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Background: We aimed to investigate the association of hepatic steatosis with liver fibrosis and to assess the interactive effects of 
hepatic steatosis and insulin resistance on liver fibrosis in a nationally representative sample of United States adults.
Methods: We conducted a cross-sectional analysis using data from National Health and Nutrition Examination Survey 2017 to 
2018, which for the first time included transient elastography to assess liver stiffness and hepatic steatosis. We evaluated the associa-
tion between hepatic steatosis (using controlled attenuation parameter [CAP]) and clinically significant liver fibrosis (defined as liver 
stiffness ≥7.5 kPa) using logistic regression with an interaction term for hepatic steatosis and insulin resistance (defined as homeo-
static model assessment of insulin resistance ≥3.0).
Results: Among adults undergoing transient elastography (n=2,023), 45.9% had moderate or greater hepatic steatosis and 11.3% 
had clinically significant liver fibrosis. After adjustment for demographic and metabolic factors, the odds of significant liver fibrosis 
increased as CAP score rose (odds ratio, 1.35 per standard deviation increment; 95% confidence interval, 1.11 to 1.64). We detected 
a significant interaction effect between CAP score and insulin resistance on the probability of significant liver fibrosis (P=0.016 for 
interaction). The probability of significant liver fibrosis increased in the presence of insulin resistance with increasing CAP score, 
while those without insulin resistance had low probability of significant liver fibrosis, even with high CAP scores.
Conclusion: Individuals with hepatic steatosis had higher odds of fibrosis when insulin resistance was present. Our findings empha-
size the importance of the metabolic aspects of the disease on fibrosis risk and suggest a need to better identify patients with meta-
bolic associated fatty liver disease. 
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INTRODUCTION

The prevalence of non-alcoholic fatty liver disease (NAFLD) is 

increasing worldwide [1] and affects about 20% to 35% of the 
United States population as of 2009 to 2014 [2,3]. Fatty liver is 
strongly linked with obesity and is considered the hepatic mani-
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festation of the metabolic syndrome [4]. NAFLD encompasses 
a spectrum of severity ranging from simple steatosis, nonalco-
holic steatohepatitis (NASH), advanced hepatic fibrosis, and 
hepatocellular carcinoma [5]. Fatty liver disease progression 
from NAFLD to NASH involves complex genetic, environmen-
tal, and metabolic factors [6,7]. Insulin resistance is strongly as-
sociated with NAFLD [8,9], but there is lack of large-scale 
studies that focus on its effects on hepatic fibrosis.

The National Health and Nutrition Examination Survey 
(NHANES) is a continuous, cross-sectional survey designed to 
assess the health and nutritional status of a representative sam-
ple of United States residents. Transient elastography was used 
for the first time in the 2017 to 2018 NHANES to assess hepatic 
fat composition and fibrosis in a subset of participants, along 
with metabolic parameters. While liver biopsy is considered the 
gold standard for diagnosing steatohepatitis and evaluating the 
degree of hepatic steatosis, it is invasive, expensive, and infeasi-
ble for population-based studies [10]. Some non-invasive mo-
dalities such as magnetic resonance imaging (MRI)-estimated 
proton density fat fraction (PDFF) and magnetic resonance 
elastography (MRE) are costly, time-consuming, and limited by 
technical feasibility [11]. Although not as sensitive or specific 
as liver biopsy, MRI-PDFF or MRE, transient elastography cor-
relates well with those measures by biopsy [12,13] and is less 
expensive and easier to implement [11,14].

In this analysis of transient elastography results in a nationally 
representative United States sample, we aimed to (1) investigate 
the association of hepatic steatosis with liver stiffness and clini-
cally significant fibrosis, and (2) assess the interaction effects of 
hepatic steatosis and insulin resistance on liver stiffness and 
clinically significant fibrosis. We hypothesized that the degree 
of hepatic steatosis is associated with liver fibrosis and that this 
association would be affected by insulin resistance.

