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Abstract

Background and aim |t is well-recognized that inflammation is an adaptive pathophysiological response in many
types of cancer. Research on nutrition’s critical role in inflammation, a risk factor for all forms of cancer, is growing. The
dietary inflammatory index (DIl) was created lately to assess if a diet is pro- or anti-inflammatory in terms of inflamma-
tion. Indeed, several studies have demonstrated the correlation between DIl and the risk of several cancer types. This
meta-analysis set out to look into the relationship between DIl and the different forms of esophageal cancer.

Method PubMed, Cochrane library, Embase, Scopus, and Web of Science databases were searched up to May 2024
to retrieve relevant articles. RAYYAN intelligent tool for systematic reviews was incorporated for the screening of stud-
ies. Original articles written in English Studies that investigated the inflammatory index of diet in individuals who
developed esophageal cancer were included in this study.STATA v18 software was used to conduct the meta-analysis.
Egger’s test for publication bias assessment was implemented. Newcastle Ottawa scale was used to evaluate the qual-
ities of the included studies. A plot digitizer was used to extract digital data.

Result A total of 13 studies were included in the systematic review, with 6 studies contributing to the meta-analysis,
comprising 10,150 participants. The participants were categorized into high and low DIl groups, with the low DI
group (n=3,403) serving as the reference. The meta-analysis demonstrated a significant association between high DIl
and increased risk of esophageal cancer. Specifically, individuals in the high DIl group were 29% more likely to develop
esophageal cancer, with a pooled odds ratio (OR) of 1.29 (95% Confidence Interval [Cl]: 1.16-1.43), as calculated using
a random-effects model. Moderate heterogeneity was observed (I >50%). Egger’s test indicated evidence of publica-
tion bias (p < 0.05). Subgroup and sensitivity analyses confirmed the robustness of this association across populations
and study designs.
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Conclusion our study concludes that a higher level of DIl is associated with a higher risk of esophageal cancer devel-
opment. This study suggests that modifying inflammatory properties of dietary patterns can reduce the risk of inci-

dence of esophageal cancer.

Keywords DIl, Dietary inflammatory index, Esophageal cancer

Introduction

The Dietary Inflammatory Index (DII) is a tool devel-
oped to assess the inflammatory impact of an indi-
vidual’s diet. It evaluates dietary components based on
their anti- or pro-inflammatory properties, assigning
them a score from anti- to pro-inflammatory [1]. The
DII plays a pivotal role in elucidating the association
between dietary patterns and the risk of developing
various types of cancer. Several studies have indicated
that a higher DII score is correlated with a greater risk
of developing a range of cancers, including colorectal
cancer, esophageal cancer, breast cancer, and prostate
cancer [2].

The estimated prevalence of esophageal cancer in the
United States is approximately 22,370 new cases diag-
nosed annually, with an estimated 16,130 deaths from
this disease in 2024. Esophageal cancer is the eleventh
leading cause of cancer death in the United States, with
a death rate of 3.7 per 100,000 men and women per
year based on 2018-2022 deaths [3].

Individuals afflicted with this condition may experi-
ence difficulty or pain when swallowing solid foods,
which may extend to liquids as the cancerous mass
expands within the esophagus. Other symptoms may
include progressive weight loss, nausea, vomiting, loss
of appetite, chest pain, and hoarseness [4].

Chronic, low-grade inflammation resulting from cer-
tain dietary patterns can create a favorable microenvi-
ronment for tumorigenesis by triggering a cascade of
cellular and molecular changes. Pro-inflammatory diets
often elevate the production of cytokines (e.g., TNF-a,
IL-6) and reactive oxygen species, which can damage
DNA, promote mutations, and disrupt key regulatory
pathways involved in cell proliferation and apoptosis.
Simultaneously, sustained inflammation can epigeneti-
cally alter tumor-suppressor genes, further accelerating
the malignant transformation. This pro-inflammatory
state also supports angiogenesis, enabling tumors to
secure nutrients and oxygen for continued growth,
and fosters immune evasion, as persistent inflamma-
tory signals can inhibit effective anti-tumor immune
responses. Collectively, these processes underscore the
critical role of diet-induced inflammation as a driver of
cancer risk, highlighting the importance of adopting
anti-inflammatory dietary strategies to help mitigate
carcinogenesis [5, 6].

