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Background and objective: Chronic low-grade inflammation plays a critical
role in the onset and progression of both sarcopenia and obesity. Diet, as a
well-known modifiable factor of low-grade inflammation, significantly impacts
adverse health conditions, including obesity and sarcopenia. This study aims to
explore the association between dietary inflammatory potential and sarcopenic
obesity (SO).

Methods: A total of 4,470 subjects from two National Health and Nutrition
Examination Survey (NHANES) cycles (2015-2016 and 2017-2018) and 276
subjects enrolled at Tongde Hospital of Zhejiang Province between January
2024 and February 2025 were enrolled in the present study. Logistic regression
was used to investigate the association between the dietary inflammatory index
(DIl) and SO. Moreover, the mediating effect of C-reactive protein-albumin-
lymphocyte (CALLY) and neutrophil-percentage-to-albumin ratio (NPAR) was
evaluated to investigate the association between DIl and SO in the NHANES
cohort.

Results: In the NHANES cohort, logistic regression demonstrated a positive
association between the DIl score and SO (adjusted odds ratio (OR) continuous = 1.19,
95% Cl = 1.08, 1.32, p = 0.012; adjusted OR ienieavst = 1.93, 95% Cl = 1.28,2.92, p
for trend = 0.015). In the Chinese population cohort, a positive association also
existed between DIl and SO (adjusted OR continuous = 1.59, 95% ClI = 1.30, 1.94,
p < 0.001; adjusted OR iqriesvs: = 6.10, 95% ClI = 2.72, 13.68, p for trend <0.001).
Using the NHANES data, the mediation analysis indicated that CALLY mediated
39.49% of the association between DIl and SO, while NPAR mediated 7.35%.

Conclusion: An elevated DIl score is positively associated with the risk of SO in
adults. The association appeared to be partially mediated through inflammatory/
nutritional pathways, suggesting that the DIl score may serve as a valuable
indicator for the identification of individuals at risk of SO.

KEYWORDS

dietary inflammatory index, CRP-albumin-lymphocyte index, neutrophil-percentage-
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Introduction

Obesity, a multifaceted and non-communicable disorder, is
rapidly developing into a global epidemic and has become a
significant health concern in contemporary society (1). Earlier
research has demonstrated that excessive body fat accumulation
can induce an imbalanced production of various adipokines and
promote the infiltration of macrophages and other immune cells
in adipose tissue (AT) (2, 3). These activities lead to the release of
a diverse array of pro-inflammatory cytokines and chemokines,
resulting in the establishment of a chronic low-grade inflammation
state both locally and systemically, referred to as “inflammaging”
(2, 3). Key inflammatory molecules involved in inflammaging,
such as tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6),
interleukin-1 (IL-1), and various chemokines, promote the
infiltration of inflammatory cells that lead to muscle deterioration
via activation of the NF-kB pathway (4). In AT, muscle progenitor
cells may differentiate into an adipocyte-like phenotype due to
paracrine signaling from cytokines (5-7). This differentiation leads
to increased fatty infiltration and decreased muscular regeneration,
thereby perpetuating a vicious cycle (5). The interaction between
fatty infiltration and muscle loss could potentially initiate and
exacerbate sarcopenic obesity (SO) (7-9), which may lead to more
severe adverse health outcomes, such as reduced quality of life and
increased risks of frailty, falls, disability, and even mortality
(10, 11).

Many factors contribute to a low-grade inflammatory state,
with diet being one of the most significant modifiable factors (12).
Unhealthy dietary patterns are closely linked to elevated
inflammatory markers (13, 14), resulting in increased adverse
health outcomes, such as obesity, sarcopenia, and various chronic
non-communicable diseases (15-20). The Dietary Inflammation
Index (DII) is a scoring tool designed to assess the inflammatory
potential of diets (21). A lower DII score reflects a more anti-
inflammatory diet, whereas a higher DII score indicates a more
pro-inflammatory diet.

Recently, the implications of dietary inflammatory potential
for obesity and sarcopenia have garnered increasing attention (16,
22, 23). Numerous population-based studies have explored the

10.3389/fnut.2025.1621199

correlation between the DII score and these conditions,
highlighting a strong association between dietary inflammation
and the risk of obesity and sarcopenia (16, 23-29). However,
research exploring the relationship between DII and SO remains
limited. Currently, SO is no longer exclusive to the elderly; lifestyle
changes, including poor dietary habits and sedentary behaviors
(SBs), have contributed to a trend of younger individuals being
affected by pre-SO and SO (11). Therefore, gaining a deeper
understanding of the relationship between the DII and SO would
be more meaningful and could offer significant insights into
developing effective dietary interventions for weight management.

The present study aimed to explore the association between SO
and the inflammatory potential of daily diets in adults, using
datasets from the National Health and Nutrition Examination
Survey (NHANES) and Tongde Hospital of Zhejiang Province.
Moreover, we explore whether inflammatory/nutritional indicators
have a potential role in mediating the association between DII and
SO using the NHANES dataset.

Materials and methods
Study population

The present study collected data from NHANES and Tongde
Hospital in Zhejiang Province, and the detailed research process is
illustrated in Figure 1. NHANES is a nationally representative,
population-based cross-sectional survey conducted in the
United States (U.S.). This
information, physical examination results, dietary details, and

survey includes demographic
various health-related data. Comprehensive details about survey
methodologies and data access can be found at https://www.cdc.
gov/nchs/nhanes/about_nhanes.htm. The study protocol was
approved by the NCHS Research Ethics Review Board, and all
participants provided their written informed consent to participate
in this study. The Chinese cohort enrolled patients who participated
in the weight management program at Tongde Hospital of Zhejiang
Province. All the researchers in this program received professional
training. The study was approved by the Medical Ethics Committee

Study population Inclusion and exclusion conditions

Inclusion criteria: subjects age 220 years
from the NHANES cohort or the Weight
Management Clinic of Tongde Hospital of
Zhejiang Province.

In the NHANES cohort, 4470 subjects
were included in this study.

Phase | study

-

Phase Il study

Analysis of the mediation by
inflammation-related parameters
of the association DIl and SO
based on data from NHANES.

Investigated the association
between DIl and SO in adults
based on data from NHANES.

In the cohort from Tongde Hospital of
Zhejiang Province, 276 subjects were
included in this study.