METHODS

Subjects
We conducted a cross-sectional analysis using data from 
NHANES conducted between 2017 and 2018 (n=9,254). The 
NHANES survey is directed by the National Center for Health 
Statistics (NCHS) and includes a representative sample of the 
United States population of all ages. Details of the study design 
and methods are provided elsewhere [15] and summarized be-
low. The NHANES protocol (Protocols #2011-17 and #2018-
01) was approved by NCHS Research Ethics Review Board and 
written informed consent was obtained from all participants.

Participants underwent a structured interview and standard-
ized health examination that included medical and physiological 
measurements, self-reported alcohol intake and fasting labora-
tory tests. Liver transient elastography was first added to the 
NHANES 2017 to 2018 and all participants aged 12 years and 
over were eligible. A total of 5,154 subjects 18 years and older 
underwent liver transient elastography. Among these subjects, 
3,001 were excluded based on the following criteria: (1) posi-
tive serologic markers for hepatitis B (n=28) or C (n=47) virus; 
(2) patients with diabetes currently using insulin (n=200); (3) 
missing data of fasting insulin (n=2,805); or (4) unreliable liver 
stiffness measurement (LSM; n=163). Of the 2,153 remaining 
subjects, 130 were additionally excluded based on self-report of 
significant alcohol consumption (Fig. 1). Liver stiffness evalua-
tion was considered unreliable if at least 10 valid measurements 
were not obtained or the ratio of the interquartile range (IQR) of 
LSM to the median (IQR/M) was >0.30 in patients with LSM 
>7.1 kPa [16]. After applying the above exclusion criteria, the 
total number of subjects eligible for analysis was 2,023.

Measurements 
Information on demographic characteristics and health-related 
history was obtained in household interviews by trained inter-
viewers using a computer-assisted personal interview system. 
The body measures data were collected by trained health techni-
cians. Body mass index (BMI) was calculated as weight in kilo-
grams divided by height in meters squared, and then rounded to 
one decimal place. Participants were asked to fast for 9 hours 
before the blood sample was collected. Plasma fasting glucose 
concentration was determined using a hexokinase method. A 
2-site immunoenzymometric assay was used to measure serum 
fasting insulin concentration. As a marker of insulin resistance, 
the homeostatic model assessment of insulin resistance (HOMA-
IR) was calculated using the following formula: HOMA-IR=  
[fasting insulin (μIU/mL)×fasting glycemia (mmol/L)]/22.5 [17]. 
In addition, concentrations of glycated hemoglobin (HbA1c), 
low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), 
high-density lipoprotein cholesterol (HDL-C), alanine amino-
transferase, and aspartate aminotransferase were measured. De-
tails of measurements are available at http://www.cdc.gov/nchs/
nhanes/index.htm.

Liver ultrasound transient elastography
The liver ultrasound transient elastography was conducted with 
FibroScan 502 Touch (Echosens, Paris, France) using a medium 
(M) or extra-large (XL) probe. An XL probe (26% of participants) 

http://www.cdc.gov/nchs/nhanes/index.htm
http://www.cdc.gov/nchs/nhanes/index.htm
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was used when the skin–liver capsule distance was ≥25 mm. 
Liver stiffness is calculated by measuring the velocity of a 50-
Hz shear wave as it passes through the liver. The shear wave ve-
locity can then be converted into liver stiffness, which is ex-
pressed in kilopascals (kPa), with higher kPa denoting greater 
stiffness. Controlled attenuation parameter (CAP) score and 
LSM by FibroScan (Echosens) are reliable biomarkers to non-
invasively assess liver steatosis and fibrosis. Hepatic steatosis 
was measured using the CAP in dB/m. Participants were in-
structed to fast for at least 3 hours prior to testing. Multiple CAP 
and LSM were obtained from the right lobe of the liver through 
the intercostal space located at the intersection of the mid-axil-
lary line and a transverse line at the level of the xiphoid process 
with participants lying in the supine position. The median val-
ues of completed measures were recorded as the representative 
CAP and LSM values. NHANES health technicians, all of 
whom were trained by an expert technician and certified by 
NHANES staff, performed the elastography exam according to 
the manufacturer guidelines. The inter-rater reliability of mea-
surements (n=32) between health technicians and reference ex-
aminers was 0.86 for stiffness and 0.94 for CAP-steatosis with 
mean differences±standard deviation (SD) of 0.44±1.3 kPa 
and 4.5±19.8 dB/m, respectively [15].

