Jian et al. Lipids in Health and Disease (2025) 24:6 |_|p|ds in Health and Disease
https://doi.org/10.1186/512944-024-02427-z

Association between NAFLD and liver fibrosis )
with nutritional risk index based on the
NHANES 2017-2018

Jieming Jian'", Rui Zhang'", Yuan Dong’', Hongting Zheng'" and Xiaoyu Liao""

Abstract

Background Nutrition and its associated inflammation have been acknowledged as vital factors in the
etiopathogenesis of non-alcoholic fatty liver disease (NAFLD) and liver fibrosis. The nutritional risk index (NRI) has
been widely recognized as a valid indicator of nutritional status in several diseases, including osteoporosis and
cardiovascular disease. However, the role of NRI'in NAFLD and liver fibrosis remains unclear.

Methods Participants were selected from the National Health and Nutrition Examination Survey data for the
2017-2018 cycle. Association between NRI and both NAFLD and liver fibrosis was evaluated using multiple logistic
regression and restricted cubic spline (RCS) analysis. Mediation analysis was employed to assess the influence of
inflammation on the association between NRI and both NAFLD and liver fibrosis.

Results Compared to their respective control groups, individuals with NAFLD and liver fibrosis exhibited higher NRI
levels. Multiple logistic regression analyses indicated that NRI was positively associated with the odds of NAFLD and
liver fibrosis across both continuous scales and quantile groups, with adjustments for relevant covariables. The RCS
model demonstrated a dose-response effect between NRI and the odds of NAFLD, but not with liver fibrosis. Receiver
operating characteristic (ROC) analysis revealed the area under the ROC curves of 0.798 and 0.775 for NAFLD and liver
fibrosis, respectively. Mediation analysis showed that inflammation accounted for 3.139% of the effect of NRI on the
odds of NAFLD, suggesting inflammation might partially mediate the impact of NRI on NAFLD.

Conclusions Our findings indicate that NRI may serve as a potential associated marker for these liver diseases,
underscoring the importance of nutritional status in their etiopathogenesis.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most
prevalent chronic hepatic disorder, affecting approxi-
mately 30% of the global population and serving as a pri-
mary cause of severe hepatopathies [1-3]. Liver fibrosis, a
progressive manifestation of NAFLD, has been identified
as the key histological determinant of patient survival in
individuals with NAFLD, emphasizing the importance of
targeting liver fibrosis for therapeutic intervention [4, 5].
However, our understanding of the etiologies, diagnostic
approaches, and treatments for NAFLD and liver fibro-
sis remains limited due to the complex pathological pro-
cesses [6—8]. Recent studies of NAFLD and liver fibrosis
have focused on metabolic disorders [9], highlighting the
significant impact of nutritional factors on the progres-
sion and outcomes of these liver conditions [10].

Nutrition exerts an important influence on the etio-
pathogenesis of NAFLD. Extensive research has evalu-
ated the association between unhealthy nutritional
habits, such as a Western diet rich in refined carbohy-
drates and fats but low in fiber, and the development of
NAFLD [10, 11]. Diets rich in sugars and fats have been
shown to cause excessive postprandial glucose and lipid
spikes, which induce oxidative stress and activate pro-
inflammatory signaling pathways, such as nuclear factor
kappa-B (NF-«xB) [12]. This process triggers the release of
pro-inflammatory cytokines in liver Kupffer cells, which
can lead to the onset and progression of NAFLD [12, 13].
The significant role of inflammation in the etiopathogen-
esis of liver diseases is well established; however, its vari-
ability is considerable. Studies have demonstrated that
healthy dietary choices can effectively reduce inflamma-
tion levels and slow or even reverse the progression of
NAFLD [14]. For example, oleic acid, derived from vege-
table oils, has shown a beneficial anti-inflammatory effect
by activating AMP-activated protein kinase and peroxi-
some proliferator-activated receptor y, while inhibiting
TLRs and NF-kB pathways [15]. Therefore, nutritional
intervention represents a viable strategy for the preven-
tion and management of NAFLD [12-14].

The nutritional risk index (NRI), which is calculated by
assessing serum albumin levels, height, and weight, is rec-
ognized as a straightforward and precise tool for evaluat-
ing nutritional status [16, 17]. It has been reported that
the effectiveness of NRI is on par with the gold standard,
the Global Leadership Initiative on Malnutrition (GLIM)
criteria, for assessing nutritional status in various condi-
tions, including hemodialysis, head and neck cancer, and
diabetic retinopathy [18—21]. The relevance of nutritional
status, as assessed by NRI, to diseases such as osteoporo-
sis, cardiovascular disease, and rheumatoid arthritis has
been well-documented [22-25]. Further, NRI has been
linked to inflammatory markers like C-reactive protein,
lymphocytes, and Chitinase-3-like protein 1 (YKL-40),
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suggesting its association with inflammation [26-28].
Despite these findings, the impact of nutritional status, as
measured by NRI, on the progression of NAFLD and liver
fibrosis remains not fully understood. To address this
gap, this study utilized a representative sample of U.S.
adults from the National Health and Nutrition Exami-
nation Survey (NHANES) to conduct multiple logistic
regression and restricted cubic spline (RCS) analyses. We
assessed the association between NRI and both NAFLD
and liver fibrosis across various subgroups through strati-
fied analysis and evaluated the diagnostic capacity of NRI
for these conditions using receiver operating characteris-
tic (ROC) analysis. Additionally, the potential mediating
effect of inflammation on the association between NRI
and these liver diseases was explored.

Methods

Study design and participants

NHANES is a comprehensive national population sur-
vey conducted in the United States, approved by the
Ethics Review Board of the National Center for Health
Statistics (Protocol number: 2018-01). Written informed
consent was obtained from all participants. This survey
employs a rigorous sampling methodology utilizing com-
plex, multistage, probabilistic techniques. Data collection
includes household interviews, mobile physical exami-
nations, and laboratory tests [29]. The present study
leveraged data from the 2017-2018 U.S. NHANES data-
base, which is known for its comprehensive vibration-
controlled transient elastography (VCTE) examination
data, thereby enabling a thorough cross-sectional analy-
sis [30]. The process of participant screening is depicted
in Supplementary Figure S1. From an initial cohort of
9,254 individuals, we excluded those under 20 years of
age (n=3683), heavy drinkers (n=1388), individuals with
hepatitis B or C (#=101), those taking lipid-lowering
medications (#=1177), and participants missing liver
ultrasound transient elastography data (#=484) or data
required for indicator computations (n7=188). Ultimately,
2,233 participants were enrolled for further analysis.

