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Background: Metabolic syndrome (MetS) is a group of factors associated with increased risks of cardiovascular 
disease and overall mortality. Nonalcoholic fatty liver disease (NAFLD) is a common disorder that has been shown 
to cause hepatic steatosis and fibrosis. The relationship between NAFLD and MetS appears to be bidirectional, 
but very few studies have examined the role of MetS in hepatic steatosis and fibrosis. The present study investi-
gated the relationships between MetS and its components and the severity of hepatic fibrosis and steatosis, and 
fibrosis independent of steatosis. 
Methods: The study was a cross-sectional population-based survey of 4,678 National Health and Nutrition Ex-
amination Survey participants from 2017 to 2018 in the United States. Hepatic fibrosis and steatosis were mea-
sured using liver elastography. The MetS components were assessed using demographic, examination, labora-
tory, and self-reported data. 
Results: Using survey-weighted population estimates, 26% of the population had steatosis, 7.5% had fibrosis, 
and 3.3% had fibrosis without steatosis. The adjusted odds ratio for any level of steatosis was 4.12 times higher 
(95% confidence interval [CI], 3.16–5.37) and any level of fibrosis was 3.34 times higher (95% CI, 2.26–4.94) among 
participants with MetS than those without. The adjusted odds ratio for fibrosis without steatosis is 2.67 times 
higher (95% CI, 1.47–4.87) among participants with MetS than those without. 
Conclusion: The presence of MetS significantly increases the risk of hepatic fibrosis and steatosis, providing evi-
dence for MetS to be considered an additional independent risk factor for hepatic fibrosis together with other 
known etiologies.
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INTRODUCTION

Chronic liver disease and cirrhosis cause significant morbidity 
and mortality worldwide. Recently, it was estimated that two million 
deaths are attributed to liver disease, while one million deaths are 
attributed to cirrhosis.1 In 2018, approximately 4.5 million adults in 
the United States (U.S.) were diagnosed with liver disease, and it 
contributed to 42,838 deaths.2 One of the most common liver dis-
orders in the U.S. is nonalcoholic fatty liver disease (NAFLD), a 
condition affecting about 25% of U.S. adults in which excess fat ac-
cumulates in the liver of people who do not drink alcohol.3 Given 
the high prevalence and negative health effects of liver disease, there 

is a critical need to understand the factors unrelated to alcohol in-
take associated with these conditions that could be targets of early 
intervention.

Metabolic syndrome (MetS) is one such potentially modifiable 
factor and consists of a group of metabolic and cardiovascular fac-
tors associated with increased risks of cardiovascular disease, type 2 
diabetes, and overall mortality. The components of MetS include 
obesity, insulin resistance, hypertension, and dyslipidemia.4 There 
appears to be a bidirectional relationship between NAFLD and 
MetS, with evidence that NAFLD contributes to the development 
of MetS.5 The presence of MetS is also associated with the develop-
ment of nonalcoholic steatohepatitis and hepatic fibrosis, condi-
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tions which are known to contribute to NAFLD.6,7 Although the 
association between hepatic fibrosis and NAFLD has been well es-
tablished, very few studies have investigated the direct role of MetS 
in liver fibrosis.8 As a result, additional research is needed to investi-
gate the association between MetS and hepatic fibrosis. The purpose 
of this study was to investigate the relationships between MetS and 
its components and the severity of hepatic fibrosis and steatosis, 
and fibrosis independent of steatosis. 

