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Background: Non-alcoholic fatty liver disease (NAFLD) is a prevalent chronic
liver disorder characterized by excessive hepatic fat accumulation without
significant alcohol consumption. While obesity is a major risk factor, many non-
obese individuals also develop NAFLD. However, research on this subgroup
remains limited, and its underlying risk factors are unclear. Nutritional status
plays a key role in NAFLD pathogenesis. The geriatric nutritional risk index
(GNRI), widely used to assess nutrition, is linked to adverse health outcomes.
However, its association with NAFLD in non-obese individuals remains poorly
understood.

Methods: A post-hoc evaluation was conducted using longitudinal data from
the Dryad repository, derived from health screenings of non-obese individuals
at Wenzhou People’'s Hospital (2010-2014). Participants with baseline NAFLD,
alcoholabuse, metabolic disorders, or liver diseases were excluded. The Geriatric
Nutritional Risk Index (GNRI) was calculated using serum albumin and weight-
to-ideal weight ratios (Lorentz equations). Eligible participants were categorized
into quartiles based on GNRI values. NAFLD was diagnosed via ultrasound
following Chinese Liver Disease Association criteria. Cox proportional hazards
regression (adjusted for confounders in three models), Kaplan—Meier analysis,
and restricted cubic splines were employed to evaluate associations between
GNRI and NAFLD incidence. Linear trends and subgroup interactions were
tested. Statistical analyses were performed using R (v4.0).

Results: The participants in higher GNRI groups had a higher risk of developing
NAFLD, even after adjusting for confounding factors. This association was
consistent across different body mass index (BMI) levels, although the trend was
less significant in the higher BMI group. Furthermore, subgroup analysis revealed
a consistent association between GNRI and NAFLD incidence in different sex,
age, BMI, and systolic blood pressure (SBP) groups. However, there were some
interactions observed in different alanine aminotransferase (ALT) groups.

Conclusion: Our findings suggest that GNRI may serve as a useful indicator
for predicting the risk of NAFLD in non-obese individuals, providing valuable
insights for early detection and intervention strategies for this condition.
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1 Background

Non-alcoholic fatty liver disease (NAFLD), which has recently
been renamed metabolic-associated fatty liver disease (MAFLD) (1),
a range of liver abnormalities, including nonalcoholic fatty liver
(NAFL) and nonalcoholic steatohepatitis (NASH). It is estimated to
affect approximately 25% of the global population (2). This condition
has shown a substantial rise in prevalence, mirroring the global surge
in obesity and type 2 diabetes mellitus (3). The 2017 Global Burden of
Disease Study revealed that while viral hepatitis continues to be the
leading cause of liver-related deaths, NAFLD has emerged as the
fastest-growing contributor to liver mortality and morbidity from
2012 to 2017 (4). NAFLD has been associated with an increased risk
of developing cardiovascular disease, type 2 diabetes, and chronic
kidney disease (5-8).

Although non-alcoholic fatty liver disease (NAFLD) is commonly
associated with obesity, it is increasingly being found in non-obese
individuals. Based on a comprehensive meta-analysis, the prevalence
of NAFLD in non-obese populations has been found to be 40.8%.
Notably, in China, this percentage is even higher, reaching 44.3% (9).
Therefore, it is imperative to address the urgent issue of evaluating the
risk of non-alcoholic fatty liver disease in non-obese individuals.

Geriatric Nutritional Risk Index (GNRI), a predictive marker of
malnutrition, was initially designed as a tool to assess the risk of
morbidity and mortality in elderly hospitalized patients using simple
indicators (10). A lower GNRI value indicates a higher risk of
malnutrition. A meta-analysis demonstrated that a lower GNRI is an
independent predictor of all-cause mortality and major cardiovascular
events in elderly patients with heart failure (11). The GNRI has been
identified as the most accurate predictor of readmission for worsening
heart failure within one year after discharge in older adults with acute
decompensated heart failure in observational research (12). In
subsequent applications, it has been found that GNRI can be used to
predict the mortality rate of adult patients undergoing hemodialysis
across all age groups (13).

GNRI is an assessment tool used to evaluate the nutritional status
of older adults. A lower GNRI value indicates a higher risk of negative
outcomes. However, in the case of metabolic diseases, such as NAFLD,
patients often exhibit higher levels of body mass index. It remains
unclear whether higher GNRI levels are linked to adverse outcomes
in these patients. Therefore, we aimed to categorize the GNRI levels of
non-obese non-alcoholic fatty liver disease patients and examine the
influence of different GNRI levels on their prognosis.