Definition of NAFLD and liver fibrosis

The diagnosis of hepatic steatosis (HS) was established
when the median controlled attenuated parameter (CAP)
value was 2274 dB/m [31]. NAFLD was diagnosed based
on the presence of HS, after excluding individuals with
heavy alcohol consumption and other potential causes
of HS, such as hepatitis B or C [32, 33]. Additionally, a
median liver stiffness measurement (LSM) value of
>7.0 kPa was indicative of liver fibrosis in the NAFLD
population [31].
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NRI, C-reactive protein-albumin-lymphocyte (CALLY),
clinical data, and laboratory tests

All variables were obtained from the original database,
with comprehensive details available in the Supplemen-
tary Materials. Definitions of ethnicity, education level,
household income poverty ratio (PIR) [34, 35], smok-
ing status, diabetes [36, 37], hypertension [38], and
overweight/obesity are outlined in the Supplementary
Materials. The indicators were calculated as follows:
NRI is determined by the equation: 1.519 X serum albu-
min (g/L)+41.7 x (present weight / ideal body weight);
ideal body weight is calculated using the formula: height
(cm)—100 — (height (cm)—150) / 4 for males and height
(cm)—100 — (height (cm)—150) / 2.5 for females. A higher
NRI indicates a more favorable nutritional status [16, 25,
39]. CALLY is defined as (serum albumin x lymphocyte
counts) / (high-sensitivity C-reactive protein (hs-CRP) x
10). It reflects the severity of the systemic inflammatory
response, with lower values indicating more pronounced
inflammation [40].

Statistical analysis

Continuously distributed variables that followed a nor-
mal distribution were presented as meanzstandard
deviations (SD) and analyzed using the Student’s t-test.
In contrast, variables not following a normal distribu-
tion were depicted as median (interquartile range (IQR))
and assessed using the Mann-Whitney U-test. Categori-
cal variables were expressed as percentages [n (%)] and
analyzed using the chi-square test. Three logistic regres-
sion models were constructed to explore the odds ratio
(OR) with a 95% confidence interval (CI) for NAFLD
or liver fibrosis using NRI and NRI per IQR as continu-
ous variables or quartiles of NRI as categorical variables.
Model 1 represented the unadjusted model; Model 2
incorporated adjustments for age, sex, ethnicity, educa-
tion level, and PIR; and Model 3 additionally considered
smoking status, diabetes, and hypertension. Results were
shown with an OR and a 95% CI. To investigate the non-
linear association and dose-response effect between NRI
and both NAFLD and liver fibrosis, RCS was employed.
The number of knots for the RCS analysis was set at 3,
positioned at the 10th, 50th, and 90th percentiles of the
NRI, respectively. Stratified analysis based on age, sex,
ethnicity, education level, PIR, presence of diabetes and
hypertension, as well as smoking status was conducted to
assess the association between NRI and both NAFLD and
liver fibrosis in diverse populations. Additionally, interac-
tion analysis was used to evaluate the latent interactions
between NRI and the aforementioned covariables. ROC
was performed to assess the diagnostic capacity of NRI
for NAFLD and liver fibrosis, with optimal cutoff points
determined by the “addfor” algorithm. A mediation
analysis was performed to explore the role of CALLY in
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mediating the association between NRI and NAFLD, as
well as liver fibrosis [41].

All statistical analyses were conducted using R software
version 4.4.0. RCS was performed with the “rms” pack-
age, and optimal cutoff points were determined using the
“CatPredi” package. Statistical significance was estab-
lished at a two-tailed P<0.05.

Results

Baseline characteristics

A total of 2,233 participants were enrolled based on pre-
defined inclusion and exclusion criteria. The median
age was 51.0 years (IQR: 36.0 to 64.0 years), with males
comprising 49.2% and females 50.8% of the cohort.
Baseline characteristics for groups categorized as non-
NAFLD, NAFLD, non-liver fibrosis, and liver fibrosis are
detailed in Supplementary Table S1. Group sizes were
1,295 (57.9%) for non-NAFLD, 938 (42.1%) for NAFLD,
696 (74.2% of the NAFLD group) for non-liver fibrosis,
and 242 (25.8% of the NAFLD group) for liver fibrosis.
NAFLD and liver fibrosis patients had a higher mean age
and showed a greater prevalence of diabetes and hyper-
tension. A male predominance was noted only in the
NAFLD group. NAFLD patients were predominantly on
behalf of Mexican Americans and non-Hispanic whites,
while liver fibrosis patients were predominantly on behalf
of non-Hispanic blacks. Compared to their respective
control groups, individuals with NAFLD and liver fibro-
sis had higher levels of waist circumference, body mass
index (BMI), fasting plasma glucose (FPG), insulin,
alanine transaminase (ALT), aspartate aminotransfer-
ase (AST), y-glutamyl transferase (GGT), hs-CRP, the
homeostatic model assessment for insulin resistance
(HOMA-IR), and NRI but lower levels of serum albu-
min, high-density lipoprotein cholesterol (HDL-C), and
CALLY. The NAFLD group also exhibited elevated lev-
els of low-density lipoprotein cholesterol (LDL-C), total
cholesterol (TC), triglycerides (TG), and lymphocyte
counts compared with the control group. No significant
differences were found in LDL-C, TC, TG, and lympho-
cyte counts between the liver fibrosis group and the non-
liver fibrosis group.