METHODS

Study population
The National Health and Nutrition Examination Survey (NHANES) 

is an ongoing cross-sectional survey conducted by the National 
Center for Health Statistics (NCHS). Each year, the NHANES 
collects health and nutrition-related information data from a nation-
ally representative sample of the civilian, non-institutionalized U.S. 
population through in-home personal interviews and standardized 
physical examinations in mobile examination centers. Since 1999, 
continuous NHANES data have been released as public-use data 
files every 2 years. Liver fibrosis was measured using ultrasound and 
vibration controlled transient elastography for the 2017–2018 cycle 
only; for these special studies, NHANES staff obtained informed 
consent from each participant, and the NCHS Research Ethics Re-
view Board reviewed and approved the protocols for conducting the 
surveys. A detailed description of the survey design and response 
rate is available on the NHANES website.9 

Study sample
For the current study, data were pooled from the NHANES 2017 

to 2018 cycle. Based on the availability of the data and the purpose 
of the study, we limited the study sample to participants at least  
18 years old with available non-zero sampling weights who com-
pleted a liver ultrasound transient elastography exam (FibroScan, 
Waltham, MA, USA). Because of possible confounding of liver fi-
brosis by hepatitis B or hepatitis C infection, participants who had 
active hepatitis B (positive hepatitis B surface antigen and negative 
hepatitis B surface antibody) or active hepatitis C (positive hepati-
tis C RNA) infections were excluded from the study.10

 

Hepatic fibrosis and steatosis
Our study’s primary outcomes were hepatic fibrosis (i.e., scarring 

in the liver) and hepatic steatosis (fat in the liver). To obtain objec-
tive measurements of these two factors, we extracted data from the 
liver ultrasound elastography exam (first included in the NHANES 
2017–2018 physical examinations) to assess liver stiffness and fibro-
sis in the liver. We also used the ultrasound control attenuation pa-
rameter, an indicator of the steatosis in the liver, that the device re-
corded simultaneously to measure fat content in the liver (NHANES 
2017–2018 Liver Ultrasound Transient Elastography).11 Given the 
close association of NAFLD with MetS, we classified hepatic fibro-
sis and steatosis using NAFLD criteria.12 We categorized fibrosis 
into four stages: no fibrosis (≤ 8.2 kPa), mild fibrosis (8.3–9.7 kPa), 
moderate fibrosis (9.8–13.6 kPa), and severe fibrosis ( > 13.6 kPa). 
Similarly, hepatic steatosis was classified into four stages: no steato-
sis ( ≤ 302 dB/m), mild steatosis (303–331 dB/m), moderate ste-
atosis (332–337 dB/m), and severe steatosis ( > 337 dB/m). We 
created two dichotomous variables, one for fibrosis status and an-
other for steatosis status, by combining participants with mild, mod-
erate, and severe stages of each condition into “yes” categories for 
hepatic fibrosis and hepatic steatosis. We coded “no fibrosis” or “no 
steatosis” as “no” for not having fibrosis or steatosis, respectively. 
Given the significant complications associated with advanced/se-
vere fibrosis and steatosis, we also created “fibrosis severity” and 
“steatosis severity” variables to compare the “severe fibrosis or ste-
atosis” stage to the “no fibrosis or steatosis” stage.10,13

MetS components
According to the National Heart, Lung, and Blood Institute, there 

are five components of MetS, which include (1) waist circumference 
above goal, (2) high triglyceride level, (3) low high-density lipopro-
tein (HDL) cholesterol level, (4) high blood pressure, and (5) high 
fasting blood sugar. Having at least three out of the five components 
meets the diagnostic criteria for MetS.14 For our study, we defined 
the components of MetS as (1) waist circumference above goal 
( ≥ 102 cm for men or ≥ 88 cm for women); (2) high triglycerides 
( ≥ 150 mg/dL), giving an affirmative answer to the question of 
whether a doctor had advised them to take prescription medication 
to lower cholesterol, or taking prescription medication for high cho-
lesterol; (3) low HDL cholesterol level ( < 40 mg/dL for men or 
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< 50 mg/dL for women); (4) high blood pressure (≥ 130/85 mmHg), 
taking prescription medication for blood pressure, or affirming a 
doctor had advised them to take prescribed medicines for hyper-
tension; and (5) high blood sugar (fasting blood sugar ≥ 100 mg/dL 
or glycosylated hemoglobin ≥ 6.5%), taking prescription medica-
tion for blood sugar, or affirming they either were taking insulin or 
taking “diabetic pills” to lower blood sugar at the time of assess-
ment. We classified participants as having MetS if they had at least 
three out of five of the above MetS components. 

