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ARTICLE INFO ABSTRACT

Keywords: Objectives: While several indicators have been studied, the association of body roundness index
Body rOUDdI}eSS iﬂde}( _ (BRI) with non-alcoholic fatty liver disease (NAFLD) remains unclear. We aimed to explore the
N;Jn»alcohohc;atty liver disease association between BRI and ultrasound-defined NAFLD.

g;{r:;r;nsograp Y Methods: The sample dataset was extracted from the National Health and Nutrition Examination

Survey (NHANES) during the period of 2017-2018. The diagnosis of NAFLD was determined
based on the controlled attenuated parameter (CAP>248 dB/m) score of liver ultrasound tran-
sient elastography (LUTE). Participants with excessive alcohol use and viral hepatitis were
excluded. To delve deeper into the relationship, Multivariable logistic regression with adjustment
for confounding variables and smoothing curve analysis was used to investigate the association
and nonlinear relationships between BRI and NAFLD.

Results: Among 4210 individuals aged 20 years or older included in the study, 28.2 % had NAFLD.
Compared to the first tertile, BRI notably increased the risk of NAFLD 3.53-fold [95 % confidence
interval (CI) = 2.73-4.57] in the second tertile and 7.00-fold (95%CI = 5.29-9.27) in the third
tertile after adjusting for multiple covariates (P for trend <0.001). Furthermore, when BRI was
treated as a continuous variable, one unit of increment in BRI was associated with 41 % higher
odds of NAFLD [adjusted odds ratio (aOR) = 1.41; 95%CI = 1.34-1.48; P < 0.001]. The asso-
ciations of BRI with NAFLD persisted in all subgroup analyses. A smoothing curve fitting
demonstrated that the relationship between BRI and NAFLD was a nonlinear connection. The risk
of NAFLD increased significantly when BRI was lower than 4.82, after which the curve showed a
modest ascent.

Conclusion: Higher BRI was consistently associated with an increased risk of NAFLD in US adults.
BRI is a risk factor for NAFLD, and there is an imperative to give more attention to lowering the
BRI

1. Introduction

It is estimated that 25%-30 % of the world’s population suffers from nonalcoholic fatty liver disease (NAFLD), which has recently
surpassed viral hepatitis as the leading cause of chronic liver disease [1,2]. NAFLD is characterized by excessive fat infiltration into the
liver in the absence of alcohol abuse or other secondary causes. NAFLD encompasses a spectrum of histopathological features that
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ranges from simple steatosis, non-alcoholic steatohepatitis, progressive cirrhosis, to end-stage liver disease or hepatocellular carci-
noma [3-5]. Associations between NAFLD and conditions like obesity, visceral obesity, hypertension, type 2 diabetes mellitus (T2DM),
chronic kidney disease, metabolic syndrome, and cardiovascular disease have been well-documented [6,7]. Adiposity and obesity are
undoubtedly associated with chronic diseases such as liver cirrhosis and NAFLD [8]. The gold standard for the diagnosis of NAFLD is
liver biopsy, but it is invasive, and expensive and has significant variability in the samples taken. Clinically, in order to evaluate fatty
liver, ultrasonography is recommended as the first-line modality [9]. In transient elastography with FibroScan®, the controlled
attenuation parameter (CAP) can be used to estimate hepatic steatosis with high sensitivity [10,11]. Vibration-controlled transient
elastography (VCTE) coupled with controlled attenuation parameter (CAP) is a noninvasive method for evaluating hepatic steatosis
[12].

Body mass index (BMI) has been the most widely adopted weight-related anthropometric measure in the past decade. Obesity is
known to be a major modifiable risk factor for NAFLD. There has been a strong correlation between obesity and NAFLD, and visceral
obesity is arguably the most important predictor of the disease [13]. However, BMI is not an accurate predictor of body fat distribution,
since it does not distinguish between lean and fat mass [14]. A body roundness index (BRI) was developed by Thomas et al., in 2013 to
predict body fat and visceral adipose tissue volume [15]. In comparison with traditional body composition indices, BRI is a better
indicator of body fat percentage and visceral fat than waist circumference (WC), BMI, and hip circumference [15].