Dose-response effect between NRI and NAFLD as well as
liver fibrosis

The association between the NRI and the odds of NAFLD
and liver fibrosis is presented in Table 1. A significant
positive trend was observed in the odds of NAFLD (P
for trend<0.001) and liver fibrosis (P for trend=0.027)
across increasing quartiles of the NRI. Compared to
the first NRI quartile group (Q1), the fourth NRI quar-
tile group (Q4) exhibited markedly increased odds of
NAFLD (OR=25.911; 95% CI: 25.451-26.372) and liver
fibrosis (OR=11.325; 95% CIL: 10.100-12.549), after
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Table 1 Association of NRI with the odds of NAFLD and liver fibrosis in the NHANES

Model 1 Model 2 Model 3
OR (95% CI) P value OR (95% Cl) P value OR (95% Cl) P value
NAFLD
NRI 1.095 (1.083, 1.108) <0.001 1.107 (1.092, 1.122) <0.001 1.099 (1.080, 1.118) <0.001
NRI per IQR 4.176 (3489, 4.998) <0.001 4913 (3.961, 6.094) <0.001 4.383(3.357,5.723) <0.001
Quartiles of NRI
Q1 Ref Ref Ref
Q2 3.647 (2.241,5.934) <0.001 3.960 (1.935, 8.106) 0.006 3.978 (3.500, 4.398) 011
Q3 9.279 (5.816, 14.805) <0.001 10.484 (5.280, 20.817) <0.001 9.941 (9.503, 10.379) 0.062
Q4 23.084(14.919,35.717) <0.001 31.869 (16.112, 63.034) <0.001 25911 (25451, 26.372) 0.046
P for trend <0.001 <0.001 <0.001
Liver fibrosis

NRI 1.068 (1.042, 1.095) <0.001 1.087 (1.057,1.118) <0.001 1.081 (1.037,1.126) 0.009
NRI per IQR 2.829(1.922,4.165) <0.001 3.705 (2.388, 5.747) <0.001 3.375(1.768, 6.443) 0.009
Quartiles of NRI
Q1 Ref Ref Ref
Q2 1.994 (0.625, 6.361) 0.219 2587 (0.561, 11.929) 0.159 3.180(1.999, 4.361) 0.306
Q3 1428 (0.383,5.334) 0.566 2.174(0.382,12.390) 0.283 2.183(0.842,3.524) 0458
Q4 7014 (2.251,21.851) 0.003 12.924 (3.212,52.008) 0.007 11.325(10.100, 12.549) 0.160
P for trend 0.002 0.003 0.027

Model 1 was an unadjusted model. Model 2 included adjustment for age, sex, ethnicity, education level, and PIR. Model 3 further accounted for smoking status,
diabetes, and hypertension. NRI, nutritional risk index; NAFLD, non-alcoholic fatty liver disease; NHANES, National Health and Nutrition Examination Survey; OR,

odds ratio; Cl, confidence interval; IQR, interquartile range; PIR, family income poverty ratio
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Fig. 1 Restricted cubic spline of the association between NRI and NAFLD and liver fibrosis. A NAFLD. B Liver fibrosis. The model accounted for age, sex,
ethnicity, education level, PIR, smoking status, diabetes, and hypertension. NRI, nutritional risk index; NAFLD, non-alcoholic fatty liver disease; OR, odds

ratio; Cl, confidence interval; PIR, family income poverty ratio

adjustments for age, sex, ethnicity, education level, PIR,
diabetes, hypertension, and smoking status. The positive
association between NRI and both NAFLD (OR=1.099;
95% CI: 1.080-1.118) and liver fibrosis (OR=1.081; 95%
CIL: 1.037-1.126) remained robust after accounting for
the aforementioned covariables. When further assessed
using the NRI per IQR, which is computed through NRI
divided by its IQR, a consistent association between NRI
per IQR and NAFLD (OR=4.383; 95% ClI: 3.357-5.723),

as well as liver fibrosis (OR=3.375; 95% CI: 1.768—6.443)
was found even after adjustments for covariables.

The dose-response effect between NRI and the odds
of NAFLD and liver fibrosis is depicted in Fig. 1. RCS
regression revealed a nonlinear (J-shaped) association
between NRI levels and the odds of NAFLD (P for non-
linear<0.001); however, this pattern was not observed
with liver fibrosis (P for non-linear=0.222). Additionally,
a progressive increase in the odds of NAFLD was noted
when NRI exceeded 98.623. Subsequently, piecewise
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logistic regression analysis was conducted, demonstrat-
ing a more pronounced positive association between NRI
per IQR and NAFLD (OR=4.517; 95% CI: 3.422-5.962)
when NRI is above 98.623 (Table 2).

Association of NRI with NAFLD and liver fibrosis in
stratified analysis

To investigate the differential impact of NRI on the
susceptibility to developing NAFLD and liver fibrosis
among various subpopulations, participants were strati-
fied based on age, sex, ethnicity, education level, PIR,
presence of diabetes and hypertension, as well as smok-
ing status. The positive association between NRI and
both NAFLD and liver fibrosis was consistent across all
subgroups, as depicted in Figs. 2 and 3. Meanwhile, the
interaction between NRI and each stratified covariable
was not statistically significant for either NAFLD or liver
fibrosis.

Diagnostic values of NRI for NAFLD and liver fibrosis

The ROC curve presented in Fig. 4 depicts the efficacy
of NRI in screening for NAFLD and liver fibrosis. For
NAFLD, NRI achieved an area under the ROC curve
(AUC) of 0.798 (95% CI: 0.780-0.816), with the optimal
cutoff point determined to be 114.390. Regarding liver
fibrosis, the AUC for NRI was 0.775 (95% CI: 0.740—
0.809), with the optimal cutoff point identified at 133.810.

The mediating influence of CALLY in the NRI-NAFLD
association

To further assess the latent mediating effects of inflam-
mation on the association between NRI and NAFLD as
well as liver fibrosis, a mediation analysis was conducted.
In this mediation model, NRI was posited as the indepen-
dent variable, and NAFLD or liver fibrosis served as the
dependent variable. Additionally, CALLY was utilized as
the mediator variable to reflect systemic inflammatory
status. As illustrated in Fig. 5, NRI demonstrated a sig-
nificant indirect effect on the odds of NAFLD through
the levels of CALLY, with a mediation effect quantified
at 0.009 (95% CI: 0.002—0.030). These findings suggested
that CALLY partially mediates the association between
NRI and NAFLD. Despite this mediation, NRI still had a
significant direct impact on the development of NAFLD,
as evidenced by a direct effect value of 0.286 (95% CI:
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0.207-0.310). Consequently, it is inferred that approxi-
mately 3.139% of the impact of NRI on the onset of
NAFLD is mediated through CALLY. However, CALLY
showed no significant mediating effect between NRI and
liver fibrosis.