2 Methods

Data of this study was obtained from the Dryad data repository,
which is accessible at http://datadryad.org/. The original study was a
longitudinal, observational study, which was designed and conducted
by Wenzhou Medical Center of Wenzhou People’s Hospital.
Participants in this study where non-obese individuals underwent
health screening at the Wenzhou People’s Hospital from January 2010
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to December 2014. The original study, which explored the relationship
between low density lipoprotein cholesterol (LDL-C) and NAFLD,
was previously published (14).

2.1 Study design and population

Our study was aimed to explore the association between Geriatric
Nutritional Risk Index (GNRI) and incidence of NAFLD in non-obese
papulations. GNRI was calculated according to the following formula:
GNRI = [14.89 x serum albumin (g/dl) + 41.7 x weight (kg)/ideal
body weight (kg)]. The ideal body weight was established using
Lorentz’s equations. For men, the ideal body weight is computed as:
height-100 - [height-150/4]. For women, it’s calculated as height-100-
[height-150/2.5]. If a patient’s actual body weight is greater than the
ideal weight, the weight-to-ideal weight ratio is set to 1 (10, 15).

Participants were excluded if they met any of the following
criteria: (1) diagnosed with NAFLD at baseline; (2) alcohol abuse
(defined as men >140 g/week or women >70 g/week); (3) any use of
antihypertensive, antidiabetic or lipid-lowering drugs; (4) known
reason that may cause chronic liver disease; (5) baseline
LDL-C > 3.12 mmol/L; (6) BMI over 25 kg/m? (7) those who lost
follow-up (14).

2.2 Diagnosis of NAFLD

NAFLD was diagnosed by ultrasound by experienced technicians.
The criteria of NAFLD were based on the recommendation of the
Chinese Liver Disease Association, which contains one mandatory
item and four optional items (16). Diffuse enhancement of near-field
echoes in the liver area, with gradual attenuation of far-field echoes is
necessary. For unnecessary items, including:(1) Unclear visible of the
intrahepatic cavity structure; (2) Mild to moderate hepatomegaly with
blunt borders; (3) Color Doppler ultrasound shows decreased liver
blood flow signals or even difficulty in displaying, but the blood flow
distribution is normal; (4) The right hepatic lobe and diaphragm are
unclear or incomplete.

2.3 Statistical analysis

All eligible participants were divided into four groups by GNRI
quartiles. Continuous variables with normal distribution were
represented as mean + SD and analyzed between groups with an
analysis of variance. Skewed data were denoted as median (IQR)
and assessed using the Kruskal-Walli’s test. Categorical variables,
shown as numbers (percentages), were compared between groups
via the Chi-square test. Event free rates of patients with newly
diagnosed NAFLD were determined using Kaplan-Meier analysis
during the follow-up. To assess the relationship between the GNRI
groups and the onset of new NAFLD, hazard ratios (HRs) were
calculated with Cox proportional hazards regression in three
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models, providing 95% CIs. The dose-response correlation between
GNRI and NAFLD incidence was evaluated using restricted cubic
splines. The linear trends between GNRI and NALFD incidence
were analyzed using quartiles of GNRI values, with the lowest
quartiles of GNRI as the reference. Subgroup analysis assessed the
correlation between GNRI groups (treated as a continuous variable)
and NAFLD incidence across various subgroups. The p-value for
interaction was also determined. Within this context, Cox
regression determined HRs and p values. Statistical significance
was set at two-tailed p < 0.05. All analyses were performed by
software package R (V.4.0; The R Foundation; http://www.R-
project.org).

3 Results
3.1 Participants and baseline characteristics

A total of 14,794 non-obese participants were included in our
study. With a median follow-up of 3.2 years, 2035 (13.8%) of these
participants developed NAFLD. The baseline characteristics of the
participants in different GNRI groups were shown in Table 1.
Those in higher GNRI groups had higher body mass index (BMI),
higher systolic blood pressure, diastolic blood pressure, ALP, GGT,
ALT, AST, ALB, TB, DBIL, BUN, Cr, UA, glucose, TC, TG, LDL,

TABLE 1 Baseline characteristics of the participants in different GNRI groups.

10.3389/fnut.2025.1574070

and higher incidence of NAFLD, but lower level of HDL
(p < 0.001).