Definitions
The presence of insulin resistance was defined as HOMA-IR ≥

3.0, which was chosen by referring to the value used in a previ-
ous study [17]. We used a LSM cut-off value of 7.5 kPa for 
clinically significant liver fibrosis (corresponding to histological 
METAVIR fibrosis score ≥F2) [18]. Significant alcohol con-
sumption was defined as >21 standard drinks per week in men 
and >14 standard drinks per week in women. A standard alco-
holic drink was any drink that contains 14 g of pure alcohol 
[19]. Diabetes was diagnosed in participants who had fasting 
plasma glucose ≥126 mg/dL or HbA1c ≥6.5% [20]. Also, par-
ticipants who currently reported taking glucose-lowering medi-
cations were defined as having diabetes.

Study design and statistical analysis
Pearson correlation coefficient was used to evaluate the associa-
tion of CAP score and HOMA-IR with LSM. We also fitted 
multivariate linear regression models to examine these associa-
tions, in which the LSM variable was log-transformed (Log) to 
satisfy the normality assumption for statistical analyses and to 
linearize relationships. Spline regression analyses evaluated the 
association of CAP scores and HOMA-IR with the odds ratio 
(OR) for having significant liver fibrosis (LSM ≥7.5 kPa). The 
shapes of these associations were modeled by restricted cubic 
splines without covariates adjustment, with three knots set at the 
10th, 50th, and 90th percentiles. Knots were equivalent to a 
CAP score of 186, 262, and 347 dB/m, respectively. The refer-
ence value was set as a CAP score of 220 dB/m and HOMA-IR 

NHANES 2017−2018 
Total survey participants (n=9,254)

Participants with available liver transient 
elastography and ≥18 years (n=5,154)

Participants (n=2,153)

Participants eligible for analysis (n=2,023)

Excluded (n=4,100) 
Age under 18 (n=3,389) 
Without liver transient elastography examination (n=3,306)

Excluded (n=3,001) 
Positive serologic markers for hepatitis B (n=28) or C (n=47) 
Diabetes using insulin (n=200)
Missing data of fasting insulin (n=2,805) 
Unreliable liver stiffness measurement (n=163)

Excluded (n=130) 
Significant alcohol consumption

Fig. 1. Flow diagram of participants for the study (National Health and Nutrition Examination Survey [NHANES] 2017 to 2018).
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of 0.83. We considered the values associated with the lowest 
risk as the reference values. All 2,023 participants were catego-
rized into quartiles based on the CAP score and the HOMA-IR. 
We examined the ORs for having significant liver fibrosis (LSM 
≥7.5 kPa) according to CAP and HOMA-IR quartiles using a 
logistic regression model. The interaction effects of CAP score 
and insulin resistance on LSM and probability of significant liv-
er fibrosis were analyzed in multivariate linear regression and 
logistic regression models, respectively, by adding CAP-insulin 
resistance interaction term. The adjusted value of Log-LSM and 
probability of fibrosis was estimated using the margins com-
mand in Stata software. A P<0.05 was considered statistically 

significant. All analyses were performed using the Stata pro-
gram version 15.1 (Stata Corp., College Station, TX, USA).

RESULTS

Cohort characteristics
Overall, participants had a mean BMI of 29.4±7.3 kg/m2, and 
18.8% had diabetes. The mean age was 49.0±18.3 years and 
47.9% of the study sample were men. Of the participants, 45.7% 
had a CAP score ≥268 dB/m, consistent with ≥S2 grade steato-
sis (steatosis >33%) [12], and 11.3% had LSM ≥7.5 kPa, con-
sistent with clinically significant liver fibrosis (≥F2) (Table 1). 