Other covariates
In addition to MetS and its components, we extracted demograph-

ic and related covariates from the data, including age, sex, race, de-
pression symptoms in the last two weeks, socioeconomic status 
(education and health insurance), physical activity level, depression 
status, and alcohol use.15-17 We combined races to create four cate-
gories: non-Hispanic White, non-Hispanic Black, Hispanic, and 
other race. Four categories for education level were identified: less 
than high school, high school graduate/general educational devel-
opment, some college or associate of arts degree, and college grad-
uate or above. Health insurance status was grouped into two cate-
gories: “yes” for having health insurance and “no” for not having 
health insurance. 

The NHANES uses the Patient Health Questionnaire-9 (PHQ-9), 
a nine-item depression screening instrument, to evaluate the par-
ticipants’ depression symptoms over the previous 2 weeks.18 Symp-
toms on the PHQ-9 receive a score of 0 to 3 points, corresponding 
to the categories of “not at all,” “several days,” “more than half the 
days,” and “nearly every day.” Scores on the PHQ-9 ranged from 0 
to 27 points, with higher scores corresponding to more depression 
symptoms. We created a dichotomous variable for depression sta-
tus: “yes” for scores greater than nine points, and “no” for scores of 
nine or fewer points.19

The NHANES uses the Alcohol Use Questionnaire to assess al-
cohol use. Participants who had not drunk alcohol, or who indicated 
they had drunk zero alcoholic drinks per day during the previous 
12 months were classified as “no alcohol use.” Participants who re-
ported any amount of alcohol consumption during the previous  
12 months were classified as “alcohol use.” Supplementary Tables 1 
and 2 provide additional demographic and covariate details for the 

participants.
The NHANES includes questions regarding moderate and vig-

orous recreational activity. Based on World Health Organization, 
Centers for Disease Controland Prevention , and American Heart 
Association guidelines recommend a minimum of 150 minutes of 
moderate activity per week: participants who met this goal were 
classified as “ ≥ 150 minutes per week,” and if they did not meet this 
goal they were classified as “ < 150 minutes per week.”

Statistical analyses
All data analyses were completed using SAS version 9.4 (SAS In-

Table 1. Unweighted samples sizes for demographic characteristics by steatosis 
and fibrosis status (n= 4,678)

Variable
Steatosis status* Fibrosis status†

Yes 
(n= 1,280)

No 
(n= 3,397)

Yes 
(n= 414)

No 
(n= 4,264)

Severity
   Severe 620 - 111 -
   Not severe 660 - 303 -
Sex
   Male 748 1,559 248 2,060
   Female 532 1,838 166 2,204
Race
   Hispanic 366   739 118   987
   Non-Hispanic White 468 1,118 146 1,440
   Non-Hispanic Black 213   847  85   976
   Other race 233   693  65   861
Education
   Less than high school 263   653  97   819
   High school/GED 335   825 115 1,045
   Some college or AA degree 431 1,064 138 1,358
   College graduate and beyond 247   851  64 1,034
Health insurance
   Yes 1,092 2,857 353 3,597
   No   185   530 59  656
Depression
   Yes   120   253 38  335
   No 1,089 2,924 351 3,663
Alcohol use
   Yes 814 2,223 262 2,776
   No 466 1,174 152 1,488
Physical activity
   ≥ 150 minutes per week 317 1,177   90 1,405
   < 150 minutes per week 963 2,220 324 2,859