BRI has previously been evaluated in terms of its ability to predict NAFLD, however, the relationship between the BRI and NAFLD is
still not clear in US adults.

While the BRI has been evaluated for its potential to predict NAFLD, the relationship between BRI and NAFLD in US adults remains
ambiguous. Especially against the backdrop of extensive research into the relationship between weight and health, it’s unclear if the
BRI, as a relatively new metric, offers unique insights into the risk assessment for NAFLD. Considering the strong correlation between
obesity and NAFLD, and the more accurate representation of body fat distribution offered by BRI in comparison to BMI, we hypothesize
that BRI may be a significant predictor of NAFLD in US adults. This study intends to shed light on the potential association between BRI
and the prevalence of NAFLD in the population. The primary objective of this study is to bridge this knowledge gap by utilizing the
publicly accessible NHANES database to examine the association between BRI and NAFLD. We anticipate that this research will not
only elucidate the role of BRI in predicting NAFLD but also provide fresh perspectives for public health intervention strategies targeting
NAFLD. Therefore, the major goal of this study was to assess this relationship using data from the publicly accessible National Health
and Nutrition Examination Survey (NHANES) database, which could bring new insights on NAFLD health intervention.

2. Methods
2.1. Study design and population

NHANES is a continually updated, cross-sectional, continuing national representative survey that collects information on nutrition
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Fig. 1. A flow chart diagram of the study participants and exclusions.
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and health conditions in the US, including demographic, dietary, and examination measures, laboratory, and questionnaire data. For
access to NHANES data, please go to www.cdc.gov/nchs/nhanes/. Given its comprehensive nature, the NHANES database is frequently
employed in liver disease research. The survey was approved by the Centers for Disease Control and Prevention (CDC) ethics review
board, and all participants signed informed consent. The NHANES data for 2017 and 2018 were used for this study since liver ul-
trasound transient elastography (LUTE) was available during this cycle.

In our study, all participants undergoing LUTE CAP measurement between 2017 and 2018 were included. FibroScan was used to
determine the objective value of hepatic steatosis in the current study. The median CAP score was expressed in dB/m values. Hepatic
steatosis (HS) was defined as CAP value greater than 248 dB/m in this study. Diagnoses of NAFLD are made based on the presence of
hepatic steatosis [16]. Thus, NAFLD was diagnosed based on the presence of HS and in the absence of excessive alcohol use (>20 g/day
for males and >10 g/day for females) and viral hepatitis (hepatitis B virus/hepatitis C virus) [11]. Participants’ height and weight were
measured in light clothes and without shoes. A standing position was used to measure participants’ height. Calibrated platform scales
were used to measure body weight. The WC was measured at the umbilicus level after normal expiration with an un-stretchable tape
measure. BRI was calculated based on previous algorithm as follows [15]:

2
wc
2

(0.5height)’

BRI=364.2 — 365.5 x

Initially, we assessed a cohort of 5717 individuals with data on both BRI and their NAFLD status. From this group, we omitted
participants under the age of 20 (N = 1056) and those with a documented history of cancer or malignancy (N = 451). Consequently,
our final analysis encompassed 4210 participants: 1187 with NAFLD and 3023 without NAFLD (Fig. 1).

