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Background: Metabolic dysfunction-associated steatotic liver disease (MASLD) increases the risk of cardiovascular disease and
existing evidence indicates that MASLD affects the cardiovascular system through systemic inflammation. Our aim was to assess the
association of hematological biomarkers of inflammation with the 10-year risk of major adverse cardiovascular events (MACE) and
all-cause mortality in MASLD patients.

Methods: A total of 1858 MASLD participants from the Atherosclerosis Risk in Communities cohort study at visit 2 (1990-1992)
were included. A total of 1338 non-MASLD participants were also included in the comparison. At baseline, hematological biomarkers
of inflammation such as leukocytes, neutrophils, lymphocytes, monocytes, and C-reactive protein (CRP) were measured. Participants
were followed up for MACE and all-cause mortality for a period of 10 years. Multivariate adjusted Cox models were used to estimate
hazard ratios (HR).

Results: The 10-year MACE was higher in MASLD participants than in non-MASLD participants (20.8% vs 9.3%). Monocytes (HR
1.114, [95% CI, 1.022—1.216] per 1-SD, P=0.015) and CRP (HR 1.109 [95% CI, 1.032-1.190] per 1-SD, P=0.005) were associated
with an increased 10-year risk of MACE, independent of other cardiovascular risk factors. This association was specific to the
MASLD population. None of these hematological biomarkers demonstrated a significant association with 10-year all-cause mortality.
Conclusion: Increased levels of monocytes and CRP were associated with an increased 10-year risk of MACE in the MASLD
population. Hematological biomarkers of inflammation may help identify MASLD populations at higher risk for cardiovascular
events.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is currently the most prevalent chronic liver disease worldwide, with
a global prevalence of approximately 25% of the adult population.' NAFLD is a multisystem disease where insulin
resistance and related metabolic dysfunction play a pathogenic role in the development of NAFLD and its liver-
related complications and extrahepatic complications, such as cardiovascular disease, type 2 diabetes mellitus, and
chronic kidney disease.”® Consequently, three large pan-national liver associations proposed that metabolic
dysfunction-associated steatotic liver disease (MASLD) should replace the term NAFLD.* MASLD is associated

with an increased prevalence and incidence of cardiovascular disease, which is the main cause of mortality in
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MASLD patients.>>® Besides insulin resistance, inflammation is also believed to play a significant role in driving
the progression of MASLD, and existing evidence indicates that MASLD may affect the cardiovascular system via
systemic inflammation.®* '* Systemic inflammation can be measured using various biochemical or hematological
markers commonly obtained from routine blood tests.'' Specifically, the roles of leukocytes, their subtypes, and
C-reactive protein (CRP) have been utilized to quantify systemic inflammation.'*'?

Currently, the relationship between systemic inflammation and future cardiovascular adverse events in patients
with MASLD remains unclear. Understanding this association can help us better understand the value of hemato-
logical parameters as risk markers and the potential of anti-inflammatory therapy in reducing future cardiovascular
events in the MASLD population. Several anti-inflammatory drugs for treating non-alcoholic steatohepatitis
(NASH) are currently undergoing clinical trials.”?"' Thus, our study aimed to assess the association of various
hematological biomarkers of inflammation with the 10-year risk of major adverse cardiovascular events (MACE)
and all-cause mortality in MASLD patients, by leveraging data from the Atherosclerosis Risk in Communities
(ARIC) study.

Methods

Study Population
The ARIC study is a community-based cohort that includes 15,792 individuals aged 45 to 64 recruited from four
communities (Washington County, Maryland; Forsyth County, North Carolina; Minneapolis, MN; and Jackson, MS) in
the United States during visit 1 (1987-1989)."* To investigate the association between hematological biomarkers of
inflammation and MASLD, we included participants who attended the ARIC visit 2 (1990-1992). We excluded participants
with missing data on gamma-glutamyl transferase (GGT), body mass index (BMI), triglycerides, and waist circumference.
Subsequently, we used a validated algorithm to define MASLD (see MASLD, below), then we categorized the remaining
participants into MASLD group and non-MASLD group. Among the MASLD group, we further excluded those who
reported heavy alcohol consumption (see MASLD, below). For the analysis of the outcomes, we excluded participants with
missing hematological data at visit 2 from both groups. After these exclusions, the non-MASLD group consisted of 1338
ARIC participants, and the MASLD group consisted of 1858 ARIC participants (Figure 1).

In this study, visit 2 of the ARIC was considered as the baseline. All participants underwent a maximum of 10 years
of follow-up from the baseline examination or until the occurrence of disease/death or loss to follow-up.

