting glucose/diabetes mellitus (yes=1 or no=0)+[0.99 x AST/ALT]
—[0.013 x platelet count]—[0.66 x albumin]; APRI=100 AST/upper
normal limit)/platelet count (x 10°); FIB-4=[AST (IU/L) x age
(years)]/[platelet count (x 10°/L) x ALT~%>(IU/L)]; a value >1.45 indi-
cating potential liver fibrosis [16,17].

2.4. BP stratification

BP was categorized as follows: optimal BP (DBP <80 mmHg and
SBP <120 mmHg); normal BP (DBP 80—85 mmHg or SBP 120—129
mmHg); high-normal BP (DBP 85-89 mmHg or SBP 130-139
mmHg); and hypertension (SBP >140 mmHg or DBP >90 mmHg or
currently taking antihypertensive medication) [13]. Individuals with
a BMI <23 kg/m? were deemed normal weight or lean thin according
to Asian population standards [15,18].

2.5. Statistical methods

The continuous variables were analyzed using Student’s t-test or
the Mann—Whitney U-test for two groups and a one-way analysis of
variance or Dunnett’s test for more than two groups. The chi-square
test was used to compare categorical variables. Univariate and multi-
variate Cox regression analysis was conducted to analyze contribu-
tors to liver fibrosis. We estimated the adjusted hazard ratios (HRs)
and relevant 95% confidence intervals using the parametric propor-
tional hazard model. Additionally, we plotted Kaplan—Meier curves
for presenting time-to-outcome events in the MAFLD group accord-
ing to different BP stratifications and compared them using log-
rank testing. SPSS 26.0 software (IBM Corp, Armonk, NY, USA) was
used for all statistical analyses, with P < 0.05 indicating statistical
significance.

2.6. Ethical statement

This study conformed to the ethical guidelines of the Declaration
of Helsinki and was approved by the Ethics Committee of the Affili-
ated Hospital of Hangzhou Normal University (approval number/
1D:2020(02)-KS-022). As this was an observational retrospective
study, the requirement for informed consent was waived by the
ethics committee.

3. Results
3.1. Establishment of study cohorts and groups

A total of 10,564 individuals were initially included for screening,
from which 332 with fatty liver were excluded as they did not meet
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10564 participants were included with the criteria:
> 2 visits for yearly health examination during 2013-2020
without evidence of chronic liver diseases other than MAFLD

Exclusion: 332 patients with
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Fig. 1. Establishment of cross-sectional and longitudinal cohorts. MAFLD, metabolic dysfunction-associated fatty liver disease; BP, blood pressure; T2DM, type 2 diabetes mellitus.

the diagnostic criteria for MAFLD (Fig. 1). Of the 10,232 individuals
included, 41.15% (4,210/10,232) were diagnosed with MAFLD (group
1) and the remaining 58.85% (6,022/10,232) were classified as non-
MAFLD (group 2). Among those with MAFLD, 549 had evidence of
liver fibrosis (group 3). The 3,661 individuals with MAFLD without
liver fibrosis (group 4) were included as a longitudinal cohort for
tracking the progression of MAFLD over a 6-year follow-up period. In
addition, the baseline variables of T2DM, BP, and grade of hyperten-
sion were used for further grouping.

3.2. Laboratory and clinical features of the non-MAFLD, MAFLD with
liver fibrosis, and MAFLD without liver fibrosis groups

Individuals in the MAFLD with liver fibrosis group were signifi-
cantly older (61.15 4+ 10.95 years) and had a significantly higher
prevalence of hypertension (57.73%) than those in the non-MAFLD
(39.09 + 12.35 years, 11.96%) and MAFLD without liver fibrosis
(42.88 + 11.13 years, 33.35%) groups (P < 0.001) (Table 1). Further-
more, individuals in the MAFLD with liver fibrosis group had signifi-
cantly higher levels of SBP, DBP, AST, ALT, GGT, SUA, and FPG and

worse lipid profiles (elevated TC/TG/LDL-c, whereas declined HDL-c
levels).