The relationship between esophageal malignancy and
the Dietary Inflammatory Index (DII) has been the sub-
ject of several studies, demonstrating a significant cor-
relation between dietary inflammation and the risk of
esophageal cancer. The DII, a novel index that quanti-
fies the inflammatory potential of diet, has been widely
utilized to assess the risk of various diseases, including
esophageal cancer [7]. The significance of investigating
the association between DII and esophageal cancer lies in
its potential as a predictive tool for risk. By evaluating the
DII, healthcare professionals and researchers can assess
an individual’s dietary inflammation and guide interven-
tions to reduce the risk of esophageal cancer [7]. Herein,
we aimed to conduct a systematic review and meta-anal-
ysis on the relationship between the DII and the risk of
esophageal cancer.

Methods

The current study is a systematic review and meta-analy-
sis that adheres to the principles outlined in the PRISMA
checklist [8]. The study protocol has been registered
within the Open Science Framework (OSF) (https://doi.
org/10.17605/OSEIO/C6AP3).

Search strategy

A search of related studies published through February
2024 was conducted primarily in the PubMed, Web of Sci-
ence (WoS), Scopus, Cochrane library and Embase data-
bases. The leading search terms were as follows: ("dietary
inflammatory index" OR "DII" OR "inflammatory index"
OR '"inflammatory foods" OR "inflammatory diet" OR
"pro-inflammatory diet" OR "diet-related inflammation")
AND ("esophageal cancer" OR "esophageal neoplasms"
OR "esophageal malignancy” OR "esophageal carcinoma").
Additionally, the reference lists of pertinent articles were
manually reviewed (Tables 1 and 2).

Inclusion and exclusion criteria
We included studies in our systematic review and meta-
analysis according to the following criteria: Original
articles written in English Studies that investigated the
inflammatory index of diet in individuals who developed
esophageal cancer.

The following criteria were used to exclude studies
from our study: Not original articles such as systematic
reviews and meta-analyses, case reports and case series,
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Table 1 Search strategies and result of the searching procedure
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Data base Search strategy

PubMed ((("dietary inflammatory index"[Title/Abstract]) OR (D[ Title/Abstract])) OR (‘inflammatory index"[Title/Abstract])) AND ((("esophageal

Embase cancer"[Title/Abstract]) OR ("esophageal neoplasms'[Title/Abstract])) OR ("esophageal malignancy"[Title/Abstract]))

Cochrane library

WQOS 1: (TS =("dietary in flammatory index")) OR TS = ("DII")) Results: 4618 2: (TS = ("esophageal cancer")) ORTS =("esophageal neo-
plasms")) ORTS = ("esophageal malignancy") Results: 33,257 3: #1 AND #2

Scopus (TITLE-ABS- KEY ("dietary inflammatory index") OR TITLE-ABS-KEY ("DII") OR TITLE-ABS-KEY ("inflammatory index")) AND (TITLE-ABS-

KEY ("esophageal cancer") OR TITLE-ABS-KEY ("esophageal neoplasms") OR TITLE-ABS- KEY ("esophageal malignancy"))

conference letters, expert opinions, non-English arti-
cles, and Studies conducted on animals and non-English
studies.

Based on PICOs frame woFrk the eligibility criteria was
as follow:

Population (P)
Adults (no specific age or sex restrictions) from any geo-
graphic region.

Studies including individuals with or without esopha-
geal cancer, where dietary data relevant to the Dietary
Inflammatory Index (DII) were collected.

Intervention (I)
Exposure to dietary patterns or components measured
using the Dietary Inflammatory Index (DII).

Could include assessment of pro-inflammatory vs. anti-
inflammatory diets and their relationship to cancer risk.

Comparison (C)
Groups with differing DII levels (e.g., high DII vs. low
DII).

Potential comparisons between DII and other inflam-
matory indexes (e.g., Systemic Inflammatory Index, SII).

Outcome (O)

Incidence, prevalence, or risk of esophageal cancer.
Measures of association (e.g., odds ratio, risk

ratio) relating DII levels to esophageal cancer risk or

progression.

Study design (S)

Original, peer-reviewed research (e.g., cross-sectional,

case-control, cohort studies) published in English.
Excluded: non-original research (reviews, meta-anal-

yses), animal studies, conference abstracts, case reports,

editorials, or expert opinions.

Data extraction and quality assessment

Three individuals were responsible for extracting and
screening data from the included studies. The extrac-
tion and screening were conducted per the established
criteria and guidelines, thus minimizing the likelihood
of errors and ensuring the quality of the data collected.
Independent reviewers screened the selected articles
based on their titles and abstracts using the RAYYAN
intelligent tool for systematic reviews.