MASLD

MASLD was defined as the presence of hepatic steatosis (detected either by biopsy, imaging Methods, or blood
biomarkers/scores) and no other liver etiologies (including consuming heavy alcohol) coupled with at least one of
the following criteria: a fasting plasma glucose (FPG) >100 mg/dL or a history of hypoglycemic medication use,
overweight or obesity (waist girth>94cm for male and waist girth>80cm for female or BMI>25 kg/m?), blood
pressure (BP)>130/85 mmHg or specific drug treatment, high-density lipoprotein cholesterol (HDL-C) <40 mg/dL
for male and <50 mg/dL for female or lipid lowering treatment, plasma triglycerides > 150 mg/dL or lipid lowering
treatment.* Since visit 2 of the ARIC did not include liver imaging or histological results, the presence of hepatic
steatosis was diagnosed based on a fatty liver index (FLI) >60 (Table S1),>%!3
in the general population or in grade 3 obese persons.>'> For large epidemiologic studies, whenever imaging tools

which has been externally validated

are not available or feasible, FLI was described as an acceptable alternative for the diagnosis of steatosis by the
European Clinical Practice Guidelines.” Heavy alcohol consumption was defined as consuming more than one
drink per day for female and more than two drinks per day for male.® Non-MASLD group was diagnosed based on
a FLI<30. We used the Fibrosis-4 index (FIB-4) (Table S1) to assess the degree of liver fibrosis, with a threshold
of FIB-4>2.67 reflecting a high probability of advanced fibrosis.”*% ¢!’
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Non-MASLD(FLI<30) MASLD
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Figure | Flowchart of participants selection.
Abbreviations: ARIC, Atherosclerosis Risk in Communities; BMI, Body mass index; GGT, Gamma-glutamyl transferase; MASLD, Metabolic Dysfunction-associated
Steatotic Liver Disease.

Covariates

Sex, race, age, smoking, alcohol use, and medications use were self-reported. Height, weight, and waist girth were
measured by trained personnel. BMI was calculated by dividing weight in kilograms by height in meters squared (kg/m?).
A certified technician measured the participants’ BP three times, and the second and third measurements were averaged.
Diabetes was defined as self-reported, diagnosed by a physician, or the use of hypoglycemic medications. Laboratory
values were obtained from blood drawn at study visits.'® Alanine transaminase (ALT), aspartate transaminase (AST),
GGT, and CRP levels were measured in ARIC visit 2 (1990 to 1992) serum samples (stored at —80°C since collection)
using the Roche Modular P Chemistry analyzer and reagents from Roche Diagnostics. Leukocytes were retrieved from
whole anticoagulated blood, and total leukocyte count and differential leukocyte count (percentages) were determined by
automated particle Coulter Counters within 24 hours after venipuncture in local hospital hematology laboratories.
Absolute differential counts were computed from total leukocyte count and differential percentages. The modified
hexokinase/glucose-6-phosphate dehydrogenase method was used to measure the blood glucose concentrations.
Estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology
Collaboration equation."®

Outcome Definition

The primary outcome of this study was the composite of all-cause mortality and MACE, which is defined as
a combination of coronary heart disease (CHD), stroke, heart failure, or cardiovascular mortality.zo’22 Information
about these outcomes was ascertained through active surveillance of local hospital discharge records, state death records,
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linkage to the National Death Index, and annual phone interviews with participants or proxies. CHD was defined as
definite or probable hospitalized myocardial infarction or fatal coronary heart disease.”*?* Incident stroke was defined as
definite or probable ischemic or hemorrhagic stroke.’*** Incident heart failure was defined as hospitalization or death
based on the International Classification of Disease-9/10 code for heart failure (428, 150).?' Cardiovascular mortality was
defined as death with an International Classification of Disease-9/10 code of 390—459 or 100-199 as the underlying cause
of death.”* The secondary outcome included CHD, stroke, heart failure, and cardiovascular mortality.

Statistical Analysis

Categorical variables were presented as counts and percentages (%). Continuous variables with normal distribution were
described using means and standard deviations, whereas continuous variables with abnormal distribution were described
using medians and interquartile ranges (IQR). Pearson Chi-squared test was used for categorical variables. Mann—
Whitney U-test or Student’s f-test was used to compare continuous variables as appropriate. Initially, the studied
hematological biomarkers were considered as continuous variables, and we assessed the impact of a 1-SD increase in
each biomarker on the 10-year risk of MACE and all-cause mortality. We used multivariate adjusted Cox regression
models to estimate the hazard ratios (HR) of the outcome. Restricted cubic splines (RCS) were also used to flexibly
model and visualization of hematological biomarkers in relation to 10-year MACE and all-cause mortality. We
considered the following two models: model 1 was adjusted for age, sex, and race, and model 2 was further adjusted
for BMI, diabetes, current smoking, systolic BP, diastolic BP, eGFR, total glucose, total cholesterol, triglycerides, HDL-
C, and history of cardiovascular events. For sensitivity analysis, we restricted the analysis to MASLD participants not
using lipid-lowering medications, which included 1709 MASLD participants not taking such medications. We restricted
the analysis to MASLD participants with FIB-4<2.67 to assess the impact of the degree of fibrosis on the results alone
which included 1814 participants with an FIB-4<2.67. Finally, we restricted the analysis to participants with MASLD
free of a history of cardiovascular events. For a comparison, we further investigated the association between hemato-
logical biomarkers of inflammation and outcomes in the non-MASLD group. Statistical analyses were performed using
the SPSS version 26.0 and R version 4.1.0, and statistical significance was inferred as a P value of <0.05.

