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and controlled attenuation parameter in U.S.
adults with NAFLD: findings from NHANES
(2017-2020)
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Abstract

Background Cardiometabolic index (CMI), a novel indicator that combines abdominal obesity and lipid levels,
has been confirmed to correlate with non-alcoholic fatty liver disease (NAFLD). However, limited research has been
conducted on the relationship between CMI and controlled attenuation parameter (CAP), a parameter measured
by transient elastography and reflecting the extent of fat accumulation in the liver. The objective of our study

was to investigate the relationship between the two variables.

Methods This was a cross-sectional study with a sample size of 1,759 U.S. adults with NAFLD sourced

from the NHANES 2017-2020. Participants with a median CAP > 248 dB/m were considered to have hepatic steatosis.
CMI was calculated as [waist circumference (cm)/height(cm)Ix[TG (mmol/L)/HDL-C (mmol/L)]. Multivariate linear
regression, generalized additive model and subgroup analysis were employed to examine the association of CMI
and CAP.

Results The average age of the 1,759 participants was 50.2 years, with males accounting for 50.76% and females
49.24%. The average BMI was 32.23 kg/m?* The multivariate linear regression model indicated that with every 1-unit
increase in CMI, there was an associated rise of 10.40 dB/m in CAP (95% Cl, 7.14-13.67) after adjusting for covariates
and a p for trend < 0.05 suggested the existence of a linear association between the two variables. Similarly, general-
ized additive model also found it a roughly linear relationship between the two. Subgroup analysis revealed a positive
correlation in the majority of subgroups.

Conclusions CMI was positively associated with CAP in U.S. adults with NAFLD. Our findings indicated that CMI may
serve as an ideal indicator for monitoring the degree of hepatic steatosis among patients with NAFLD.

Keywords Non-alcoholic fatty liver disease, CMI, NHANES, Crosssectional study

Introduction
Non-alcoholic fatty liver disease (NAFLD) stands as the
predominant etiological factor behind chronic liver dis-
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non-alcoholic steatohepatitis (NASH) to hepatocellular
carcinoma [2]. As a hepatic manifestation of metabolic
syndrome, NAFLD interlinks with an array of metabolic
disorders such as type 2 diabetes, cardiovascular diseases
and hyperuricemia [3]. Given its high prevalence and
intricate associations with other diseases, it is evident
that NAFLD warrants urgent attention as a pressing pub-
lic health concern.

Transient elastography (TE) is a non-invasive and
convenient ultrasonography technique for assessing the
degree of hepatic fibrosis and steatosis in patients with
liver disease and is now widely in use. It encompasses two
primary parameters, namely liver stiffness measurement
(LSM) and controlled attenuation parameter (CAP). LSM
quantifies the degree of liver fibrosis, providing a numeric
value that correlates with the stiffness of the hepatic tis-
sue while CAP focuses on assessing hepatic steatosis,
quantifying the amount of fat in the liver. To a certain
extent, it serves as an ideal alternative to liver biopsy [4].

Some indices have been found to be associated with
metabolism-related diseases, such as body mass index
(BMI) [5], waist-to-hip ratio (WHR) [6], waist-to-height
ratio (WHtR) [7], the ratio of TG and HDL-C (TG/HDL-
C) [8] and so forth. CMI, proposed by Japanese scholar
Wakabayashi in 2015 and calculated by multiplying TG/
HDL-C ratio and WHItR, is nowadays regarded as a novel
estimate of visceral adipose tissue [9, 10]. And there have
been researches linking this index to type 2 diabetes [9],
stroke [11], the degree of atherosclerosis in peripheral
arterial disease [12] and left ventricular geometry change
[13].

Although it has been shown that CMI is associated
with the likelihood of developing NAFLD [14, 15], lim-
ited information is available regarding the relation-
ship between CMI and CAP. Exploring the relationship
between the two may offer novel insights for monitor-
ing the severity of NAFLD, requiring only lipid profiles
and body measurements. CMI could be a convenient and
cost-effective indicator for assessing the disease. Accord-
ingly, we conducted the present study.

Methods

Study design and participants

This was a cross-sectional study with data from the
National Health and Nutrition Examination Survey
(NHANES), which is administered by the Centers for
Disease Control and Prevention (CDC) and began in the
early 1960s and is still ongoing with the aim of assessing
the health and nutritional status of the U.S. people. The
NHANES contents include demographics data, question-
naire information, examination data laboratory data and
other information. In the current study, the NHANES
data from 2017 to 2020 were utilized as this is the only
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period that included information about TE of the current
moment.