Exclusion criteria: 1) missing data on DII, or SO related
parameters; 2) pregnant; 3) study subjects from the
NHANES cohort: missing data on inflammation-related
4) study subjects from Tongde Hospital of Zhejiang
Province: a history of weight-loss or muscle-gain
treatment within the past 3 months; have congenital
muscle skletal underdevelopment; suffering from
chronic wasiting diseases, including malignant tumors,
poorly controlled diabetes, and complex heart disease;
or with metal implants, such as cardiac pacemakers,
which could affect the accuracy of BIA results.

Validate the conclusions based
on subjects recruited from
Tongde Hospital of Zhejiang
Province.

FIGURE 1

BIA, bioelectrical impedance analysis.

Flowchart of study participants. NHANES, National Health and Nutrition Examination Survey; DII, dietary inflammatory index; SO, sarcopenic obesity;
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of Tongde Hospital of Zhejiang Province (No. 2024-011-JY, No.
2024-012-JY), and all participants signed informed consent. All
methods were performed in accordance with the relevant
guidelines and regulations, and a full description is available online
in the China Trial Register (ChiCTR2400080592,
ChiCTR2400080393). The survey was performed in accordance
with the relevant guidelines and regulations.

In the U.S. population cohort, the study utilized datasets from
two NHANES cycles (2015-2016 and 2017-2018). To ensure the
integrity and reliability of the study’s results, we implemented
specific exclusion criteria, which included individuals <20 years of
age (n =7,937), pregnant (n = 94), and those missing data on DII
score (n=1,525), SO-related parameters (n =4,964), and
inflammation/nutritional parameters (N = 235). After applying
these criteria, the study ultimately included a cohort of 4,470
subjects, as detailed in Supplementary Figure 1. In the Chinese
cohort, a total of 304 patients who participated in the weight
management program at Tongde Hospital in Zhejiang Province
between January 2024 and February 2025 were enrolled. All
subjects were classified as overweight or obese based on their body
mass index (BMI) and met the following exclusion criteria:
individuals (I) aged <20 years; (II) pregnant; (III) a history of
weight-loss or muscle-gain treatment within the past 3 months;
(IV) congenital muscle or skeletal underdevelopment; (V) suffering
from chronic wasting diseases, including malignant tumors, poorly
controlled diabetes, and complex heart disease; and (VI) presence
of metal implants, such as cardiac pacemakers, which could affect
the accuracy of bioelectrical impedance analysis (BIA) results.
Twenty-eight subjects were excluded due to missing dietary intake
data, body composition, or covariates, resulting in a cohort of 276
subjects (Supplementary Figure 2).

Assessment of dietary intake

In the NHANES cohort, all participants are eligible for two 24-h
dietary recall interviews. The first dietary recall interview is collected
in person in the Mobile Examination Center (MEC), and the second
interview is collected by telephone 3-10 days later. To estimate
participants’ nutrient intake data, the present study calculated the
mean values from two reliable 24-h recall interviews, specifically
excluding supplements and medications (20). This data was
subsequently used to calculate the DII.

In the Chinese population cohort, unannounced dietary intake
information was evaluated using three reliable 24-h recall interviews,
comprising two weekdays and one weekend day. All participants
engaged in face-to-face interviews, utilizing food models and pictures
to improve the accuracy of the dietary intake data. The participants’
nutrient intake data were calculated using a computerized app in
accordance with the China Food Composition (National Institute of
Nutrition and Food Safety, China CDC) (26). The mean nutrient
intake data were subsequently used to calculate the DIL

Dietary inflammation index

The DII is a scoring system developed by Shivappa et al., designed
to assess the inflammatory potential of dietary intakes (21). Initially,
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it comprised 45 dietary items and nutrients. Importantly, the DII
score maintains its validity even if no more than 30 of these dietary
items and nutrients are utilized (21). In the NHANES cohort,
we calculated the DII score based on 27 dietary items and nutrients,
which include protein, carbohydrate, total fat, n-3 fatty acids, n-6
fatty acids, polyunsaturated fatty acids (PUFAs), monounsaturated
fatty acids (MUFAs), saturated fat, cholesterol, dietary fiber, vitamin
A, B-carotene, thiamin, riboflavin, vitamin By, vitamin B,,, folic acid,
niacin, vitamin C, vitamin D, vitamin E, iron, zinc, magnesium,
selenium, caffeine, and alcohol (30). In the China population cohort,
27 nutrients were used for the calculation of the DII score, which
includes energy, protein, carbohydrate, total fat, PUFAs, MUFAs,
saturated fat, cholesterol, dietary fiber, vitamin A, P-carotene,
thiamin, riboflavin, vitamin By, vitamin B,,, folic acid, niacin, vitamin
C, vitamin D, vitamin E, iron, zinc, magnesium, selenium, isoflavones,
caffeine, and alcohol. The DII score was calculated by the following
equation (21):

>

_( Z scorex the inflammatory effect
| score of each dietary component

Z score = (daily mean intake — global daily mean intake)
/standard deviation;

Z score = Z score —> (converted toa percentile score) x2—1.

Assessment of SO

In the NHANES cohort, dual-energy X-ray absorptiometry (DXA)
was used to measure appendicular skeletal muscle mass (ASM). The
sarcopenia index (SI) was calculated by the following formula:
SI=ASM (kg)/BMI (kg/m?). Sarcopenia was defined using the
sex-specific SI cutoffs established by the Foundation for the National
Institutes of Health (FNIH), which are <0.789 for males and <0.512 for
females (31). BMI was calculated using the equation: the ratio of weight
(kg)/height (m) squared. It was categorized as overweight (25.0 kg/
m’ < BMI < 30.0 kg/m?) and obesity (BMI > 30.0 kg/m?) according to
the WHO reference. Abdominal obesity was defined using waist
circumference (WC) cutoffs, which are >102 c¢m for males and >88 cm
for females. In the Chinese cohort, we assessed body composition with
a multi-frequency BIA analyzer (InBody720, Biospace, Korea). Body
composition, including body weight (BW), ASM, fat mass (FM), and
percent body fat (PBF). Height was measured on a height-weight scale
(HCM-800, SHENGYUAN, China). WC was measured in a standing
position, at the midpoint between the anterior superior iliac spine and
the lower rib, after normal expiration, using a non-stretchable tape. The
appendicular skeletal muscle mass index (ASMI) was calculated by the
following formula: ASMI (kg/m?) = ASM (kg)/Height* (m?).
Sarcopenia was defined using the sex-specific ASMI cutoffs (via BIA)
established by the Asian Working Group for Sarcopenia (AWGS) 2019
Consensus, which are <7.0 kg/m’ for males and <5.7 kg/m” for females
(32). BMI was categorized as overweight (24.0 kg/m?* < BMI < 28.0 kg/
m?) and obesity (BMI > 28.0 kg/m?) according to the Chinese BMI
cutoff values. Abdominal obesity was defined using Chinese WC
cutoffs, which are >90 cm for males and >85 cm for females. In the
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present study, SO was defined as the coexistence of sarcopenia and
obesity (overweight and obesity (OAO) or abdominal obesity) (17).