Discussion

Nutrition is closely linked to both the onset and progres-
sion of NAFLD and liver fibrosis [12, 13]. The NRI, fre-
quently utilized to assess nutritional status, is associated
with the risk of various diseases, including osteoporosis
and cardiovascular diseases [22, 24]. However, the asso-
ciation between NRI and both NAFLD and liver fibro-
sis remains unclear. In this study, we employed a large
sample from the NHANES database, which was designed
using rigorous random sampling, to examine the associa-
tion between NRI and the odds of NAFLD and liver fibro-
sis. Following adjustments for confounding variables, a
significant positive association was found between NRI
and the odds of NAFLD and liver fibrosis. Additionally, a
dose-response effect was observed between NRI and the
odds of NAFLD; however, no such effect was observed
for liver fibrosis, possibly due to the limited number of
liver fibrosis patients in our sample. The ROC analysis
further confirmed the diagnostic utility of NRI for these
liver conditions. Moreover, we identified that CALLY, a
marker of systemic inflammation, serves as a mediator in
the effect of NRI on NAFLD.

Nutritional status is closely associated with the onset of
NAFLD and liver fibrosis. Extensive research has shown
that diets rich in calories, sugars, saturated fatty acids,
and trans fatty acids contribute to the etiopathogenesis
of NAFLD [11, 42, 43]. Specifically, such diets may pro-
mote the development of NAFLD in both non-obese and
obese individuals by altering body composition, notably
through increased body fat [44]. In contrast, low-calorie,
plant-based diets, such as the Mediterranean diet, along
with healthy eating behaviors, are advocated as effective
dietary strategies for managing NAFLD [10, 45, 46]. The
link between unhealthy dietary patterns and NAFLD was
further established in a recent study examining the asso-
ciation between the dietary inflammation index (DII) and
NAFLD. The DII assesses both nutritional and inflamma-
tory statuses, with higher DII values indicating a stron-
ger association with calorie-dense, processed foods that

Table 2 Association of NRI with the odds of NAFLD by piecewise logistic regression

Model 1 Model 2 Model 3
OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value
NAFLD
NRI per IQR
>98.623 4.306 (3.563, 5.203) <0.001 5.105 (4.148,6.282) <0.001 4517 (3.422,5.962) <0.001

Model 1 was an unadjusted model. Model 2 included adjustment for age, sex, ethnicity, education level, and PIR. Model 3 further accounted for smoking status,
diabetes, and hypertension. NRI, nutritional risk index; NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; Cl, confidence interval; IQR, interquartile range; PIR,
family income poverty ratio
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The result of stratified analysis of NAFLD
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Characteristics Number(%) OR(95% CI) P value P for interaction
Age T s
<55 —— 1250 (56.0)  1.107 (1.090 - 1.125)  <0.001
>=55 —e— 983 (44.0) 1.078 (1.048-1.108)  0.001
Sex 0.125
Male —e— 1099 (49.2) 1.114(1.085-1.144)  <0.001
Female o 1134 (50.8) 1.088 (1.072-1.103)  <0.001
Ethnicity 0.376
Mexican ——e— 284 (12.7)  1.115(1.074 - 1.157)  0.029
Other —e— 702 (31.4)  1.089(1.058-1.121)  0.001
Non-hispanic white —— 693 (31.0)  1.101(1.079 - 1.122)  <0.001
Non-hispanic black —— 554 (24.8)  1.081 (1.065-1.097) <0.001
Education 0.632
Below high school —e— 451(20.2)  1.106 (1.073 - 1.141)  <0.001
High school or above o 1782(79.8)  1.094 (1.082-1.107)  <0.001
PIR 0.592
<1 e 353(15.8)  1.086(1.045-1.128)  0.004
1~4 o 1378 (61.7)  1.098 (1.087-1.110)  <0.001
>=4 F—e— 502 (22.5)  1.104 (1.075-1.134)  <0.001
Diabetes 0.190
No gl 1869 (83.7)  1.100(1.090-1.111)  <0.001
Yes —e— 364 (16.3)  1.061 (1.015-1.109)  0.035
Hypertension 0.406
No —e— 1437 (64.4) 1.104(1.084-1.123)  <0.001
Yes —e— 796 (35.6)  1.081 (1.054-1.109)  0.001
Smoke 0.296
No o 1485 (66.5)  1.090 (1.077 - 1.104)  <0.001
Yes —e— 748 (33.5)  1.106 (1.080 - 1.134)  <0.001
| | | |
1 1.05 1.1 1.15 1.2

Fig. 2 Forest plot of stratified analysis of the association between NRI and NAFLD. NAFLD, non-alcoholic fatty liver disease; OR, odds ratio; Cl, confidence

interval; PIR, family income poverty ratio; NRI, nutritional risk index

are rich in fats, cholesterol, and carbohydrates. This work
uncovered a significant positive association between DII
and susceptibility to NAFLD [47]. Similarly, the prog-
nostic nutrition index (PNI) is also employed to assess
nutritional status, with higher PNI values indicating bet-
ter nutrition. A positive and rapid increase was found in
the association between the PNI and NAFLD in this work
[48].

Our findings corroborate existing research on the
association between NAFLD and both the DII and PNI.
However, the parameters utilized in calculating DII,
PNI, and NRI differ markedly. The DII incorporates 28
diverse dietary parameters [47], and PNI is based on
albumin levels and absolute lymphocyte counts [48]. In
contrast, the NRI is derived from routine clinical mea-
surements of serum albumin, weight, and height using

a straightforward, objective, and time-efficient formula
[16]. Moreover, extensive validation has established
NRI as a reliable prognostic indicator for patients with
a range of diseases, including acute coronary syndrome,
heart failure, osteoporosis, and malignancies [22—-24, 39].
Owing to its simplicity and broad applicability, NRI may
offer a significant advantage in evaluating the odds of
NAFLD and liver fibrosis.