2.2. Definition of other variables and outcome measure

The BRI was treated as an exposure variable in this study. The covariates were chosen based on previous research and their bio-
logical plausibility. For the continuous variables, these were age, BMI, WC, family poverty income ratio, eGFR, albumin, total
cholesterol, HbAlc (%), HDL-C, creatinine, uric acid, aspartate aminotransferase (AST), and alanine transaminase (ALT). As for the
categorical variables, these comprised of sex, race, educational attainment, marital status, smoking habits, presence of asthma, car-
diovascular disease (CVD), diabetes, hypertension, hyperlipidemia, and metabolic syndrome (MetS). BMI was calculated as weight
(kg) divided by the square of height (m). Based on their BMI, participants were divided into three groups: normal (BMI<25 kg/mz),
overweight (25<BMI<30 kg/mz), and obese (BMI>30 kg/mz). In the NHANES database, WC is measured using a non-stretchable tape
horizontally around the abdomen just above the highest point of the right iliac crest, taken at the end of a normal exhalation and
recorded to the nearest 0.1 cm. The family poverty income ratio (PIR) represents a family’s income relative to the U.S. Census Bureau’s
poverty threshold. A PIR less than 1 indicates income below the poverty line, while a PIR greater than 1 signifies income above it.
Serum albumin levels are measured using a bromocresol green method or a similar colorimetric method. HbAlc is assessed using High-
Performance Liquid Chromatography (HPLC) or other standardized methods to capture the percentage of hemoglobin that is glycated.
Uric acid in serum is often assessed using a colorimetric method, typically based on the reaction with uricase. Both of AST and ALT are
typically measured enzymatically in serum. The level of enzymatic activity indicates the amount of each enzyme in the sample. The
race was grouped into 4 categories: Mexican American, non-Hispanic Black, non-Hispanic White, and others. The eGFR was calculated
based on the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [17], and was grouped into <60 ml/min/1.73
m?, 60-90 ml/min/1.73 m?, and>90 ml/min/1.73 m?. A participant’s level of education was classified as below high school, above
high school, or high school. Marital status was categorized as married or unmarried. Smoking status was recorded as now (smoked
more than 100 cigarettes in life and smoke some days or every day), former (smoked more than 100 cigarettes in life and smoked not at
all now), or never smoking (smoked less than 100 cigarettes in life). The asthmatic individuals were defined as those who answered
"yes’ to the following question: “has a doctor or other health professional ever told you that you have asthma?’’ or use antiasthmatic
drug. A history of CVD was defined as self-reported ever receiving a diagnosis of angina, coronary heart disease, myocardial infarc-
tion/heart attack, congestive heart failure, or stroke. The definition of diabetes is self-reported doctor-diagnosed diabetes, medications
to lower blood glucose, or HbAlc of less than 6.5 %. History of hypertension was defined as self-reported hypertension diagnosis, a
diastolic blood pressure >90 mmHg, a systolic blood pressure >140 mmHg or use of anti-hypertensive medications. The definition of
MetS was based the joint statement of the International Diabetes Federation (IDF) in 2009 [18]. The study’s endpoint was the presence
of NAFLD, determined via the CAP score—a significant metric in LUTE captured by the FibroScan® 502 V2 Touch.

2.3. Statistical analysis

Based on the NHANES recommendation and guidelines, an appropriate sampling weight was calculated and accounted for complex
multistage survey design strategies in the analysis. Continuous variables were expressed as survey-weighted mean (95 % CI), and
categorical variables were presented as a survey-weighted percentage (95 % CI). Participants were classified into three tertiles ac-
cording to the BRI, with the first tertile used as the reference group. The variance inflation factor (VIF) was used to check for multi-
collinearity, and variables with a VIF greater than 10 were excluded from the model. Covariates were selected as potential confounders
in the final models if they changed the estimates of BRI on risk of NAFLD by more than 10 % or were notably associated with NAFLD
[19]. The multivariate logistic regression models included the unadjusted crude model, minimally adjusted Model 1 (only sex, age, and
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family poverty income ratio were adjusted), and fully adjusted Model 2 (sex, age, family poverty income ratio, diabetes, hypertension,
hyperlipidemia, eGFR, ALT, AST, HDL cholesterol, and MetS were adjusted) [20]. We further performed additional analyses. BRI as a
continuous variable was subjected to logistic regression using these models. Analysis of non-linear relationships was conducted using
smooth curve fittings and threshold effect analysis. A two-piecewise linear regression model using a smoothing function was further
used to evaluate whether BRI had any threshold effect on risk of NAFLD. It was determined that a threshold level (or turning point)
could be achieved using trial and error; turning points were selected along a predetermined interval, and the turning point that gave
the greatest likelihood of the model was identified. We also compared a one-line linear regression model with a two-piecewise linear
model using the log likelihood ratio. Subgroup analyses stratified by multiple factors were used to explore the stability of the main
results. Additionally, the study calculated E-values as part of a sensitivity analysis to test the robustness of the presented results.
E-values measure the minimal strength of an association between BRI (the exposure) and the risk of NAFLD (the outcome). Since a
series of variables in the NHANES database have different degrees of missing, there is potential for bias. To create these imputed
datasets, we used a mice software package to generate chained equations for ten datasets. We also performed sensitivity analyses to
determine whether the created complete data differed significantly from the pre-imputation data. Package R version 3.4.3 (http://
www.Rproject.org) and EmpowerStats software (http://www.empowerstats.net/en/) were used to analyze the data. A two-sided P