Figure 1 illustrates the participants exclusion process.
Specific exclusion criteria were applied as follows: (1)
Missing CAP values or CAP <248 dB/m, (2) Missing CMI
values, (3) Age less than 20 years, (4) Pregnancy status,
(5) Positive HBV surface antigen or positive HCV anti-
body, (6) Excessive alcohol consumers (ever have 4/5 or
more drinks every day). After excluding cases meeting
the aforementioned conditions, a total of 1,777 partici-
pants remained and an initial statistical analysis was per-
formed on the sample of 1,777, wherein outliers in CMI
were found. Following the criterion of considering CMI
values exceeding the 99th percentile as outliers, 18 par-
ticipants were further excluded. Ultimately, the analysis
included a final sample of 1,759.

NHANES study protocols were approved by the
Research Ethics Review Board of the National Center for
Health Statistics. Written informed consent was obtained
from all participants in this study. More information
regarding NHANES can be found at the official website
[16].

cmi
CMI = [WC (cm)/height(cm)]X[TG (mmol/L)/HDL-C
(mmol/L)] [9].

CMI was considered the exposure variable.

Liver steatosis and CAP

CAP, measured by TE, indicates the degree of hepatic
steatosis, with higher values corresponding to more sig-
nificant hepatic steatosis. In the current study, median
CAP of 248dB/m was deemed as the best cut-off value
for the diagnosis of hepatic steatosis [17]. CAP value was
treated as the outcome variable.

Covariates

Covariates included age (year), gender (male or female),
race (Non-Hispanic White or Non-Hispanic Black or
Mexican American or other), education level (<high
school or >high school), marital status (Married or liv-
ing with partner or never married or other), income to
poverty ratio (PIR), smoking (yes or no), moderate work
activity (yes or no), body mass index (BMI, kg/m2), sys-
tolic blood pressure (SBP, mmHg), diastolic blood pres-
sure (DBP, mmHg), low-density lipoprotein-cholesterol
(LDL-C, mmol/L), alanine transaminase (ALT, U/L),
aspartate transaminase (AST, U/L), gamma glutamyl
transferase (GGT, IU/L), albumin (ALB, g/L), UA (uric
acid, mg/dL), hemoglobin Alc (HbAlc, %), liver stiftness
measurement (LSM, kPa), diabetes (yes or no), hyperten-
sion (yes or no), hyperuricemia (yes or no), stroke (yes or
no), etc. In the subgroup analysis, age was categorized
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@ Missing CAP values or CAP < 248
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@ Missing CMI values (n=2,857)
Above, 13,265 were excluded.

/@ Age < 20 years (n=189)

@ Pregnancy status (n=0)
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excluded.

n=1,759

Fig. 1 Flow chart for inclusion of participants in this study

as <45, 45-65 and >65 years, BMI as <25, 25-30 and
>30 kg/m?* and ALT as <40 and >40U/L .

Statistical analysis

Continuous variables were expressed as mean + standard
deviation (SD) and categorical variables as proportions.
CMI was divided into tertiles from the lowest (T1) to the
highest (T3). The differences among participants grouped
by CMI tertiles were assessed using a weighted linear
regression model (continuous variables) or weighted chi-
square test (categorical variables). Three linear regression
models were used to explore the relationship between
CMI and CAP. In model 1, no covariate was adjusted;
in model 2, gender (with male as the reference), age
and race (with Non-Hispanic White as the reference)
were adjusted; model 3 further adjusted for education
level (with <High school as the reference), marital sta-
tus (with Married/Living with Partner as the reference),
PIR, moderate work activity (with Yes as the reference),
BMI, SBP, DBP, ALT, AST, GGT, ALB, LDL-C, uric acid,
LSM, smoking (with Yes as the reference), diabetes (with
Yes as the reference), stroke (with Yes as the reference)
based on model 2. Variance inflation factors were calcu-
lated, and Spearman’s correlation analysis was employed
to examine collinearity among variables. Trend test was
performed across CMI tertile groups. B coefficients ()

and 95% confidence intervals (95% Cls) were reported.
A generalized additive model (GAM) was applied to find
whether CMI and CAP were in a non-linear relation-
ship. Piece-wise regression was used for dividing CMI
into segments and fitting a separate regression model to
each segment and we employed the log-likelihood ratio
test to assess which model provided a better fit. Subgroup
analysis was conducted to assess the robustness of the
results and interaction test was performed. Participants
were divided into different subgroups based on gender,
age, BMI, ALT, and specific diseases and these strati-
fied factors were also regarded as pre-specified potential
effect modifiers. Data were analyzed with the use of R
version 4.2.0 (http://www.r-project.org, The R Founda-
tion) and Empower software (www.empowerstats.com,
X&Y solutions, inc. Boston, Massachusetts). Appropriate
NHANES sampling weights were used in the statistical
analysis. The significance level was set at p<0.05.