Mediation analysis revealed that CALLY modestly
mediates the association between NRI and NAFLD.
CALLY is measured by the level of CRP, albumin, and
lymphocyte counts, which respectively indicate inflam-
mation, nutritional status, and immune function. This
composite index provides a comprehensive assess-
ment of systemic inflammation, surpassing traditional
or other composite indicators such as CRP and the
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The result of stratified analysis of liver fibrosis

Characteristics Number(%) OR(95% CI) P value P for interaction
Age o k68
<55 f—o— 496 (52.9)  1.081 (1.041-1.121)  0.005
>=55 —e— 442 (47.1)  1.065(1.033-1.099)  0.005
Sex 0.464
Male —e— 518(55.2)  1.084(1.044-1.126)  0.004
Female —e— 420 (44.8)  1.066 (1.036 - 1.096)  0.003
Ethnicity 0.803
Mexican ——— 162 (17.3)  1.094 (1.036 - 1.155)  0.190
Other F—o— 276 (29.4)  1.099 (1.074 - 1.124)  <0.001
Non-hispanic white ——e— 310(33.0)  1.066 (1.025-1.108)  0.015
Non-hispanic black —e— 190 (20.3)  1.074 (1.046 - 1.103)  0.013
Education 0.166
Below high school —e— 194 (20.7)  1.061 (1.028 - 1.095)  0.010
High school or above —e— 744 (79.3)  1.076 (1.045-1.107)  0.002
PIR 0.306
<1 e 137 (14.6)  1.108 (1.051 -1.169)  0.009
1~4 —— 606 (64.6)  1.080 (1.052-1.108)  0.001
>=4 F * i 195(20.8)  1.038(0.954-1.129)  0.420
Diabetes 0.445
No —— 693 (73.9)  1.079(1.038 - 1.123)  0.007
Yes —e— 245(26.1)  1.059(1.013-1.106)  0.038
Hypertension 0.893
No —e— 522(55.7)  1.075(1.040-1.111)  0.004
Yes —— 416 (44.3)  1.071(1.037-1.105)  0.004
Smoke 0.930
No —e— 606 (64.6)  1.070 (1.035-1.106)  0.005
Yes —e— 332(354) 1.074(1.041-1.107)  0.003
| | | |

1 1.05 1.1 115 12

Fig. 3 Forest plot of stratified analysis of the association between NRI and liver fibrosis. OR, odds ratio; Cl, confidence interval; PIR, family income poverty
ratio; NRI, nutritional risk index
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Mediation effect = 0.009
P value = 0.026

CALLY

Proportion mediated (%) = 3.139

\ 4

NRI

NAFLD

Direct effect = 0.286
P value <2 x10-16

Fig. 5 Mediation analysis of CALLY on NRI-NAFLD association. NRI, nutritional risk index; NAFLD, non-alcoholic fatty liver disease; CALLY, C-reactive

protein-albumin-lymphocyte

neutrophil-lymphocyte ratio (NLR) [49]. Furthermore,
the prognostic significance of CALLY has been estab-
lished in conditions including hepatocellular carcinoma,
colorectal cancer, and other diseases [49, 50]. The find-
ings that CALLY modestly mediated the association
between NRI and NAFLD are also consistent with the
current comprehension of the influence of inflammation
on the connection between nutrition and NAFLD. It is
posited that consumption of high-calorie, high-carbo-
hydrate, and high-fat diets can trigger oxidative stress in
adipose tissue, dysbiosis of gut microbiota, and impair-
ments in the intestinal barrier, leading to chronic low-
grade systemic inflammation [12, 51]. Subsequently, this
chronic systemic inflammation can give rise to insulin
resistance [52]. In the state of insulin resistance, inappro-
priate lipolysis causes aberrant transport of fatty acids to
the liver, compromising hepatic capacity for processing
fatty acids. Such disturbances in hepatic lipid metabolism
may lead to hepatic lipid accumulation and lipid toxicity.
Consequently, cellular stress, cell death, and liver inflam-
mation are initiated and exacerbated, leading to the onset
and progression of NAFLD [53]. Therefore, our find-
ings further emphasize the important impact of inflam-
mation in explaining the complex relationship between
nutrition and NAFLD. However, no mediating effect of
CALLY was observed in liver fibrosis, possibly due to
the varying lymphocyte counts, a key indicator for cal-
culating CALLY, between the NAFLD and liver fibrosis

groups. Clinical studies have consistently demonstrated
an increase in peripheral blood lymphocytes in patients
with NAFLD compared to controls [48, 54]. Peripheral
lymphocytes are identified to be intimately related to
intrahepatic inflammation and exert an important impact
on the pathogenesis of NAFLD [55]. While in our study,
lymphocyte counts in patients with liver fibrosis did not
differ significantly from those in controls. This finding
may provide an explanation for the non-mediation of
CALLY on the association between NRI and liver fibro-
sis. The absence of lymphocyte elevation in patients with
liver fibrosis may be attributed to various pathophysi-
ological processes, including hypersplenism and bone
marrow hematopoietic suppression, which occur during
the etiopathogenesis of liver fibrosis [56].

It is necessary to acknowledge the limitations inherent
in this study. Firstly, due to its cross-sectional design, the
causal association between NRI and NAFLD as well as
liver fibrosis cannot be inferred. Additionally, the diagno-
sis of hepatic steatosis in this study was based on imaging
rather than on the histological gold standard. Finally, as
certain data are derived from subjective interviews and
participant-driven questionnaires, there is an inherent
risk of imprecise data capture or recall bias. In light of
recent international guidelines introducing the concept
of MASLD, future research will also aim to explore the
association between NRI and MASLD.
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Conclusions

In conclusion, our findings suggest a positive association
between NRI and the odds of NAFLD and liver fibrosis,
thereby underscoring the utility of NRI as an associated
marker for these liver conditions. Furthermore, the role
of CALLY as a mediator in the association between NRI
and NAFLD suggests that NRI not only exerts direct
effects on NAFLD but also contributes indirectly by
increasing systemic inflammation levels.