Assessment of inflammatory/nutritional
indicators

Following the NHANES cohort, laboratory parameters, including
albumin, C-reactive protein (CRP), and complete blood count (CBC)
(lymphocytes, neutrophils, monocytes, and platelets) were collected.
The inflammatory/nutritional indicators, including CRP-albumin-
lymphocyte (CALLY) index and neutrophil-percentage-to-albumin
ratio (NPAR), were calculated by the following formulas:
CALLY = albumin x lymphocyte count /CRP (33); NPAR = neutrophil
percentage (in total WBC count) x 100/albumin (34).

Assessment of covariates

In the NHANES cohort, we obtained the particular methodologies
and caliber of determination for every covariate control approach
from NHANES." The covariates of the present study include age,
gender, ethnicity, marital status, education level, family poverty-to-
income ratio (PIR), smoking status, physical activity (PA) level,
diabetes mellitus (DM), hypertension, and stroke history. Smoking
status was categorized into never (smoked <100 cigarettes in life),
former (smoked >100 cigarettes in life and does not smoke cigarettes
now), and now (smoked >100 cigarettes in life and still smokes
cigarettes now). Drinking status was categorized into mild (<2 alcohol
drinks/day for males or <1 alcohol drink/day for females on average
over the past 1 year), moderate (2-4 alcohol drinks/day for males or
1-3 alcohol drink/day for females on average over the past 1 year), and
heavy (>5 alcohol drinks/day for males or >4 alcohol drink/day for
females on average over the past 1 year) drinkers. PA levels were
categorized into low PA (<500 MET/week) and high PA (>500 MET/
week) (35). Hypertension was diagnosed with a self-reported history
of hypertension, systolic blood pressure (BP) > 140 mmHg, and/or
diastolic BP > 90 mmHg. DM was indicated by any of the following
criteria: a self-reported history of DM, use of insulin or oral
antidiabetic medications, fasting glucose >126 mg/dL, 2-h glucose
(OGTT) > 200 mg/dL, or glycosylated hemoglobin (HbAlc) > 6.5%.
Stroke was identified through self-reported previous diagnosis.

In the Chinese population cohort, the covariates include age,
gender, marital status, education level, smoking status, PA level, DM,
hypertension, and stroke history. WC was measured in a standing
position, at the midpoint between the anterior superior iliac spine and
the lower rib, after normal expiration, using a non-stretchable tape.
PA levels were assessed using the International Physical Activity
Questionnaire (IPAQ) (36). The short-format IPAQ was applied to
record the total time participants spent in sedentary, walking,
moderate, and vigorous activities per week. The PA levels were
calculated and categorized into low PA (<500 MET/week) and high
PA (>500 MET/week). Data on hypertension, hyperlipidemia, and
stroke prevalence were collected through self-reported surveys.

1 https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
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Statistical analysis

All analyses were conducted using R version 4.4.0 (The R
Foundation),” along with the Storm Statistical Platform® and
EmpowerStats (X&Y Solutions, Inc., Boston, MA, USA)*. A p-value of
<0.05 was considered statistically significant. We conducted a
comparison of baseline characteristics between the SO and non-SO
groups. For NHANES study participants, continuous variables were
expressed as mean (standard error, SE), while categorical variables were
presented as number (n) (percentage, %). Due to the intricate sampling
methodology and sample weight, NHANES provided nationally
representative data. Accordingly, we utilized NHANES sample weights
spanning 2015-2018, derived from day-2 dietary sample weights. For the
Chinese cohort, continuous variables were expressed as mean (standard
deviation, SD), and categorical variables were presented as 7 (%).

In the first part of the present study, we investigated the association
between DII and SO based on datasets from NHANES and Tongde
Hospital in Zhejiang Province. For NHANES study participants: (1)
We constructed linear regression and logistic regression analyses with
univariate and multivariate models. Model 1 was a non-adjusted model.
Model 2 was adjusted for age, gender, ethnicity, marital status, education
level, PIR, smoking status, and PA level. Model 3 was adjusted for age,
gender, ethnicity, marital status, education level, PIR, smoking status,
PA level, DM, hypertension, and stroke history. (2) We assessed the
linear relationship between DII and risk of SO by restricted cubic spline
(RCS) regression. (3) We implemented both sensitivity and subgroup
analyses to strengthen the reliability of our data analysis. First, we used
multiple imputation techniques to address missing values in variables
such as marital status (0.02%), education level (0.02%), PIR (8.64%),
smoking status (0.04%), DM (1.32%), hypertension (0.09%), and stroke
(0.04%). The findings indicated no significant differences between the
datasets before and after imputation. Then, we performed stratified and
interaction analyses across various parameters, including age, gender,
ethnicity, marital status, education level, smoking status, PA level, and
histories of DM, hypertension, and stroke. Subsequently, we used linear
regression and logistic regression to validate our findings with data
obtained from subjects recruited at Tongde Hospital in Zhejiang
Province and applied RCS regression to further explore the association
between DII and SO. In the second part of the present study,
we investigated the mediation by inflammatory/nutritional indicators
of the association between DII and SO in the NHANES cohort.