*1 missing in the steatosis group; †159 had fibrosis without steatosis. 
GED, general educational development; AA, associate of arts.
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stitute, Cary, NC, USA). We incorporated appropriate sampling 
weights and SAS survey procedures to account for complex design, 
including planned oversampling, survey non-response, and post-
stratification following the NHANES analytic and reporting guide-
lines.20 Demographic characteristics, components of MetS, MetS 
classification by fibrosis and steatosis status were compared using 
chi-square analyses for categorical variables and regression analyses 
for continuous variables. We conducted logistic regression to assess 
the associations between (1) MetS and fibrosis status adjusted for 
demographic variables, (2) MetS and steatosis status adjusted for 
demographic variables, (3) MetS and fibrosis severity status adjust-

ed for demographic variables, and (4) MetS and steatosis severity 
status adjusted for demographic variables. Additionally, we estimat-
ed adjusted odds ratios of fibrosis status by MetS using data with-
out steatosis participants. All statistical tests were two-tailed, and a 
P-value less than 0.05 was considered statistically significant.

RESULTS

Using survey-weighted population estimates, 26% of study par-
ticipants had steatosis and 7.5% had fibrosis. Demographic charac-
teristics of participants by fibrosis and steatosis status are presented 

Table 2. Survey-weighted prevalence of demographic characteristics by steatosis and fibrosis status

Variable
Steatosis status Fibrosis status

Yes No P Yes No P

Sample size - -
   Unweighted 1,280 3,397 414 4,264
   Weighted 56,180,078 156,487,049 15,905,392 196,795,225
Age (yr), mean (95% CI) 51.0 (49.5–52.5) 45.3 (43.9–46.7) < 0.001* 51.8 (48.8–54.8) 46.4 (45.1–47.7) < 0.001*
Sex < 0.001* 0.005*
   Male 59.5 (55.0–64.0) 45.3 (43.1–47.6) 59.8 (51.5–68.2) 48.2 (46.2–50.2)
   Female 40.5 (36.0–45.0) 54.7 (52.4–56.9) 40.2 (31.8–48.5) 51.8 (49.8–53.8)
Race 0.001* 0.332
   Hispanic 19.2 (13.1–25.3) 15.3 (11.4–19.2) 19.9 (14.1–25.8) 16.1 (11.6–20.5)
   Non-Hispanic White 63.4 (56.1–70.7) 61.7 (56.2–67.3) 61.1 (52.3–69.9) 62.2 (56.9–67.6)
   Non-Hispanic Black 7.7 (4.8–10.6) 12.2 (8.7–15.7) 9.9 (4.9–15.0) 11.1 (7.9–14.4)
   Other race 9.7 (6.6–12.8) 10.7 (7.8-13.6) 9.0 (4.7–13.4) 10.6 (7.9–13.2)
Education < 0.001* < 0.001*
   Less than high school 11.2 (8.7–13.7) 11.3 (9.4–13.1) 13.0 (9.1–16.9) 11.1 (9.2–13.0)
   High school/GED 31.7 (27.2–36.1) 26.0 (22.3–29.6) 37.6 (30.7–44.4) 26.6 (23.3–30.0)
   Some college or AA degree 33.0 (30.1–35.9) 29.8 (26.4–33.3) 31.6 (26.1–37.2) 30.6 (27.6–33.6)
   College graduate and beyond 24.2 (18.4–30.0) 33.0 (27.1–38.9) 17.8 (10.4–25.2) 31.7 (25.9–37.4)
Health insurance 0.250 0.838
   Yes 87.4 (83.2–91.6) 85.8 (81.6–90.0) 86.2 (82.2–90.2) 86.8 (79.9–93.6)
   No 12.6 (8.4–16.8) 14.2 (10.0–18.4) 13.8 (9.8–17.8) 13.2 (6.4–20.1)
Alcohol use 0.190 0.086
   Yes 70.5 (66.3–74.7) 73.6 (71.2–76.0) 69.0 (63.9–74.0) 73.1 (71.1–75.1)
   No 29.5 (25.3–33.7) 26.4 (24.0–28.8) 31.0 (26.0–36.1) 26.9 (24.9–28.9)
Depression 0.440 0.845
   Yes 8.9 (6.6–11.1) 7.9 (6.7–9.1) 8.4 (4.9–12.0) 8.1 (7.1–9.1)
   No 91.1 (88.9–93.4) 92.1 (90.0–93.3) 91.6 (88.0–95.1) 91.9 (90.9–92.9)
Physical activity < 0.001* < 0.001*
   ≥ 150 minutes per week 26.3 (22.8–29.9) 40.8 (37.0–44.5) 21.3 (13.6–28.9) 38.2 (34.8–41.7)
   < 150 minutes per week 73.7 (70.1–77.2) 59.2 (55.5–63.0) 78.7 (71.1–86.4) 61.8 (58.3–65.2)