Abbreviations
NRI Nutritional risk index

NAFLD Non-alcoholic fatty liver disease

NHANES National Health and Nutrition Examination Survey
GLIM Global Leadership Initiative on Malnutrition
YKL-40 Chitinase-3-like protein 1

NF-kB Nuclear factor kappa-B

TLRs Toll-like receptors

VCTE Vibration-Controlled Transient Elastography
PIR Family income poverty ratio

BMI Body mass index

FPG Fasting plasma glucose

ALT Alanine transaminase

AST Aspartate aminotransferase

GGT y-glutamy! transferase

HDL-C High-density lipoprotein cholesterol

LDL-C Low-density lipoprotein cholesterol

TC Total cholesterol

TG Triglyceride

hs-CRP High-sensitivity C-Reactive Protein
HOMA-IR  Homeostatic model assessment for insulin resistance
CALLY C-reactive protein-albumin-lymphocyte

HS Hepatic steatosis

CAP Controlled attenuation parameter

LSM Liver stiffness measurement

SD Standard deviations

IQR Interquartile range

OR Odds ratio

cl Confidence interval

RCS Restricted cubic spline

ROC Receiver operating characteristic

AUC Area under the ROC curve

PNI Prognostic nutrition index

DIl Dietary inflammation index

NLR Neutrophil-lymphocyte ratio

IL-6 Interleukin-6

I-1B Interleukin-1(3

TNF-a Tumor necrosis factor-a

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512944-024-02427-z.

[ Supplementary Material 1 ]

Acknowledgements

The National Center for Health Statistics (NCHS) deserves recognition for its
commendable efforts in establishing the database of the National Health and
Nutrition Examination Survey.

Author contributions

JM.J. collected, analyzed, and interpreted the data. R.Z. analyzed the data.
Y.D. collected the data. JM.J. and XY.L. drafted the manuscript. XY.L. and HT.Z.
revised the manuscript and conceived and designed the study. All the listed
authors have approved the submitted version.

Page 9 of 11

Funding

This research was funded by grants from the National Natural Science
Foundation of China (No. 82230025, No. 82370815, and No. 81925007), the
Natural Science Foundation of Chongging (No. cstc2021jcyj-msxmX0465), the
Special Program for Basic Research Frontier of Military Medicine of the Second
Affiliated Hospital of Army Medical University (No. 2019YQYLY002), and the
Talent Project for Young Doctor of the Second Affiliated Hospital of Army
Medical University (No. 2022YQBO057).

Data availability
Publicly available datasets were analyzed in this study. This data can be found
here: https://www.cdc.gov/nchs/nhanes/.

Declarations

Ethics approval and consent to participate

The NHANES protocol (Protocol number: 2018-01) was examined and
approved by the Research Ethics Review Board of the National Center for
Health Statistics and adhered to the provisions of the Declaration of Helsinki.
Since the NHANES data released by the NCHS undergo de-identification

and anonymization during analysis, conducting secondary analyses on this
dataset does not necessitate additional ethical approval or informed consent.
The NHANES website provides access to the approval granted by the NCHS
Research Ethics Review Board (https://www.cdc.gov/nchs/nhanes/irba98.ht
m).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Informed consent
Each patient/participant had completed a written statement of informed
consent before taking part.

Received: 4 November 2024 / Accepted: 30 December 2024
Published online: 07 January 2025

References

1. Younossi ZM, Golabi P, Paik JM, Henry A, Van Dongen C, Henry L. The global
epidemiology of nonalcoholic fatty liver disease (NAFLD) and nonalcoholic
steatohepatitis (NASH): a systematic review. Hepatology. 2023;77(4):1335-47.

2. Riazi K, Azhari H, Charette JH, Underwood FE, King JA, Afshar EE, et al. The
prevalence and incidence of NAFLD worldwide: a systematic review and
meta-analysis. Lancet Gastroenterol Hepatol. 2022;7(9):851-61.

3. Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver disease. Lancet.
2021;397(10290):2212-24.

4. Simon TG, Roelstraete B, Khalili H, Hagstrom H, Ludvigsson JF. Mortality in
biopsy-confirmed nonalcoholic fatty liver disease: results from a nationwide
cohort. Gut. 2021,70(7):1375-82.

5. Dulai PS, Singh S, Patel J, Soni M, Prokop LJ, Younossi Z, et al. Increased risk
of mortality by fibrosis stage in nonalcoholic fatty liver disease: systematic
review and meta-analysis. Hepatology. 2017,65(5):1557-65.

6. Stefan N, Haring HU, Cusi K. Non-alcoholic fatty liver disease: causes,
diagnosis, cardiometabolic consequences, and treatment strategies. Lancet
Diabetes Endocrinol. 2019;7(4):313-24.

7. Tincopa MA, Loomba R. Non-invasive diagnosis and monitoring of non-
alcoholic fatty liver disease and non-alcoholic steatohepatitis. Lancet Gastro-
enterol Hepatol. 2023;8(7):660-70.

8. Sheka AC, Adeyi O, Thompson J, Hameed B, Crawford PA, Ikramuddin S.
Nonalcoholic steatohepatitis: a review. JAMA. 2020;323(12):1175-83.

9. Cariou B, Byrne CD, Loomba R, Sanyal AJ. Nonalcoholic fatty liver disease as
a metabolic disease in humans: a literature review. Diabetes Obes Metab.
2021;23(5):1069-83.

10.  Bernéd G, Romero-Gomez M. The role of nutrition in non-alcoholic fatty
liver disease: pathophysiology and management. Liver Int. 2020;40(Suppl
1):102-8.


https://doi.org/10.1186/s12944-024-02427-z
https://doi.org/10.1186/s12944-024-02427-z
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm

Jian et al. Lipids in Health and Disease

20.

21

22.

23.

24,

25,

26.

27.

28.

29.

30.

32.

(2025) 24:6

Vancells Lujan P, Vifas Esmel E, Sacanella Meseguer E. Overview of non-
alcoholic fatty liver Disease (NAFLD) and the role of sugary food consump-

tion and other Dietary Components in its development. Nutrients. 2021;13(5).