Table 1. Clinical Characteristics of the Study Subjects by Controlled Attenuation Parameter Quartiles

Characteristic
CAP, dB/m

All 
(n=2,023)

<218 
(n=517)

218–262 
(n=508)

263–306 
(n=496)

≥307 
(n=502) P value

Age, yr 49.0±18.3 42.7±19.2 48.7±18.3 51.6±17.3 53.1±16.5 <0.001a

Male sex, % 968 (47.9) 219 (42.4) 236 (46.5) 236 (47.6) 277 (55.2) 0.001c

BMI, kg/m2 29.4±7.3 24.9±5.4 27.6±5.7 30.8±6.6 34.6±7.5 <0.001a

FPG, mg/dL 103 (96–114) 97 (93–104) 101 (95–108) 106 (99–117) 112 (103–132) <0.001b

Insulin, μIU/mL 9.8 (6.3–15.7) 6.4 (4.3–9.4) 8.3 (5.7–2.5) 11.3 (7.6–16.5) 16.5 (10.8–23.5) <0.001b

HbA1c, % 5.6 (5.3–5.9) 5.4 (5.1–5.6) 5.5 (5.2–5.8) 5.6 (5.3–6.0) 5.9 (5.5–6.6) <0.001b

Triglyceride, mg/dL 90 (60–134) 65 (47–92) 78 (56–117) 99 (70–143) 124 (92–175) <0.001b

LDL-C, mg/dL 111.3±35.3 105.6±33.9 113.2±34.7 112.8±35.5 113.9±36.7 <0.001a

HDL-C, mg/dL 53.2±14.7 59.0±14.8 54.8±14.2 51.7±15.0 47.1±11.8 <0.001a

AST, IU/L 19 (16–23) 18 (15–21) 18 (15–22) 19 (16–23) 20 (16–27) <0.001b

ALT, IU/L 17 (13–25) 14 (11–20) 16 (12–23) 19 (14–26) 23 (16–34) <0.001b

LSM, kPa 4.9 (4.0–6.1) 4.5 (3.7–5.5) 4.6 (3.9–5.6) 4.9 (4.1–6.0) 5.8 (4.6–7.3) <0.001b

LSM ≥7.5 kPa 229 (11.3) 26 (5.0) 34 (6.7) 47 (9.5) 122 (24.3) <0.001c

Diabetes 381 (18.8) 31 (6.0) 57 (11.2) 98 (19.8) 195 (38.8) <0.001c

Medication 
   Diabetes 251 (12.4) 17 (3.3) 39 (7.7) 67 (13.5) 128 (25.5) <0.001c