3.3. The association between stratified BP and liver fibrosis in MAFLD

Spearman correlation analysis showed that the SBP (r = 0.184,
P < 0.001), DBP (r = 0.135, P < 0.001), FPG (r = 0.149, P < 0.001),
and HDL-c (r = 0.124, P < 0.001) levels were significantly corre-
lated to the risk of liver fibrosis, while BMI (r = -0.129, P < 0.001)
and LDL-c (r = -0.070, P < 0.001) were negatively correlated with
the FIB-4 score (Fig. 2A). The prevalence of liver fibrosis signifi-
cantly increased with SBP levels ranging from 130 to 180 mmHg
(R=0.158, P < 0.001) (Fig. 2B) and slightly increased with increas-
ing DBP levels (Fig. 2C). The prevalence of liver fibrosis signifi-
cantly increased with increasing BP stratification levels, from
8.52% in optimal, 8.74% in normal, 10.86% in high-normal, to
19.46% in hypertension (Fig. 2D).

In addition, the noninvasive parameters of liver fibrosis (FIB-4
score, APRI, and NFS) significantly increased across all BP categories
(P < 0.05) (Fig. 3A—C).
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Table 1
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Comparison of baseline clinical and laboratory characteristics between patients having non-MAFLD, MAFLD with
fibrosis, and MAFLD without fibrosis.

Variables Non-MAFLD MAFLD without fibrosis =~ MAFLD with fibrosis  P-value
N (male sex) 6022 (2790) 3661 (2850) 549 (407) <0.001
Age (years) 39.09 £12.35 4288 £11.13 61.15+10.95 <0.001

BMI (kg/m?) 2198 +2.54 26.56 £+ 2.75 25.96 + 2.53 <0.001

SBP (mmHg) 120.14 + 15.88 132.51+17.63 141.12 £ 20.55 <0.001
DBP (mmHg) 73.09 +10.34 81.72 £ 11.25 84.64 +11.61 <0.001

SUA (pumol/L) 306.13 + 80.51 381.80 + 87.06 383.29 + 87.55 <0.001

FPG (mmol/L) 5.26 &+ 0.80 5724+1.38 6.18 + 1.50 <0.001

TG (mmol/L) 1.07 (0.81-1.43) 1.39(1.90-2.63) 1.89(1.38-2.62) <0.001"
TC (mmol/L) 472 4+ 0.84 5154091 5.10+0.93 <0.001

LDL-c (mmol/L) 2.61 +0.69 3.17+£0.73 3.04+0.74 <0.001

HDL-c (mmol/L) 147 £0.32 1.22£0.27 1.29 £0.31 <0.001

ALT (U/L) 17.00 (13.00-23.00)  31.00(22.00—45.00) 26.00 (18.00—40.00) <0.001"
AST (U/L) 19.00 (16.00-22.00)  22.00(18.00—28.00) 26.00 (21.00—34.00) <0.001"
GGT (U/L) 17.00 (13.00-24.00)  35.00 (23.00—55.00) 35.00 (22.00-59.00) <0.001"
HbA1c 543 4+ 0.46 5.80 + 0.81 6.02 +£ 091 <0.001

BP categories

Optimal (n, %) 3094 (51.37%) 784 (21.41) 73 (13.30) <0.001

Normal (n, %) 1322 (21.95%) 794 (21.69) 76 (13.84) <0.001

High-normal (n, %) 886 (14.71%) 862 (23.55) 105 (19.13) <0.001

Hypertension (n, %) 720 (11.96%) 1221(33.35) 295 (53.73) <0.001

Note: Data are expressed as mean + standard deviation or median (interquartile range).
BP, blood pressure; BMI, body mass index; MAFLD, metabolic dysfunction-associated fatty liver disease; SBP, sys-
tolic blood pressure; DBP, diastolic blood pressure; SUA, serum uric acid; FPG, fasting plasma glucose; TG, triglycer-
ides; TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; HbA1c, gly-

cated hemoglobin.