Barrea L, Di Somma C, Muscogiuri G, Tarantino G, Tenore GC, Orio F, et

al. Nutrition, inflammation and liver-spleen axis. Crit Rev Food Sci Nutr.
2018,58(18):3141-58.

Christ A, Lauterbach M, Latz E. Western Diet and the Immune System: an
inflammatory connection. Immunity. 2019;51(5):794-811.

Nasef NA, Mehta S, Ferguson LR. Susceptibility to chronic inflammation: an
update. Arch Toxicol. 2017,91(3):1131-41.

Siriwardhana N, Kalupahana NS, Cekanova M, LeMieux M, Greer B, Moustaid-
Moussa N. Modulation of adipose tissue inflammation by bioactive food
compounds. J Nutr Biochem. 2013;24(4):613-23.

Bouillanne O, Morineau G, Dupont C, Coulombel |, Vincent JP, Nicolis |, et al.
Geriatric nutritional risk index: a new index for evaluating at-risk elderly medi-
cal patients. Am J Clin Nutr. 2005;82(4):777-83.

Buzby GP, Williford WO, Peterson OL, Crosby LO, Page CP, Reinhardt GF, Mullen
JL. A randomized clinical trial of total parenteral nutrition in malnourished
surgical patients: the rationale and impact of previous clinical trials and pilot
study on protocol design. Am J Clin Nutr. 1988;47(2 Suppl):357-65.

Miwa T, Hanai T, Nishimura K, Unome S, Maeda T, Ogiso Y, et al. Useful-

ness of the Global Leadership Initiative on Malnutrition criteria to predict
Sarcopenia and mortality in patients with chronic liver disease. Hepatol Res.
2022,52(11):928-36.

Cohen-CeslaT, Azar A, Hamad RA, Shapiro G, Stav K, Efrati S, Beberashvili .
Usual nutritional scores have acceptable sensitivity and specificity for diag-
nosing malnutrition compared to GLIM criteria in hemodialysis patients. Nutr
Res. 2021;92:129-38.

Przekop Z, Szostak-Wegierek D, Milewska M, Panczyk M, Zaczek Z, Sobocki

J. Efficacy of the Nutritional Risk Index, Geriatric Nutritional Risk Index, BMI,
and GLIM-Defined Malnutrition in Predicting Survival of patients with Head
and Neck Cancer patients qualified for Home Enteral Nutrition. Nutrients.
2022;14(6).

WeiW, LinR, Li S, Chen Z,Kang Q, Lv F, et al. Malnutrition is Associated

with Diabetic Retinopathy in patients with type 2 diabetes. J Diabetes Res.
2023;2023:1613727.

Huang W, Xiao Y, Wang H, Li K. Association of geriatric nutritional risk index
with the risk of osteoporosis in the elderly population in the NHANES. Front
Endocrinol (Lausanne). 2022;13:965487.

SunT, Ma M, Huang X, Zhang B, Chen Z, Zhao Z, Zhou Y. Prognostic impacts
of geriatric nutritional risk index in patients with ischemic heart failure after
percutaneous coronary intervention. Clin Nutr. 2023;42(8):1260-7.
Raposeiras Roubin S, Abu Assi E, Cespon Fernandez M, Barreiro Pardal C,
Lizancos Castro A, Parada JA, et al. Prevalence and prognostic significance of
malnutrition in patients with Acute Coronary Syndrome. J Am Coll Cardiol.
2020,76(7):828-40.

Tian P, Xiong J, Wu W, Shi S, Chen A, Chen K, et al. Impact of the malnutrition
on mortality in rheumatoid arthritis patients: a cohort study from NHANES
1999-2014. Front Nutr. 2022;9:993061.

Gartner S, Kraft M, Kriger J, Vogt LJ, Fiene M, Mayerle J, et al. Geriatric
nutritional risk index correlates with length of hospital stay and inflammatory
markers in older inpatients. Clin Nutr. 2017;36(4):1048-53.

Asai K, Shibata M, Ito |, Tawada H, Taniguchi S. Cumulative C-Reactive protein
levels and progression of Malnutrition in Dialysis patients: a longitudinal
study. Blood Purif. 2023;52(5):422-7.

Yamada K, Hyodo T, Urabe S, Haga S, Hosaka T, Serum. YKL-40 level is Associ-
ated with Geriatric Nutritional Risk Index (GNRI) and y-GTP in Hemodialysis
patients. J Med Invest. 2022,69(12):101-6.

Curtin LR, Mohadjer LK, Dohrmann SM, Montaquila JM, Kruszan-Moran D,
Mirel LB, et al. The National Health and Nutrition Examination Survey: Sample
Design, 1999-2006. Vital Health Stat. 2012,2(155):1-39.

National Health and Nutrition Examination Survey Home Page. [Available
from: https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx?B
eginYear=2017

Eddowes PJ, Sasso M, Allison M, Tsochatzis E, Anstee QM, Sheridan D, et al.
Accuracy of FibroScan Controlled Attenuation parameter and liver stiffness
measurement in assessing steatosis and fibrosis in patients with nonalcoholic
fatty liver disease. Gastroenterology. 2019;156(6):1717-30.

Siddigui MS, Vuppalanchi R, Van Natta ML, Hallinan E, Kowdley KV, Abdel-
malek M, et al. Vibration-controlled transient elastography to assess fibrosis
and steatosis in patients with nonalcoholic fatty liver disease. Clin Gastroen-
terol Hepatol. 2019;17(1):156-e632.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 10 of 11

Ciardullo S, Perseghin G. Prevalence of NAFLD, MAFLD and associated
advanced fibrosis in the contemporary United States population. Liver Int.
2021;41(6):1290-3.

Odutayo A, Gill P, Shepherd S, Akingbade A, Hopewell S, Tennankore K, et al.
Income disparities in Absolute Cardiovascular Risk and Cardiovascular Risk
factors in the United States, 1999-2014. JAMA Cardiol. 2017;2(7):782-90.