Results

During ARIC visit 2, a total of 1858 MASLD participants and 1338 non-MASLD participants were included in the study.
Compared to non-MASLD participants, those with MASLD had a higher proportion of males than females, and were
more likely to have diabetes, obesity, and higher levels of total cholesterol, triglycerides, total glucose, systolic BP,
diastolic BP, CRP, neutrophils, monocytes, lymphocytes, and leukocytes, while HDL-C was lower. The 10-year MACE
was higher in MASLD participants than in the non-MASLD participants (20.8% vs 9.3%) (Table 1).

RCS analysis suggested that the association of hematological biomarkers with 10-year MACE and all-cause mortality
typically followed a linear relationship (P for nonlinear>0.05) (Figures S1 and S2). After adjustment for demographic
and cardiovascular risk factors, neutrophils, monocytes, and CRP level were positively associated with 10-year MACE
(Table 2). Neutrophils, monocytes, CRP, and leukocytes were also significantly associated with 10-year all-cause
mortality (P<0.05) (Table 2). We conducted sensitivity analyses by restricting the analysis to participants with
MASLD who did not use lipid-lowering medications. Similar Results were observed in the sensitivity analysis
(Table 3). Restricting the analysis to MASLD participants with FIB-4<2.67 rendered similar results, except that there
was no longer an association between neutrophils and 10-year MACE, and monocytes were no longer associated with 10-
year all-cause mortality (Table 4). When restricting the analysis to MASLD participants without a history of cardiovas-
cular events, only monocytes and CRP remained associated with 10-year MACE, and no statistical association was found
between all these hematological biomarkers and 10-year all-cause mortality (P >0.05) (Table 5). Furthermore, the
associations were generally consistent across the subgroups (Figures S3 and S4). For comparison, we further investigated
the association of monocytes and CRP with 10-year MACE in the non-MASLD group. In the non-MASLD group, RCS
analysis suggested that the association of monocytes and CRP with 10-year MACE also followed a linear relationship
(P for nonlinear>0.05) (Figure S5). No statistically significant association was found between monocytes (HR 0.979
[95% CI, 0.825-1.161] per 1-SD, P=0.807) and CRP (HR 0.881 [95% CI, 0.725-1.071] per 1-SD, P=0.202) and 10-year
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Table | Baseline Characteristics of ARIC Study Participants at Visit 2

Characteristics MASLD group Non-MASLD group P value
(n=1858) (n=1338)

Age, Medians (IQR), years 57 (9) 56.5 (10) 0.034
Sex <0.001

Female (%) 822 (44.2) 1026 (76.7)

Male (%) 1036 (55.8) 312 (23.3)
Race 0.018

Black (%) 139 (7.5) 72 (54)

White (%) 1719 (92.5) 1266 (94.6)
Body mass index, kg/m2 31.1 (5.5) 23.3 (24) <0.001
Current smoking (%) 386 (20.8) 405 (30.3) <0.001
Diabetes (%) 445 (24.0) 40 (3.0 <0.001
Total Cholesterol, Medians (IQR), mg/dL 211 (51) 201 (44) <0.001
Triglycerides, Medians (IQR), mg/dL 159.5 (104) 92 (51) <0.001
HDL-C, Medians (IQR), mg/d 10 (6) 16 (12) <0.001
Total glucose, Medians (IQR), mg/dL 108 (22) 98 (1) <0.001
eGFR, Medians (IQR), mL/min/1.73m2 95.5 (16.2) 97.9 (14.5) <0.001
Systolic BP, Medians (IQR), mmHg 124 (21) 112 (21) <0.001
Diastolic BP, Medians (IQR), mmHg 73 (13) 68 (13) <0.001
History Cardiovascular Event (%) 327 (17.6) 119 (8.9) <0.001
Leukocytes, Medians (IQR), 10%/L 6.3 (2.1) 57 (2.2) <0.001
Neutrophils, Medians (IQR), 10°/L 3.8 (1.6) 3.5 (1.8) <0.001
Lymphocytes, Medians (IQR), 10°/L 1.9 (0.7) 1.7 (0.6) <0.001
Monocytes, Medians (IQR), 10%/L 0.4 (0.2) 0.3 (0.2) <0.001
C-Reactive Protein, Medians (IQR), mg/L 3.5 (4.8) 2.3 (2.8) <0.001
Major adverse cardiovascular events (%) 386 (20.8) 124 (9.3) <0.001
Coronary outcomes (%) 275 (14.8) 75 (5.6) <0.001
Stroke (%) 6l (3.3) 21 (1.6) 0.003
Heart failure (%) 132 (7.1) 39 (2.9) <0.001
Cardiovascular mortality (%) 59 (3.2) 27 (2.0) 0.046
All-cause mortality (%) 173 (9.3) 115 (8.6) 0.485

Abbreviations: ARIC, Atherosclerosis Risk in Communities; BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL-C, high-
density lipoprotein cholesterol; MASLD, Metabolic Dysfunction-associated Steatotic Liver Disease.

