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Background: In the United States, cancer is a leading cause of mortality, with
inflammation playing a crucial role in cancer progression and prognosis. Diet,
with its capacity to modulate inflammatory responses, represents a potentially
modifiable risk factor in cancer outcomes.

Methods: This study utilized data from the National Health and Nutrition
Examination Survey (NHANES, 1999-2018) to investigate the association
between the Dietary Inflammatory Index (Dll), which reflects dietary-induced
inflammation, and mortality among cancer survivors. A total of 3,011 participants
diagnosed with cancer were included, with DIl scores derived from dietary recall
data. All-cause and cancer-related mortalities served as primary endpoints.

Results: The study identified a significant linear positive correlation between
higher DIl scores and all-cause mortality among cancer survivors. Each unit
increase in DIl was associated with a 10% higher risk of all-cause mortality (hazard
ratio [HR] per 1-unit increase, 1.10; 95% confidence interval [Cl], 1.04-1.15).
Similarly, a unit increase in DIl was associated with a 13% higher risk of cancer-
related mortality (HR per 1l-unit increase, 1.13; 95% ClI, 1.02-1.25). Kaplan—
Meier analyses demonstrated higher all-cause mortality rates in individuals
with elevated DIl scores. Sensitivity analyses confirmed the robustness of these
findings.

Conclusion: Adoption of an anti-inflammatory diet, characterized by lower
DIl scores, may improve survival outcomes in cancer survivors. These results
emphasize the critical role of dietary interventions in post-cancer care.

KEYWORDS

cancer survivors, dietary interventions, dietary inflammatory index, mortality,
inflammation

Introduction

In the United States, cancer ranks as the second leading cause of mortality, with an
estimated 1,958,310 new cases and 609,820 deaths expected in 2023 (1). The process of cancer
initiation and progression is significantly influenced by inflammation, with elevated
inflammation levels being associated with poor cancer prognosis (2). Dietary factors can
influence cancer risk through various mechanisms, including modulation of the gut
microbiome, reductions in oxidative stress, and maintenance of energy balance (3, 4).
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The inflammatory potential of individual dietary components and
dietary patterns is central to these mechanisms (5, 6). For instance,
specific dietary elements such as ginger, garlic, and flaxseed have been
demonstrated to reduce systemic inflammation by lowering markers
such as C-reactive protein (CRP), interleukin-6 (IL-6), and tumor
necrosis factor-alpha (TNF-a) (7). Additionally, following the
Mediterranean diet correlates with decreased levels of systemic
inflammatory markers like CRP and IL-6 (7, 8). Furthermore,
compounds found in certain foods, such as omega-3 fatty acids (9)
and polyphenols (10), exhibit anti-inflammatory properties. Therefore,
dietary interventions may influence cancer prognosis by altering the
body’s inflammatory status.

The Dietary Inflammatory Index (DII) is a data-driven instrument
designed to assess the inflammatory potential of individual dietary
intake. Through a comprehensive review of 1,943 articles and dietary
databases from 11 countries, the DII encompasses 45 dietary
parameters closely associated with 6 key inflammatory biomarkers
(IL-1p, IL-4, IL-6, IL-10, TNF-a, and CRP). These parameters include
essential nutrients and bioactive compounds such as fatty acids,
antioxidants, vitamins, minerals, dietary fiber, and flavonoids (11).
These components influence the inflammatory process through
various mechanisms. For instance, saturated and polyunsaturated fatty
acids (particularly omega-3 and omega-6 fatty acids) in dietary fat can
modulate cell membrane fluidity and signal transduction, directly
impacting the regulation of inflammatory responses (12-14).
Additionally, antioxidants like vitamins C, E, and carotenoids mitigate
oxidative stress by neutralizing free radicals, thereby reducing
inflammation intensity (15, 16). Vitamins such as A, B-complex, C, D,
E, and K play crucial roles in multiple immunoregulatory pathways,
with vitamin D being particularly notable for its regulation of chronic
inflammation (17, 18). Minerals including calcium, magnesium, zinc,
iron, and selenium influence inflammatory states through various
metabolic pathways (19, 20). Dietary fiber modulates the inflammatory
response by regulating gut microbiota and promoting the production
of short-chain fatty acids (21, 22). Moreover, phytochemicals like
flavonoids, recognized for their significant anti-inflammatory,
antioxidant, and immunomodulatory properties, further enhance the
comprehensiveness of the DII as a tool for assessing the inflammatory
potential of a diet (23, 24). Each component is assigned a value based
on its effect on these markers, yielding an overall score indicative of
the diets inflammatory potential. Positive DII scores signify
pro-inflammatory diets, and negative scores denote anti-inflammatory
effects (25).