3.2 Relationship between GNRI groups and
incidence of NAFLD

The HRs and 95%CI of NAFLD incidence in different GNRI
groups were presented in Table 2. Participants in higher GNRI groups
showed higher risk of NAFLD. When GNRI Q1 group set as reference,
the HRs and 95% CI were 1.80 (1.53, 2.11), 2.38 (2.04, 2.77) and 3.58
(3.10, 4.15) in GNRI Q2, Q3 and Q4 groups. After fully adjusting
confounders in Model 3 (age, sex, ALP, GGT, ALT, AST, TC, ALB,
DBIL, CR, BUN, UA), the association was more significant. The
adjusted HRs and 95%CI in GNRI Q2 to Q4 groups were 3.37 (2.62,
4.32),6.06 (4.59, 8.00) and 11.80 (8.48, 16.43). When GNRI groups set
as continuous variables, the adjusted HR and 95%CI was 2.06 (1.88,
2.27), and P for trend <0.01. The incidence rates of NAFLD across
GNRI quartiles (Q1 to Q4) were 232.00 (6.31%), 427.00 (11.47%),
558.00 (15.09%), and 818.00 (22.11%), respectively. Additionally,
we evaluated the association between GNRI and NAFLD incidence
across different BMI levels. We found a strong correlation between
GNRI and newly diagnosed NAFLD, irrespective of higher or lower
BMI, with the association consistently being significant (p < 0.05).
However, the trend was less significant in the higher BMI group.

Variable GNRI Q1 GNRI Q2 GNRI Q3 GNRI Q4 p
n 3,674 3,723 3,697 3,700

Sex, 1 (%) 1982 (53.9) 1944 (52.2) 1833 (49.6) 1979 (53.5) 0.001
age [mean (SD)] 43.94 (15.50) 43.90 (15.29) 43.35 (14.88) 42.75 (14.73) 0.002
BMI [mean (SD)] 19.81 (1.99) 21.19 (1.89) 21.92 (1.69) 22.55 (1.46) <0.001
SBP [mean (SD)] 117.02 (17.95) 119.64 (16.50) 122.40 (16.52) 124.60 (15.21) <0.001
DBP [mean (SD)] 69.85 (10.04) 71.68 (9.96) 73.76 (10.15) 75.69 (10.19) <0.001
ALP [median (IQR)] 68.00 [55.00, 84.00] 67.00 [56.00, 82.00] 70.00 [58.00, 84.00] 73.00 [61.00, 86.00] <0.001
GGT [median (IQR)] 19.00 [15.00, 27.00] 21.00 [16.00, 29.00] 22.00 [17.00, 32.00] 25.00 [19.00, 37.00] <0.001
ALT [median (IQR)] 14.00 [11.00, 19.00] 15.00 [12.00, 21.00] 17.00 [13.00, 23.00] 19.00 [14.00, 26.00] <0.001
AST [median (IQR)] 20.00 [18.00, 25.00] 21.00 [18.00, 25.00] 22.00 [19.00, 25.00] 22.00 [19.00, 26.00] <0.001
ALB [mean (SD)] 41.72 (2.44) 43.64 (1.74) 44.99 (1.37) 47.24 (1.57) <0.001
TB [mean (SD)] 11.22 (4.41) 11.81 (4.49) 12.49 (4.96) 13.23 (5.59) <0.001
DBIL [median (IQR)] 2.00 [1.50, 2.80] 2.10 [1.60, 2.80] 2.20 [1.60, 2.90] 2.20 [1.60, 2.90] 0.005
BUN [median (IQR)] 4.29 [3.50, 5.20] 4.40 [3.70, 5.30] 4.50 [3.80, 5.40] 4.50 [3.83, 5.40] <0.001
Cr [median (IQR)] 70.00 [62.00, 82.00] 73.00 [63.00, 88.00] 77.00 [65.00, 92.00] 84.00 [71.00, 95.00] <0.001
UA [mean (SD)] 246.83 (78.79) 269.22 (81.11) 289.89 (82.42) 316.53 (85.07) <0.001
Glucose [mean (SD)] 5.06 (0.77) 5.12 (0.80) 5.17 (0.78) 5.21(0.75) <0.001
TC [mean (SD)] 4.52 (0.77) 4.60 (0.73) 4.68 (0.72) 4.73 (0.73) <0.001
TG [median (IQR)] 0.92 [0.72, 1.23] 1.03[0.77, 1.41] 1.14 [0.84, 1.60] 1.30 [0.93, 1.81] <0.001
HDL [mean (SD)] 1.54 (0.37) 1.47 (0.37) 1.45 (0.36) 1.42 (0.36) <0.001
LDL [mean (SD)] 2.17 (0.48) 2.25(0.47) 2.31(0.45) 2.33(0.44) <0.001
GNRI [mean (SD)] 99.08 (2.95) 104.12 (0.99) 107.22 (0.86) 111.29 (2.11) <0.001
New onset NAFLD, n (%) 232 (6.3) 427 (11.5) 558 (15.1) 818 (22.1) <0.001
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TABLE 2 Association between GNRI groups and incidence of NAFLD.

