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HIGHLIGHTS

* Positive correlation between arthritis and hepatic steatosis, particularly in women.
* No significant relationship between arthritis and the risk of liver fibrosis.
* First study to examine the association between arthritis and both liver steatosis and fibrosis.

ARTICLE INFO ABSTRACT

Keywords: Background: Lipid metabolism factors may play a role in the development of arthritis and hepatic steatosis and

Hepatic steatosis fibrosis. The aim of this study was to explore the potential association between arthritis and hepatic steatosis and

Liver fibrosis liver fibrosis.

Arthritis . Materials and methods: The nationally representative sample from the National Health and Nutrition Examination

Controlled attenuation parameter ) o . ) . )

NHANES Survey was analyzed, with data on arthritis diagnosis, subtype, and liver status obtained. Liver status was assessed
using transient elastography. Hepatic steatosis was defined as a Controlled Attenuation Parameter (CAP) score
>263 dB/m, and liver fibrosis status was defined as FO-F4. Logistic regression models and subgroup analyses
stratified by sex were used to evaluate the associations. Smooth curve fitting was used to describe the associations.
Results: The present study of 6,840 adults aged 20 years or older found a significant positive correlation between
arthritis and CAP in multivariate logistic regression analysis (f = 0.003, 95 % CI 0.001 to 0.0041, p < 0.001). Par-
ticipants with arthritis had a higher risk of hepatic steatosis (OR = 1.248, 95 % CI 1.036 to 1.504, p = 0.020),
particularly those with osteoarthritis or degenerative arthritis, but not rheumatoid arthritis (p = 0.847). The posi-
tive correlation was maintained in females (f = 0.004, 95 % CI 0.002 to 0.006, p < 0.001), but not in males.
There was no significant relationship between arthritis and liver fibrosis (p = 0.508).

Conclusion: This study indicates that there is a positive correlation between arthritis and hepatic steatosis, particu-
larly in females. Nonetheless, there is no significant relationship between arthritis and the risk of liver fibrosis.

Introduction metabolic disorders.” Previous research has indicated a relationship

Arthritis is an increasingly common disease with global implica-
tions for many health outcomes.' According to Global Burden of Dis-
ease data, the age-standardized incidence rate of arthritis has a global
annual growth rate of 0.32 % or an increase of approximately 9 % over
a 28-year period.2 Recent studies have shown that metabolism plays a
crucial role in arthritis, particularly in Osteoarthritis (OA), where
metabolism undergoes significant changes®® Wan-Su Choi et al.’s
research in Nature indicated that OA is a disease associated with

*Corresponding author.
E-mail address: fey9001@126.com (E. Feng).

! These authors contributed equally to this work and share the first authorship.

https://doi.org/10.1016/j.clinsp.2024.100378
Received 3 August 2023; Accepted 1 April 2024

between arthritis patients and abnormal lipid metabolism factors such
as cholesterol and low-density lipoprotein. Lipid abnormalities causing
ectopic lipid deposition in chondrocytes may trigger the onset of osteo-
arthritis, while dysregulated cellular lipid metabolism in joint tissues
may exacerbate osteoarthritis.® "

On the other hand, the liver plays a critical role in lipid metabolism,
and abnormal lipid metabolism can lead to the development of liver
steatosis, fibrosis, and even cirrhosis. This may be due to multiple func-
tional impairments, such as very low-density lipoprotein secretion and
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pathways involved in fatty acid synthesis.'*'® Metabolic dysfunction-
associated fatty liver disease is highly prevalent, affecting approximately
25 % of the global population.'® Recently, non-invasive detection meth-
ods such as transient elastography (FibroScan®, TE) have been shown to
be useful for screening for metabolic-related fatty liver disease. Con-
trolled Attenuation Parameters (CAP) and Liver Stiffness Median (LSM)
have demonstrated good accuracy in quantifying patients’ liver fat and
fibrosis levels.'”-'®

Currently, fatty liver and arthritis are two common chronic diseases
with high incidence rates and global burdens. However, the association
between fatty liver and arthritis has not been fully explored, and the
metabolic-related pathogenesis of arthritis is still a controversial issue.
Therefore, the aim of this study is to use a population-based sample
from the National Health and Nutrition Examination Survey (NHANES)
to investigate the association between CAP, LSM, as screening indicators
of metabolic-related fatty liver disease, and arthritis in adults aged 20
and above, and further analyze the relationship between OA, Rheuma-
toid Arthritis (RA), and liver steatosis and fibrosis. To our knowledge,
there is limited research that has investigated the relationship between
hepatic steatosis, liver fibrosis, and arthritis using representative
national cohorts.