' P-value calculated using the Mann—Whitney U-test.
! P-value calculated using the x? test.
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Fig. 2. Correlation between liver fibrosis and BP level. (A) Spearman correlation analysis of metabolic indicators with noninvasive liver fibrosis index; (B) Liver fibrosis prevalence
stratified by SBP level; (C) Liver fibrosis prevalence stratified by DBP level; (D) Liver fibrosis prevalence stratified by BP
NFS, nonalcoholic fatty liver disease fibrosis score; FIB-4, fibrosis-4 score; BP, blood pressure; APRI, AST-to-platelet ratio index; BMI, body mass index; SBP, systolic blood pres-

sure; DBP, diastolic blood pressure; SUA, serum uric acid; FPG, fasting plasma glucose; TG, triglycerides; TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol; HDL-c,
high-density lipoprotein cholesterol.
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3.4. Risk factors associated with liver fibrosis in the longitudinal MAFLD
cohort

To analyze the contributors to liver fibrosis, individuals with
MAFLD without liver fibrosis at baseline were followed for six years.
Univariate Cox regression analysis results identified that age
>40 years (HR, 12.423; P < 0.001), hypertension (HR, 1.753;
P < 0.001), and T2DM (HR, 1.601; P=0.02) were risk factors for liver
fibrosis, while male sex (HR, 0.469; P < 0.001) was a protective factor
(Table 2). After adjustment for metabolic factors at baseline (model
1), multivariate regression analysis showed that hypertension (HR,
1.798; P < 0.001) and T2DM (HR, 1.495; P=0.050) were risk factors for
liver fibrosis. In addition, after adjustment for sex and age (model 2),
multivariate regression analysis showed that the male sex (HR,
0.517; P < 0.001) was a protective factor, whereas age >40 years (HR,
11.352; P < 0.001) and hypertension (HR, 1.361; P < 0.001) were risk
factors.

3.5. Predictive factors for liver fibrosis in MAFLD

During the 6-year follow-up period, the total incidence of liver
fibrosis was 19.20% (Fig. 4A). Kaplan—Meier curves and log-rank test-
ing showed that the incidence rates significantly increased with
increasing BP stratification levels, from 11.20% in optimal, 13.90% in
normal, 19.50% in high-normal, to 26.20% in hypertension (log-rank

22.205; P < 0.001) (Fig. 4B). The exclusion of individuals with baseline
T2DM did not statistically impact this prevalence (11.30% in optimal,
13.80% in normal, 18.00% in high-normal, 26.10% in hypertension,
log-rank 23.211; P < 0.001) (Fig. 4C). In addition, there was no signifi-
cant difference in the incidence of liver fibrosis according to different
hypertension grades during the 6-year follow-up (log-rank 1.844,
P=0.398) (Fig. 4D).

The relative risks of liver fibrosis associated with stratified BP
were further analyzed using HR analysis with multistep adjustments
(Table 3). Individuals with MAFLD with both hypertension and high-
normal BP had significantly higher HRs for liver fibrosis (HR, 2.656
and 1.820, respectively) than those with optimal BP (HR, 1.000;
P < 0.05) in crude analysis. Adjustment for sex and age did not impact
these HRs (Model 1: HR, 1.989 (hypertension), 1.741 (high-normal),
1.000 (optimal); P < 0.05). Further adjustment of model 1 for baseline
metabolic factors, including BMI, hypertension, T2DM, hypertrigly-
ceridemia, hypercholesterolemia, hyperuricemia, high LDL-c, and
low HDL-c levels did not impact the significance (HR, 2.024 (hyper-
tension), 1.758 (high-normal), 1.000 (optimal); P < 0.05).

4. Discussion
The transition from NAFLD to the new name and definition of

MAFLD represents an important milestone and has great potential
to positively impact diagnosis and treatment [19]. A recent study
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Table 2
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Risk factors associated with liver fibrosis in the longitudinal MAFLD cohort.