Results

Characteristics of participants

Finally, the study comprised a total of 1,759 participants
aged >20 years, with males accounting for 50.76% and
female 49.24% and the mean age was 50.19 years. CMI
was divided into tertiles: the ranges were 0.05-0.45,


http://www.r-project.org
http://www.empowerstats.com

Xi and Yang Lipids in Health and Disease (2024) 23:40

0.45-0.85, 0.85-3.90, respectively. And the participants
were divided into three groups based on CMI tertiles.

Among tertiles, there were significant differences in the
distribution of gender, race, education level, moderate
work activity, diabetes, hypertension and hyperuricemia
(all p<0.05). Compared to the other two groups, partici-
pants in tertile 3 displayed a propensity for larger waist
circumference, higher BMI and a higher prevalence of
diabetes, hypertension, hyperuricemia and stroke. Of
utmost significance, participants in tertile 3 demon-
strated higher value for CAP. Detailed information is pre-
sented in Table 1.

The association between CMI and CAP
Three linear regression models were applied to investi-
gate the association between CMI and CAP and the num-
ber of adjusted covariates varied across the three models,
ranging from unadjusted (Model 1) to fully adjusted
(Model 3). Table 2 presents the aforementioned informa-
tion in detail. In terms of collinearity, the variance infla-
tion factors for the variables are all below 5 (eTable 1),
and the |r| (Spearman correlation analysis) is less than
0.8 (eFig 1), indicating the absence of severe collinearity.
A positive association between CMI and CAP was
found in all three models (Model 1: B, 22.78; 95% CI,
19.66-25.91; Model 2: B, 22.97; 95% CI, 19.82-26.13;
Model 3: B, 10.40; 95% CI, 7.14-13.67). The difference in
[ between Models 2 and 3 was large. Therefore we estab-
lished 18 linear regression equations (including Model
2 and 3), introducing one new variable at a time and
reported the change in the coefficient of determination
(AR?) (eTable 2). The results indicated that BMI played a
predominant role in the variation of . After stratifying
the CMI into tertiles (Tertile 1-3), trend test was con-
ducted and a linear relationship between CMI and CAP
was indicated by all three models (all p for trend<0.05).
Furthermore, generalized additive model and smooth
curve fitting were employed to investigate possible non-
linear relationship and the result also supported a posi-
tive linear relationship as shown in Fig. 2. The linear
relationship between the two was reinforced by two-
piecewise regression (p for log-likelihood ratio > 0.05, the
linear regression providing a better fit), as indicated in
Table 3.

Subgroup analysis

Participants were stratified into distinct subgroups
based on gender, age, race, BMI, ALT, diabetes, hyper-
tension, hyperuricemia, and stroke status. After adjust-
ment for confounding factors, B coefficients of CMI on
CAP remained consistent across all subgroups (all f>0),
notwithstanding that this positive correlation exhibits
some degree of instability in certain subgroups, including
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Non-Hispanic Blacks, Mexican Americans, group with
BMI<25, group with ALT >40, diabetic patients, and
stroke patients (95% CI lower limit<0 or broader 95%
CI). Details are shown in Fig. 3.

Discussion

In our cross-sectional study including 1,759 U.S. adults
with NAFLD, the positive association between CMI and
CAP was found. Serving as sensitivity analysis, a general-
ized additive model and subgroup analysis further con-
firmed the robustness of the positive association.

CMLl is the product of TG/HDL-C and WHtR, combin-
ing lipid levels and visceral obesity [9]. Studies showed
that TG/HDL-C is an efficient predictor of cardiovascu-
lar disease [18], and WHLtR, i.e. waist circumference cor-
rected by height, is a good indicator of abdominal obesity
and considered as a superior tool to BMI and waist cir-
cumference in screening for adult cardiometabolic risk
factors [19]. Both TG/HDL and WHtR are correlated
with insulin resistance and NAFLD [20-23]. As the inte-
gration of both, CMI should theoretically function as a
strong indicator for assessing NAFLD.