   Dyslipidemia 385 (19.0) 50 (9.7) 81 (15.9) 123 (24.8) 131 (26.1) <0.001c

HOMA-IR 2.6 (1.6–4.5) 1.6 (1.0–2.4) 2.1 (1.4–3.4) 3.0 (2.0–4.8) 4.9 (3.0–8.0) <0.001b

HOMA-IR >3.0 860 (42.5) 77 (14.9) 148 (29.1) 255 (51.4) 380 (75.7) <0.001c

Race 
   Hispanic 491 (24.3) 97 (18.8) 113 (22.2) 140 (28.2) 141 (28.1) <0.001c

   White 680 (33.6) 173 (33.5) 159 (31.3) 165 (33.3) 183 (36.5) 0.381c

   Black 446 (22.1) 145 (28.1) 120 (23.6) 97 (19.6) 84 (16.7) <0.001c

   Asian 294 (14.5) 72 (13.9) 80 (15.8) 72 (14.5) 70 (13.9) 0.824c

Values are expressed as mean±standard deviation, number (%), or median (interquartile range). 
CAP, controlled attenuation parameter; BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; LDL-C, low-density lipo-
protein cholesterol; HDL-C, high-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LSM, liver stiffness 
measurement; HOMA-IR, homeostasis model assessment of insulin resistance. 
aBy one way analysis of variance; bBy Kruskal-Wallis test; cBy Pearson’s chi-squared test.
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Cohort characteristics by hepatic steatosis 
The characteristics of study participants by CAP quartiles are pre-
sented in Table 1 and reported glucose and lipid lowering medica-
tions in Supplemental Table S1. The values of metabolic parame-
ters including BMI, LDL-C, TG, fasting glucose, HOMA-IR, and 
the percentage with diabetes increased across the CAP quartiles, 
while HDL decreased. As CAP quartiles increased, the propor-
tion of subjects with significant liver fibrosis and insulin resis-
tance (HOMA-IR ≥3.0) also increased. Those who identified as 
Hispanic ethnicity were more likely to be in the highest quartile 
(141 out of 491, 28.7%), while African Americans (84 out of 
446, 18.8%) were less likely. A sex difference was also noted 
with more men affected by hepatic steatosis than women. 

Relationship between steatosis and liver stiffness
The CAP score was positively associated with LSM (r=0.314 
and P<0.001) (Fig. 2A). The restricted cubic spline model dem-

onstrated gradually increasing ORs for having significant liver 
fibrosis with increasing CAP scores starting at approximately 
260 dB/m (Fig. 2C). In a linear regression models adjusted for 
age, sex, BMI, presence of diabetes, TG, HDL-C, race and lip-
id-lowering medication use, higher CAP score was significantly 
associated with higher values of log LSM (β coefficient, 0.0007; 
95% confidence interval [CI], 0.0004 to 0.0011; P<0.001). The 
risk of having significant liver fibrosis (LSM ≥7.5 kPa) in-
creased across the CAP score, with age and sex adjusted ORs 
per SD increment of 2.18 (95% CI, 1.86 to 2.54). Additional ad-
justment for BMI, HOMA-IR, and diabetes status attenuated the 
ORs to 1.35 (95% CI, 1.12 to 1.62) (Table 2). 

Relationship between HOMA-IR and liver stiffness
HOMA-IR was positively associated with LSM (r=0.303 and 
P<0.001) (Fig. 2B). In the restricted cubic spline regression 
model, HOMA-IR had a J-shaped association with the odds for 

Fig. 2. Relationship of controlled attenuation parameter (CAP) score and homeostatic model assessment of insulin resistance (HOMA-IR) 
with liver stiffness measurement (LSM) and liver fibrosis. Simple correlation of LSM with (A) CAP score and (B) HOMA-IR. (C) Restrict-
ed cubic spline model of association between CAP score and odds ratio (OR) of clinically significant liver fibrosis (LSM ≥7.5 kPa). (D) 
Restricted cubic spline model of HOMA-IR with OR of clinically significant liver fibrosis (LSM ≥7.5 kPa). CI, confidence interval.
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liver fibrosis. Overall, the shapes of the association between 
HOMA-IR and ORs of having LSM ≥7.5 kPa demonstrated an 
increased risk of having significant liver fibrosis at a HOMA-IR 
higher than 3.8 (Fig. 2D). In linear regression models adjusted 
for age, sex, BMI, presence of diabetes, TG, HDL-C, race and 
lipid-lowering medication use, higher HOMA-IR was signifi-
cantly associated with higher values of log LSM (β coefficient, 
0.006; 95% CI, 0.002 to 0.009; P=0.002). As HOMA-IR in-
creased, the risk of having significant liver fibrosis (LSM ≥7.5 
kPa) increased, with age and sex adjusted ORs per SD increment 
of 1.53 (95% CI, 1.33 to 1.76). However, this association lost its 
statistical significance after adjustment for BMI (Table 2).