Variables Univariate analysis Multivariate analysis Model 1 Multivariate analysis Model 2
HR (95%CI) P-value  HR (95%CI) P-value  HR(95% CI) P-value
Age (>40 years) 12,423 (6.370—24.228)  <0.001 - - 11.359 (5.806—22.223)  <0.001
Sex (male) 0.469 (0.352-0.627) <0.001 - - 0.517 (0.386-0.692) <0.001
BMI 25 kg/m2 0.829 (0.626-1.098) 0.190 - - - -
Hypertension 1.763 (1.305-2.382) <0.001 1.798 (1.367-2.365)  0.001 1.382(1.053-1.813) <0.001
T2DM 1.601 (1.076—-2.383) 0.02 1.504 (1.005-2.250)  0.047 - -
Hypertriglyceridemia 0.822 (0.626—1.078) 0.156 - - - -
Hypercholesterolemia  0.954 (0.705—1.292) 0.762 - - — -
Hyperuricemia 0.791 (0.587—-1.065) 0.122 - - - -
High LDL-c 0.845 (0.645-1.107) 0.222 - - - -
Low HDL-c 0.977 (0.621-1.537) 0.920 - - - -

Model 1 was adjusted for BMI, hypertension, T2DM, hypertriglyceridemia, hypercholesterolemia, hyperuricemia, high LDL-c, and low HDL-c

levels at baseline.

Model 2 was adjusted for Model 1 factors plus age and sex at baseline.

MAFLD, metabolic dysfunction-associated fatty liver disease; BMI, body mass index; T2DM, type 2 diabetes mellitus; LDL-c, low-density lipo-
protein cholesterol; HDL-c, high-density lipoprotein cholesterol; HR, hazard ratio; CI, confidence interval.

demonstrated that MAFLD better identifies patients at high risk
for atherosclerotic cardiovascular disease [20]. However, hyper-
tension often coexists with other metabolic abnormalities in
MAFLD, which makes it difficult to verify whether hypertension

is independently associated with MAFLD, as well as its
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Optimal BP 784 216 208 120 78 87 75
D
Grade
40-—- Grade I
-=- Grade III
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logrank P=0.398

Cumulative incidence (%)

Time(Years) 1 2 3 4 5 6
Grade I 890 203 242 153 77 103 112
Grade I1 246 52 71 42 24 31 26
Grade Il 85 19 19 20 10 9 8

Fig. 4. Cumulative incidence of liver fibrosis during the 6-year follow-up by Kaplan—Meier curves. (A) Liver fibrosis incidence in individuals with MAFLD; (B) Liver fibrosis incidence
stratified by BP level; (C) Liver fibrosis incidence stratified by BP level after removing baseline T2DM; (D) Liver fibrosis incidence stratified by hypertension grade
BP, blood pressure; T2DM, type 2 diabetes mellitus; MAFLD, metabolic dysfunction-associated fatty liver disease.
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;223; risks of liver fibrosis based on stratified BP in MAFLD during follow-up.
BP stratification Crude Model 1 Model 2
HR (95% CI) P-value  HR (95%CI) P-value  HR (95%CI) P-value
Optimal BP 1.00 (reference) 1.00 (reference) 1.00 (reference)
Normal BP 1.644 (0.973-2.780) 0.063 1.625 (0.961-2.747) 0.07 1.612(0.953-2.725) 0.075

High-normal BP
Hypertension BP

1.820(1.102-3.006)  0.019
2.656(1.675-4.213)  <0.001

1.741(1.054-2.874)  0.03
1.989(1.253-3.158)  0.004

1.758 (1.064—-2.903)  0.028
2.024(1.274-3.214)  0.003

Model 1 was adjusted for age and sex at baseline. Model 2 was adjusted for Model 1 factors plus BMI, hypertension, T2DM, hyper-
triglyceridemia, hypercholesterolemia, hyperuricemia, high LDL-c, and low HDL-c levels at baseline.

BP, blood pressure; MAFLD, metabolic dysfunction-associated fatty liver disease; BMI, body mass index; T2DM, type 2 diabetes
mellitus; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; HR, hazard ratio; CI, confidence

interval.