We reviewed previous studies examining the relation-
ship between CMI and NAFLD. Zou et al. [15] con-
ducted post hoc analysis of NAGALA with a sample size
of 14,251 subjects and revealed that CMI served as an
independent risk factor for NAFLD. For each increase of
1 SD in CM]I, the risk of NAFLD escalated by 28% (95%
CIL: 1.19-1.37). Furthermore, disparities were observed
in the risk of NAFLD across different age and gender
groups: with each increment of 1 SD in CM]I, the risk was
higher among the young people than the middle-aged
and elderly people, and among women than men. Similar
results were obtained in the study conducted by Liu et al
[14]. In Liu’s study, CMI was divided into quartile groups
and the prevalence of NAFLD increased in sequence
from Q1 to Q4. Multivariate logistic regression suggested
that the prevalence of NAFLD increased for each 1 SD
elevation in CMI in both sexes (Male: OR, 3.069; 95% CI,
2.603-3.618; Female: OR, 3.110; 95% CI, 2.579-3.750). It
is worth noting that the outcome variable in the afore-
mentioned two studies, namely NAFLD, was a dichoto-
mous categorical variable, and the primary emphasis of
these two studies was directed towards investigating the
correlation between CMI and the prevalence of NAFLD.
While, the outcome variable in our study was CAP, a con-
tinuous variable assessing the degree of hepatic steatosis.
Correspondingly, multivariate analysis employed a linear
regression model and the main emphasis of our study
was to explore the quantitative variations in the degree
of hepatic steatosis in adult NAFLD patients in relation
to shifting levels of CMI. Accordingly, our study could be
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Table 1 Weighted baseline characteristics of study participants according to tertile groups of CMI

Overall T1 T2 T3 p value
(0.05-3.90) (0.05-0.45) (0.45-0.85) (0.85-3.90)
No. of participants 1759 586 586 587
Age (years) 502+16.2 504+17.0 50.7+156 494+159 0.3605
Gender (%) 0.0024
Male 50.76 4933 46.24 56.19
Female 49.24 50.67 53.76 43.81
Race (%) <0.0001
Non-Hispanic White 63.96 66.03 57.69 6744
Non-Hispanic Black 8.82 11.69 10.90 4.08
Mexican American 10.11 820 9.99 12.14
Other 17.10 14.08 2141 16.34
Education level (%) 0.0010
<High school 10.76 7.1 11.96 13.40
>High school 89.24 92.89 88.04 86.60
Marital status (%) 0.7860
Married/Living with Partner 69.22 67.94 69.41 7034
Never married 14.16 14.64 13.31 14.42
Other 16.63 1743 17.27 15.24
PIR 3.17+1.60 336+1.56 311+£167 3.03+1.57 0.0025
Smoking (%) 0.1126
Yes 42.00 40.39 40.01 45.38
No 58.00 59.61 59.99 54.62
Moderate work activity (%) <0.0001
Yes 49.67 55.97 4192 50.16
No 5033 44.03 58.08 49.84
Waist circumference (cm) 107.19+£15.73 100.65+14.51 107.88+14.45 113.18+15.48 <0.0001
BMI (kg/m?) 3223+7.19 2944+6.14 3262+6.88 34.70+7.45 <0.0001
SBP (mmHg) 123.11+16.60 12232+16.79 123.14+£17.22 123.88+15.82 0.2866
DBP (mmHg) 76.04+11.13 7427 +10.79 76.60+10.73 7733+11.56 <0.0001
TG (mmol/L) 1.39+£0.76 0.75+0.24 1.25+031 2.17+0.71 <0.0001
LDL-C (mmol/L) 2.90+0.93 2.77+0.81 299+1.00 296+0.95 <0.0001
HDL-C (mmol/L) 132+0.38 1.61+£041 1.28+0.24 1.05+£0.18 <0.0001
ALT (U/L) 24.66+£16.95 2095+13.79 2536+£16.59 2780+19.27 <0.0001
AST (U/L) 21.80+11.09 21.24+£11.85 21.97+10.96 22.21+£10.36 02918
GGT (IU/L) 31.38+33.11 28.24+3531 30.17+28.19 35.61+34.37 0.0003
ALB (g/L) 40.25+3.10 40.50+3.01 40.22+3.05 40.01+3.22 0.0243
Uric acid (mg/dL) 566+1.35 526+120 575+1.37 598+1.38 <0.0001
HbA1c (%) 5.82+1.05 551+0.65 5.86+0.95 6.10+1.33 <0.0001
eGFR(ml/min/1.73m?) 95.56+25.76 92.98+21.87 96.49+27.10 97.34+27.89 0.0077
LSM (kPa) 6.16+4.39 546+2.85 592+3.11 7.09+6.13 <0.0001
CAP (dB/m) 305.76+41.11 290.07+35.39 305.38+39.05 321.95+42.02 <0.0001
Diabetes (%) <0.0001
Yes 14.71 6.61 15.15 22.50
No 85.29 9339 84.85 77.50
Hypertension (%) <0.0001
Yes 47.84 3794 5253 53.79
No 52.16 62.06 4747 46.21
Hyperuricemia (%) <0.0001
Yes 26.11 14.81 28.89 35.07