Materials and methods
Study population

The data for this study were obtained from the National Health and
Nutrition Examination Survey (NHANES 2017-2020), including all the
latest liver ultrasound Transient Elastography (TE) examination data.
NHANES is a nationally representative cross-sectional study that uses a
complex clustered, multistage, probability-based design for data collec-
tion and analysis, rather than a simple random sampling of the US popu-
lation. Detailed information and characterization of the NHANES survey
plan and design have been previously described.'®?° A total of 15,560
individuals completed the survey from 2017 - March 2020. In this
study, individuals with ages < 20 years (n = 6328), missing question-
naire information on osteoarthritis (n = 26), and those who did not
complete the TE examination (n = 1829) were sequentially excluded.
Additionally, one participant was excluded from the analysis due to the
inability to obtain Controlled Attenuation Parameter (CAP) or Liver
Stiffness Median (LSM) data. Finally, subjects with missing covariate
data were excluded from the analysis (n = 536). A total of 6840 partici-
pants were included in the final study. NHANES is reviewed by the
Ethics Review Committee of the National Center for Health Statistics,
and all participants consented to the use of their anonymous information
for research purposes.

Arthritis

Medical condition questionnaires were administered through inter-
views as part of the NHANES to collect data on arthritis diagnoses. Par-
ticipants aged 20 years and older were asked whether they had ever
been told by a doctor or other health professional that they had arthritis.
If so, they were asked to specify their arthritis type as osteoarthritis or
degenerative arthritis, rheumatoid arthritis, psoriatic arthritis, other, or
unknown/refusal. Based on their responses, participants were catego-
rized into arthritis and non-arthritis groups. A previous study found that
self-reported “definite” osteoarthritis had up to 81 % agreement with
clinical confirmation suggesting that osteoarthritis is generally reported
with a high level of accuracy.?’

Hepatic steatosis and liver fibrosis
Hepatic steatosis and liver fibrosis were measured using the Fibro-

Scan model 502 V2 Touch, which utilizes ultrasound and vibration-con-
trolled transient elastography to derive liver stiffness and measure the
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ultrasound attenuation related to the presence of hepatic steatosis. The
accuracy of transient elastography to assess liver steatosis and liver
fibrosis has been evaluated in previous studies.'”" 22

The CAP and LSM were first used to evaluate hepatic steatosis and
liver fibrosis in NHANES 2017 — March 2020 participants. Only subjects
who completed all tests (fasting time > 3 h, complete stiffness tests > 10
measures, and Interquartile Range [IQR] of liver stiffness/LSM < 30 %)
were included in the current study. Combining the findings of Siddi-
qui,>® Eddowes,?* et al., hepatic steatosis was defined as CAP scores >
263 dB/m without viral hepatitis (hepatitis B virus or hepatitis C virus
infections). Non-Alcoholic Fatty Liver Disease (NAFLD) was diagnosed
as the presence of hepatic steatosis without significant alcohol consump-
tion (> 3 drinks/day in men and > 2 drinks/day in women).

According to the METAVIR grading system, liver fibrosis status was
defined as Absent or mild fibrosis (FO-F1), Significant fibrosis (F2),
Severe fibrosis (F3), Cirrhosis (F4), with the cutoff values of LSM being
7.0, 9.5, and 12.5 (KPa), respectively. F2, F3, and F4 were considered to
have clinically significant liver fibrosis.*

Covariates

The study collected demographic data using interviews and question-
naires, including age, sex, Body Mass Index (BMI), race, education level,
the ratio of family income to poverty, daily alcohol drinking status,
physical activity level, and history of diabetes, hepatitis B and C. Age
was classified into three categories: 20-39 years, 40-59 years, and over
60 years. BMI was classified as under/normal weight (< 25.0 kg/m?),
overweight (25.0-30.0 kg/m?), and obese (> 30.0 kg/m?). Race was
quantified as non-Hispanic White, non-Hispanic Black, Mexican Ameri-
can, other Hispanic, and other races, including multiracial. The income-
to-poverty ratio was classified into three categories: <1.3, 1.3-1.8, and
> 1.8. Education level was classified into three categories: more than
high school, high school or equivalent, and less than high school. Daily
alcohol drinking status was categorized as none, moderate (1 drink/day
for women or 1-2 drinks/day for men), heavy (2-3 drinks/day for
women or 3-4 drinks/day for men), and binge (> 4 drinks/day for
women or > 5 drinks/day for men), based on the definitions by the
National Institute on Alcohol Abuse and Alcoholism. Physical activity
level was classified as active (> recommended levels of vigorous-inten-
sity activity of at least 75 minutes per week or > recommended levels of
moderate-intensity activity of at least 150 minutes per week), inactive
(below recommended levels), and no activity.>® The smoking level was
categorized based on serum cotinine levels as low (< 0.015 ng/mL),
moderate (0.015-3 ng/mL), and high (> 3 ng/mL).?”