MACE in the non-MASLD group (Table S2). The association of monocytes (HR 1.114 [95% CI, 1.022—1.216] per 1-SD,
P=0.015) and CRP (HR 1.109 [95% CI, 1.032-1.190] per 1-SD, P=0.005) with 10-year MACE was specific to the
MASLD group (Table 2). In the analysis of secondary outcomes, compared with non-MASLD group, monocytes and
CRP levels were mainly associated with CHD and cardiovascular mortality in the MASLD group (Tables S3 and S4).

Discussion

In this cohort study involving 1858 MASLD participants, we found that increased levels of monocytes and CRP were
associated with increased 10-year MACE risk, independent of other cardiovascular risk factors. This association was
specific to the MASLD population. These findings were largely consistent across the subgroups. In the secondary
outcome analysis, monocytes and CRP levels primarily showed an association with CHD and cardiovascular mortality.
The results obtained from the sensitivity analyses argued a strong influence of the history of cardiovascular events on the
study results.

To the best of our knowledge, no longitudinal study has evaluated the hematological biomarkers of inflammation for
adverse cardiovascular outcomes in individuals with MASLD. To date, convincing epidemiological evidence indicates
that MASLD is an independent cardiovascular risk factor>**> And inflammation is an important driver in the
pathogenesis of MASLD.>'* Previous studies have attempted to explain the relationship between inflammation and
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Table 2 Hazard Ratios of 10-Year Major Adverse Cardiovascular Events and All-Cause Mortality from
MASLD Group

Model | P value Model 2 P value
HR (95% CI) HR (95% CI)
Major adverse cardiovascular events
Leukocytes 1.211 (1.104-1.328) <0.001 1.094 (0.985-1.215) 0.093
Neutrophils 1.236 (1.126—1.356) <0.001 1.125 (1.015-1.249) 0.025
Lymphocytes 1.023 (0.928-1.128) 0.649 0.934 (0.845-1.033) 0.186
Monocytes I.113 (1.026-1.207) 0.01 1.114 (1.022-1.216) 0.015
C-reactive protein I.112 (1.046—1.183) 0.001 1.109 (1.032-1.190) 0.005
All-cause mortality
Leukocytes 1.403 (1.236-1.593) <0.001 1.226 (1.062—1.415) 0.005
Neutrophils 1.432 (1.264-1.623) <0.001 1.267 (1.098-1.462) 0.001
Lymphocytes 1.077 (0.932—1.245) 0.313 0.974 (0.842—-1.126) 0.718
Monocytes 1.163 (1.045-1.294) 0.005 1.153 (1.017-1.308) 0.026
C-reactive protein 1.148 (1.069-1.232) <0.001 1.136 (1.048-1.231) 0.002

Notes: Model |: Adjusted for age, sex, race, Model 2: Adjusted for age, sex, race, BMI, diastolic blood pressure, systolic blood pressure,
eGFR, total glucose, total cholesterol, triglycerides, HDL-C, diabetes, current smoking, and history of cardiovascular events.
Abbreviations: ARIC, Atherosclerosis Risk in Communities; BMI, Body mass index; eGFR, estimated glomerular filtration rate; HDL-
C, high-density lipoprotein cholesterol; MASLD, Metabolic Dysfunction-associated Steatotic Liver Disease.

Table 3 Hazard Ratios of 10-Year Major Adverse Cardiovascular
Events and All-Cause Mortality from MASLD Group Not Using Lipid-
Lowering Medications

Model 2 P value
HR (95% CI)
Major adverse cardiovascular events
Leukocytes 1.105 (0.986-1.238) 0.087
Neutrophils 1.133 (1.012-1.267) 0.030
Lymphocytes 0.939 (0.845-1.044) 0.244
Monocytes 1.132 (1.040-1.233) 0.004
C-reactive protein 1.097 (1.016—1.185) 0.019
All-cause mortality
Leukocytes 1.270 (1.086—1.484) 0.003
Neutrophils 1.278 (1.097-1.490) 0.002
Lymphocytes 1.024 (0.882-1.188) 0.759
Monocytes 1.176 (1.040-1.330) 0.010
C-reactive protein 1.125 (1.034-1.225) 0.006

Notes: Model 2: Adjusted for age, sex, race, BMI, diastolic blood pressure, systolic blood
pressure, eGFR, total glucose, total cholesterol, triglycerides, HDL-C, diabetes, current
smoking, and history of cardiovascular events.