No 73.89 85.19 ARR! 64.93
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Table 1 (continued)
Overall T1 T2 T3 p value
(0.05-3.90) (0.05-0.45) (0.45-0.85) (0.85-3.90)
Stroke (%) 0.3420
Yes 3.31 346 241 3.94
No 96.69 96.54 97.59 96.06

For continuous variables, variables are presented as mean + standard deviation and p value was calculated by weighted linear regression model. For categorical
variables, variables are displayed as percentage and p value was calculated by weighted chi-square test

PIR Income to poverty ratio, BMI Body mass index, SBP Systolic blood pressure, DBP Diastolic blood pressure, TG Triglyceride, LDL-C Low density lipoprotein
cholesterol, HDL-C High density lipoprotein cholesterol, ALT Alanine transaminase, AST Aspartate transaminase, GGT Gamma glutamyl transferase, ALB Albumin,
HbA1c Hemoglobin Alc, eGFR Estimated glomerular filtration rate, LSM Liver stiffness measurement, CAP Controlled attenuation parameter

Table 2 Linear regression analysis between CMI and CAP

Exposure Model 1 Model 2 Model 3
B (95%Cl) B (95%Cl) B (95%Cl)
CMI value 22.78 (19.66, 25.91)*** 2297 (19.82, 26.13)*** 1040 (7.14,13.67)***

(per 1 unit increase)
Tertiles of CMI

T

T2

T3
p for trend

0

15.31(10.81, 19.82)***
31.89 (27.52,36.25)***
<0.0001

0

15.60 (11.08, 20.13) ***
31.96 (27.55, 36.36) ***
<0.0001

0

4.59(-0.01,9.19)
13.11 (843, 17.79) ***
<0.0001

Model 1 unadjusted
Model 2 adjusted for age, gender and race

Model 3 further adjusted for education level, marital status, smoking, moderate work activity, PIR, SBP, DBP, BMI, LSM, UA, LDL-C, ALT, AST, ALB, GGT, diabetes and
stroke based on Model 2

CMI Cardiometabolic index, T Tertile
**%p<0.001

400
|

Controlled attenuation parameter (dB/m)
310

Controlled attenuation parameter (dB/m)
300
|

T T T T T T T T
0 1 2 3 4 0 1 2 3 4
Cardiometabolic index Cardiometabolic index
Fig. 2 The association between cardiometabolic index and controlled attenuation parameter. (a) Scatter plot, where each black point represents
a sample. (b) Smooth curve fitted by a generalized additive model. The red line denoted the fitted curve and the two blue lines represented 95%
confidence intervals. Model adjusted for gender, race, age, education level, marital status, PIR, moderate work activity, smoking, SBP, DBP, BMI, LDL-C,
ALT, AST, GGT, ALB, UA, LSM, diabetes and stroke
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Table 3 Association between CMI and CAP using two-piecewise
linear regression

Adjusted B (95% Cl), p value

Model 1 (linear regression) 1040 (7.14,13.67), <0.0001
Model 2 (segmented regression)

143

14.58 (9.03, 20.14), <0.0001
3.74(-4.13,1161),03519

0.066

Turning point(K)?
CMI<K effect

CMI>K effect

p for log-likelihood ratio

Fully adjusted model: age, gender, race, education level, marital status, smoking,
moderate work activity, PIR, SBP, DBP, BMI, LSM, UA, LDL-C, ALT, AST, ALB, GGT,
diabetes and stroke

CMI Cardiometabolic index
2 Two-step recursive method was employed to determine the inflection point

Page 7 of 9

regarded as an extension and complement to the previ-
ous researches.