Laboratory data

The study collected biological samples for laboratory analysis to
compare the nutritional status, liver function, lipid metabolism, and
other detailed information between the arthritis group and the non-
arthritis group. The biological specimens were gathered and processed
at the mobile examination center before being transferred to the labora-
tory for subsequent analysis and storage. The following biomarkers were
collected: alanine aminotransferase; alkaline phosphatase; aspartate
aminotransferase; total bilirubin; total calcium; total cholesterol; uric
acid; creatine phosphokinase; high-density lipoprotein; triglycerides;
low-density lipoproteins and high-sensitivity C-reactive protein.

Statistical analysis

The authors conducted a statistical analysis using STATA 16.0,
graphical software R (version 4.1.3), and Empower Stats (version 2.0) in
this study. To ensure national representativeness and reduce significant
fluctuations in the dataset, the authors employed weighted methods rec-
ommended by NHANES analysis guidelines for complex survey design.
The baseline characteristics of the study population were described and
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compared between arthritis and non-arthritis groups. Continuous varia-
bles were presented as weighted means + SD and compared using
weighted logistic regression. Categorical variables were presented as
weighted percentages (95 % CI) and compared using chi-square tests.
The association between liver elastography parameters (CAP, LSM) and
arthritis, as well as the relationship between OA, RA hepatic steatosis
and liver fibrosis based on population analysis, were calculated using
multivariable logistic regression. Three models were constructed for
multivariate analysis: Model 1 (unadjusted), Model 2 (adjusted for sex,
age, and race), and Model 3 (adjusted for age, sex, race, poverty-income
ratio, education level, daily alcohol drinking status, physical activity
level, diabetes history, and hepatitis B history). To comply with the
Strengthening the Reporting of Observational Studies in Epidemiology
guidelines,?® the authors performed a subgroup analysis stratified by
gender to better utilize the data. Finally, the authors conducted smooth
curve fitting for statistically significant results by adjusting for variables.
Statistical significance was considered when p < 0.05.

Results
Study sample

In this study, a total of 6840 adult participants were included based
on the inclusion and exclusion criteria. The mean age of the participants
was 48.01 + 17.21 years, with 50.55 % being female and 49.45 % being
male. Clinical characteristics of the participants were presented in
Table 1, stratified by arthritis diagnosis. Compared to the non-arthritis
group, the arthritis group was more likely to be female, older, and have
lower education levels and lower household income, with a higher pro-
portion of non-Hispanic white individuals. This study observed a higher
prevalence of hepatic steatosis, NAFLD, and liver fibrosis in the arthritis
group. There were statistically significant differences in LSM
(5.99 + 4.48 kPa vs. 5.61 + 4.44 kPa) and CAP (275.84 dB/
m + 58.24 vs. 260.10+63.27 dB/m) between the non-arthritis group
and the arthritis group (p < 0.05).

Additionally, laboratory indicators including alanine aminotransfer-
ase, alkaline phosphatase, total bilirubin, uric acid, direct high-density
lipoprotein cholesterol, total cholesterol, creatine phosphokinase, and
high-sensitivity C-reactive protein also showed statistically significant
differences. Compared to participants without arthritis, individuals with
arthritis exhibited lower levels of alanine aminotransferase, total biliru-
bin, and creatine phosphokinase. Conversely, higher levels were
observed in the arthritis group for alkaline phosphatase, uric acid, direct
high-density lipoprotein cholesterol, total cholesterol, waist circumfer-
ence, triglycerides, and high-sensitivity C-reactive protein, among other
indicators.

Association between arthritis and controlled attenuation parameter
(CAP) or hepatic steatosis

Table 2 summarizes the results of multivariate regression analyses. In
the unadjusted model (f = 0.004, 95 % CI 0.003 to 0.005, p < 0.001),
there was a strong correlation between arthritis and CAP. However, after
adjusting for gender, age, and race variables, this significant positive
correlation slightly decreased in Model 2 (# = 0.003, 95% CI 0.002 to
0.005, p < 0.001), but remained statistically significant. After adjusting
for all covariates, the positive correlation between arthritis and CAP in
Model 3 became f = 0.003, 95% CI 0.001 to 0.003, p < 0.001. Individu-
als with Osteoarthritis (OA) or Degenerative Arthritis (DA) had higher
CAP values (f = 0.003, 95% CI 0.001 to 0.005, p = 0.005) compared to
the non-arthritis group. After adjusting for covariates, there was no sig-
nificant correlation between CAP and Rheumatoid Arthritis (RA).