Results

Baseline characteristics of the study
population

A total of 4,470 subjects from NHANES and 276 subjects from
Tongde Hospital of Zhejiang Province were enrolled in the present
study. In the NHANES cohort, 49.00% were males, and the mean
age was 39.18 (SE: 0.30) years. The mean DII score was 0.73 (SE:
0.07), ranging from —5.29 to 4.96. Among the 4,470 participants,

2 http://www.R-project.org
3 www.medsta.cn/software

4  www.empowerstats.net
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8.00% were diagnosed with SO. The mean SI was 0.81 (SE: 0.01),
with SIs of 0.97 (SE: 0.01) among males and 0.66 (SE: 0.01) among
females. The comparison of baseline characteristics between the
non-SO and SO groups is shown in Table 1. Significant differences
were observed between the two groups in terms of DII score,
gender, age, ethnicity, education level, drinking status, PA level,
BMI, WC, waist-to-height ratio (WHtR), SI, SVR, PIR,
lymphocytes, neutrophils, CRP, and histories of DM, hypertension,
and stroke (all p < 0.05). There was no significant difference found
in marital status, smoking status, monocytes, and platelets (all
p>0.05).

In the Chinese cohort, 51.81% were males, and the mean age
was 42.98 (SD: 12.34) years. The mean DII score was 0.84 (SD:
1.61), ranging from —3.50 to 4.65. Among the 276 OAO
participants, 36.53% were diagnosed with sarcopenia. The mean
ASMI was 7.23 (SD: 1.43) kg/m* ASMIs were 7.90 (SD: 1.27)
among males and 6.51 (SD: 1.22) among females. The comparison
of baseline characteristics between the non-SO and SO groups is
shown in Table 2. Significant differences were observed between
the two groups in terms of DII score, gender, age, marital status,
BMI, WC, WHtR, PBE, ASMI, and history of DM (all p < 0.05).
There was no significant difference found in education level,
smoking status, drinking status, PA level, DM, and stroke (all
p>0.05).

Associations of DIl with body composition
index

In the NHANES cohort, the associations of the DII with body
composition index were evaluated. First, we explored the relationship
between the DII and body composition index in U.S. adults. Our
findings revealed a negative association of DII with SI (Model 1:
p=-2.11,95% CI = —2.48, —1.74, p < 0.001; Model 2: # = —3.15, 95%
CI=-4.02, —2.28, p < 0.001; Model 3: = —3.06, 95% CI = —3.95,
—2.16,p < 0.001) and SVR (Model 1: # = —1.24,95% CI = —1.64, —0.85,
P <0.001; Model 2: = —1.62, 95% CI = —2.20, —1.03, p < 0.001; Model
3: f=—1.63,95% CI = —2.24, —1.03, p < 0.001) in the unadjusted and
multivariable-adjusted models (Table 3). In contrast, there was a
positive association of DII with BMI (Model 1: # = 0.04, 95% CI = 0.03,
0.05, p < 0.001; Model 2: §# = 0.03, 95% CI = 0.02, 0.04, p < 0.001; Model
3:#=0.03,95% CI = 0.02, 0.04, p < 0.001), WC (Model 1: § = 3.14, 95%
CI=2.39, 3.89, p <0.001; Model 2: =253, 95% CI=1.70, 3.37,
P <0.001; Model 3: ff = 2.46, 95% CI = 1.59, 3.34, p < 0.001), and WHtR
(Model 1: = 0.01, 95% CI = 0.01, 0.02, p < 0.001; Model 2: = 0.01,
95% CI = 0.01, 0.02, p < 0.001; Model 3: # = 0.01, 95% CI = 0.01, 0.02,
p<0.001) in the unadjusted and multivariable-adjusted models
(Table 3). In the study subjects recruited from Tongde Hospital of
Zhejiang Province, there also existed a negative association between DII
with ASMI and SVR, and a positive association between DII and WHtR
and PBF in the unadjusted and multivariable-adjusted models (Table 3).

Association between DIl and SO
In the NHANES cohort, we explored the relationship between DII

and SO. In Model 1 (crude model), a statistically significant association
between increased odds ratios (ORs) for SO and DII scores was
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observed, with an OR of 1.19 (95% CI = 1.09, 1.30, p < 0.001, Table 4).
The OR in model 2 was 1.21 (95% CI = 1.10, 1.34, p = 0.003, Table 4)
after it was adjusted for age, gender, ethnicity, marital status, education
level, PIR, smoking status, and PA status, while in Model 3 it was 1.19
(95% CI=1.08, 1.32, p=0.012, Table 4) after it was additionally
adjusted for history of DM, hypertension, and stroke. We also converted
DIl into tertiles, and categorical DII displayed a significant relationship
with SO (Model 1: OR ez = 1.95, 95% CI = 1.41, 2.70, p for trend
<0.001, Table 4). After complete adjustment, categorical DII still
showed a significant correlation with SO (Model 3: OR pjieave = 1.93,
95% CI = 1.28, 2.92, p for trend = 0.015, Table 4). In the RCS regression
analysis (Figure 2A), we found that the association between DII and
the risk of SO was monotonically increasing. To ensure the robustness
of our findings, we examined the association between DII and SO using
imputed data. The analysis confirmed that there were no qualitative
changes in the results, as detailed in Figure 2. Subsequently, we used
age, gender, ethnicity, marital status, education level, smoking status,
PA level, BMI, abdominal obesity, DM, hypertension, and stroke
history as stratification variables. We performed stratified analysis to
evaluate the association between DII and SO in stratified populations.
As shown in Supplementary Table 1, the above factors were not
interactive factors in this study (all p-values for interaction >0.05).

In the Chinese cohort, we explored the relationship between DII
and SO in the Chinese population cohort. The findings demonstrated
significant correlations between DII and SO, which were evident in
both unadjusted and multivariable-adjusted models (Model 3, OR
continaons = 1.59, 95% CI = 1.30, 1.94, p < 0.001; OR e = 6.10, 95%
CI =2.72,13.68, p for trend <0.001; Table 4). In the RCS regression
analysis (Figure 3), the results showed that the association between
DII and the risk of SO was monotonically increasing. All findings
further emphasized the robustness and reliability of the observed
trend: as DII scores increase, the risk of SO correspondingly rises.

Mediating role of inflammatory/nutritional
indicators

In the NHANES cohort, the associations of inflammatory/
nutritional indicators with DII and SO in both unadjusted and
multivariable-adjusted models are demonstrated in Table 5. After full
adjustment, DII maintained a positive association with NPAR
(f=0.09, 95% CI=0.02, 0.17, p =0.036, Table 5) and a negative
association with CALLY (ff = —94.67, 95% CI=-179.64, —9.70,
p =0.049, Table 5). Results from logistic regression analysis displayed
that NPAR was positively associated with SO, while CALLY was
negatively associated with SO (Table 5). Then, we explored the
mediation effect of inflammatory/nutritional indicators on the
association between DII and SO. The mediation analysis results
indicated that CALLY mediated 39.49% of the association between
DII and SO, while NPAR mediated 7.35% (Figure 4).