In addition to NAFLD, CMI is associated with a vari-
ety of diseases. Wakabayashi et al. [9] discovered that
the correlations between CMI and hyperglycemia as well
as diabetes are significant, establishing CMI as a help-
ful indicator for discriminating diabetes. In a later study,
Wakabayashi [24] observed that CMI value in different
age groups differed among genders: CMI were higher in
the middle-aged men than in the youngest and the oldest
while in women CMI rose with increasing age. Moreover,
he found that the relationship between CMI and diabetes
weakened with age. Liu et al. [25] found a stronger cor-
relation between CMI and hyperuricaemia compared to
body adiposity index (BAI), conicity index (CI), a body

Subgroups N B (95%Cl) p for interaction
Gender 0.449
Male 651 — 9.49 (5.44,13.53)
Female 746 —— 11.86 (6.84,16.89)
Age 0.3837
<45 461 —— 8.91 (4.48,13.34)
45-65 588 —— 13.56 (8.07,19.06)
265 348 — 9.44 (2.09,16.79)
Race 0.7121
Non-Hispanic White 519 —— 11.00 (7.06,14.94)
Non-Hispanic Black 302 = 3.49 (-8.80,15.79)
Mexican American 201 —_— . 9.91 (-0.04,19.85)
Other 375 —a— 10.84 (3.76,17.92)
BMI 0.8494
<25 152 - 13.95 (0.03,27.88)
25-30 428 —— 10.56 (4.53,16.59)
230 817 —— 12.30 (8.20,16.41)
ALT>40 0.0632
Yes 167 — 3.63 (-4.56,11.83)
No 1230 —— 11.96 (8.42,15.51)
Diabetes 0.424
Yes 276 — 7.31(-1.02,15.63)
No 1121 - 10.91 (7.41,14.41)
Hypertension 0.5279
Yes 725 —— 9.54 (5.25,13.84)
No 672 —— 11.50 (6.81,16.18)
Hyperuricemia 0.7759
Yes 386 —— 9.69 (3.73,15.66)
No 1011 —— 10.69 (6.89,14.48)
Stroke 0.2219
Yes 60 = 2.18 (-11.53,15.89)
No 1337 - 10.81 (7.48,14.13)

= : 2 -'7 ~'2 :‘! 2’3 1'3 I’a 2‘3 2‘8

Fig. 3 Subgroup analysis for the association between CMI and CAP. Covariates to be adjusted included gender, race, age, education level,
marital status, PIR, moderate work activity, smoking, SBP, DBP, BMI, LDL-C, ALT, AST, GGT, ALB, UA, LSM, diabetes and stroke and covariates related

to stratification factors were not adjusted
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shape index (ABSI), body roundness index (BRI) and vis-
ceral adiposity index (VAI). With hyperuricaemia as the
outcome variable, the OR in the highest quartile of CMI
was 4.332 (95% CI, 3.938-4.765) with the lowest quar-
tile as the reference. Wang et al. [11] identified the asso-
ciation between CMI and ischemic stroke: for every 1 SD
increase in CM]I, the risk of ischemic stroke increased by
18% (95% CI, 1.056-1.316) in women and 14% (95% CI,
1.016-1.270) in men.

Study strengths and limitations

There were several advantages of this study. First, this
study adjusted for potential covariates to mitigate the
influence of confounding factors, thereby elucidating
the independent relationship between CMI and CAP.
Second, in addition to multivariate regression analy-
sis, this study employed generalized additive mod-
els and subgroup analysis to ascertain the stability of
the results. Third, transient elastography provided an
objective means to diagnose hepatic steatosis thereby
largely avoiding recall bias from self-reporting. Inevi-
tably, there were limitations. To start with, due to the
nature of the cross-sectional study design, it was not
possible to establish a causal association between CMI
and CAP. Next, the participants in this study were all
U.S. adults, considering the influence of factors such
as geography, genetics and culture, the applicability of
the results of the present study to other geographic and
racial groups might be constrained. Moreover, although
some covariates were adjusted, there were still poten-
tial cofounding factors unadjusted. At last, the diagno-
sis of hepatic steatosis in this study relied on transient
elastography rather than liver biopsy, which is widely
regarded as the definitive method for identifying fatty
liver disease.

Conclusions

The study found that CMI was positively associated with
CAP in U.S. adults with NAFLD and CMI may serve as
an ideal indicator for monitoring the degree of hepatic
steatosis among patients with NAFLD. Further large-
scale prospective studies required to authenticate our
findings.
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