Table 1
Baseline characteristics of included individuals according to body roundness index (BRI) tertiles, weighted.
T1 T2 T3 P for trend

Age (years) 40.70 (39.21,42.20) 48.67 (47.14,50.20) 50.09 (48.49,51.69) <0.0001
BMI (kg/mz) 23.44 (23.22,23.66) 29.07 (28.88,29.27) 37.40 (36.82,37.97) <0.0001
Waist circumference (cm) 83.95 (83.31,84.59) 100.07 (99.27,100.86) 119.58 (118.58,120.58) <0.0001
Family poverty income ratio 3.12 (2.96,3.29) 3.11 (2.93,3.29) 2.91 (2.76,3.05) 0.1163
eGFR (ml/min/1.73 m?) 100.19 (98.02,102.36) 93.45 (91.09,95.80) 93.62 (90.91,96.33) 0.0012
Albumin (g/1) 41.93 (41.53,42.32) 41.30 (40.97,41.63) 39.71 (39.27,40.15) <0.0001
ALT (IU/L) 20.19 (18.72,21.66) 24.48 (23.22,25.73) 26.66 (24.86,28.46) 0.0001
AST (IU/L) 22.53 (21.29,23.77) 22.34 (21.51,23.17) 22.39 (21.11,23.66) 0.9493
Total cholesterol (mg/dl) 182.07 (178.35,185.79) 195.94 (193.34,198.54) 189.70 (184.12,195.29) 0.0001
HbAlc (%) 5.36 (5.32,5.40) 5.67 (5.61,5.73) 5.97 (5.91,6.04) <0.0001
HDL cholesterol (mg/dl) 58.74 (57.28,60.21) 51.75 (50.63,52.88) 48.87 (47.63,50.10) <0.0001
Creatinine (mg/dl) 76.53 (75.06,78.01) 78.47 (76.58,80.36) 76.60 (74.27,78.94) 0.3297
Uric acid (mg/dl) 4.95 (4.83,5.07) 5.45 (5.33,5.56) 5.80 (5.72,5.88) <0.0001
Sex 0.0007
Female 47.53 (43.00,52.11) 45.47 (40.13,50.91) 57.80 (53.96,61.55)
Male 52.47 (47.89,57.00) 54.53 (49.09,59.87) 42.20 (38.45,46.04)
Race <0.0001
Mexican American 5.98 (3.61,9.75) 11.07 (7.09,16.88) 11.12 (7.91,15.42)
Non-Hispanic Black 12.78 (9.90,16.36) 9.38 (6.31,13.74) 13.11 (9.32,18.15)
Non-Hispanic White 61.40 (55.05,67.38) 57.47 (50.31,64.34) 63.19 (56.65,69.27)
Other 19.84 (15.25,25.38) 22.08 (17.98,26.80) 12.57 (9.81,15.98)
Education level 0.0005
Less Than High School 9.54 (7.72,11.74) 11.85 (9.57,14.58) 11.46 (9.14,14.28)
High school or GED 24.20 (18.78,30.59) 27.15 (23.67,30.93) 32.57 (30.00,35.24)
Above high school 66.26 (59.51,72.40) 61.01 (56.25,65.56) 55.97 (52.22,59.66)
Marital status 0.2243
Unmarried 40.03 (36.56,43.60) 35.56 (30.96,40.45) 37.61 (32.84,42.63)
Married 59.97 (56.40,63.44) 64.44 (59.55,69.04) 62.39 (57.37,67.16)
Smoke <0.0001
Never 61.00 (56.14,65.66) 59.88 (55.45,64.15) 53.33 (48.80,57.81)
Former 19.39 (16.48,22.67) 23.07 (20.53,25.83) 30.42 (26.17,35.02)
Now 19.61 (15.34,24.71) 17.04 (14.38,20.08) 16.25 (14.06,18.71)
Asthma 0.0168
No 85.70 (82.46,88.43) 88.34 (84.47,91.35) 82.21 (78.60,85.32)
Yes 14.30 (11.57,17.54) 11.66 (8.65,15.53) 17.79 (14.68,21.40)
CVD <0.0001
No 95.93 (93.65,97.41) 93.73 (91.44,95.44) 88.52(85.13,91.21)
Yes 4.07 (2.59,6.35) 6.27 (4.56,8.56) 11.48 (8.79,14.87)
Diabetes <0.0001
No 96.74 (95.45,97.66) 88.16 (85.73,90.23) 74.79 (71.69,77.66)
Yes 3.26 (2.34,4.55) 11.84 (9.77,14.27) 25.21 (22.34,28.31)
Hypertension <0.0001
No 81.41 (78.43,84.07) 58.80 (54.39,63.07) 45.49 (40.39,50.70)
Yes 18.59 (15.93,21.57) 41.20 (36.93,45.61) 54.51 (49.30,59.61)
Hyperlipidemia <0.0001
No 55.39 (49.35,61.28) 26.45 (22.97,30.24) 23.87 (20.16,28.02)
Yes 44.61 (38.72,50.65) 73.55 (69.76,77.03) 76.13 (71.98,79.84)
MetS <0.0001
No 97.37 (95.67,98.42) 71.42 (66.47,75.91) 52.90 (47.91,57.83)
Yes 2.63 (1.58,4.33) 28.58 (24.09,33.53) 47.10 (42.17,52.09)
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value of less than 0.05 was considered statistically significant.