In the subgroup analysis stratified by gender, the present results
showed that the positive correlation between arthritis and CAP was
independently and significantly positively associated with women
(# = 0.004, 95% CI 0.002 to 0.006, p < 0.001), but not statistically
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significant in all adjusted models for men. The authors used a smoothing
curve to describe the approximately linear relationship between arthritis
and CAP. After stratifying by gender and adjusting for all covariates,
both men and women showed a linear curve (Fig. 1).

Table 3 displayed the results of multivariate regression analyses that
explored the association between arthritis and hepatic steatosis. In all
models, participants with arthritis had a higher risk of hepatic steatosis
than those without arthritis, and this association was statistically signifi-
cant. The risk of hepatic steatosis was similar for participants with OA or
DA compared to those with arthritis, but after adjusting for all covari-
ates, this association became non-significant in Model 3 (OR = 1.256,
95% CI10.977 to 1.614, p = 0.076). Participants with RA did not show a
significant association with hepatic steatosis in any adjusted model
(p = 0.847). In the gender-stratified subgroup analysis, women with OA
or degenerative arthritis had a higher risk of hepatic steatosis than those
without arthritis (OR = 1.866, 95% CI 1.409 to 2.470, p < 0.001). How-
ever, in the adjusted models for men, there was no significant associa-
tion between hepatic steatosis and OA, DA or RA. The risk of hepatic
steatosis was higher in women than in men.

Association between arthritis and liver stiffness median (LSM) or liver
fibrosis

In Table 4, the results of multiple regression analysis showed a posi-
tive correlation between arthritis and LSM, but this correlation was not
significant. However, in the gender-stratified subgroup analysis, the
relationship between arthritis and LSM was significantly positively cor-
related in women (# = 0.030, 95% CI 0.003 to 0.058, p = 0.033), but
not in men. In Table 5, patients with arthritis had a higher risk of liver
fibrosis compared to those without arthritis, but this difference was not
significant after adjusting for covariates. In the subgroup analysis, osteo-
arthritis or degenerative arthritis and rheumatoid arthritis were signifi-
cantly positively correlated only in women without adjustment. The
smoothing curve can be seen in Fig. 2.

Discussion

The present study analyzed nationally representative sample data of
adult Americans and found that higher levels of CAP and LSM were posi-
tively associated with arthritis in women, but not in men. Among the
subtypes of arthritis, osteoarthritis or degenerative arthritis was signifi-
cantly associated with CAP, but not with LSM, while rheumatoid arthri-
tis showed no significant association with either CAP or LSM.
Furthermore, individuals with arthritis had a statistically significant
increased risk of hepatic steatosis, but not liver fibrosis. It is worth not-
ing that to our knowledge, this is the first study to examine the associa-
tion between arthritis and both liver steatosis and fibrosis since the
proposed pathogenesis of lipid metabolism in arthritis. This finding has
significant clinical implications.

Based on epidemiological and basic research, the authors have recog-
nized the impact of metabolic factors on arthritis. In 2009, Puenpatom et
al..?° analyzed the NHANES III database and demonstrated an increased
prevalence of metabolic syndrome in patients with osteoarthritis. Recent
studies have shown that metabolic disturbances caused by adipose tis-
sue-derived inflammatory mediators (adipokines), dyslipidemia, hyper-
glycemia, insulin resistance, or dyslipidemia can lead to joint
metabolism disorder.>° Cholesterol levels in serum have been associated
with the occurrence of osteoarthritis. Inflammatory markers such as C-
reactive protein associated with high cholesterol levels may worsen the
symptoms and severity of arthritis.>'**> Hotamisligil et al..>>* described
this type of inflammation as metabolic inflammation, and they found
that obese mice released more Tumor Necrosis Factor (TNF) in adipose
tissue, resulting in poor insulin sensitivity and glucose homeostasis, thus
linking inflammation with metabolic disorders. In the present study, the
arthritis group had higher serum levels of metabolic markers such as
total cholesterol than the non-arthritis group, consistent with previous
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Table 1