The DII is designed to capture and quantify the cumulative effects
of various nutrients and bioactive compounds on the inflammatory
response. It provides a standardized scoring system that effectively
evaluates the overall impact of individual or population dietary
patterns on chronic inflammation. This tool is valuable not only for
investigating the relationship between diet and inflammation but also
for facilitating comparisons across different studies in large-scale
epidemiological research, thereby supporting more precise and
reliable scientific conclusions.

Higher DII scores may increase mortality risk in some cancer
survivors, particularly those who were diagnosed with colorectal or
breast cancer (26-30). Similar findings have been observed in specific
populations of cancer survivors. For instance, a nationwide
United States
postmenopausal women found that adopting an anti-inflammatory

prospective cohort study in the involving
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diet after being diagnosed with primary invasive cancer could improve
survival rates (31). However, existing research has primarily focused
on specific cancer types or particular populations, such as patients
with colorectal cancer, breast cancer, or postmenopausal women.
Research examining the association between dietary inflammatory
potential and survival outcomes in the overall population of cancer
survivors is notably scarce.

This study addresses this gap by exploring the impact of dietary
inflammatory potential on survival outcomes among the overall
population of cancer survivors. Specifically, we aimed to investigate
the association between dietary inflammatory potential and post-
diagnosis mortality rates in patients with cancer, including all-cause
mortality and cancer-specific mortality, using a large and
comprehensive database to enhance the reliability of our findings.

Materials and methods
Study population

This study leveraged datasets from the National Health and
Nutrition Examination Survey (NHANES), a program executed by the
National Center for Health Statistics, which is part of the Centers for
Disease Control and Prevention (CDC). NHANES is a nationally
representative cross-sectional survey assessing the health status of
Americans (32) and has been conducted continuously since 1999, with
data released biennially. Health and nutrition data are collected
through a multistage, stratified, and clustered sampling method,
which includes interviews, physical examinations, and laboratory
tests. NHANES is currently the only nationwide survey at the national
level that provides comprehensive data on nutrient intake from foods,
beverages, and dietary supplements across all age groups in the
United States. Detailed information regarding NHANES is available
elsewhere (33).

This study included 5,166 participants aged >18 years who were
diagnosed with cancer, based on data from NHANES (1999-2018). A
cancer diagnosis was determined by participants answering “yes” to
the interview question, “Were you ever told by a doctor or other health
professional that you had cancer or a malignancy of any kind?”
We excluded participants who responded “I do not know” to the type
of cancer diagnosed (n=863); those who did not complete the dietary
questionnaire or had missing dietary information (n=470); those with
missing covariate information (n=504); those lacking accurate
mortality follow-up information (n=247); and those with abnormal
daily caloric consumption, including males with intakes <800
or>4,200kcal/day and females with intakes <500 or > 3,500 kcal/day
(n=71). Ultimately, the analysis encompassed the data from 3,011
participants (Figure 1).

Dietary assessment

NHANES collected 24h dietary recall data from participants
using professional interviewers. Between 1999 and 2002, these
interviews were conducted once at mobile examination centers;
during 2003-2018, a second interview was conducted via telephone
approximately 3-10 days later. When second recall data were available,
the average food intake over the two 24 h periods was calculated. This
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NHANES 1999-2018
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Cancer survivals were selected into the NHANES
study (n = 5166)

Participants who answered “T don’t know™ to the
question about the type of cancer diagnosed
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Participants who did not complete the dict

accurate mortality follow up were excluded (n =
247)

questionnaire or with missing information on
dictary factors were excluded (n = 470)

Participants with missing information on covariates
(n =504), extreme energy intake (total energy
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intake < 800 kcal/day or > 4200 kcal/day for men,
and < 500 kcal/day or > 3500 kcal/day for women, n
=71) were excluded

Remaining participants in the final
analysis (n=3011)

FIGURE 1
The flow chart of selecting a full analysis set.

method has been validated and found to be more accurate than other
approaches (34). The aggregate caloric and nutritional uptakes were
calculated using the dietary intake data of the enrolled participants,
employing the United States Department of Agriculture Food and
Nutrient Database for Dietary Studies as the analytical tool (35, 36).