3. Results

3.1. Characteristics of participants

A total of 4210 participants were included in the study. Among these, 1187 (28.2 %) were diagnosed with NAFLD. The weighted
demographic data of the participants are shown in Table 1. With increasing tertiles of BRI, participants were significantly older, had
higher BMI, WC, ALT, total cholesterol, HbAlc, uric acid, were more likely to be female, Mexican American, high school, former
smoking, asthma, CVD, diabetes, hypertension, hyperlipidemia, and MetS, but trend to have lower eGFR, albumin, and HDL
cholesterol (all P for trend <0.05).

3.2. BRI and the risk of NAFLD

Table 2 displays the relationship between BRI and NAFLD. In the crude model, after we grouped the BRI into tertiles, BRI were
demonstrated to positively associate with NAFLD. After fully adjustment, compared with individuals in T1, BRI was still positively
associated with NAFLD in T2 (OR = 3.53, 95 % CI = 2.73-4.57, P < 0.001) and T3 (OR = 7.00, 95 % CI = 5.29-9.27, P < 0.001),
respectively. Moreover, after full adjusting for potential confounders, every one-unit increase in BRI was associated with 41 % increase
in the OR of NAFLD.

A smooth curve fitting approach and threshold effect analysis were used to detect the potentially non-linear relationship between
BRI and NAFLD risk. There was a significant nonlinear correlation between BRI and NAFLD (P for nonlinearity <0.001) (Fig. 2). Based
on the threshold effect analysis, BRI had an inflection point of 4.82. Two-piecewise linear regression model demonstrated that when
BRI <4.82, for every one-unit increase in BRI, the risk of NAFLD increased by 1.63-fold, while when BRI >4.82, the risk of NAFLD
increased by 26 % (aOR = 2.63, 95 % CI = 2.21-3.13, P < 0.001; aOR = 1.26, 95 % CI = 1.18-1.33, P < 0.001; respectively) (Table 3).
For fitting the association between BRI and NAFLD, the segmented logistic regression model was better than the linear logistic
regression model (P < 0.001).

3.3. Subgroup analyses and sensitivity analyses

Subgroup analysis was performed to investigate the robustness of relationship between BRI and all-cause and NAFLD risk. The main
results were particularly robust among all subgroups except for individuals with eGFR <60 ml/min/1.73 m? (Fig. 3).