Weighted demographic characteristics of study sample with and without arthritis.
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Arthritis (n = 2041) Non-arthritis (n = 4799) p-value
Age (years) 60.05 +13.71 43.54 +16.01 <0.001
Age groups (%) <0.001
20-39 years 9.26 (7.65,11.16) 46.37 (44.22, 48.53)
40-59 years 35.3(32.03, 38.71) 34.67 (32.62, 36.78)
> 60 years 55.44 (52.08, 58.76) 18.96 (17.39, 20.64)
Gender (%) <0.001
Male 41.32(38.07, 44.64) 52.47 (50.32, 54.61)
Female 58.68 (55.36, 61.93) 47.53 (45.39, 49.68)
BMI Group (%) 26.62 + 8.52 26.37 +£8.38 0.312
<25 42.82(39.59, 46.12) 43.1 (40.98, 45.24)
25-30 26.92(23.98, 30.07) 25.35(23.53, 27.27)
>30 30.18 (27.26, 33.27) 31.51 (29.53, 33.57)
Not recorded 0.08 (0.03, 0.24) 0.04 (0.01,0.11)
Race (%) <0.001
Mexican American 4.5(3.75,5.4) 10.22(9.34,11.17)
Other Hispanic 5.82(4.88, 6.92) 8.26 (7.46,9.15)
Non-Hispanic White 70.81 (68.31, 73.19) 60.43 (58.55, 62.29)
Non-Hispanic Black 10.35(9.26,11.56) 10.6 (9.84,11.4)
Other races - including multi-racial 8.52(7.07,10.23) 10.49(9.61,11.43)
Education (%) 0.016
More than high school 60.14 (56.88, 63.32) 63.72 (61.67, 65.73)
High school or equivalent 28.89 (25.86, 32.12) 25.63 (23.75, 27.6)
Less than high school 10.88 (9.45,12.49) 10.62 (9.68,11.63)
Not recorded 0.09 (0.03, 0.28) 0.03 (0.01,0.1)
Poverty-income ratio (%) 0.007
<1.3 16.96 (14.92, 19.21) 15.25(14.1,16.48)
1.3-1.8 9.17 (7.76, 10.8) 7.39(6.61, 8.24)
>1.8 62.24 (59.18, 65.2) 66.4 (64.55, 68.2)
Not recorded 11.64(9.83,13.73) 10.97 (9.79, 12.26)
Smoking (%) (serum cotinine levels, ng/mL) 0.159
<0.015 39.89 (36.68, 43.19) 37.99 (35.87, 40.16)
0.015-3 35.34 (32.27, 38.52) 37.81 (35.79, 39.88)
>3 24.78 (21.97, 27.81) 24.20 (22.4, 26.08)
Daily alcohol drinking status (%) <0.001
Non-drinkers 5.11 (4.09, 6.37) 7.01 (6.07, 8.07)
Moderate-drinkers 33.99 (30.83, 37.3) 33.75(31.68, 35.88)
Heavy-drinkers 21.21 (18.44, 24.26) 24.87 (23.04, 26.79)
Binge-drinkers 18.96 (16.52, 21.65) 21.34(19.61, 23.18)
Not recorded 20.74 (18.44, 23.24) 13.04 (11.81,14.37)
Physical activity level (%) <0.001
Inactive 47.27 (44, 50.57) 46.71 (44.56, 48.86)
Less active 2.24 (1.41, 3.55) 1.84(1.33,2.53)
Active 22.27 (19.53, 25.28) 26.84 (24.94, 28.83)
Not recorded 28.21 (25.23, 31.39) 24.62 (22.83, 26.49)
History of diabetes (%) <0.001
Yes 18.59 (16.32, 21.09) 7.88 (6.86,9.03)
Having HBV infection (%) <0.001
Yes 1.77 (1.03, 3.02) 0.71 (0.49, 1.03)
Having HCV infection (%) 0.0619
Yes 2.27 (1.56, 3.3) 1.46 (1,2.12)
Hepatic steatosis (%) <0.001
Yes 58.27 (54.97, 61.49) 46.67 (44.53, 48.83)
NAFLD (%) <0.001
Yes 22.66 (19.91, 25.67) 17.83(16.30, 19.48) <0.001
Liver fibrosis (%) <0.001
Yes 17.11 (14.87,19.61) 12.84 (11.46, 14.35)
Metavir FO-F4 (%) 0.001
Absent or mild fibrosis(FO-F1) 82.89 (80.52, 83.70) 87.16 (85.65, 88.54)
Significant fibrosis (F2) 10.11 (8.27,12.30) 7.69 (6.62, 8.91)
Severe fibrosis (F3) 3.39(2.53, 4.54) 2.34(1.80, 3.03)
Cirrhosis (F4) 3.61 (2.71, 4.80) 2.81 (2.14, 3.69)
Which type of arthritis (%)
Osteoarthritis or degenerative arthritis 49.35
Rheumatoid arthritis 15.74
Psoriatic arthritis 1.51
Other 11.31
Not recorded 22.09
Transient Elastography
LSM (kPa) 5.99 +4.48 5.61 +4.44 0.002
CAP (dB/m) 275.84 + 58.24 260.10 + 63.27 <0.001
Waist Circumference (cm) 104.79 +15.99 98.45 +16.36 <0.001
Laboratory parameters
ALT(U/L) 22.09 +16.58 23.31 +£17.82 0.011
ALP(IU/L) 78.10 + 25.02 73.65 +23.71 <0.001
(continued)
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Table 1 (Continued)
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Arthritis (n = 2041) Non-arthritis (n = 4799) p-value