DIl calculation

Individual DII scores were calculated using participant dietary
intake data acquired through dietary surveys (Supplementary Table S1).
Elevated DII scores are indicative of a diet rich in pro-inflammatory
elements, and reduced scores reflect a diet predominantly composed
of anti-inflammatory constituents. Supplementary Figure S1 provides
detailed information on the steps involved in determining DII scores.
Participants were divided into tertiles based on their DII scores.
Supplementary Table 52 presents the nutrient composition and intake
levels corresponding to each DII tertile.

Covariate assessment

Covariate information was obtained from baseline questionnaires,
encompassing variables such as age, sex, race/ethnicity, level of
education, household economic status, marital status, history of
smoking, duration from cancer diagnosis to baseline, body mass index
(BMI), energy intake, and comorbidity history. Participants designated
as “non-smokers” reported a lifetime cigarette consumption that did
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not exceed 100. The household income-to-poverty ratio (PIR) was
utilized to stratify household income. Comorbidities included
diagnoses of diabetes, hyperlipidemia, and cardiovascular disease.

Outcome assessment

The primary endpoints of our study were all-cause and cancer-
related mortality. We used the National Death Index to record
mortality; the National Center for Health Statistics provides further
details on the matching technique implemented to obtain these data
(37). The 10th edition of the International Classification of Diseases
(ICD-10) was used to categorize causes of death, with codes C00-C97
indicating cancer-related mortality.

Statistical analyses

All analyses accounted for the sample weights derived from the
intricate sampling framework of NHANES. To evaluate differences in
baseline characteristics, analysis of variance was conducted on
continuous data, whereas categorical data were assessed using the
chi-square test. Participants were classified into three DII tertiles, with
the initial tertile designated as the comparative benchmark.

The correlation between DII and mortality from all causes and cancer
was evaluated with hazard ratios (HRs) and 95% confidence intervals
(CIs), generated from Cox proportional hazards regression analysis. Two
models were developed to correct for confounders. Model 1 incorporated
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adjustments for age, sex, energy intake tertiles, and time from cancer
diagnosis to baseline. Model 2 expanded these adjustments to encompass
comorbidity count, educational attainment, marital status, PIR, race/
ethnicity, smoking habits, and BMI. Given that alcohol intake was
inherently incorporated into the DII computation, it was excluded from
the models. Trend analyses were executed by treating the median intake
values of categorical variables as a continuous variable. Furthermore,
continuous DII values were utilized to calculate risk estimates
corresponding to each l-unit increment. The analysis employed
multivariate restricted cubic spline to scrutinize the dose-response
correlation between DII and mortality. Kaplan-Meier curves were used
to depict mortality across the DII tertiles.

Stratified analyses were performed based on age, sex, lifestyle
factors (smoking status, BMI <25 or >25kg/m?), comorbidity count
(0 or>1), and follow-up duration (<15 or>15 person-years).
Log-likelihood tests compared models with and without continuous
DII and interaction terms to assess effect modification.

Sensitivity analyses were also performed. First, individuals diagnosed
with cancer less than a year before baseline were excluded to account for
dietary changes due to adjuvant therapy (n=2,802). Then, to reduce
potential overadjustment bias, all variables except BMI were adjusted, as
BMI could mediate the relationship between DII and mortality
(n=3,011). Statistical analyses were conducted using SAS 9.4 (Cary, NC,
United States) and R 4.1.3 (Vienna, Austria), with significance set at a p
value <0.05, adopting a two-tailed test approach.

Results
Participant characteristics

This study included a final cohort of 3,011 participants (mean
age, 62.66years; 44.24% male). Participants were stratified into
tertiles based on their DII scores: 1,004 participants in the high DII
group (T3, representing the most pro-inflammatory diet), 1,004 in
the medium DII group (T2), and 1,003 in the low DII group (T1,
representing the most anti-inflammatory diet). The range of DII
scores was from —4.54 to 4.93. According to the baseline
characteristics presented in Table 1, the T3 group predominantly
consisted of younger, well-educated females who were current
smokers. In comparison with the T1 group, individuals in the
higher DII category were less likely to be married or of white
ethnicity and reported lower energy intake. Additionally, those in
the high DII group had higher rates of obesity, more comorbidities,
and lower household incomes.