RLP groups

Model 1

Model 2

HR (95%Cl) P value

10.3389/fnut.2025.1574070

Model 3

Lower BMI(<=21.45 SD)

Q1 1 1 1

Q2 1.32(0.95, 1.83) 1.33(0.96, 1.84) 1.92(1.13,3.27)

Q3 1.53 (1.08, 2.17) 1.57 (1.10, 2.22) 2.19 (1.17, 4.10)

Q4 1.98 (1.35, 2.90) 2.06 (1.40, 3.02) 2.79 (1.25,6.19)

P for trend 1.25 (111, 1.40) p < 0.01 1.26 (1.12,1.42) p < 0.01 1.36 (1.06, 1.73) p = 0.01

Higher BMI(>21.45)

Q1

1

1

1

Q2 0.98 (0.81, 1.18) 0.98 (0.81, 1.18) 1.49 (1.10, 2.02)

Q3 0.94 (0.79, 1.13) 0.96 (0.80, 1.14) 1.93 (1.34,2.79)

Q4 1.16 (0.98, 1.37) 1.17 (0.99, 1.39) 2.42 (1.50, 3.93)

P for trend 1.07 (1.02, 1.12) p < 0.01 1.08 (1.02, 1.13) p < 0.01 131 (1.13, 1.51) p < 0.01
Total

Q1 1 1 1

Q2 1.80 (1.53,2.11) 1.80 (1.53,2.11) 3.37(2.62,4.32)

Q3 2.38 (2.04,2.77) 2.40 (2.06, 2.80) 6.06 (4.59, 8.00)

Q4 3.58 (3.10, 4.15) 3.63 (3.14, 4.20) 11.80 (8.48, 16.43)

P for trend 1.49 (1.43, 1.55) p < 0.01 1.50 (1.43, 1.56) p < 0.01 2.06 (1.88,2.27) p < 0.01

Model 1 was not adjusted.
Model 2 was adjusted for age, sex.
Model 3 was adjusted for age, sex, ALP, GGT, ALT, AST, TC, ALB, DBIL, CR, BUN, UA.

When GNRI groups set as continuous variables, in the unadjusted
model, the HR (95%CI) in higher BMI and lower BMI groups were
1.07 (1.02, 1.12) P for trend <0.01 and 1.25 (1.11, 1.40) P for trend
<0.01, respectively; and in the fully adjusted model, the HR (95%CI)
in higher BMI and lower BMI groups were 1.31 (1.13, 1.51) P for trend
<0.01, and 1.36 (1.06, 1.73) P for trend = 0.01. Additionally, as shown
in Figure 1, the restricted cubic spline showed a linear effect of GNRI
on NAFLD incidence (Figure 1).

3.3 Kaplan—Meier curve analysis

In Figure 2, the Kaplan-Meier curves showed the cumulative
incidence of NAFLD in different GNRI groups. The incidence was
different in different GNRI groups, with highest in GNRI_Q4 group
and lowest in GNRI_QI group (p < 0.0001).

3.4 Subgroup analysis of GNRI and NAFLD
risk

Subgroup analysis was conducted in different sex (female vs.
male), age (<45 vs. > = 45), BMI (<22 vs. > = 22), SBP (<140, 140-160,
and >=160) and ALT (<16 vs. >=16) groups. The association
between GNRI and NAFLD incidence was consistent in different sex,
age, BMI and SBP groups (P for interaction >0.05). However, some
interactions were observed in different ALT groups. In the lower ALT
group, the HR (95%CI) was 2.21 (1.84, 2.67), while in the higher ALT
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group, the HR (95%CI) was 1.85 (1.65, 2.08) and the P for interaction
was 0.02 (Table 3).

4 Discussion

In this observational study, we investigated the association
between GNRI and the incidence of NAFLD in non-obese
populations. This study is the first to investigate the association
between GNRI and NAFLD. GNRI was positively associated with the
incidence of NAFLD. After fully adjusting for potential confounders,
the risk of newly diagnosed NAFLD increased by 3.6 times for every
quarter of increase in GNRI levels. The association remains consistent
in the subgroups, except for the differences in ALT levels.

The GNRI is a clinical biological index derived from the NRI, but
which is not applicable to the elderly because of difficulties in
determining usual weight. Olivier et al. replaced the usual weight in
this formula by ideal weight according to the Lorentz formula (WLo),
creating a new index called the GNRL

Previous researches showed that lower GNRI is associated with
higher hospitalization rates, longer hospital stays, increased nursing
burden, and higher mortality rates. However, there is limited research
that specifically examines the predictive value of higher GNRI for
metabolic-related diseases.