Sensitivity analyses using the ten created complete data did not greatly change the main findings (Fig. 4). The results remained
robust after adjusting for multiple variables. The association of BRI with NAFLD remained significantly positive when BRI was treated
as continuous variable (aOR = 1.32; 95%CI = 1.27-1.37). After full adjustment, compared with individuals in T1, BRI was still
positively associated with NAFLD in T2 (aOR = 2.98, 95 % CI = 2.40-3.70, P < 0.001) and T3 (aOR = 5.22, 95 % CI = 4.13-6.59, P <
0.001), respectively. Moreover, the E-value (and its lower limit of 95%CI) for the relationship between BRI and NAFLD risk was 1.85
(1.75) (Fig. 5). Given that the E-value of 1.85 is much higher than any observed risk factors examined in the present study, it is
implausible that an unmeasured confounder exists that can overcome the effect of BRI observed in the current analysis study.
Therefore, the E-value and the above sensitivity analyses confirmed the robustness of the main results.

4. Discussion

In this study, we investigated the relationship between BRI and the risk of NAFLD in a large representative sample of US adults.
Upon employing a stricter definition of NAFLD, our results highlighted that a higher BRI was notably associated with the risk of
ultrasound-defined NAFLD. This main effect persisted even after adjustment for potential confounding variables. Interestingly, the
associations of BRI with NAFLD were persisted in all subgroup analyses. The smoothing curve fitting demonstrated that the rela-
tionship between BRI and NAFLD was a nonlinear connection. The risk of NAFLD increased significantly when BRI was lower than
4.82, and then the curve slightly increased.

Table 2
Associations of the body roundness index (BRI) with the risk of non-alcoholic fatty liver disease (NAFLD).
Exposure Non-adjusted Adjust I Adjust II
BRI 1.26 (1.22, 1.29) <0.0001 1.23 (1.19, 1.27) <0.0001 1.41 (1.34, 1.48) <0.0001

BRI tertiles
T1
T2
T3
P for trend

1.0 (Reference)

2.50 (2.07, 3.02) <0.0001
4.00 (3.33, 4.81) <0.0001
<0.001

1.0 (Reference)

2.21 (1.80, 2.72) <0.0001
3.27 (2.67, 4.01) <0.0001
<0.001

1.0 (Reference)

3.53 (2.73, 4.57) <0.0001
7.00 (5.29, 9.27) <0.0001
<0.001

Non-adjusted model adjust for: None.

Adjust I model adjust for: sex, age, and family poverty income ratio.

Adjust IT model adjust for: sex, age, family poverty income ratio, diabetes, hypertension, Hyperlipidemia, eGFR, ALT, AST, HDL cholesterol, and MetS.
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P for nonlinearity < 0.001
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Fig. 2. Relationship between BRI and NAFLD risk by smooth curve fitting. Adjustment for: sex, age, family poverty income ratio, diabetes, hy-
pertension, hyperlipidemia, eGFR, ALT, AST, HDL cholesterol, and MetS. The red line demonstrates the risk of NAFLD, and the blue ribbons
illustrate its 95 % confidence interval.

Table 3

Threshold analysis for the relationship between BRI and NAFLD.
Models Adjusted OR (95%CI)
Model I
One line slope 1.44 (1.37, 1.51) <0.001
Model II
Turning point (K) 4.82
<4.8 2.63 (2.21, 3.13) <0.001
> 4.8 1.26 (1.18, 1.33) <0.001
OR between < 4.82 and > 4.82 0.48 (0.39, 0.58) <0.001
Logarithmic likelihood ratio test <0.001

Adjust for: sex, age, family poverty income ratio, diabetes, hypertension, hyperlip-
idemia, eGFR, ALT, AST, HDL cholesterol, and MetS.