All-cause and cancer-related mortality

Over a median follow-up of 11.25years, there were 1,193 (41.07%)
deaths, of which 388 (12.89%) were attributed to cancer.

The results of the Cox regression models are detailed in
Table 2. Both models indicated a significant positive association
between DII tertiles and all-cause mortality among patients with
cancer. Comparing the highest and lowest tertiles, Model 1
yielded an HR of 1.31 (95% CI, 1.05-1.64; P for trend =0.02),
closely aligning with that of Model 2 (HR, 1.34; 95% CI, 1.07-
1.69; P for trend =0.01). Additionally, when DII was analyzed as
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a continuous variable, the harmful impact of a pro-inflammatory
diet was evident, with an HR of 1.10 per 1-unit increase (95% CI,
1.04-1.15).

With regard to cancer-related mortality, Model 1 showed a
significant association with DII (HR for T3 vs. T1, 1.68; 95% CI, 1.12-
2.51; P for trend=0.01). However, this association was not observed
with Model 2 (HR for T3 vs. T1, 1.31; 95% CI, 0.86-1.98; P for
trend=0.19). When considering DII as a continuous variable, Model
2 did reveal a significant detrimental effect (HR per 1-unit increase,
1.13; 95% CI, 1.02-1.25).

Restricted cubic spline plots (Supplementary Figure S2)
indicated a linear increase in both all-cause and cancer-related
mortality with increasing DII (P for linearity <0.05; P for
non-linearity >0.05).

Kaplan-Meier plots (Figure 2) suggested a higher all-cause
mortality for participants with higher DII than for those with lower
DII (p=0.0029), although no significant difference was observed in
cancer-related mortality (p=0.12). Stratified analyses did not reveal
any significant interaction between DII and mortality (all interaction
p values >0.05; Supplementary Figure S3).

Sensitivity analyses demonstrated that the results remained
consistent after excluding participants diagnosed with cancer within
1year from baseline and after adjusting for all variables except BMI
(Supplementary Table S3).

Discussion

In this nationally representative study, a linear association was
identified between the DII scores post-cancer diagnosis and the risk
of mortality, encompassing both all-cause and cancer-related
fatalities. Specifically, each unit increase in DII corresponded with
a 10% increase in all-cause mortality risk (95% CI, 4-15%) and a
13% increase in cancer-related mortality risk (95% CI, 2-25%).
Based on our current understanding, this research represents a
pioneering effort to explore the correlation between DII and
all-cause and cancer-related mortality within the population of
cancer survivors.

Our investigation revealed a significant positive correlation
between DII and all-cause mortality in cancer survivors, and the
Kaplan-Meier curve and sensitivity analyses yielded similar results.
These findings are consistent with those of a previous sub-analysis
of the Iowa Women’s Health Study which investigated the
correlation between dietary inflammatory potential and mortality
in older female cancer survivors, revealing that an anti-
inflammatory diet and supplements could improve survival rates in
postmenopausal cancer survivors (31). Additionally, substantial
evidence links the Mediterranean diet and higher Healthy Eating
Index (HEI) scores to improved cancer survival rates due to their
anti-inflammatory properties (38-40). Furthermore, healthy dietary
behaviors are associated with reduced all-cause mortality risk,
largely due to the intake of anti-inflammatory compounds found in
vegetables, fruits, whole grains, and legumes (41-43). In contrast,
prospective studies and meta-analyses suggest that diets with a high
inflammatory potential are linked to an elevated cancer incidence
(44-46).

Contrary to our findings regarding all-cause mortality, our
study did not reveal a statistically significant correlation between
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TABLE 1 Baseline characteristics of participants from the US National Health and Nutrition Examination Survey (NHANES) according to tertiles of the

dietary inflammatory index (DIl) (n = 3,011)>.