Participants in higher GNRI groups showed higher risk of
NAFLD. After adjusting for confounders, such as age, sex, and various
laboratory parameters, the risk of newly diagnosed NAFLD increased
by 20% for each tertile of increase in GNRI subgroups. This suggests
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P for overall <0.001
P for nonlinear = 0.086

NAFLD incidence (HR,95%CI)

0 v T T
85 90 95 100

FIGURE 1
Restricted cubic spline of GNRI and NAFLD incidence.
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FIGURE 2

Kaplan—Meier estimation of incidence of GNRI and incidence of
NAFLD.

that nutritional risk, as assessed by GNRI, may be an independent
predictor for NAFLD. Furthermore, our study explored the
relationship between GNRI and NAFLD incidence across different
BMI levels. Interestingly, we found a strong correlation between GNRI
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and newly diagnosed NAFLD, regardless of higher or lower BMI. This
finding suggests that nutritional status may play a crucial role in the
development of NAFLD, even in non-obese individuals.

NAFLD has emerged as a substantial global health concern, with
a disease burden affecting approximately 25% of the population and
an increasing incidence rate. This has attracted significant attention
from researchers and healthcare professionals. The pathogenesis of
NAFLD is still unclear, involving many factors such as heredity,
environment and lifestyle. It is related to obesity, gender,
hyperlipidemia, insulin resistance, and diabetes. Thus, it can
be considered a metabolic syndrome component. Studies have shown
that insulin resistance and lipid metabolism disorder are the central
links in the pathogenesis of NAFLD (17).

Our research findings indicate a positive correlation between
higher GNRI and an increased incidence of NAFLD. Patients with a
higher GNRI are more likely to develop NAFLD within three years,
highlighting the importance of lifestyle improvements, weight
management, and regular check-ups for early detection and
intervention. The seemingly counterintuitive association between
elevated GNRI and increased NAFLD risk, because GNRI is
conventionally interpreted as a marker of malnutrition, our results are
consistent with those of Janicke Visser’s team (18), which identified a
paradoxical correlation between higher GNRI and metabolic burden
in hospitalized African populations. This paradoxical phenomenon
suggests that NAFLD pathogenesis may be linked to overnutrition—a

05 frontiersin.org


https://doi.org/10.3389/fnut.2025.1574070
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Shen et al.

TABLE 3 Subgroup analysis of the impact of GNRI on NAFLD incidence.

10.3389/fnut.2025.1574070

Variables GNRI groups (per 1 increase)
HR, 95%CI P value P for interaction
Sex 0.46
Female 1.91 (1.65, 2.20) <0.01
Male 2.20 (1.93,2.50) <0.01
Age 0.99
<45 2.33(2.01,2.70) <0.01
>=45 1.86 (1.64,2.11) <0.01
BMI 0.43
<22 1.36 (1.06, 1.73) 0.01
>=22 1.31 (1.13, 1.51) <0.01
SBP 0.64
<140 2.14 (1.92,2.38) <0.01
140-160 1.81 (1.43,2.30) <0.01
> =160 1.60 (1.00, 2.55) <0.01
ALT 0.02
<16 2.21 (1.84,2.67) <0.01
>=16 1.85 (1.65, 2.08) <0.01

All variables in the model 3 except the studied one was adjusted.

state in which excessive nutritional intake imposes a metabolic
burden. These findings underscore the dual role of GNRI as both a
nutritional status indicator and a surrogate marker of metabolic
dysregulation in non-obese individuals. Given that GNRI relies on
weight-dependent calculations, it may inadvertently detect subclinical
metabolic dysfunction, such as visceral fat accumulation in individuals
classified as non-obese by BMI criteria. Furthermore, in comparison
to liver ultrasound, GNRI only requires weight and albumin values,
making it easier for patients to monitor their health. This approach
enhances awareness and facilitates early intervention to prevent
progression to more severe stages. In our study, for non-obese
population, higher GNRI means higher risk of NAFLD. The landmark
of treatment is still weight loss and improvement of insulin resistance.