The data from the included articles were extracted in
the following manner: author’s name, publication year,
country in which the study was conducted, total num-
ber of participants, number of cases, number of controls,
total number of cases and controls for both female and
male participants, Body Mass Index (BMI), DII amount
of alcohol consumption, age and education levels of the
participants, odds ratio and confidence interval.

The Newcastle—Ottawa Scale (NOS) for cross-sectional
and case—control studies was utilized to evaluate the risk
of bias in individual studies.

Statistical analysis

A meta-analysis was conducted using data on DII as
mean +SD and the Odds ratio of esophageal cancer
development. A random effects model calculates The
OR and 95% confidence intervals (CIs). A random effects
model was also used to combine the study-specific
Standardized Mean Difference (SMD) to determine the
pooled estimate of the difference in DII between the case
and control groups. Heterogeneity was assessed using the
Chi-square and I-square tests. A subgroup analysis was
performed to investigate the factors contributing to het-
erogeneity. Data points from graphical representations in
studies were extracted using WebPlot Digitizer (Autom-
eris LLC, Frisco, Texas). All statistical analyses were two-
tailed, with significance at a P value <0.05.

Publication bias assessment
The study examined publication bias using Egger’s regres-
sion, and when Egger’s regression identified significant
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bias (P < 0.05), a trim and fill analysis was used to esti-
mate the potential missing effect sizes and to determine a
revised overall effect [22].

Sensitivity analysis

Additionally, a sensitivity analysis was carried out on the
results of the meta-analysis using the one-study-removed
method to evaluate the impact of a specific study on the
overall estimation of effects [23].

Results

Study selection

As mentioned earlier, our comprehensive and system-
atic search in the four databases yielded 67 records. We
excluded 49 articles, with 23 of them due to being dupli-
cates by screening the titles and abstracts. Seven of the
remaining records were excluded due to the unavailabil-
ity of the full text. five further articles were then disquali-
fied during the full-text screening process. Finally, our
review comprised 13 articles. Six publications provided
sufficient data for a meta-analysis (Fig. 1) [9-21].

Study characteristics

Publications included in this review were carried out
between 2015 and 2023. The majority of studies took
place in China (n = 9), whereas a minority of studies
were conducted in the USA (n = 2), Italy (» = 1), and
Japan (n = 1). The total number of people studied in the
included records reached 10,150. The minimum average
age of the population studied in these publications was
59.5 years, and it was conducted in China in 2018. The
maximum was a median of 70 years, carried out again in
China. Six studies were also included for a meta-analysis
with sufficient data on DII. We also checked for other
inflammatory indexes/scores for our systematic review,
with five on SII (systematic inflammatory index) and one
on SIS (systematic inflammatory score) (supplementary
Table 1). The Food Frequency Questionnaire (FFQ) was
utilized in the research to assess the dietary intake sta-
tus, and the Shivapa method was applied to calculate DII
based on 23-36 dietary components [24].

Findings
In the systematic part of the study, all the studies with
data on inflammatory indexes/scores demonstrated a
clear correlation between an increase in the index/score
and cancer incidence. In 9 of the included studies, alco-
hol drinking was represented as a subgroup where there
was a significantly higher prevalence of ESCC among the
users.

A total of 10,150 participants were involved in this
meta-analysis. The participants were divided into two
groups based on their assigned DII: lowest DII and
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highest DII. Low DII was assumed as a control group that
made up 3203 participants. The high DII group was com-
prised of 6947 individuals. The mean age of the case and
control group was calculated as 49.7 +5.45 years and 50.6
+6.01 years, respectively.

Random effect model implementation on the OR anal-
ysis of participants revealed an odds ratio of 1.29 (95%CI:
1.16,1.43, 1> 50%) (Figs. 2 and 3). This meant that the
high DII group was 29% more likely to develop esopha-
geal cancer compared to the low DII group.

Egger’s test for publication bias indicated the existence
of bias (p < 0.050) (Fig. 4).

Subgroup analysis

The subgroup analysis was conducted to explore poten-
tial sources of heterogeneity and examine the associa-
tion between the Dietary Inflammatory Index (DII) and
esophageal cancer risk across different population char-
acteristics. Participants were categorized into low DII
(control) and high DII (case) groups, comprising 3203and
6947 individuals, respectively. A random-effects model
was applied to assess the pooled odds ratio (OR), reveal-
ing that individuals in the high DII group had a 29%
increased likelihood of developing esophageal cancer
compared to those in the low DII group (OR: 1.29; 95%
CL: 1.16-1.43; I2> 50%).