Values are presented as percent (95% CI) unless otherwise indicated.
*Indicates statistical significance with P-value less than 0.05.
CI, confidence interval; GED, general educational development; AA, associate of arts.
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in Table 1 (unweighted) and Table 2 (survey-weighted). Participants 
with steatosis and fibrosis were older, more likely to be male, less 
likely to meet weekly physical activity guidelines, and had lower lev-
els of education. Participants with steatosis were more likely to be 
Hispanic or non-Hispanic white. There were no differences in race 
among participants with and without fibrosis. Alcohol use, health 
insurance status, and diagnosis of depression were not significantly 
different between those with and without steatosis or fibrosis. Of 
those without steatosis, 3.3% had fibrosis.

The proportion of participants with steatosis or fibrosis with re-
spect to MetS and its components are presented in Fig. 1. The re-
sults indicated that steatosis was more common than fibrosis. Fur-
ther, steatosis and fibrosis were also more common among partici-
pants with MetS. The results were similar for components of MetS 
as well as for participants with fibrosis without steatosis.

Odds ratios from logistic regression analyses for steatosis and fi-
brosis category and MetS are presented in Table 3. The odds of 
having any level of steatosis or fibrosis were higher among partici-
pants with MetS. In models adjusted for demographic factors, the 
odds of any steatosis were 4.12 times higher in those with MetS than 
in those without (95% confidence interval [CI], 3.16–5.37), and 
odds of any fibrosis were 3.34 times higher (95% CI, 2.26–4.94). 
The odds of having fibrosis without steatosis were 2.67 times high-

er in those with MetS than in those without (95% CI, 1.47–4.87).

DISCUSSION

The current study investigated the associations between MetS 
and the severity of hepatic fibrosis and steatosis, and between MetS 
and fibrosis independent of steatosis using nationally representative 
data from the NHANES 2017–2018 cycle. Results indicated that 
MetS is an independent risk factor for hepatic fibrosis, even in the 
participants who do not have hepatic steatosis. In addition, com-
pared to those without MetS, individuals with MetS were 3.3 times 
more likely to have hepatic fibrosis and 4.1 more likely to have ste-
atosis. For those with MetS without steatosis, the odds of develop-
ing hepatic fibrosis were 2.7 times greater than for those without 
MetS.

The estimated prevalence of MetS in our study was 35%, and 
this rate corresponds to previously reported estimates of approxi-
mately 34%.21,22 Additionally, with respect to the five components 
of MetS, our prevalence estimates in the current study were as fol-
lows: waist circumference above goal, 58.0%; high blood pressure, 
43.7%; high triglycerides, 30.3%; low HDL, 30.5%; and high blood 
sugar, 36.3%. In comparison, other recent studies have estimated 
the prevalence of the components of MetS as follows: waist circum-

Figure 1. Hepatic fibrosis and steatosis in metabolic syndrome. HDL, high-density lipoprotein.