Another important finding of our study was that the risk of
NAFLD corresponding to GNRI differed significantly according to
ALT category. Subgroup analysis revealed consistent associations
between GNRI and NAFLD incidence across different sex, age, BMI,
and SBP groups. However, we observed some interactions in different
ALT groups. The association between GNRI and NAFLD was stronger
in the lower ALT group compared to the higher ALT group. This may
indicate that nutritional status has a greater impact on individuals
with normal or mildly elevated ALT levels. ALT serves as a biomarker
of liver injury and is closely associated with NAFLD. However, studies
have shown that 25% of NAFLD patients and 19% of NASH patients
exhibit normal ALT levels in clinical manifestations, underscoring the
need for further validation of ALT’s diagnostic utility in NAFLD/
NASH (19). Notably, even among individuals with normal ALT,
NAFLD remains significantly linked to hypertension (OR = 2.03, 95%
CI: 1.47-2.80; p < 0.56) and metabolic syndrome (OR = 1.42, 95% CI:
1.00-2.00; p = 0.60). This suggests that metabolic abnormalities (e.g.,
insulin resistance, lipid peroxidation) may persist in these individuals
despite normal ALT. Nutritional factors could directly exacerbate such
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metabolic dysregulation, promoting hepatic fat accumulation without
overt ALT elevation. A cohort study further revealed that NAFLD
patients with ALT <0.5 x ULN (upper limit of normal) exhibited the
highest all-cause and cardiovascular mortality rates, implying that
collapse of metabolic compensatory mechanisms might mask typical
liver injury markers (20).

4.1 Limitations

A notable limitation of our study pertains to obesity classification.
Due to the lack of information on waist circumference, hip
circumference, or body composition metrics in the utilized database,
our analysis relied solely on BMI > 25 kg/m” as the obesity criterion.
This approach may inadequately reflect metabolic risks in the Chinese
population, particularly given variations in body composition and fat
distribution. Future studies should prioritize the multidimensional
integration of anthropometric indicators (e.g., visceral adiposity,
waist-to-hip ratio) to improve obesity stratification across diverse
populations. Secondly, the present study is limited by its focus on
non-obese individuals with NAFLD in China, precluding
generalizability to other ethnicities or geographic regions. The
applicability of the GNRI may be influenced by ethnic-specific factors.
The carbohydrate-dominant dietary patterns (60-70% of energy
intake) and prevalent sarcopenic obesity among Chinese
populations—characterized by normal BMI with concurrent low
muscle mass and elevated adiposity—may bias GNRI’s weight-
dependent algorithm toward detecting ectopic fat accumulation rather
than true nutritional status (21, 22). This leads to the misclassification
of metabolically high-risk individuals as “well-nourished,” a
phenomenon less pronounced in populations with higher baseline
muscle mass. Furthermore, key covariates such as smoking status,
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alcohol consumption, and anthropometric measures (waist and hip
circumference) were unavailable in our dataset, potentially influencing
our findings. Their potential confounding effects are supported by
existing evidence. For example, smoking has been shown to
significantly exacerbate adverse hepatic outcomes in steatotic liver
diseases (23), and structured exercise interventions demonstrate
efficacy in ameliorating NAFLD progression (24). These findings
underscore the plausible influence of unmeasured lifestyle factors on
our results. Given the current scarcity of research exploring the
association between GNRI and NAFLD, larger, multicenter studies are
warranted to validate the utility and precision of GNRI in
predicting NAFLD.

5 Conclusion

We investigated the association between GNRI and the incidence
of newly diagnosed NAFLD in non-obese populations. After adjusting
for conventional risk factors, we found that GNRI level was an
independent risk factor for NAFLD. Specifically, a higher GNRI level
was associated with a higher risk of developing NAFLD. This suggests
that GNRI, a simple and easily accessible parameter, may be useful in
identifying the risk of newly diagnosed NAFLD in non-obese
individuals. Given the global obesity epidemic, it is crucial to have
non-invasive methods for identifying individuals at risk for NAFLD
and its complications. GNRI has the potential to be developed into an
ideal nutritional assessment tool.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found below: the Dryad data repository at: http://
datadryad.org/ under the doi: 10.5061/dryad.In6c4.14.

Ethics statement

Ethical approval was not required for the studies involving humans
because Publicly available datasets were analyzed in this study. The
studies were conducted in accordance with the local legislation and
institutional requirements. The human samples used in this study were
acquired from the Dryad data repository at http://datadryad.org/ under

References

1. Eslam M, Sanyal AJ, George ]. MAFLD: a consensus-driven proposed nomenclature
for metabolic associated fatty liver disease. Gastroenterology. (2020) 158:1999-2014.el.
doi: 10.1053/j.gastro.2019.11.312

2. Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver disease. Lancet. (2021)
397:2212-24. doi: 10.1016/S0140-6736(20)32511-3