AST(U/L) 21.66 +12.55 22.00 +12.93 0.329
Total bilirubin (umoL/L) 7.87 +4.32 8.19 +5.23 0.018
Total Calcium (mmoL/L) 2.33+0.10 2.32 +0.09 <0.001
Uric acid (umoL/L) 322.84 + 84.50 317.13 + 84.46 0.013
Creatine Phosphokinase (IU/L) 136.16 + 147.75 170.89 + 342.08 <0.001
HSCRP (mg/L) 4.57 +10.00 3.34+5.93 <0.001
Direct HDL-Cholesterol (mmoL/L) 1.42 +0.44 1.38 +0.40 <0.001
Total Cholesterol (mg/dL) 4.92 +1.07 4.83+1.03 0.002
Triglycerides(mmoL/L) 1.35+0.93 1.21 +0.87 <0.001
Low-Density Lipoproteins (mmoL/L) 2.89+0.91 2.84 +0.90 0.160

Values are weighted mean + SD or weighted% (95% Confidence Interval); p-values are weighted. Other races include American Indian or Alaska Native,
Native Hawaiian or other Pacific Islanders, and multiracial persons. BMI, Body Mass Index; NAFLD, Non-Alcoholic Fatty Liver Disease; LSM, Liver Stiff-
ness Median; CAP, Controlled Attenuation Parameter; HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; ALT, Alanine Aminotransferase; ALP, Alkaline
Phosphatase; AST, Aspartate Aminotransferase; HDL, High-Density Lipoprotein; HSCRP, High-Sensitivity C-Reactive Protein.

Table 2

Associations between arthritis and Controlled Attenuation Parameter (CAP).

Model 1, # (95% CD), p

Model 2,  (95% CD), p

Model 3,  (95% CD), p

Non-arthritis

Reference

Reference

0.003 (0.002, 0.005) <0.001
Reference

0.003 (0.001, 0.005) 0.001
0.002 (—0.001, 0.005) 0.061
“Model 2"

Reference

0.003 (0.001, 0.004) <0.001
Reference

0.003 (0.001, 0.005) 0.005
0.002 (—0.001, 0.004) 0.157
“Model 3"

Arthritis 0.004 (0.003, 0.005) <0.001
Non-arthritis Reference

OA or DA 0.004 (0.002, 0.005) <0.001
RA 0.004 (0.001, 0.006) <0.001
Stratified by gender

Male

Arthritis 0.003 (0.001, 0.005) 0.001
Female

Arthritis 0.006 (0.005, 0.008) <0.001

0.002 (-0.000, 0.004) 0.076

0.004 (0.002, 0.006) <0.001

0.002 (=0.000, 0.004) 0.092

0.004 (0.002, 0.006) <0.001

Model 1 no covariates were adjusted; Model 2 age, gender, and race were adjusted; Model 3 age, gender, race,
educational level, poverty-income ratio, daily alcohol drinking status, physical activity level, history of diabe-
tes, hepatitis B virus were adjusted; “Model 2” and “Model 3” did not adjust for gender. OA, Osteoarthritis
Arthritis; DA, Degenerative Arthritis; RA, Rheumatoid Arthritis.
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Fig. 1. The association between arthritis and CAP. (A) The solid red line represents the smooth curve fit between variables. Blue bands represent the 95 % Confidence
Interval from the fit. (B) Smoothed curve results stratified by gender. CAP, Controlled Attenuation Parameter.

studies. Liver fat accumulation is often caused by excessive accumula-
tion of adipose tissue in the liver and is a pathological change associated
with metabolic abnormalities. This may be one of the reasons why par-
ticipants with arthritis in this analysis had an increased risk of liver fat
accumulation. At the same time, lipids are one of the important sources
of nutrition for chondrocytes and may specifically affect cartilage forma-
tion and synovial inflammation through the action of oxidized Low-Den-
sity Lipoprotein (ox-LDL).>"!

From simple hepatic steatosis, it can progress to severe liver fibrosis
and cirrhosis through leukocyte infiltration and hepatocyte balloon-
ing.>® The mechanism underlying the link between inflammation and

the progression of liver fibrosis and cirrhosis is not yet clear. Liver fibro-
sis is generally defined as the net deposition of extracellular matrix
resulting from liver damage caused by various etiologies such as viral
hepatitis and nonalcoholic fatty liver disease.'” Liver fibrosis begins
with the recruitment of inflammatory immune cells that produce cyto-
kines and other activating molecules, which in turn drive the production
of ECM components by activated Hepatic Stellate Cells (HSCs) via chem-
ical mediators. However, a study of NAFLD patients showed that steato-
sis, ballooning, and lobular inflammation were independently
associated with significant fibrosis, and one-third of patients with signif-
icant fibrosis did not have Nonalcoholic Steatohepatitis (NASH), which
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Table 3