Interaction effects of steatosis and insulin resistance on 
liver stiffness
The association of CAP score with LSM levels was significant-
ly different according to the presence or absence of insulin re-
sistance (P<0.001 for interaction), with LSM increasing as the 
CAP score increased in participants with insulin resistance 
while the relationship was close to flat in those without insulin 
resistance (Fig. 3A). Similarly, the CAP score interacted with 
insulin resistance, thereby affecting the probability of having 
clinically significant liver fibrosis (P=0.016 for interaction) 

(Fig. 3C). The probability of having significant liver fibrosis in-
creased in the presence of insulin resistance with increasing 
CAP score. However, in those without insulin resistance, even if 
the CAP score was very high, there was a low probability of 
having clinically significant liver fibrosis (Fig. 3C). Results 
were similar in analyses excluding patients with diabetes (Fig. 
3B, D). All associations were independent of age, sex, race/eth-
nicity, and lipid-lowering medication. Interaction effects were 
significant even after additional adjustment for BMI (Supple-
mental Fig. S1).

DISCUSSION

Results from the 2017 to 2018 NHANES survey demonstrate 
that 45.7% of a nationally representative sample of United States 
adults had moderate or greater hepatic steatosis, and 11.5% had 
clinically significant liver fibrosis. This exceeds the previously 
reported 20% to 35% population prevalence of NAFLD based 
on ultrasound and could reflect an overall increase in prevalence 
over time [3], although direct comparison is difficult given the 
poor sensitivity of liver ultrasound in detecting mild steatosis 
[21]. Greater severity of steatosis was associated with a higher 
odds of significant liver fibrosis. Most importantly, insulin resis-

Table 2. Odds Ratio for Significant Liver Fibrosis by CAP and HOMA-IR Quartiles

Variable LSM ≥7.5 kPa

Adjusted OR (95% CI)a

Age, sex Age, sex, BMI Age, sex, BMI, 
DM, HOMA-IR

Age, sex, BMI, DM, 
HOMA-IR, TG, HDL-C, 

race, medicationb

CAP quartiles, dB/m

   <218 (n=517) 26 (5.0) 1 1 1 1

   218–262 (n=508) 34 (6.7) 1.26 (0.74–2.14) 0.90 (0.53–1.53) 0.87 (0.51–1.47) 0.83 (0.47–1.43)

   263–306 (n=496) 47 (9.5) 1.78 (1.08–2.94) 0.93 (0.54–1.59) 0.91 (0.53–1.58) 0.92 (0.53–1.59)

   ≥307 (n=502) 122 (24.3) 5.31 (3.38–8.33) 1.81 (1.09–2.99) 1.62 (0.96–2.71) 1.58 (0.92–2.70)

   Continuous CAP (per SD increase) 2.18 (1.86–2.54) 1.42 (1.19–1.69) 1.35 (1.12–1.62) 1.35 (1.11–1.64)

HOMA-IR quartiles

   <1.58 (n=506) 28 (5.5) 1 1 1 1

   1.58–2.56 (n=506) 33 (6.5) 1.16 (0.69–1.96) 0.77 (0.45–1.31) 0.74 (0.43–1.28) 0.74 (0.43–1.27)

   2.57–4.45 (n=506) 51 (10.1) 1.81 (1.12–2.93) 0.78 (0.46–1.31) 0.74 (0.43–1.25) 0.71 (0.41–1.21)

   ≥4.46 (n=505) 117 (23.2) 4.97 (3.21–7.68) 1.50 (0.91–2.47) 1.26 (0.75–2.12) 1.26 (0.73–2.18)

   Continuous HOMA-IR (per SD increase) 1.53 (1.33–1.76) 1.09 (0.96–1.23) 1.03 (0.92–1.16) 1.03 (0.91–1.16)

Values are expressed as number (%).
CAP, controlled attenuation parameter; HOMA-IR, homeostatic model assessment of insulin resistance; LSM, liver stiffness measurement; OR, odds ra-
tio; CI, confidence interval; BMI, body mass index; DM, diabetes mellitus; TG, triglyceride; HDL-C, high density lipoprotein-cholesterol; SD, standard 
deviation. 
aEstimated by binary logistic regression analysis; bLipid-lowering medication.
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tance and hepatic steatosis had an interactive effect on the odds 
of fibrosis that was greater than the effect of either risk factor in-
dependently, suggesting that insulin resistance might be a key 
driver of fibrosis in patients with hepatic steatosis. Based on a 
74.1% prevalence of insulin resistance among those in the high-
est quartiles of steatosis (representing 18.7% of the entire study 
population), future sequelae from NAFLD could be even greater 
than current estimates project [1]. 