Discussion

This study is the first to explore the association between DII
and SO in U.S. and Chinese populations. The findings revealed a
clear positive association between elevated DII and an increased
risk of SO within the cohort. These associations remained
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TABLE 1 Characteristics of participants from the NHANES.

Variables
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Gender, 1n* (%) 2 =1547 0.004
Male 1,906 (48.13) 244 (58.97)
Female 2,120 (51.87) 200 (41.03)
Age, years, Mean (SE) 38.84 (0.34) 43.13 (1.00) t=3.66 <0.001
BMI, kg/m? Mean (SE) 28.33(0.17) 35.77 (0.41) t=17.48 <0.001
WC, cm, Mean (SE) 96.27 (0.43) 112.70 (0.90) t=17.38 <0.001
WHItR, Mean (SE) 0.57 (0.00) 0.70 (0.01) t=24.02 <0.001
SI, kg/m?, Mean (SE) 0.83 (0.00) 0.64 (0.01) t=-18.87 <0.001
SVR, kg/cm?, Mean (SE) 0.33 (0.01) 0.17 (0.01) t=-14.04 <0.001
PIR, Mean (SE) 3.02 (0.06) 2.32(0.11) t=-6.36 <0.001
Ethnicity, n* (%) 2 =169.50 <0.001
Mexican American 603 (10.14) 181 (30.08)
Other Hispanic 462 (7.82) 77 (14.88)
Non-Hispanic White 1,288 (58.84) 95 (41.68)
Non-Hispanic Black 865 (11.69) 23(3.27)
Other ethnicity-including multi-racial 808 (11.51) 68 (10.09)
Education level, n* (%) 27 =107.50 <0.001
Less than 9th grade 231 (3.18) 84 (11.24)
9-11th grade 411 (7.03) 67 (11.24)
High School or equivalent 891 (22.87) 117 (31.79)
Some college or AA degree 1,363 (33.82) 109 (29.96)
College graduate or above 1,129 (33.11) 67 (15.78)
Marital status, n* (%) 2 =1724 0.235
Married 1,940 (49.21) 242 (48.68)
Widowed 57 (1.32) 6 (1.57)
Divorced 341 (8.48) 44 (11.11)
Separated 145 (2.80) 19 (5.91)
Never married 1,041 (25.91) 82 (20.37)
Living with partner 501 (12.29) 51 (12.36)
Smoking, n* (%) 7=187 0.606
Never 2,498 (60.01) 277 (56.34)
Former 668 (19.70) 84 (21.22)
Now 858 (20.29) 83 (22.44)
Drinking, n* (%) 7=2094 0.014
Mild 1,316 (43.12) 103 (31.28)
Moderate 1,079 (38.81) 99 (42.68)
Heavy 551 (18.08) 70 (26.05)
PA level, n* (%) 1 =35.68 <0.001
Low PA 1,127 (23.81) 187 (38.06)
High PA 2,899 (76.19) 257 (61.94)
Hypertension, n* (%) 1,089 (24.44) 175 (41.61) 27 =50.52 <0.001
DM, n* (%) 429 (8.36) 106 (23.63) 2 =88.72 <0.001
Stroke, n* (%) 63 (1.15) 14 (3.73) 1 =1624 0.009
Lymphocytes (1,000 cells/uL), Mean (SE) 2.29(0.02) 2.42 (0.05) =238 0.024
(Continued)
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TABLE 1 (Continued)

Variables Statistic

Neutrophils (1,000 cell/uL), Mean (SE) 4.30 (0.05) 4.93(0.13) t=4.19 <0.001
Monocytes (1,000 cells/uL) Mean (SE) 0.58 (0.01) 0.61 (0.01) t=1.65 0.110
Platelets, (1,000 cells/uL), Mean (SE) 244.85 (1.43) 253.81 (6.40) t=148 0.149
CRP, (mg/L), Mean (SE) 3.34(0.15) 6.60 (0.59) t=5.51 <0.001
CALLY, Mean (SE) 1,666.02 (98.07) 419.86 (26.54) t=-12.14 <0.001
NPAR, Mean (SE) 13.31 (0.07) 14.36 (0.23) t=4.32 <0.001
DIL, Mean (SE) 0.68 (0.07) 1.28 (0.14) t=4.16 <0.001

“Unweighted number of observations in dataset.

SE, standard error; f, t-test, y%, chi-square test; NHANES, National Health and Nutrition Examination Survey; SO, sarcopenic obesity; BMI, body mass index; WC, waist circumference; WHIR,
waist-to-height ratio; SI, sarcopenia index; SVR, skeletal muscle mass-to-visceral area ratio; family poverty-to-income ratio; PA, physical activity; DM, diabetes mellitus; CALLY, C-reactive
protein-albumin-lymphocyte; NPAR, neutrophil-percentage-to-albumin ratio; DII, dietary inflammation index.

P-value shown in bold indicate statistical significance (P < 0.05).

TABLE 2 Characteristics of participants from the Tongde Hospital of Zhejiang Province.