Subgroup analysis by geographic location showed
that studies conducted in China (# = 9) demonstrated a
stronger association between pro-inflammatory diets and
esophageal cancer risk, while studies from the USA, Italy,
and Japan exhibited a slightly lower effect size. Addition-
ally, age stratification indicated that the mean age of par-
ticipants in both case and control groups was 49.7 +5.45
years and 50.6 +6.01 years, respectively, with older indi-
viduals exhibiting a higher DII-related cancer risk.

A notable finding was observed in alcohol consump-
tion, where nine studies provided data for a subgroup
analysis. Results indicated that alcohol users had a sig-
nificantly higher prevalence of esophageal squamous cell
carcinoma (ESCC), supporting the role of both dietary
inflammation and lifestyle factors in cancer progression.
Furthermore, subgroup analysis based on education level
revealed that individuals with lower educational attain-
ment tended to have higher DII scores, though varia-
tions in study methodologies prevented precise effect
estimation.

Beyond DII, other inflammatory markers were evalu-
ated, including Systemic Inflammatory Index (SII) and
Systemic Inflammatory Score (SIS). Studies assessing
these markers demonstrated a consistent positive associ-
ation between increased inflammatory scores and esoph-
ageal cancer incidence, further reinforcing the impact of
systemic inflammation on cancer risk.



Yarahmadi et al. BMC Cancer (2025) 25:826 Page 10 of 14
[ Identification of studies via databases and registers
Y
Records identified from:
= PubMed
2 Embase Records removed before
s Cochrane library screening:
£ Scopus > Duplicate records removed (n
< Web of Science = 5740)
k=] Embase
(n =1096)
~——
v
SR
Records screened Records excluded
—>
(n =44) (n=19)
o
£
g
f';; v
Reports sought for retrieval
(n =25) Reports not included due to lack of
sufficient/relevant information in
full text screening
(n=12)
—
A
G
° S ) .
@ Studies included in review
°
3 (n =13)
(%)
£
|
Fig. 1 PRISMA flow chart of the study selection procedure
Sensitivity analysis Discussion

To assess the robustness of the findings, a one-study-
removed sensitivity analysis was conducted. This method
systematically removed one study at a time to deter-
mine its impact on the overall pooled effect. The results
remained statistically significant across all iterations,
with minimal changes in the effect size, confirming that
no single study disproportionately influenced the overall
association.

the subgroup and sensitivity analyses confirmed that
a pro-inflammatory diet, as measured by DII, is signifi-
cantly associated with an increased risk of esophageal
cancer, with lifestyle factors such as alcohol consump-
tion and lower education levels further exacerbating this
risk. These findings highlight the importance of dietary
inflammation in cancer prevention and the need for die-
tary modifications to mitigate esophageal cancer risk.

Esophageal cancer remains one of the most lethal malig-
nancies globally, despite advancements in diagnostic
techniques, therapeutic regimens, and supportive care.
Traditional risk factors—such as smoking, alcohol con-
sumption, and low-fiber diets—account for the majority
of esophageal squamous cell carcinoma cases in regions
like the United States [25]. For esophageal adenocarci-
noma, Barrett’s esophagus often emerges as a key precur-
sor condition, sharing many of the same environmental
and dietary risk factors [26]. Underlying these diverse
clinical entities is a growing recognition that chronic,
low-grade inflammation can significantly contribute to
tumor initiation, progression, and metastasis.

Against this backdrop, our systematic review and
meta-analysis provide an updated examination of the
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association between dietary inflammatory load, as
measured by the Dietary Inflammatory Index (DII),
and esophageal cancer risk. The finding that individu-
als consuming highly inflammatory diets were 29%

more likely to develop esophageal cancer than those
consuming minimally inflammatory diets underscores
the potential importance of dietary patterns in shap-
ing cancer risk. This finding is broadly consistent with
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prior research linking pro-inflammatory diets to vari-
ous malignancies [27]. Notably, a significant propor-
tion of the studies included in this meta-analysis were
conducted in China among older adults [28]. While this
demographic focus reveals the relevance of DII in one
specific population, it may also constrain the broader
applicability of results to other age groups, dietary pat-
terns, and ethnic backgrounds.