Our results indicate that the risk of significant liver fibrosis 
increased in the presence of insulin resistance with increasing 
degree of hepatic steatosis. These results imply that those with-
out insulin resistance are less likely to have severe liver disease 
even in the setting of severe steatosis. Our findings support sev-
eral studies showing that lean NAFLD patients, who were more 
insulin sensitive, generally had less severe liver disease com-
pared to obese patients [1,22-25]. The relationship of obesity 
with insulin resistance is a long-recognized phenomenon [26]. 
Additionally, convincing evidence suggests that the coexistence 
of metabolic dysfunction further increases the risk of liver dis-
ease progression, as well as extra-hepatic clinical outcomes [1, 

27-30].
A new nomenclature of metabolic associated fatty liver dis-

ease (MAFLD) has recently been proposed to replace the term 
NAFLD because it more closely reflects current knowledge of 
fatty liver disease associated with metabolic dysfunction [7,21]. 
The newly proposed diagnosis of MAFLD is based on the pres-
ence of metabolic dysfunction (overweight/obesity, type 2 dia-
betes, or evidence of metabolic dysregulation) in addition to he-
patic steatosis, regardless of daily alcohol consumption and oth-
er concomitant liver diseases [21]. In our study, coexistence of 
insulin resistance with more severe steatosis was associated 
with the highest odds of liver fibrosis. Individuals with low de-
grees of hepatic steatosis were less likely to have significant fi-
brosis, even if they were insulin resistant, and conversely, those 
with high quantity of steatosis but without insulin resistance 
were also at lower odds of fibrosis. Our results support the pur-
pose of the recently proposed change in the nomenclature and 
definition for fatty liver disease.

Cross-sectional results do not establish a causal relationship. 
However, accumulating evidence allows us to interpret our ob-

Fig. 3. The interaction effects between controlled attenuation parameter (CAP) score and insulin resistance on liver stiffness (A, B) and the 
probability of having clinically significant liver fibrosis (liver stiffness measurement [LSM] ≥7.5 kPa) (C, D). All participants (n=2,023) 
for (A) and (C). Without diabetes (n=1,642) for (B) and (D). Adjusted for age, sex, race/ethnicity, and lipid-lowering medication. HOMA-
IR, homeostatic model assessment of insulin resistance; CI, confidence interval.
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servational findings. Insulin resistance plays an important role 
in lipolysis in adipose tissue, causing excessive free fatty acids 
in the hepatocyte and promoting the development of lipotoxicity 
[5,31]. Lipotoxicity impairs insulin signaling, induces oxidative 
damage, and promotes inflammation and fibrosis, which are 
thought to be associated with the disease progression to steato-
hepatitis and liver fibrosis in patients with fatty liver disease 
[9,31]. On the other hand, treatments that specifically improve 
insulin sensitivity lead to improvement in NAFLD. Pioglitazone, 
a glucose lowering agent that improves insulin sensitivity by 
acting as an agonist for the peroxisome proliferator-activated re-
ceptor γ (PPARγ) receptor [9], has been shown to improve ste-
atohepatitis and fibrosis [32,33]. Saroglitazar, a PPARα/γ dual 
agonist that has insulin-sensitizing and lipid-lowering effects 
[5], also has recently been shown to lower hepatic fat content 
and liver stiffness in patients with NAFLD [34,35].