3. Nassir E NAFLD: mechanisms, treatments, and biomarkers. Biomol Ther. (2022)
12:12. doi: 10.3390/biom12060824

4. Paik JM, Golabi P, Younossi Y, Mishra A, Younossi ZM. Changes in the global
burden of chronic liver diseases from 2012 to 2017: the growing impact of NAFLD.
Hepatology. (2020) 72:1605-16. doi: 10.1002/hep.31173

5. Targher G, Byrne CD, Tilg H. NAFLD and increased risk of cardiovascular disease:
clinical associations, pathophysiological mechanisms and pharmacological implications.
Gut. (2020) 69:1691-705. doi: 10.1136/gutjnl-2020-320622

Frontiers in Nutrition

07

10.3389/fnut.2025.1574070

the doi: 10.5061/dryad.In6c4.14. Written informed consent to
participate in this study was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the national
legislation and the institutional requirements.

Author contributions

LS: Methodology, Writing - original draft. SC: Data curation,
Writing - original draft. HG: Formal analysis, Writing - original draft.
ZW: Data curation, Writing - review & editing. JY: Data curation,
Writing - review & editing. KC: Software, Writing - review & editing.
HY: Project administration, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

6. Tanase DM, Gosav EM, Costea CF, Ciocoiu M, Lacatusu CM, Maranduca MA, et al.
The intricate relationship between type 2 diabetes mellitus (T2DM), insulin resistance
(IR), and nonalcoholic fatty liver disease (NAFLD). ] Diabetes Res. (2020) 2020:1-16.
doi: 10.1155/2020/3920196

7. Sun DQ, Jin Y, Wang TY, Zheng KI, Rios RS, Zhang HY, et al. MAFLD and risk of
CKD. Metabolism. (2021) 115:154433. doi: 10.1016/j.metabol.2020.154433

8. Liang Y, Chen H, Liu Y, Hou X, Wei L, Bao Y, et al. Association of MAFLD with
diabetes, chronic kidney disease, and cardiovascular disease: a 4.6-year cohort study in
China. J Clin Endocrinol Metab. (2022) 107:88-97. doi: 10.1210/clinem/dgab641

9. Ye Q, Zou B, Yeo YH, Li J, Huang DQ, Wu Y, et al. Global prevalence, incidence,
and outcomes of non-obese or lean non-alcoholic fatty liver disease: a systematic review
and meta-analysis. Lancet Gastroenterol Hepatol. (2020) 5:739-52. doi:
10.1016/52468-1253(20)30077-7

frontiersin.org


https://doi.org/10.3389/fnut.2025.1574070
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://datadryad.org/
http://datadryad.org/
https://orcid.org/10.5061/dryad.1n6c4.14
http://datadryad.org/
https://orcid.org/10.5061/dryad.1n6c4.14
https://doi.org/10.1053/j.gastro.2019.11.312
https://doi.org/10.1016/S0140-6736(20)32511-3
https://doi.org/10.3390/biom12060824
https://doi.org/10.1002/hep.31173
https://doi.org/10.1136/gutjnl-2020-320622
https://doi.org/10.1155/2020/3920196
https://doi.org/10.1016/j.metabol.2020.154433
https://doi.org/10.1210/clinem/dgab641
https://doi.org/10.1016/S2468-1253(20)30077-7

Shen et al.

10. Bouillanne O, Morineau G, Dupont C, Coulombel I, Vincent JP, Nicolis I, et al.
Geriatric nutritional risk index: a new index for evaluating at-risk elderly medical
patients. Am J Clin Nutr. (2005) 82:777-83. doi: 10.1093/ajcn/82.4.777

11. Li H, Cen K, Sun W, Feng B. Prognostic value of geriatric nutritional risk index in
elderly patients with heart failure: a meta-analysis. Aging Clin Exp Res. (2021)
33:1477-86. doi: 10.1007/s40520-020-01656-3

12. Sato Y, Kumada M, Kawai H, Motoyama S, Sarai M, Nakagawa T, et al. Geriatric
nutritional risk index as readmission predictor in older adults with heart failure
irrespective of ejection fraction. Fujita Med J. (2023) 9:211-7. doi: 10.20407/fmj.2022-028

13. Kim DH, Lee YK, Park HC, Kim BY, Lee M, Kim GO, et al. The geriatric nutritional
risk index is an optimal evaluation parameter for predicting mortality in adult all ages
hemodialysis patients: a Korean population-based study. Nutrients. (2023) 15:15. doi:
10.3390/nu15173831

14. Sun DQ, Wu §J, Liu WY, Wang LR, Chen YR, Zhang DC, et al. Association of
low-density lipoprotein cholesterol within the normal range and NAFLD in the non-
obese Chinese population: a cross-sectional and longitudinal study. BMJ Open. (2016)
6:¢13781. doi: 10.1136/bmjopen-2016-013781