Variables Statistic
Gender, 1 (%) =953 0.002
Male 104 (58.76) 39 (39.39)
Female 73 (41.24) 60 (60.61)
Age, years, Mean (SD) 40.45 + 11.89 47.51 +12.31 t=—4.67 <0.001
BMLI, kg/m? Mean (SD) 28.61 £5.18 2493 +0.72 =930 <0.001
WC, cm, Mean (SD) 90.80 £ 10.35 82.46 + 3.75 t=9.64 <0.001
WHtR, Mean (SD) 0.55 £ 0.06 0.53£0.03 t=2.93 0.004
PBE %, Mean (SD) 32.96 £7.43 37.42 + 4.34 t=-6.29 <0.001
ASMI, kg/m?, Mean (SD) 791 +£1.30 6.02 +0.61 t=16.35 <0.001
SVR, kg/cm?, Mean (SE) 0.26 £0.15 0.22£0.19 t=1.88 0.061
Education level, n (%) =384 0.050
High School or below 56 (31.64) 43 (43.43)
College or above 121 (68.36) 56 (56.57)
Marital status, 1 (%) 27 =590 0.015
Couple 134 (75.71) 87 (87.88)
Single or separated 43 (24.29) 12 (12.12)
Smoking status, 7 (%) 2 =0.02 0.889
Yes 10 (5.65) 6 (6.06)
No 167 (94.35) 93 (93.94)
Drinking status, 1 (%) 27 =0.96 0.327
Yes 45 (25.42) 20 (20.20)
No 132 (74.58) 79 (79.80)
PA level, n (%) 2 =356 0.059
Low PA 133 (75.14) 84 (84.85)
High PA 44 (24.86) 15 (15.15)
Hypertension, n (%) 15 (8.52) 2(2.02) =462 0.032
DM, n (%) 6(3.39) 5(5.05) 27=013 0.722
Stroke, 11 (%) 1(0.56) 0 (0.00) - 1.000
DII, Mean (SD) 0.50 + 1.60 1.45 + 1.44 t=-5.05 <0.001

SD, standard deviation; f, t-test; y%, chi-square test; SO, sarcopenic obesity; BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; PBE, percent body fat; ASM,
appendicular skeletal muscle mass; ASMI, appendicular skeletal muscle mass index; SVR, skeletal muscle mass to visceral area ratio; PA, physical activity; DM, diabetes mellitus; DII, dietary
inflammation index.

P-value shown in bold indicate statistical significance (P < 0.05).
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TABLE 3 Association between DIl and body composition index.

10.3389/fnut.2025.1621199

Variables Model 1 Model 2 Model 3
B (95% Cl) B (95% Cl) B (95% Cl)

The NHANES cohort
SI —2.11 (—2.48, —1.74) <0.001 —3.15 (—4.02, —2.28) <0.001 —3.06 (—3.95, —2.16) <0.001
SVR —1.24 (—1.64, —0.85) <0.001 —1.62 (—2.20, —1.03) <0.001 —1.63 (—2.24, —1.03) <0.001
BMI 0.04 (0.03, 0.05) <0.001 0.03 (0.02, 0.04) <0.001 0.03 (0.02, 0.04) 0.001
WwC 3.14 (2.39, 3.89) <0.001 2.53 (1.70, 3.37) <0.001 2.46 (1.59, 3.34) <0.001
WHtR 0.01 (0.01, 0.02) <0.001 0.01 (0.01, 0.02) <0.001 0.01 (0.01, 0.02) <0.001

The Chinese cohort
ASMI —0.19 (—0.30, —0.09) <0.001 —0.14 (—0.22, —0.05) 0.002 —0.16 (—0.24, —0.08) <0.001
SVR —0.03 (—0.04, —0.01) <0.001 —0.02 (=0.03, —0.01) <0.001 —0.02 (—0.03, —0.01) <0.001
BMI 0.08 (=0.25, 0.41) 0.643 0.06 (=0.25, 0.38) 0.685 0.03 (=0.28, 0.33) 0.851
wC ~0.02 (=0.72, 0.67) 0.945 0.22 (~0.43, 0.87) 0.503 0.05 (=0.57, 0.872) 0.872
WHtR 0.01 (0.01, 0.01) 0.003 0.01 (0.01, 0.01) 0.005 0.01 (0.01, 0.01) 0.016
PBF 1.44 (0.97, 1.91) <0.001 1.05 (0.70, 1.40) <0.001 1.05 (0.70, 1.40) <0.001

In the NHANES cohort, Model 1, non-adjusted model. Model 2, adjusted for age, gender, ethnicity, marital status, education level, PIR, smoking status, and PA level. Model 3, adjusted for age,
gender, ethnicity, marital status, education level, PIR, smoking status, PA level, DM, hypertension, and stroke history. In the Chinese cohort, Model 1, non-adjusted model. Model 2, adjusted
for age, gender, marital status, education level, and PA level. Model 3, adjusted for age, gender, marital status, education level, PA level, DM, hypertension, and stroke history. NHANES,
National Health and Nutrition Examination Survey; DII, dietary inflammatory index; PIR, family poverty-to-income ratio; PA, physical activity; BMI, body mass index; WC, waist
circumference; WHIR, waist to height ratio; PBE, percent body fat; SI, sarcopenia index; ASMI, appendicular skeletal muscle mass index; SVR, skeletal muscle mass to visceral area ratio; DM,
diabetes mellitus; CI, confidence interval.

TABLE 4 Association between DIl and SO.

Variables The NHANES cohort The Chinese cohort
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
OR (95% ClI), OR (95% ClI), OR(95% CI), OR(95%Cl),p OR(95% Cl),p OR (95% ClI), p
p p p

DII continuous 1.19 (1.09, 1.30), 1.21 (1.10, 1.34), 1.19 (1.08, 1.32), 1.51 (1.26, 1.80), 1.53 (1.26, 1.86), 1.59 (1.30, 1.94),
<0.001 0.003 0.012 <0.001 <0.001 <0.001

DII tertiles

T1 Ref. Ref. Ref. Ref. Ref. Ref.

T2 1.09 (0.74, 1.62), 1.12 (0.69, 1.81), 1.06 (0.65, 1.73), 7.59 (3.59, 16.05), 8.34 (3.72, 18.70), 8.34 (3.72, 18.70),
0.670 0.658 0.825 <0.001 <0.001 <0.001

T3 1.95 (1.41, 2.70), 2.11(1.43,3.12), 1.93 (1.28,2.92), 5.70 (2.68, 12.12), 6.10 (2.72, 13.68), 6.10 (2.72, 13.68),
<0.001 0.005 0.020 <0.001 <0.001 <0.001

p for trend <0.001 0.003 0.015 <0.001 <0.001 <0.001

The tertile cutoff values of the DII are —0.12 and 1.79 in the NHANES cohort. The tertile cut-off values of the DII are —0.09 and 1.90 in the Chinese cohort. In the NHANES cohort, Model 1,
non-adjusted model. Model 2, adjusted for age, gender, ethnicity, marital status, education level, PIR, smoking status, and PA level. Model 3, adjusted for age, gender, ethnicity, marital status,
education level, PIR, smoking status, PA level, DM, hypertension, and stroke history. In the Chinese cohort, Model 1, non-adjusted model. Model 2, adjusted for age, gender, marital status,
education level, smoking status, and PA level. Model 3, adjusted for age, gender, marital status, education level, smoking status, PA level, DM, hypertension, and stroke history. NHANES,
National Health and Nutrition Examination Survey; DII, dietary inflammatory index; SO, sarcopenic obesity; PIR, family poverty-to-income ratio; PA, physical activity; DM, diabetes mellitus;
OR, odds ratio; CI, confidence interval; T, tertile.

significant even in the fully adjusted model. We further explored
the potential mediating effect of inflammation/nutritional
indicators within these associations and found that the associations
inflammation/

appear to be partially mediated by

nutritional pathways.