Abbreviations: ARIC, Atherosclerosis Risk in Communities; BMI, Body mass index;
eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol;
MASLD, Metabolic Dysfunction-associated Steatotic Liver Disease.

cardiovascular disease in individuals with MASLD."""'%2%27 First, the primary driver of MASLD is overnutrition, which
causes the expansion of adipose depots and accumulation of ectopic fat, leading to an immune response. In this context,
macrophage infiltration of the visceral adipose tissue compartment creates a proinflammatory state that promotes insulin
resistance and contributes to the generation of a systemic inflammatory environment through the secretion of inflamma-
tory cytokines and acute-phase proteins. This persistent, low-grade inflammatory environment fuels cardiovascular
disease through endothelial dysfunction, altered vascular tone, enhanced plaque formation, and coagulation.
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Table 4 Hazard Ratios of |0-Year Major Adverse Cardiovascular
Events and All-Cause Mortality from MASLD Group with FIB-4<2.67

Model 2 P value
HR (95% CI)
Major adverse cardiovascular events
Leukocytes 1.081 (0.970-1.204) 0.157
Neutrophils 1.110 (0.997-1.235) 0.056
Lymphocytes 0.933 (0.841-1.035) 0.187
Monocytes 1.115 (1.020-1.218) 0.017
C-reactive protein 1.094 (1.007-1.188) 0.034
All-cause mortality
Leukocytes 1.254 (1.083-1.453) 0.003
Neutrophils 1.296 (1.119-1.501) 0.001
Lymphocytes 0.995 (0.856—1.157) 0.949
Monocytes 1.134 (0.989-1.301) 0.072
C-reactive protein 1.115 (1.009-1.231) 0.032

Notes: Model 2: Adjusted for age, sex, race, BMI, diastolic blood pressure, systolic blood
pressure, eGFR, total glucose, total cholesterol, triglycerides, HDL-C, diabetes, current
smoking, and history of cardiovascular events.

Abbreviations: ARIC, Atherosclerosis Risk in Communities; BMI, Body mass index;
eGFR, estimated glomerular filtration rate; FIB-4, Fibrosis-4 index; HDL-C, high-density
lipoprotein cholesterol; MASLD, Metabolic Dysfunction-associated Steatotic Liver Disease.

Table 5 Hazard Ratios of 10-Year MACE and All-Cause Mortality from
MASLD Group Not Having History of MACE

Model 2 P value
HR (95% CI)
Major adverse cardiovascular events
Leukocytes 1.093 (0.956—1.250) 0.192
Neutrophils 1.117 (0.979-1.275) 0.100
Lymphocytes 0.939 (0.826-1.068) 0.338
Monocytes 1.124 (1.017-1.242) 0.021
C-reactive protein 1.107 (1.021-1.201) 0.014
All-cause mortality
Leukocytes 1.138 (0.918-1.410) 0.239
Neutrophils 1.132 (0.916-1.399) 0.251
Lymphocytes 0.993 (0.807-1.223) 0.949
Monocytes 1.125 (0.943-1.340) 0.190
C-reactive protein 1.090 (0.984—1.208) 0.099

Notes: Model 2: Adjusted for age, sex, race, BMI, diastolic blood pressure, systolic blood
pressure, eGFR, total glucose, total cholesterol, triglycerides, HDL-C, diabetes, current
smoking, and history of cardiovascular events.

Abbreviations: ARIC, Atherosclerosis Risk in Communities; BMI, Body mass index;
eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol;
MACE, major adverse cardiovascular events; MASLD, Metabolic Dysfunction-associated
Steatotic Liver Disease.

Additionally, in the presence of insulin resistance, an imbalance between the influx and efflux of fat leads to the
formation of lipotoxic lipids which contribute to cellular stress (mitochondrial dysfunction and endoplasmic reticulum
stress) and subsequent inflammation.

Previous studies have extensively discussed the role of monocytes in MASLD.'® In the early stages of inflammation,
metabolic injury to the liver activates different immune cells, including hepatic Kupffer cells, which are liver-resident
macrophages that can adopt an inflammatory phenotype and activate other immune cells by releasing inflammatory
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cytokines. As inflammation progresses, Kupffer cells are gradually replaced by monocyte-derived macrophages, which
can differentiate into proinflammatory macrophages and release cytokines. Our study validated previous findings that
increased levels of monocytes were associated with an increased 10-year risk of MACE, which may represent the disease
progression.