In spite of the fact that liver biopsy is regarded the gold standard in NAFLD evaluation, performing liver biopsies on the general
population for steatosis and fibrosis prevalence estimation is neither practical nor feasible. LUTE (FibroScan®) measures steatosis and
fibrosis in patients suffering from NAFLD in a noninvasive manner [21]. FibroScan transient elastography with CAP has yielded
favorable results in liver steatosis, fibrosis, and NAFLD [22-24]. The prevalence of NAFLD is increasing worldwide. Fatty liver is
strongly linked with obesity and is considered the hepatic manifestation of the metabolic syndrome. The main cause of obesity is the
disproportionate growth of adipose tissue and lean body mass. In general, the BMI is considered a diagnostic indicator of obesity and
may show the distribution of fat throughout the body [25]. The traditional anthropometric indices, however, failed to distinguish
between fat and muscle [26]. A new anthropometric index BRI that determines body fat percentages by measuring waist circumference
and height was developed. The BRI is effective in predicting fat distribution for percent body fat [15]. BRI has been shown to improve
body fat prediction and has been identified as an alternative indicator to evaluate diabetes, insulin resistance, MetS, and hyperuricemia
[27-29]. Supporting this, recent study showed that BRI provides a relative accurate prediction for the percentage of body fat as well as
total percentage of visceral adipose tissue. In our study, we found that BRI was positively associated with NAFLD. Therefore, our
findings could provide details for future randomized controlled trials to explore whether lowering BRI would result in decreased risk of
NAFLD. Consequently, early identification and appropriate intervention treatment could potentially reduce the excess risk of NAFLD.
To date, only one other cross-sectional study has explored the BRI-NAFLD connection. In previous study, the authors found BRI (OR =
5.484 for male and OR = 3.482 for female) was associated with a higher risk of NAFLD. However, they failed to reveal a nonlinear
association between them. In contrast, our study spotlighted this nonlinear relationship, with NAFLD risk surging when BRI is below
4.82 and plateauing thereafter. Nonetheless, further research is warranted to unravel this nonlinear relationship more comprehen-
sively. Furthermore, the results were robust in multiple subgroup analysis and sensitivity analyses. The main results kept unchanged
among nearly all subgroups. Sensitivity analyses results showed that created complete data did not differ significantly from raw data.
Besides, E-value 1.85 indicates that an unmeasured confounder associated with both exposure and outcome by an OR of at least 1.85
times would eliminate the observed associations. Therefore, all the results confirmed the robustness of our main findings.
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Subgroup

OR(95%Cl)

Gender
Female
Male
Age,years
<60
260
Smoking
Never
Former
Now
Hypertension
No
Yes
Diabetes
No
Yes
CvD
No
Yes
Asthma
No
Yes
Marital status
Unmarried
Married
BMI(kg/m?)
Normal
Overweight
Obese
MetS
No

Yes

eGFR(ml/min/1.73 m?)

1.39(1.31,1.48)
1.51(1.37,1.66)

1.41(1.33,1.50)
1.46(1.33,1.60)

1.39(1.30,1.48)
1.43(1.28,1.60)
1.68(1.46,1.93)

1.47(1.37,1.58)
1.37(1.28,1.47)

1.49(1.40,1.58)
1.23(1.11,1.37)

1.44(1.37,1.52)
1.20(1.05,1.36)

1.43(1.2,1.5)
1.33(1.19,1.49)

1.43(1.33,1.54)
1.40(1.32,1.50)

1.69(1.25,2.28)
1.40(1.14,1.71)
1.23(1.13,1.33)

1.49(1.41,1.58)
1.20(1.10,1.31)

<60 1.15(0.98,1.36) ——
60-90 1.50(1.36,1.64) : ——
=90 1.40(1.32,1.49) : +oH
1:2 1I6 2:0

Fig. 3. Subgroup analysis using potential confounders as the stratification factors.

The present study had several strengths. First, this was a cross-sectional study with large sample size based on a nationally
representative survey among US adults. Secondly, multiple subgroup analyses and multiple imputation results did not diminish the
power of the relationship between BRI and NAFLD. Thirdly, multiple possible confounders were available, and we adjusted for them in
different models. Furthermore, the results of the subgroup analyses, sensitivity analysis via E-value demonstrated that the association
between BRI and NAFLD risk was robust to unmeasured confounders.
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Multiple imputation HR (95% CI) P-value

1(continuous) 1.32(1.27-1.37) :0 <0.0001
T 1(Reference) [ ]

T2 2.98(2.40-3.70) : <0.0001

T3 5.22(4.13-6.59) | <0.0001

2(continuous) 1.33(1.28-1.38) :o <0.0001
T 1(Reference) ®

T2 3.03(2.43-3.77) : <0.0001

T3 5.36(4.23-6.79) | <0.0001

3(continuous) 132(1.27-137) |® <0.0001
T1 1(Reference) ?