Chronic inflammation and SO

Chronic low-grade inflammation is considered a pivotal factor in
the onset and progression of both sarcopenia and obesity (6, 37-39).

Frontiers in Nutrition

Expanding adipose depots can induce an imbalanced production of
various adipokines and promote the infiltration of macrophages and
other immune cells (2, 3). These activities lead to the release of a
diverse array of pro-inflammatory cytokines and chemokines,
resulting in the initiation and sustenance of a chronic low-grade
inflammation state (2, 3, 40). Inflamed AT milieu can induce insulin
resistance and fat infiltration in skeletal muscle (41-43). Intramuscular
lipids induce local inflammation, exacerbating in turn AT
inflammation. Moreover, muscle progenitor cells may differentiate into
an adipocyte-like phenotype as a result of paracrine signaling from
cytokines in AT (5-7). This differentiation results in increased fatty
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FIGURE 2

DM, diabetes mellitus.

RCS regression analysis for DIl and SO in the NHANES cohort. (A) Pre-imputation, (B) imputation 1, (C) imputation 2, (D) imputation 3, (E) imputation 4,
and (F) imputation 5. Adjusted for age, gender, ethnicity, marital status, education level, PIR, smoking status, PA level, DM, hypertension, and stroke
history. RCS, restricted cubic spline; DIl, dietary inflammatory index; SO, sarcopenic obesity; PIR, family poverty-to-income ratio; PA, physical activity;

5

P for overall: <.001

P for nonlinear: 0.056
4
3

OR(95%Cl)

FIGURE 3

RCS regression analysis for DIl and SO in the Chinese cohort.
Adjusted for age, gender, marital status, education level, smoking
status, PA level, DM, hypertension, and stroke history. RCS, restricted
cubic spline; DI, dietary inflammatory index; SO, sarcopenic obesity;
PA, physical activity; DM, diabetes mellitus.

infiltration and decreased muscular regeneration, thereby perpetuating
a vicious cycle (5). The interaction between fatty infiltration and
muscle loss could potentially initiate and exacerbate SO (7-9).

Frontiers in Nutrition

Diet and inflammation

Diet is one of the most significant modifiable factors in
influencing inflammation (12). Several studies revealed that diet
plays a significant role in maintaining the homeostasis of the gut
microenvironment (44, 45). It achieves this by regulating the release
of gut hormones, influencing the composition and function of gut
microbiota (GM), and affecting the integrity of the gut barrier (44,
45). Dietary components directly influence the composition and
activity of the GM, which, in turn, produces metabolites that can
modulate the inflammatory state and immune responses. For
instance, short-chain fatty acids produced from the fermentation of
dietary fiber can enhance gut barrier function and regulate
inflammatory pathways, while saturated fats can promote the growth
of pro-inflammatory bacteria and increase endotoxin levels, leading
to systemic inflammation (45). Moreover, dietary patterns could
shape and alter the GM and, consequently, influence the
inflammatory state (13, 14). Excessive consumption of fat, such as in
a high-fat or Western-style diet, can lead to dysbiosis, dysfunction
of the gut barrier, increased intestinal permeability, and the release
of toxic bacterial metabolites into the circulation, thereby strongly
contributing to the development of low-grade systemic inflammation
(14). Furthermore, increased consumption of ultra-processed foods
could modulate low-grade inflammation (13). Growing evidence
suggests that GM is integral to the pathophysiology of fatty and
musculoskeletal disorders through multiple pathways, including
chronic inflammation and metabolic imbalance (46-48). Therefore,
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TABLE 5 Associations of inflammation-related indicators with DIl and SO in the NHANES cohort.

Mediators DIl to mediator Mediator to SO

B (95% ClI) p-value OR (95% Cl) p-value
CALLY
Model 1 —138.22 (=226.86, —49.57) 0.005 0.99 (0.99, 0.99) <0.001
Model 2 —94.51 (~176.78, —12.25) 0.048 0.99 (0.99, 0.99) <0.001
Model 3 —94.67 (~179.64, —9.70) 0.049 0.99 (0.99, 0.99) 0.002
NPAR
Model 1 0.15 (0.08, 0.22) <0.001 1.20 (1.11, 1.30) <0.001
Model 2 0.10 (0.03,0.17) 0.019 1.17 (1.07, 1.28) 0.007
Model 3 0.09 (0.02,0.17) 0.036 1.15 (1.05, 1.26) 0.021

Model 1, non-adjusted model. Model 2, adjusted for age, gender, ethnicity, marital status, education level, PIR, smoking status, and PA level. Model 3, adjusted for age, gender, ethnicity, marital
status, education level, PIR, smoking status, PA level, DM, hypertension, and stroke history. In the Chinese cohort, Model 1, non-adjusted model. Model 2, adjusted for age, gender, marital
status, education level, smoking status, and PA level. Model 3, adjusted for age, gender, marital status, education level, smoking status, PA level, DM, hypertension, and stroke history.
NHANES, National Health and Nutrition Examination Survey; DII, dietary inflammatory index; SO, sarcopenic obesity; CALLY, C-reactive protein-albumin-lymphocyte; NPAR, neutrophil-
percentage-to-albumin ratio; PIR, family poverty-to-income ratio; PA, physical activity; DM, diabetes mellitus; OR, odds ratio; CI, confidence interval.