Our study extended the knowledge on CRP and its association with adverse cardiovascular outcomes. In the MASLD
population, levels of CRP are closely related to the risk of MACE in the next 10 years. CRP is a specific protein, and
previous studies have demonstrated its association with the severity of histological features of MASLD.*®?° However,
the specific mechanism of CRP elevation is unclear, and it is not certain whether CRP itself is part of the causal pathway
of inflammation and cardiovascular events in the MASLD population. A previous Mendelian randomization study
showed that CRP is merely a biomarker, not a mediator, of cardiovascular disease risk.3°

Our study showed that systemic inflammation (measured by monocytes and CRP) was associated with future
cardiovascular risk in patients with MASLD and was an independent predictor. Therefore, interventions targeting
inflammation may reduce the occurrence of future cardiovascular events in the MASLD population.

Currently, resmetirom, an oral thyroid hormone receptor-f agonist, had been tested in Phase III trials
(NCT03900429) and was the first medication approved for use in conjunction with diet and exercise for the treatment
of adults with NASH with moderate to advanced liver fibrosis in the USA.>!*?> And some other treatment strategies
mainly focus on medication for complications such as type 2 diabetes mellitus.>® Glucose lowering agents, such as
glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter 2 inhibitors, might have different degrees
of benefit.>>*? Based on the exploration of inflammatory cells and their activation pathways, some clinical trials of
drugs targeting inflammation in NASH are also undergoing.>* Monocytes are one direction of exploration, with CC-
chemokine ligand (CCL), CC chemokine receptor (CCR), and CD44 being potential therapeutic targets. As MASLD
progresses, CCL1, 2, 5, and CD44 can drive the recruitment of monocyte-derived macrophages from the circulation
and induce their polarization towards an inflammatory phenotype.'® Unfortunately, single-agent therapy with cenicri-
viroc as a CCR2/5 inhibitor, although showing promising results in preclinical and early clinical studies,”> > has been
terminated early due to a lack of efficacy based on the interim analysis of Part 1 data (NCT03028740).>® Additionally,
research on the neutralization of CD44 has shown some efficacy in animal models,*” and Phase II clinical trials of
combined therapy with CCR2/5 inhibitors and farnesoid X receptor (FXR) agonists are underway (NCT03517540)."°
Further research is needed to understand the mechanisms underlying monocytes and identify promising targets.
Furthermore, a possible reason for the failure of previous studies is that improvement in fibrosis was included as
the primary outcome. Therefore, we recommend that cardiovascular events could also be included as pre-specified
endpoints in future trials.

Limitations

Our study had several Limitations. First, this was a prospective observational study, and residual confounders caused by
unknown factors cannot be excluded. Second, some covariates were based on self-reports and the participants must live
until visit 2 to be included in this study. Relatedly, hematological biomarkers of inflammation and risk factors for
cardiovascular events were recorded at visit 2, without considering changes over time. Third, we excluded participants
with high alcohol consumption, but we lacked information on secondary etiologies that may lead to MASLD, such as
hepatitis C or hemochromatosis. However, previous studies have suggested a low prevalence of these diseases in our
cohort.*® Finally, since visit 2 of the ARIC did not include liver imaging or liver biopsy, we only use FLI to assess
hepatic steatosis. Nonetheless, the current international guidelines recognize the utility of such non-invasive methods in
large epidemiologic studies.’

Conclusion

In this study, we found that increased levels of monocytes and CRP were associated with an increased 10-year risk of
MACE in the MASLD population. Hematological biomarkers of inflammation may help identify MASLD populations at
higher risk for cardiovascular events. Interventions targeting inflammation may have the potential to reduce the burden of
cardiovascular disease in the MASLD population.

4254 https: Journal of Inflammation Research 2024:17

Dove!


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

Dove Wang et al

Data Sharing Statement
The data is not publicly available. Interested researchers may contact the NHLBI to apply for data and study materials.

Ethical Statement

The ARIC study has been approved by the Institutional Review Boards (IRB) at all participating institutions: University
of North Carolina at Chapel Hill IRB, Wake Forest University IRB, Johns Hopkins University IRB, University of
Minnesota IRB and University of Mississippi Medical Center IRB. Written informed consent was obtained from all study
participants. All methods were carried out in accordance with the relevant guidelines and regulations for human subject
research, in accordance with the Declaration of Helsinki (1989). We have obtained written permission to use the ARIC
data from the National Heart, Lung and Blood Institute (NHLBI). We have obtained approval from the Ethics Committee
of Guangdong Provincial People’s Hospital (reference number: KY-Q-2022-347-01).

Acknowledgments
This manuscript was prepared using ARIC Research Materials obtained from the National Heart, Lung and Blood
Institute (NHLBI) Biologic Specimen and Data Repository Information Coordinating Center and does not necessarily
reflect the opinions or views of the ARIC or the NHLBI.

The authors thank the staff and participants of the ARIC study for their important contributions.

Funding
This study was supported by the Natural Science Foundation of Guangdong Province (Grant No. 2023A1515010177).