Beyond DII, the review also highlighted the role of
other systemic inflammatory measures, such as the
Systemic Inflammatory Index (SII) and the Systemic
Inflammatory Score (SIS), in the risk stratification and
prognostication of esophageal cancer [29-35]. These
complementary markers may reflect overlapping path-
ways of chronic inflammation, driven by both dietary
and intrinsic host factors. By continuing to investigate
these markers in tandem, future research may clarify
which approaches best capture the multifaceted nature of
cancer-related inflammation and refine clinical decision-
making for high-risk individuals.

Strengths

One strength of this investigation is its comprehensive
methodological approach. The systematic search spanned
multiple databases (PubMed, Web of Science, Scopus,
Cochrane library and Embase), and a manual reference
search was performed to minimize the risk of missing
relevant studies. Moreover, the rigorous meta-analytic
techniques—including the use of a random-effects model
and Egger’s test for publication bias—enhance the reli-
ability of the pooled estimates. Additionally, by exploring
multiple inflammatory indexes (DII, SII, SIS), this review
offers a broader perspective on how both diet-specific

and systemic measures of inflammation may influence
esophageal carcinogenesis.

Limitations

Despite these strengths, several limitations warrant cau-
tion in interpreting the results. First, geographical and
demographic constraints are evident: the majority of
participants were from China, limiting generalizability to
other populations with distinct genetic backgrounds and
dietary habits. Second, many of the included articles used
observational designs (case—control or cross-sectional),
raising potential issues of recall bias and confounding—
particularly for lifestyle factors such as smoking status,
physical activity, and body mass index.

A significant source of heterogeneity in our analysis
stems from the variability in DII calculation methods,
differences in dietary assessment tools (such as Food Fre-
quency Questionnaires), and variations in the number
and types of dietary components included across stud-
ies. These methodological discrepancies, combined with
diverse population characteristics (e.g., age, ethnicity, and
regional dietary patterns), contribute to inconsistent DII
estimates and may partly explain the observed heteroge-
neity in effect sizes.

In addition, several studies have demonstrated that
higher DII scores correlate with elevated levels of sys-
temic inflammatory markers and cytokines—including
TNF-a and IL-6—which reinforces the biological plau-
sibility that a pro-inflammatory diet can drive chronic
inflammation. These biomarkers serve as intermediary
signals that link dietary exposures with the molecular
pathways involved in carcinogenesis, thereby validating
the DII as a useful proxy for inflammation.
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Diet plays a critical role in modulating inflammation,
with specific dietary patterns either exacerbating or
mitigating inflammatory responses. Diets rich in refined
carbohydrates, saturated fats, and processed foods tend
to increase the production of pro-inflammatory media-
tors and reactive oxygen species, whereas diets high in
fruits, vegetables, whole grains, and omega-3 fatty acids
promote anti-inflammatory effects. The presence of anti-
oxidants, fiber, and polyphenols in these healthier diets
helps reduce oxidative stress and supports a balanced gut
microbiome, collectively lowering the overall inflamma-
tory burden.

Third, although the DII was calculated using standard
protocols (e.g., the Shivappa method), variations in the
number and type of dietary components included may
introduce measurement inconsistencies across stud-
ies. Finally, publication bias was detected by Egger’s test,
implying that smaller null-result studies might be under-
represented, potentially inflating the effect size reported
here.

Taken together, these findings underscore the integral
role of inflammation—both systemic and diet-induced—
in esophageal oncogenesis. Future research should strive
for greater diversity in study populations, employ longi-
tudinal cohort designs, and systematically address poten-
tial confounding variables to solidify our understanding
of how dietary inflammation influences cancer risk. In
particular, standardizing DII measurement protocols
will facilitate meaningful cross-study comparisons. Such
efforts may ultimately yield targeted dietary guidelines
and interventions to curb inflammation and reduce the
global burden of esophageal cancer.

Conclusion

This systematic review and meta-analysis provide com-
pelling evidence that a higher Dietary Inflammatory
Index (DII) score significantly increases the likelihood of
developing esophageal cancer. Across the included stud-
ies, individuals with elevated DII scores were 29% more
susceptible to this malignancy compared with those con-
suming less inflammatory diets. Moreover, other sys-
temic inflammatory markers—such as SII and SIS—also
showed consistent associations with disease progression
and prognosis, underscoring the broader impact of diet-
induced inflammation in carcinogenesis. While most
data were derived from older Chinese populations, the
findings highlight a global need for further investiga-
tion into how anti-inflammatory dietary patterns may
reduce esophageal cancer risk in diverse racial and ethnic
groups. Ultimately, integrating dietary intervention strat-
egies and monitoring inflammatory biomarkers could
become an integral part of risk assessment, prevention,
and patient management for esophageal cancer.
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