T2 3.06(2.46-3.81) | <0.0001

T3 5.21(4.12-6.60) : <0.0001

4(continuous) 1.32(1.27-1.37) @ <0.0001
T1 1(Reference) ¢

T2 3.08(2.48-3.84) 1 <0.0001

T3 5.13(4.06-6.49) : <0.0001

5(continuous) 1.32(1.27-1.37) 9 <0.0001
™ 1(Reference) *

T2 3.06(2.46-3.81) : <0.0001

T3 5.23(4.13-6.62) | <0.0001

6(continuous) 1.32(1.27-1.37) :. <0.0001
T 1(Reference) ®

T2 3.02(244-376) | <0.0001

T3 5.11(4.05-6.44) 1 <0.0001

7(continuous) 1.31(1.26-1.36) :O <0.0001
T 1(Reference) ®

T2 2.99(241-3.71) | <0.0001

T3 4.94(3.92-6.23) : <0.0001

8(continuous) 1.31(1.26-1.36) e <0.0001
™ 1(Reference) ?

T2 2.98(2.40-3.70) | <0.0001

T3 4.90(3.89-6.18) : <0.0001

9(continuous) 1.33(1.28-1.38) 19 <0.0001
T 1(Reference) +

T2 3.21(2.57-4.00) 1 <0.0001

T3 5.52(4.35-6.99) : <0.0001

10(continuous) 1.33(1.28-1.38) :0 <0.0001
T 1(Reference) ®

T2 3.20(257-3.99) | <0.0001

T3 5.55(4.38-7.03) | <0.0001

Pooled (continuous) 1.32(1.27-1.37) :o <0.0001

Pooled (T2 vs T1) 298(2.40-3.70) 1  +—@— <0.0001

Pooled (T3 vs T1) 5.22(4.13-6.59) : —0——  <0.0001

1 1 1
2 4 6

Fig. 4. Pooled results of created complete data using multiple imputations with ten imputed datasets.

However, it is important to acknowledge several inherent limitations in this cross-sectional study. The measurement of BRI only
taken at the beginning of the study, and this may not adequately capture potential fluctuations or long-term changes in BRI over time,
which could provide a more comprehensive understanding about its association with NAFLD. Additionally, the diagnosis of NAFLD
primarily relied on transient elastography findings. While this method is non-invasive and convenient, it lacks the definitive diagnostic
accuracy of a liver biopsy, which is often considered the gold standard for diagnosing liver diseases and provides more detailed
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E-value: (1.85, 1.85)

Risk ratio for confounder-outcome relationship

E-value (CI): (175, 1.75)

1 2 3 4 5 6
Risk ratio for exposure-confounder relationship

Fig. 5. Sensitivity analyses via E-value for the lower 95 % CI and point estimate for NAFLD risk.

histological data. However, obtaining liver biopsies is impractical in epidemiological studies, particularly when involving asymp-
tomatic individuals, due to its invasive nature and potential complications. Despite our efforts to adjust for multiple confounders, there
is always a risk of unmeasured or residual confounding in observational studies. This means that there may be variables not considered
that could influence both the BRI and NAFLD, potentially biasing our findings. Although our conclusions were consistent across
different subgroups and were supported by various sensitivity analyses, and the E value adds confidence to the robustness of our
findings, it is important to approach these conclusions with caution. The cross-sectional nature of our study inherently limits our ability
to establish causation, and these limitations provide important context and suggest areas for future research.

5. Conclusion
In a large, nationally representative survey of US adults, our observations revealed that higher BRI was associated with an increased

risk of NAFLD. The risk of NAFLD increased significantly when BRI was lower than 4.82, and then the curve slightly increased. Further
studies will be needed to confirm whether lowering BRI will reduce the risk of NAFLD.
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