Disclosure
The authors report no potential conflicts of interest in this work.

References

1. Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver disease. Lancet. 2021;397(10290):2212-2224.

2. Mantovani A, Csermely A, Petracca G, et al. Non-alcoholic fatty liver disease and risk of fatal and non-fatal cardiovascular events: an updated
systematic review and meta-analysis. Lancet Gastroenterol Hepatol. 2021;6(11):903-913.

3. Targher G, Byrne CD, Tilg H. MASLD: a systemic metabolic disorder with cardiovascular and malignant complications. Gut. 2024;73(4):691-702.

4. Rinella ME, Lazarus JV, Ratziu V, et al. A multisociety Delphi consensus statement on new fatty liver disease nomenclature. J Hepatol. 2023;79
(6):1542-1556.

5. European Association for the Study of The Liver, European Association for the Study of Diabetes (EASD). EASL-EASD-EASO Clinical Practice
Guidelines for the Management of Non-Alcoholic Fatty Liver Disease. Obes Facts. 2016;9(2):65-90.

6. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and management of nonalcoholic fatty liver disease: practice guidance from the American
Association for the Study of Liver Diseases. Hepatology. 2018;67(1):328-357.

7. Brouwers M, Simons N, Stehouwer CDA, Isaacs A. Non-alcoholic fatty liver disease and cardiovascular disease: assessing the evidence for
causality. Diabetologia. 2020;63(2):253-260.

8. Francque SM, van der Graaff D, Kwanten WJ. Non-alcoholic fatty liver disease and cardiovascular risk: pathophysiological mechanisms and
implications. J Hepatol. 2016;65(2):425-443.

9. Lefere S, Tacke F. Macrophages in obesity and non-alcoholic fatty liver disease: crosstalk with metabolism. JHEP Rep. 2019;1(1):30-43.

10. Wiering L, Tacke F. Treating inflammation to combat non-alcoholic fatty liver disease. J Endocrinol. 2023;256(1):546.

11. Nest TH, Alcala K, Urbarova I, et al. Systemic inflammation markers and cancer incidence in the UK Biobank. Eur J Epidemiol. 2021;36
(8):841-848.

12. Trtica Majnarié¢ L, Gulja§ S, Bosni¢ Z, Seri¢ V, Wittlinger T. Neutrophil-to-Lymphocyte Ratio as a Cardiovascular Risk Marker May Be Less
Efficient in Women Than in Men. Biomolecules. 2021;11(4).

13. Lionte C, Bologa C, Sorodoc V, et al. Biomarkers of Inflammation and Inflammation-Related Indexes upon Emergency Department Admission Are
Predictive for the Risk of Intensive Care Unit Hospitalization and Mortality in Acute Poisoning: a 6-Year Prospective Observational Study. Dis
Markers. 2021;2021:4696156.

14. Wright JD, Folsom AR, Coresh J, et al. The ARIC (Atherosclerosis Risk In Communities) Study: JACC Focus Seminar 3/8. J Am Coll Cardiol.
2021;77(23):2939-2959.

15. Wong VW, Chan WK, Chitturi S, et al. Asia-Pacific Working Party on Non-alcoholic Fatty Liver Disease guidelines 2017-Part 1: definition, risk
factors and assessment. J Gastroenterol Hepatol. 2018;33(1):70-85.

16. Xiao G, Zhu S, Xiao X, Yan L, Yang J, Wu G. Comparison of laboratory tests, ultrasound, or magnetic resonance elastography to detect fibrosis in
patients with nonalcoholic fatty liver disease: a meta-analysis. Hepatology. 2017;66(5):1486—-1501.

17. Shah AG, Lydecker A, Murray K, Tetri BN, Contos MJ, Sanyal AJ. Comparison of noninvasive markers of fibrosis in patients with nonalcoholic
fatty liver disease. Clin Gastroenterol Hepatol. 2009;7(10):1104—1112.

Journal of Inflammation Research 2024:17 hetps: 4255

Dove:


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

Wang et al Dove

18.

19.
20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.
33.

34.
35.

36.

37.

38.

39.
40.

Szklo M, Chambless LE, Folsom AR, et al. Trends in plasma cholesterol levels in the atherosclerosis risk in communities (ARIC) study. Prev Med.
2000;30(3):252-259.

Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular filtration rate. Ann Intern Med. 2009;150(9):604-612.
Rosamond WD, Folsom AR, Chambless LE, et al. Stroke incidence and survival among middle-aged adults: 9-year follow-up of the
Atherosclerosis Risk in Communities (ARIC) cohort. Stroke. 1999;30(4):736-743.

Loehr LR, Rosamond WD, Chang PP, Folsom AR, Chambless LE. Heart failure incidence and survival (from the Atherosclerosis Risk in
Communities study). Am J Cardiol. 2008;101(7):1016-1022.