50

45

40

35

30

25

20

15

10

5

0

W
ei

gh
te

d 
pe

rc
en

t o
f p

op
ul

at
io

n

	 Yes	 No

Metabolic syndrome

	 Yes	 No

Low HDL

	 Yes	 No

Elevated triglycerides

	 Yes	 No

Waist circum ference 
above goal

	 Yes	 No

High blood pressure

	 Yes	 No

Diabetes

Steatosis
Fibrosis
Fibrosis without steatosis



Gangireddy VGR, et al.  Hepatic Fibrosis & Steatosis in Metabolic Syndrome

J Obes Metab Syndr 2022;31:61-6966  |  https://www.jomes.org

ference above goal, 56.1%; high blood pressure, 24%; high triglyc-
erides, 24%; high cholesterol, 30%; and high glucose, 19.9%.23 The 
strongest clustering effect occurred with hypertriglyceridemia; hy-
perglycemia and hypertension for males; and hypertriglyceridemia, 
low HDL, and abdominal obesity for females.24

The pathophysiology of hepatic fibrosis in MetS appears to be 
multifactorial. Hypothesized pathways include adiposity, NAFLD, 
hypertension, hyperglycemia, and dyslipidemia.25 While NAFLD 
has been shown to be a strong risk factor for hepatic fibrosis, other 
potential risk factors have not been independently studied. Given 
the close association of NAFLD with insulin resistance, obesity, and 
hyperlipidemia, NAFLD is considered a component of MetS.6,26,27 

There is growing evidence that the two diseases are different but have 
similar risk factors.7,28 In a study comparing subjects with NAFLD 
only, MetS only, NAFLD with MetS and Non-NAFLD with MetS, 
subjects with NAFLD and MetS had increased risks of type 2 dia-
betes, cardiovascular disease, and left ventricular mass index in com-
parison to those with NAFLD without MetS.29 In another study, 
reciprocal associations between MetS and NAFLD were also found, 
but the effect of MetS on NAFLD was greater than the effect of 
NAFLD on MetS.5

The results from the current study provide evidence that indi-
viduals with MetS and hypertension can develop hepatic fibrosis 
with or without steatosis. While up to 50% of the patients with hy-

Table 3. Logistic regression models for steatosis and fibrosis by metabolic syndrome and adjusted for demographic covariates

Variable Any steatosis Any fibrosis Severe steatosis Severe fibrosis Fibrosis without steatosis

Metabolic syndrome
   Yes 4.12 (3.16–5.37)* 3.34 (2.26–4.94)* 5.20 (3.56–8.12)* 3.57 (1.80–7.10)* 2.67 (1.47–4.87)*
   No - - - - -
Age 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.02) 1.01 (0.99–1.04)
Sex
   Male 1.95 (1.49–2.56)* 1.68 (1.14–2.49)* 2.30 (1.67–3.15)* 1.52 (0.78–2.95) 1.18 (0.70–1.98)
   Female - - - - -
Race
   Non-Hispanic White - - - - -
   Non-Hispanic Black 0.62 (0.47–0.81)* 0.90 (0.58–1.41) 0.58 (0.40–0.83)* 0.45 (0.19–1.07) 1.39 (0.78–2.48)
   Hispanic 1.40 (1.04–1.90)* 1.29 (0.81–2.08) 1.16 (0.80–1.69) 1.04 (0.49–2.22) 1.28 (0.68–2.43)
   Other 0.97 (0.59–1.58) 0.87 (0.51–1.50) 1.03 (0.53–1.98) 1.26 (0.54–2.94) 0.87 (0.34–2.25)
Education
   Less than high school - - - - -
   High school/GED 1.48 (1.09–2.02)* 1.32 (0.85–2.05) 1.71 (1.24–2.35)* 1.24 (0.41–3.71) 0.63 (0.31–1.30)
   Some college or AA 1.38 (1.09–1.74)* 1.08 (0.69–1.68) 1.43 (1.05–1.94)* 0.82 (0.32–2.11) 0.71 (0.34–1.46)
   College graduate or above 1.12 (0.80–1.55) 0.69 (0.39–1.22) 1.16 (0.69–1.96) 0.36 (0.09–1.43) 0.56 (0.23–1.34)
Health insurance
   Yes 1.16 (0.82–1.66) 1.13 (0.57–2.21) 1.10 (0.67–1.82) 1.24 (0.44–3.52) 1.47 (0.59–3.65)
   No - - - - -
Depression
   Yes 1.07 (0.74–1.56) 0.96 (0.58–1.59) 1.10 (0.73–1.65) 1.05 (0.49–2.24) 0.75 (0.32–1.77)
   No - - - - -
Alcohol use
   Yes 0.91 (0.71–1.17) 0.93 (0.70–1.23) 0.96 (0.70–1.30) 0.83 (0.38–1.80) 1.10 (0.69–1.74)
   No - - - - -
Physical activity
   ≥ 150 minutes per week 0.59 (0.49–0.72)* 0.53 (0.31–0.92)* 0.49 (0.35–0.70)* 0.77 (0.29–2.02) 0.55 (0.27–1.12)
   < 150 minutes per week - - - - -