Associations between arthritis and hepatic steatosis.
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Model 1 OR (95% CI), p

Model 2, OR (95% CI), p

Model 3, OR (95% CI), p

Non-arthritis Reference

Arthritis 1.595 (1.360, 1.872) <0.001
Non-arthritis Reference

OA or DA 1.595 (1.279, 1.990) <0.001
RA 1.406 (1.030, 1.920) 0.032
Stratified by gender

Male

OA or DA 1.610(1.114, 2.329) 0.011
RA 1.353 (0.814, 2.249) 0.243
Female

OA or DA 1.866 (1.409, 2.470) <0.001
RA 1.486 (1.033, 2.139) 0.033

Reference
1.313 (1.094, 1.576) 0.003
Reference
1.304 (1.020, 1.670) 0.034
1.133 (0.804, 1.595) 0.476
“Model 2"

1.204 (0.812, 1.783) 0.355
1.112(0.642, 1.927) 0.705

1.369 (0.997, 1.878) 0.052
1.116 (0.753, 1.655) 0.584

Reference
1.248 (1.036, 1.504) 0.020
Reference
1.256 (0.977,1.614) 0.076
1.034 (0.735, 1.456) 0.847
“Model 3”

1.166 (0.774, 1.756) 0.463
1.042(0.616, 1.763) 0.877

1.261 (0.912, 1.742) 0.161
1.026 (0.672, 1.566) 0.906

Model 1 no covariates were adjusted; Model 2 age, gender, and race were adjusted; Model 3 age, gender,
race, educational level, poverty-income ratio, daily alcohol drinking status, physical activity level, history of
diabetes, hepatitis B virus were adjusted; “Model 2" and “Model 3" did not adjust for gender. OA, Osteoar-
thritis Arthritis; DA, Degenerative Arthritis; RA, Rheumatoid Arthritis.

Table 4

Associations between arthritis and Liver Stiffness Median (LSM).

Model 1, $ (95% CI), p

Model 2,  (95% CI), p

Model 3,  (95% CI), p

Non-arthritis Reference

Arthritis 0.017 (0.002, 0.032) 0.032
Non-arthritis Reference

OA or DA 0.013 (—0.005, 0.031) 0.158
RA 0.023 (0.006, 0.041) 0.007
Stratified by gender

Male

Arthritis 0.002 (—0.016, 0.018) 0.862
Female

Arthritis 0.064 (—0.011, 0.140) 0.093

Reference

0.013 (—0.002, 0.028) 0.093
Reference

0.011 (—0.008, 0.029) 0.261
0.018 (0.001, 0.035) 0.041
“Model 2"

—0.008 (-0.027, 0.012) 0.426

0.037 (0.004, 0.070) 0.026

Reference
0.007 (—0.008, 0.022) 0.349
Reference
0.006 (—0.013, 0.024) 0.565
0.012 (—0.006, 0.029) 0.183
“Model 3"

—0.012 (-0.031, 0.008) 0.240

0.030 (0.003, 0.058) 0.033

Model 1 no covariates were adjusted; Model 2 age, gender, and race were adjusted; Model 3 age, gender, race, edu-
cational level, poverty-income ratio, daily alcohol drinking status, physical activity level, history of diabetes, hepa-
titis B virus were adjusted; “Model 2” and “Model 3” did not adjust for gender. OA, Osteoarthritis Arthritis; DA,

Degenerative Arthritis; RA, Rheumatoid Arthritis.

Table 5
Associations between arthritis and liver fibrosis.

Model 1 OR (95% CI), p

Model 2, OR (95% CI), p

Model 3, OR (95%CI), p

Non-arthritis Reference

arthritis 1.401 (1.134, 1.730) 0.002
Non-arthritis Reference

OA or DA 1.271 (0.949, 1.702) 0.108
RA 1.461 (0.949, 2.248) 0.085
Stratified by gender

Male

OA or DA 1.221 (0.780,1.911) 0.382
RA 1.234 (0.630, 2.418) 0.540
Female

OA or DA 1.617 (1.086, 2.409) 0.018
RA 1.891 (1.168, 3.061) 0.010

Reference
1.189 (0.936, 1.510) 0.157
Reference
1.082 (0.781, 1.501) 0.635
1.208 (0.777, 1.876) 0.401
“Model 2"

0.995 (0.612, 1.618) 0.983
1.079 (0.549, 2.120) 0.826

1.147 (0.730, 1.803) 0.553
1.365 (0.822, 2.268) 0.230

Model 3,

1.086 (0.851, 1.385) 0.508
Reference

1.013 (0.720, 1.426) 0.941
1.057 (0.706, 1.583) 0.789
“Model 3”