Li W, Ruan W, Peng Y, Lu Z, Wang D. Associations of socioeconomic status
and sleep disorder with depression among US adults. J Affect Disord.
2021;295:21-7.

Hsu CC, Chang HY, Huang MC, Hwang SJ, Yang YC, Tai TY, et al. Association
between insulin resistance and development of microalbuminuria in type 2
diabetes: a prospective cohort study. Diabetes Care. 2011;34(4):982-7.

2. Classification and diagnosis of diabetes: standards of Medical Care in
Diabetes-2020. Diabetes Care. 2020;43(Suppl 1):514-31.

Whelton PK, Carey RM, Aronow WS, Jr. Casey DE, Collins KJ, Dennison
Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/
ASPC/NMA/PCNA Guideline for the Prevention, detection, evaluation, and
management of high blood pressure in adults: a report of the American Col-
lege of Cardiology/American Heart Association Task Force on Clinical Practice
guidelines. Hypertension. 2018;71(6):.e13-115.

Li L, Wu M, Yu Z, NiuT. Nutritional status indices and monoclonal gammopa-
thy of undetermined significance risk in the Elderly Population: findings from
the National Health and Nutrition Examination Survey. Nutrients. 2023;15(19).
Yang M, Lin SQ, Liu XY, Tang M, Hu CL, Wang ZW, et al. Association between
C-reactive protein-albumin-lymphocyte (CALLY) index and overall survival

in patients with colorectal cancer: from the investigation on nutrition

status and clinical outcome of common cancers study. Front Immunol.
2023;14:1131496.

Qin X, Wang L. Causal moderated mediation analysis: methods and software.
Behav Res Methods. 2024;56(3):1314-34.

Ullah R, Rauf N, Nabi G, Ullah H, Shen Y, Zhou YD, Fu J. Role of Nutrition in

the Pathogenesis and Prevention of non-alcoholic fatty liver disease: recent
updates. Int J Biol Sci. 2019;15(2):265-76.

Fu'Y,Wang Z, Qin H. Examining the pathogenesis of MAFLD and the Medici-
nal properties of Natural products from a metabolic perspective. Metabolites.
2024;14(4).

Miwa T, Francisque C, Tajirika S, Hanai T, Imamura N, Adachi M, et al. Impact
of body fat accumulation on metabolic dysfunction-associated fatty liver
disease and nonalcoholic fatty liver disease in Japanese male young adults.
Hepatol Res. 2023;53(8):691-700.

Meroni M, Longo M, Rustichelli A, Dongiovanni P. Nutrition and Genetics in
NAFLD: the Perfect Binomium. Int J Mol Sci. 2020;21(8).

Miwa T, Tajirika S, Hanai T, Imamura N, Adachi M, Horita R, et al. Usefulness
of a questionnaire for assessing the relationship between eating behavior
and steatotic liver disease among Japanese male young adults. Sci Rep.
2024;14(1):2194.

LiL, Shu X,YiY,Wang C, LiJ, Ding Y, et al. Dietary inflammatory impact on
NAFLD development in obese vs. lean individuals: an analysis based on
NHANES 2003-2018. Lipids Health Dis. 2024;23(1):127.

Chen G, Fan L, Yang T, Xu T, Wang Z, Wang Y, et al. Prognostic nutritional index
(PNI) and risk of non-alcoholic fatty liver disease and advanced liver fibrosis in
US adults: evidence from NHANES 2017-2020. Heliyon. 2024;10(4):e25660.
lida H, Tani M, Komeda K, Nomi T, Matsushima H, Tanaka S, et al. Superiority of
CRP-albumin-lymphocyte index (CALLY index) as a non-invasive prognostic
biomarker after hepatectomy for hepatocellular carcinoma. HPB (Oxford).
2022,24(1):101-15.

Mdller L, Hahn F, Mahringer-Kunz A, Stoehr F, Gairing SJ, Michel M, et al.
Immunonutritive Scoring for patients with Hepatocellular Carcinoma
undergoing Transarterial Chemoembolization: evaluation of the CALLY Index.
Cancers (Basel). 2021;13:19.

Tilg H, Adolph TE, Moschen AR. Multiple parallel hits hypothesis in
nonalcoholic fatty liver disease: Revisited after a Decade. Hepatology.
2021;73(2):833-42.

Sanyal AJ. Past, present and future perspectives in nonalcoholic fatty liver
disease. Nat Rev Gastroenterol Hepatol. 2019;16(6):377-86.

Tilg H, Adolph TE, Dudek M, Knolle P. Non-alcoholic fatty liver disease:

the interplay between metabolism, microbes and immunity. Nat Metab.
2021;3(12):1596-607.

Liu CF, Chien LW. Predictive role of Neutrophil-percentage-to-albumin ratio
(NPAR) in nonalcoholic fatty liver Disease and Advanced Liver Fibrosis in Non-
diabetic US adults: evidence from NHANES 2017-2018. Nutrients. 2023;15(8).


https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx?BeginYear=2017
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx?BeginYear=2017

Jian et al. Lipids in Health and Disease (2025) 24:6 Page 11 of 11

55. Barrow F, Khan S, Wang H, Revelo XS. The emerging role of B cells in the Publisher”
pathogenesis of NAFLD. Hepatology. 2021;74(4):2277-86. u isher’s note ) o o
56. Lingas EC. Hematological Abnormalities in cirrhosis: a narrative review. Springer Nature remains neutral with regard to jurisdictional claims in
Cureus. 2023:15(5):039230. published maps and institutional affiliations.



	﻿Association between NAFLD and liver fibrosis with nutritional risk index based on the NHANES 2017–2018
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and participants
	﻿Definition of NAFLD and liver fibrosis
	﻿NRI, C-reactive protein-albumin-lymphocyte (CALLY), clinical data, and laboratory tests
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Dose-response effect between NRI and NAFLD as well as liver fibrosis
	﻿Association of NRI with NAFLD and liver fibrosis in stratified analysis
	﻿Diagnostic values of NRI for NAFLD and liver fibrosis
	﻿The mediating influence of CALLY in the NRI-NAFLD association

	﻿Discussion
	﻿Conclusions
	﻿References