Values are presented as odds ratio (95% confidence interval).
*Indicates statistical significance with P-value less than 0.05.
GED, general educational development; AA, associate of arts. 
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pertension were noted to have NAFLD, the role of hypertension in 
hepatic fibrosis without steatosis is not well understood.30 Our find-
ings might suggest that fibrosis in MetS can occur via both steatosis 
and non-steatosis pathways. Further research into various potential 
mechanisms of fibrosis may have clinical implications in understand-
ing and managing fibrosis in this population. Studies in mice have 
shown that hypertension could cause hepatic fibrosis without he-
patic steatosis via decreased Interleukin 10 or heme oxygenase-1 
pathways.31 The role of hypertension in cirrhotic patients is an area 
of much debate. The difference between hypotensive cirrhotic pa-
tients and normotensive cirrhotic patients appears to be subtle. There 
is a hypothesized complex mechanism between systemic circulation 
and hepatosplenic circulation that is unique to the stage of liver dis-
ease, shifting from hypertensive cirrhotic patients to normotensive 
cirrhotic patients. 

The strengths of the current study include the use of NHANES 
data, which is collected nationwide by the NCHS using both inter-
views and physical examinations, providing greater accuracy in re-
porting.32 Additionally, the utilization of weight estimates repre-
senting the U.S. population allows extrapolation from our study to 
the larger U.S. population. 

The current study has several known limitations. First, FibroScan 
was used to diagnose hepatic fibrosis and steatosis. Although it is 
regularly used for this purpose, it is estimated to be between 80% 
and 90% accurate in diagnosing fibrosis and steatosis compared to 
liver biopsy.33 Liver biopsy is the gold standard for these diagnoses; 
however, given the non-invasive nature of FibroScan, it is now wide-
ly accepted as the initial test of choice to evaluate liver fibrosis.34 
Second, we used NAFLD criteria to determine steatosis and fibro-
sis in MetS because of previously reported close associations be-
tween the two. The FibroScan criteria for MetS have not been de-
fined, highlighting the importance of establishing guidelines for 
these criteria to investigate this disease. Third, some of the study 
constructs were measured using self-reporting methods which are 
susceptible to retrospective self-reporting bias. We attempted to 
limit the influence of retrospective self-reporting biases by using 
complementary information from the dietary, physical examina-
tion, and laboratory data wherever possible—hence, creating a ro-
bust and more accurate dataset. Finally, although efforts were made 
to identify and account for confounding factors like hepatitis C vi-

rus, hepatitis B virus infection, and alcohol-induced liver disease, 
other etiologies of liver disease that can cause hepatic fibrosis could 
not be completely excluded. 

Overall, the results of the current study indicate that MetS signif-
icantly increases the risk of hepatic fibrosis and steatosis, providing 
evidence for MetS as an independent risk factor for hepatic fibrosis, 
together with other known etiologies such as NAFLD. Additional 
research to investigate non-steatosis pathways in fibrosis develop-
ment should be conducted given the therapeutic implications in 
preventing hepatic fibrosis and cirrhosis from MetS. 
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