0.954 (0.570, 1.597) 0.859
0.906 (0.509, 1.612) 0.736

1.057 (0.663, 1.686) 0.815
1.282(0.752, 2.183) 0.361

Model 1 no covariates were adjusted; Model 2 age, gender, and race were adjusted; Model 3 age, gender,
race, educational level, poverty-income ratio, daily alcohol drinking status, physical activity level, history
of diabetes, hepatitis B virus were adjusted; “Model 2” and “Model 3” did not adjust for gender. OA, Osteo-
arthritis Arthritis; DA, Degenerative Arthritis; RA, Rheumatoid Arthritis.

was unexpected.>® Ruijie®” et al. similarly found no association between
systemic immune-inflammation and liver fibrosis. In the present results,
the authors found a lack of significant association between arthritis and
liver fibrosis, supporting this phenomenon. This may be due to arthritis
being a chronic inflammation that primarily involves joint cartilage,
synovium, ligaments, muscles, and bone tissues surrounding the joint,
leading to insulin resistance and subsequent accumulation of fat in the

liver, but its “metabolic inflammation” is often a low-grade systemic
inflammation, which is not consistent with the necrotic inflammation of
liver fibrosis or even cirrhosis. This involves a series of mechanisms,
such as increased oxidative stress, and accumulation of advanced glyca-
tion end products or free fatty acids, and the specific mechanisms still
need further exploration.’®° On the other hand, this may be due to a
relatively small number of individuals with fibrosis in our sample.
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Fig. 2. The association between arthritis and LSM. (A) The solid red line represents the smooth curve fit between variables. Blue bands represent the 95 % Confidence
Interval from the fit. (B) Smoothed curve results stratified by gender. LSM, Liver Stiffness Median.

In the present study, the gender-specific differences in arthritis,
hepatic steatosis, and CAP are intriguing. Previous research has also
reported gender-specific differences between chronic liver disease and
various metabolic diseases such as obesity and diabetes. Visceral fat tis-
sue accumulation in men and postmenopausal women increases faster
with age and weight compared to young women. Furthermore, in post-
menopausal women, the distribution of body fat shifts towards visceral
fat, which may be due to their sex hormones.'***° Age and gender are
independent risk factors for osteoarthritis, with postmenopausal women
being more susceptible to osteoarthritis, which may be related to a
decrease in bone density.*’ Current research indicates that endogenous
estrogen has a protective effect on non-alcoholic fatty liver disease and
bone density,*""** which may explain why female arthritis participants
are at a relatively higher risk for hepatic steatosis compared to males.
However, Formyl Peptide Receptor 2 (FPR2) has a protective effect on
the liver, and a recent animal experiment found that FPR2 expression in
female mice is higher than in male mice, making females more resistant
to developing hepatic steatosis and liver fibrosis.** A study on non-alco-
holic fatty liver disease in Korean adults found that males with NAFLD
had more severe hepatic steatosis than females.** Differences between
studies may be attributed to differences in population demographics,
sample size, study design, and controlled confounding variables.

Non-invasive markers have become indispensable tools in epidemio-
logical research for assessing the prevalence of NAFLD. However, it has
been recognized that these markers often underestimate the actual dis-
ease burden. In light of this limitation, studies employing non-invasive
diagnostic techniques, such as Transient Elastography (TE), have
emerged as promising approaches to enhance the accuracy of NAFLD
diagnosis. The inclusion of TE in the present study serves to strengthen
the credibility and validity of these findings.*®> The present study has
several main limitations. Firstly, this was a cross-sectional analysis and
causality cannot be determined. In addition, although several relevant
confounding factors were adjusted for, the authors cannot exclude the
influence of other confounding factors. TE may be the most effective
noninvasive method for assessing liver stiffness, but there is no histologi-
cal confirmation. Despite these limitations, this study still has several
strengths. The authors used a nationally representative sample, the large
sample size included in the present study allowed us to conduct sub-
group analyses. In addition, as the first study to explore the significant
positive correlation between arthritis and hepatic steatosis and liver
fibrosis, the authors provided epidemiological evidence for the meta-
bolic correlation of arthritis. Future studies should explore the potential
mechanisms underlying these differences to better understand the path-
ophysiology. In summary, the present study suggests that arthritis
patients, particularly women, may have an increased risk of hepatic

steatosis. This finding emphasizes the importance of monitoring liver
health in arthritis patients, particularly those with risk factors for liver
disease. Further research is needed to confirm these findings and explore
the potential mechanisms between arthritis and liver disease.
highlighted.

Conclusions

There is a significant positive correlation between arthritis and
hepatic steatosis, particularly in females, which may increase the risk of
hepatic steatosis. However, no significant association was observed
between arthritis and liver fibrosis risk. To confirm the present findings,
more large-scale prospective investigations are needed.
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