White AD, Folsom AR, Chambless LE, et al. Community surveillance of coronary heart disease in the Atherosclerosis Risk in Communities
(ARIC) Study: methods and initial two years’ experience. J Clin Epidemiol. 1996;49(2):223-233.

Astor BC, Coresh J, Heiss G, Pettitt D, Sarnak MJ. Kidney function and anemia as risk factors for coronary heart disease and mortality: the
Atherosclerosis Risk in Communities (ARIC) Study. A4m Heart J. 2006;151(2):492-500.

Suri MF, Yamagishi K, Aleksic N, Hannan PJ, Folsom AR. Novel hemostatic factor levels and risk of ischemic stroke: the Atherosclerosis Risk in
Communities (ARIC) Study. Cerebrovasc Dis. 2010;29(5):497-502.

Koufakis T, Popovic DS, Papadopoulos C, Giouleme O, Doumas M. Effectively addressing cardiovascular risk in people with
metabolic-dysfunction associated fatty liver disease: not yet ready for prime time! Expert Opin Pharmacother. 2024;25(2):123-126.

Targher G, Day CP, Bonora E. Risk of cardiovascular disease in patients with nonalcoholic fatty liver disease. N Engl J Med. 2010;363
(14):1341-1350.

Targher G, Byme CD, Tilg H. NAFLD and increased risk of cardiovascular disease: clinical associations, pathophysiological mechanisms and
pharmacological implications. Gut. 2020;69(9):1691-1705.

Targher G. Relationship between high-sensitivity C-reactive protein levels and liver histology in subjects with non-alcoholic fatty liver disease.
J Hepatol. 2006;45(6):879-881.

Yoneda M, Mawatari H, Fujita K, et al. High-sensitivity C-reactive protein is an independent clinical feature of nonalcoholic steatohepatitis
(NASH) and also of the severity of fibrosis in NASH. J Gastroenterol. 2007;42(7):573-582.

Zacho J, Tybjaerg-Hansen A, Jensen JS, Grande P, Sillesen H, Nordestgaard BG. Genetically elevated C-reactive protein and ischemic vascular
disease. N Engl J Med. 2008;359(18):1897-1908.

Harrison SA, Bedossa P, Guy CD, et al. A Phase 3, Randomized, Controlled Trial of Resmetirom in NASH with Liver Fibrosis. N Engl J Med.
2024;390(6):497-509.

Keam SJ. Resmetirom: first Approval. Drugs. 2024.

Tsamos G, Vasdeki D, Koufakis T, Michou V, Makedou K, Tzimagiorgis G. Therapeutic Potentials of Reducing Liver Fat in Non-Alcoholic Fatty
Liver Disease: close Association with Type 2 Diabetes. Metabolites. 2023;13(4).

Tacke F, Weiskirchen R. An update on the recent advances in antifibrotic therapy. Expert Rev Gastroenterol Hepatol. 2018;12(11):1143-1152.
Krenkel O, Puengel T, Govaere O, et al. Therapeutic inhibition of inflammatory monocyte recruitment reduces steatohepatitis and liver fibrosis.
Hepatology. 2018;67(4):1270-1283.

Friedman SL, Ratziu V, Harrison SA, et al. A randomized, placebo-controlled trial of cenicriviroc for treatment of nonalcoholic steatohepatitis with
fibrosis. Hepatology. 2018;67(5):1754-1767.

Ratziu V, Sanyal A, Harrison SA, et al. Cenicriviroc Treatment for Adults With Nonalcoholic Steatohepatitis and Fibrosis: final Analysis of the
Phase 2b CENTAUR Study. Hepatology. 2020;72(3):892-905.

Anstee QM, Neuschwander-Tetri BA, Wai-Sun Wong V, et al. Cenicriviroc Lacked Efficacy to Treat Liver Fibrosis in Nonalcoholic Steatohepatitis:
aurora Phase III Randomized Study. Clin Gastroenterol Hepatol. 2023.

Patouraux S, Rousseau D, Bonnafous S, et al. CD44 is a key player in non-alcoholic steatohepatitis. J Hepatol. 2017;67(2):328-338.

Schneider AL, Lazo M, Ndumele CE, et al. Liver enzymes, race, gender and diabetes risk: the Atherosclerosis Risk in Communities (ARIC) Study.
Diabet Med. 2013;30(8):926-933.

Journal of Inflammation Research Dove

Publish your work in this journal

The Journal of Inflammation Research is an international, peer-reviewed open-access journal that welcomes laboratory and clinical findings on
the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis
formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology
and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

4256 n ) in u Dove Journal of Inflammation Research 2024:17


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Study Population
	MASLD
	Covariates
	Outcome Definition
	Statistical Analysis

	Results
	Discussion
	Limitations
	Conclusion
	Data Sharing Statement
	Ethical Statement
	Acknowledgments
	Funding
	Disclosure