Owing to wide variations in nutrition, lifestyle, physical activity
levels, sedentary behavior patterns, and socioeconomic and genetic
backgrounds, the prevalence of MAFLD varies widely across the Asia-
Pacific regions [21,22]. In this study population, MAFLD had a high
prevalence of 41.15% (Table 1), which may relate to the well-devel-
oped economy in southeast China, where the cohort was located.
Additionally, consistent with a previous study [23], the prevalence of
MAFLD increased with higher BP levels and was higher among men
than women. In individuals with MAFLD, the baseline prevalence of
liver fibrosis was 13.04%, and the cumulative incidence of liver fibro-
sis over six years was 19.20%. Since liver fibrosis is a predictor of cir-
rhosis or hepatocellular carcinoma [9], the risk factors for MAFLD-
related liver fibrosis requires further analysis.

We also assessed the status of liver fibrosis in individuals with
MAFLD through noninvasive methods such as the FIB-4 score, NFS,
and APRI [16,17,24]. Consistent with a previous study, our data
showed that BP levels were closely related to noninvasive liver fibro-
sis scores and were significantly related to liver fibrosis prevalence in
individuals with MAFLD (Figs. 2 and 3). A previous animal study dem-
onstrated that hypertension was related to a higher incidence of liver
fibrosis in hepatic steatosis [20]; however, it remains unclear how BP
is associated with MAFLD outcomes in humans. In this longitudinal
study, we confirmed that baseline stratified BP levels are closely
related to the occurrence of liver fibrosis in MAFLD (Fig. 4B).

Because MAFLD is associated with multiple metabolic abnormali-
ties (Table 1), it is difficult to determine whether BP alone is an inde-
pendent risk factor for liver fibrosis. While previous studies have
confirmed that T2DM is a risk factor for liver fibrosis in NAFLD [25
—29], univariate and multivariate analyses in the present study
showed that both hypertension and T2DM were risk factors for liver
fibrosis (Table 2). By adjusting our analyses for T2DM, we demon-
strated that BP stratification is a valuable tool for predicting liver
fibrosis among individuals with MAFLD (Fig. 4B, C). In addition to
hypertension, our analysis showed that high-normal BP is also pre-
dictive of increased liver fibrosis incidence (Table 3). The renin-angio-
tensin-aldosterone system is well recognized for its essential role in
the physiological regulation of blood volume, BP, and sodium homeo-
stasis [30,31]. Increasing evidence demonstrates that this system is
overactive at different stages of liver fibrosis [30,32], which may
explain the association between BP and liver fibrosis.

A limitation of this retrospective study is that three metabolic
indices (HOMA-IR, waist circumference, and SCRP) were unavailable
for data analysis. In addition to hepatic steatosis, the presence of at
least two of seven metabolic abnormalities is required to diagnose
MAFLD in lean and normal-weight individuals [6]. Therefore, the
absence of these data may have resulted in an underestimation of the
MAFLD incidence in this particular group. Nonetheless, only 7% of
individuals (332 of 4,542) with fatty liver did not meet the diagnostic
criteria for MAFLD in the lean/normal-weight population (Fig. 1), sug-
gesting that the scope for underestimation was limited. Another limi-
tation was that although liver biopsy for histology is the reference

standard for assessing liver fibrosis, it was not readily used in this
study because of its invasiveness. Therefore, we used the noninvasive
methods of FIB-4 score, NFS, and APRI to assess liver fibrosis.
Recently, these noninvasive indicators have been demonstrated to be
reliable surrogate markers for predicting histologically confirmed
advanced fibrosis [14—16]. Additionally, since FIB-4 score and NFS
can be influenced by age, we adjusted for age in the analysis of fol-
low-up outcomes (Table 3).

5. Conclusions

In conclusion, based on data from both cross-sectional and longi-
tudinal cohorts, we found that the risk of liver fibrosis among individ-
uals with MAFLD increased with increasing BP levels. Thus, BP control
strategies, with a focus on maintaining BP within the optimal range,
may be beneficial in delaying MAFLD progression. Individuals with
MAFLD and hypertension, including those with BP in the high-normal
range, should be closely monitored for signs of liver fibrosis to ensure
early diagnosis and management. Therefore, this study may present a
diagnostic criterion for early intervention of MAFLD to prevent the
progression of liver fibrosis.
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