The presence of advanced liver disease also could contribute 
to insulin resistance. Liver cirrhosis impairs insulin sensitivity 
and glucose metabolism [36-38]. Reduced glucose disposal in 
patients with liver cirrhosis is thought to be caused by defective 
glucose storage in both hepatic tissue and skeletal muscle 
[36,37]. However, we do not believe that this explains our find-
ings. The NHANES is a population-based survey targeting the 
United States noninstitutionalized general population, rather 
than one enriched with adults with known liver disease, with 
only a small number of individuals having LSM values >15 
kPa (F4) suggesting liver cirrhosis [18]. While certain etiologies 
of chronic liver disease, such as chronic hepatitis C [39] or alco-
hol use pathways [40], may contribute to insulin resistance [38], 
subjects with significant alcohol consumption and positive sero-
logic markers for hepatitis B or C were excluded from this anal-
ysis. Therefore, it is more likely that our results reflect a role for 
insulin resistance in the pathophysiology leading to fibrosis in 
NAFLD rather than as a consequence of it.

Hepatic stellate cells (HSCs) play a key role in the fibrosis 
process. In a chronically injured liver, quiescent HSCs transdif-
ferentiate into activated phenotype responsible for most the col-
lagen deposition in liver tissue [41]. In an insulin-resistant state 
such as obesity, reactive oxygen species production is increased, 
in part, through the loss of the repressive effect of insulin on 
CYP2E1, which promotes HSCs activation and fibrosis pro-
gression [42]. Increased expression of leptin, tumor necrosis 
factor α, interleukin 6, and monocyte chemoattractant protein 1 
are integral mediators of HSCs activation, and increased levels 
of these cytokines are all associated with the insulin resistance 
and obesity [41]. In vitro, insulin itself has been shown to stimu-

late HSCs and increase expression of connective tissue growth 
factor, suggesting that hyperinsulinemia is also a key factor in 
the progression of fibrosis in patients with NAFLD [43]. 

Our study is subjects to several strengths and limitations. Un-
like previous studies that showed an association between insulin 
resistance and liver fibrosis in patients with NAFLD [44,45], 
our study has shown a difference in the relationship between in-
sulin resistance and hepatic fibrosis according to the degree of 
hepatic steatosis. Additionally, while previous studies have in-
cluded patients in liver clinics [44,45], this study used nationally 
representative data from NHANES that allows generalization to 
the population within the United States. The use of transient 
elastography enabled simultaneous evaluation of both fibrosis 
and steatosis. However, due to the nature of a population-based 
study, liver biopsies were impractical and histology is lacking to 
confirm the diagnosis of fatty liver disease. Although a signifi-
cant body of literature supports the accuracy of transient elas-
tography and CAP for staging liver fibrosis and steatosis, there 
is still no universal consensus regarding LSM and CAP score 
cutoffs for significant fibrosis and steatosis [18]. Also, transient 
elastography may be less reliable and overestimate stiffness or 
steatosis in obese people [13]. In order to minimize the number 
of unreliable results due to obesity, an XL probe was used when 
the skin–liver capsule distance is ≥25 mm [15] and subjects 
with unreliable LSM (IQR/M >30% and LS measure median 
>7.1 kPa) [16] were excluded. HOMA-IR of ≥3.0 was a value 
that defined insulin resistance among people without diabetes 
[17]. However, we do not believe this biased the results as we 
found similar results of an interaction between insulin resis-
tance, CAP and LSM after excluding those with diabetes. Last-
ly, we did not consider dietary and physical activity data in our 
analysis, which might affect the results.

In conclusion, we found positive association between degree 
of hepatic steatosis and odds of fibrosis. The odds of significant 
liver fibrosis increased in the presence of insulin resistance with 
increasing degree of hepatic steatosis, indicating that insulin re-
sistance might be a key driver of fibrosis in people with hepatic 
steatosis. Our findings highlight the complex metabolic nature 
of NAFLD and suggest a need to better identify individuals 
with hepatic steatosis accompanied by metabolic dysregulation 
and utilize therapies aimed at improving insulin sensitivity.
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