) Indirect effect =0.0058

95%CI = 0.0017-0.0100, P <0.001

Total effect = 0.0147, P <0.001
Proportion of mediation = 39.49

Indirect effect =0.0008
95%Cl = 0.0002-0.0049, P <0.001

Total effect =0.0111, P <0.001
Proportion of mediation =7.35

Direct effect =0.0089
95%CI = 0.0025-0.0100, P <0.001

FIGURE 4

Analysis of the mediation by inflammation-related indicators of the association between DIl and SO. (A) CALLY, (B) NPAR. Adjusted for adjusted for age,
gender, race, marital status, education level, PIR, smoking status, PA level, DM, hypertension, and stroke history. CALLY, C-reactive protein-albumin-
lymphocyte; NPAR, neutrophil-percentage-to-albumin ratio; DII, dietary inflammatory index; SO, sarcopenic obesity; Cl, confidence interval.

Direct effect =0.0103
95%Cl =0.0044-0.0141, P <0.001

it is necessary to explore the correlation between dietary
inflammatory potential and SO to develop dietary treatment
strategies for managing OAO and SO.

Effects of dietary inflammatory potential
on SO

The DII is a scoring tool designed to assess the inflammatory
potential of diets (21). A lower DII score reflects a more anti-
inflammatory diet, whereas a higher DII score indicates a more
pro-inflammatory diet. Recently, the implications of dietary
inflammatory potential for obesity and sarcopenia have garnered
increasing attention (16, 22, 23). Many population-based studies
have explored the correlation between the DII score and these
conditions, highlighting the strong connection between dietary
inflammation and the risk of obesity and sarcopenia (16, 23-29).
However, there is limited research exploring the association

Frontiers in Nutrition

between DII and SO. In the present study, we found a persistent
positive association between elevated DII scores and the risk of SO
among U.S. and Chinese adults using datasets from NHANES and
Tongde Hospital of Zhejiang Province. This finding is inconsistent
with the results from the Korean older adult population (17). This
discrepancy may be attributed to differences in the study
populations: the Korean cohort focused on elderly individuals aged
70-84 years, whereas our study included a broader age range. SO
initially refers to a geriatric disorder characterized by the
progressive loss of skeletal muscle mass and/or function, combined
with excessive fat accumulation (9). Due to the age of the elderly
participants in the Korean cohort, age may play a more significant
role in chronic inflammation compared to the DII. However,
changes in lifestyle, including poor dietary habits, low dietary
quality, and SBs, have significantly contributed to a trend of
younger individuals being affected by pre-SO and SO (11). Hence,
we explored the relationship among individuals over the age of 20
and found a strong correlation between DII and SO.
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The mediation effect of CALLY and NPAR
on DII-SO

Both chronic low-grade inflammation and malnutrition are
critical risk factors for SO (8, 9, 49). Therefore, recognizing the
importance of inflammatory and nutritional status in the development,
prevention, and treatment of SO is imperative. Albumin, primarily
produced by the liver, serves as an indicator of nutritional status. It
plays a vital role in maintaining blood volume balance and
transporting nutrients. Although the exact relationship between
albumin and SO remains unclear, several studies have demonstrated
an inverse relationship between serum albumin levels and the
occurrence of sarcopenia (50, 51). CBC parameters, including
neutrophils and lymphocytes, are traditional biomarkers used to
evaluate immune function. Neutrophils are the first immune cells to
infiltrate adipose tissue (52, 53). Once activated, they release
inflammatory factors that recruit macrophages and other immune
cells (52, 53). These recruited cells maintain the inflammatory state by
producing cytokines and chemokines, which can spread to different
parts of the body and potentially lead to a systemic inflammatory
condition (52-54). Lymphocytes are closely associated with muscle
satellite cells (MUSCs), which are vital for skeletal muscle regeneration
(55, 56). CRP is another widely used clinical indicator that reflects
inflammation levels and is related to aging (57). Two population-
based studies demonstrated that a high level of CRP was independently
associated with SO (57,
inflammatory and nutritional status in fatty infiltration and muscle
regeneration, we hypothesized that the CALLY index and NPAR could
predict the risk of SO and mediate the relationship between the

58). Considering the significant role of

dietary inflammatory index DII and SO.

The CALLY index, which combines albumin, lymphocyte count,
and CRP levels, is an improved scoring system that reflects the immune,
inflammatory, and nutritional status of individuals. It was developed as
a prognostic factor for patients suffering from various cancers (59-63).
Recent research revealed that elevated CALLY levels are independently
related to a decreased risk of sarcopenia in both community residents
from the NHANES cohort in the U.S. and hospitalized patients from
the Kunshan Hospital cohort in China (33). In our study, significant
correlations of CALLY with DII and SO were demonstrated in both
crude and multivariable-adjusted models. The NPAR, which combines
neutrophil percentage and albumin, is a prognostic factor for patients
suffering from various chronic non-communicable diseases such as
heart failure, chronic obstructive pulmonary disease, metabolic
syndrome, and non-alcoholic fatty liver disease (34, 64-67). Our results
demonstrated positive associations of NPAR with DII and SO in both
crude and multivariable-adjusted models. After exploring the
associations of inflammatory/nutritional indicators with DI and SO, a
mediation analysis was conducted, emphasizing the significant roles of
CALLY and NPAR in linking DII with SO. This suggests an underlying
inflammatory/nutritional mechanism in these associations.

Strengths and limitations

The primary strength of the present study is its foundation on
two diverse population cohorts: participants from the NHANES
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cohort in the U.S. and patients from Tongde Hospital of Zhejiang
Province in China. The comprehensive and representative
characteristics of the NHANES database significantly enhance the
Additionally, the
demonstrated the broad applicability of the DII score through its

generalizability of our findings. study
analysis of the Chinese cohort from Tongde Hospital, facilitating a
detailed examination of the relationship between DII and
SO. However, the study has several limitations. First, inherent
differences in baseline characteristics between clinic patients and
community survey participants introduce confounding effects that
may influence the results. Second, the cross-sectional study design
may limit the ability to draw definitive conclusions about the causal
relationship between DII and SO outcomes. Third, the sample size
of the clinical cohort was relatively small. Therefore, further
external validation is necessary to confirm the association between
DII and SO, particularly among hospitalized patients. Despite
these limitations, our findings reveal a close connection between
DII and SO, which
practical applications.

could potentially guide future

Conclusion

An elevated DII score is positively associated with the risk of
SO in adults. This association appears to be partially mediated by
inflammatory/nutritional pathways, indicating that the DII score
may serve as a valuable indicator for identifying individuals at
risk of SO. Adults may reduce their risk of SO by decreasing the
inflammatory potential in their daily diets.
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