15. Beberashvili I, Azar A, Sinuani I, Shapiro G, Feldman L, Sandbank J, et al. Geriatric
nutritional risk index, muscle function, quality of life and clinical outcome in
hemodialysis patients. Clin Nutr. (2016) 35:1522-9. doi: 10.1016/j.cInu.2016.04.010

16. Zeng MD, Fan ]G, Lu LG, Li YM, Chen CW, Wang BY, et al. Guidelines for the
diagnosis and treatment of nonalcoholic fatty liver diseases. ] Dig Dis. (2008) 9:108-12.
doi: 10.1111/§.1751-2980.2008.00331.x

17.Li Q, Zhang X, Zhang C, Li Y, Zhang S. Risk factors and prediction models for
nonalcoholic fatty liver disease based on random Forest. Comput Math Methods Med.
(2022) 2022:1-7. doi: 10.1155/2022/8793659

Frontiers in Nutrition

08

10.3389/fnut.2025.1574070

18. Visser J, Cederholm T, Philips L, Blaauw R. Prevalence and related assessment
practices of adult hospital malnutrition in Africa: a scoping review. Clin Nutr ESPEN.
(2024) 63:121-32. doi: 10.1016/j.clnesp.2024.06.015

19.Ma X, Liu S, Zhang J, Dong M, Wang Y, Wang M, et al. Proportion of NAFLD
patients with normal ALT value in overall NAFLD patients: a systematic review and
meta-analysis. BMC Gastroenterol. (2020) 20:10. doi: 10.1186/s12876-020-1165-z

20. Zheng JR, Wang ZL, Jiang SZ, Chen HS, Feng B. Lower alanine aminotransferase
levels are associated with increased all-cause and cardiovascular mortality in
nonalcoholic fatty liver patients. World ] Hepatol. (2023) 15:813-25. doi:
10.4254/wjh.v15.16.813

21.Zhao R, Zhao L, Yang F, Ju L, Li S, Cheng X, et al. Dietary fat intake among Chinese
adults and their relationships with blood lipids: findings from China nutrition and
health surveillance and comparison with the PURE study. Nutrients. (2022) 14:5262. doi:
10.3390/nu14245262

22.LiY, Wang Yin T, Zhang JX, Wang FX, Zhao JH, Zhao Y, et al. The association
between Sarcopenic obesity and hypertension, diabetes, and abnormal lipid metabolism
in Chinese adults. Diabetes Metab Syndr Obes. (2021) 14:1963-73. doi:
10.2147/DMS0.S308387

23.Yang K, Lee J, Han JW, Yang H, Chae SY, Chung BS, et al. A comprehensive
analysis of the impact of smoking on adverse clinical outcomes of steatotic liver
diseases. Ther Adv Gastroenterol. (2025) 18:17562848251331315. doi:
10.1177/17562848251331315

24.Yin ], Wang L, Li R, Cheng X, Wang H, Li Y. Efficacy of structured exercise and oat
supplementation for treating non-alcoholic fatty liver disease: protocol of a randomized
controlled trial. Nutr J. (2025) 24:66. doi: 10.1186/s12937-025-01128-2

frontiersin.org


https://doi.org/10.3389/fnut.2025.1574070
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.1007/s40520-020-01656-3
https://doi.org/10.20407/fmj.2022-028
https://doi.org/10.3390/nu15173831
https://doi.org/10.1136/bmjopen-2016-013781
https://doi.org/10.1016/j.clnu.2016.04.010
https://doi.org/10.1111/j.1751-2980.2008.00331.x
https://doi.org/10.1155/2022/8793659
https://doi.org/10.1016/j.clnesp.2024.06.015
https://doi.org/10.1186/s12876-020-1165-z
https://doi.org/10.4254/wjh.v15.i6.813
https://doi.org/10.3390/nu14245262
https://doi.org/10.2147/DMSO.S308387
https://doi.org/10.1177/17562848251331315
https://doi.org/10.1186/s12937-025-01128-2

	Association between GNRI and risk of non-alcoholic fatty liver disease in non-obese individuals: a Chinese longitudinal prospective cohort study
	1 Background
	2 Methods
	2.1 Study design and population
	2.2 Diagnosis of NAFLD
	2.3 Statistical analysis

	3 Results
	3.1 Participants and baseline characteristics
	3.2 Relationship between GNRI groups and incidence of NAFLD
	3.3 Kaplan–Meier curve analysis
	3.4 Subgroup analysis of GNRI and NAFLD risk

	4 Discussion
	4.1 Limitations

	5 Conclusion

	References