Characteristics All (n = 3,011)

Tertile 1
(—4.58--0.94)
n=1,003

Tertile 2
(—0.94-0.88)
n =1,004

Tertile 3
(0.88-4.93)
n =1004

p value

Age (y), mean (SE) 62.66 (0.44) 64.07 (0.57) 63.16 (0.70) 60.37 (0.76) 0.0002
PIR, mean (SE) 3.24 (0.05) 3.64 (0.07) 3.33 (0.09) 2.64 (0.08) <0.0001
Years from cancer diagnosis to baseline, mean 11.12 (0.30) 10.86 (0.34) 11.43 (0.55) 11.10 (0.55) 0.6604
(SE)
Energy intake (kcal/day), mean (SE) 1928.75 (16.19) 2301.01 (23.46) 1902.33 (24.31) 1503.85 (20.15) <0.0001
Sex, Male (1, %) 1,463 (44.24) 612 (56.50) 490 (43.46) 361 (30.14) <0.0001
Smoking status (1, %) <0.0001
Never 1,289 (43.13) 443 (45.94) 450 (45.22) 396 (37.35)
Former 1,292 (40.16) 477 (46.01) 424 (38.71) 391 (34.65)
Current 430 (16.71) 83 (8.05) 130 (16.07) 217 (28.00)
Marital status, Married (n, %) 1896 (67.15) 680 (70.37) 637 (69.08) 579 (61.04) 0.0047
Educational level (1, %) <0.0001
College or above 659 (14.37) 135 (9.88) 206 (12.29) 318 (22.20)
High school or equivalent 705 (22.18) 209 (17.65) 228 (22.17) 268 (27.71)
Less than high school 1,647 (63.45) 659 (72.47) 570 (65.54) 418 (50.09)
Race, White (n, %) 2,240 (88.97) 806 (91.94) 746 (88.78) 688 (85.55) <0.0001
BMI group (kg/m?) (1, %) 0.0325
<18.5 53(1.91) 15 (1.56) 15 (1.56) 23(2.72)
18.5-24.9 831 (29.36) 315 (32.99) 255 (24.44) 261 (30.45)
25.0-29.9 1,090 (35.22) 385 (34.93) 372 (38.33) 333 (32.09)
>30.0 1,037 (33.51) 288 (30.52) 362 (35.67) 387 (34.73)
History of comorbidities, yes (11, %) 1957 (58.81) 612 (54.76) 667 (63.06) 678 (58.99) 0.0244

“All estimates accounted for complex survey designs in NHANES. Values were mean + standard error for continuous variables and numbers (percentages) for categorical variables.

Abbreviation and acronyms: PIR family income-poverty ratio; BMI body mass index.

DII and cancer-related mortality among cancer survivors.
Previous research indicates that an anti-inflammatory diet may
reduce mortality in survivors of specific cancers such as colorectal,
breast, and prostate cancers (28-30, 47). Although these findings
support the protective role of an anti-inflammatory diet in
reducing mortality in certain cancer survivors, they are
inconsistent with our results. However, our analysis should
be interpreted cautiously because detailed data on cancer
treatment regimens, staging, grading, and specific causes
were lacking.

The mechanisms connecting dietary inflammatory potential
to cancer-related mortality are not well understood, though
several plausible pathways have been proposed. A diet with high
inflammatory potential can upregulate inflammatory factors (8),
promoting cancer cell proliferation, survival, and migration,
thereby increasing the risk of cancer-related death (48, 49). This
diet may also accelerate telomere shortening, which is linked to
higher all-cause mortality risk (50, 51). Moreover, it is associated
with elevated concentrations of very low-density lipoprotein,
low-density lipoprotein, and TNF-q, all of which correlate with
higher mortality risk (52-54). Saturated fats, prevalent in
pro-inflammatory diets, are connected to increased risks of
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all-cause mortality, cancer, and cardiovascular disease deaths
(55). Given the critical role of inflammation in tumor progression,
dietary factors likely influence disease susceptibility and cancer
risk by affecting inflammatory pathways (26, 56, 57), supporting
the observed associations.

This study has several strengths. First, we utilized a large,
nationally representative sample and adjusted for covariates to
ensure the robustness and generalizability of our findings. Further
validation of our results was achieved through sensitivity analyses,
underscoring the reliability of our conclusions. Moreover, the
application of DII in our study was pivotal, given its specialized role
in quantifying the overall inflammatory impact of dietary intake.
Unlike other dietary scoring systems (e.g., HEI, Mediterranean Diet
Score), DII provides standardized quantification, allowing for
consistent comparisons across different studies (58-60). By
analyzing dietary patterns and food groups rather than individual
nutrients, we captured the combined effects of various dietary
components, providing a comprehensive view of individual dietary
habits and supporting reliable conclusions and precise statistical
outcomes (61).

However, the limitations of this study should be acknowledged.
First, NHANES is a cross-sectional survey, which precludes
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TABLE 2 Associations of the dietary inflammatory index (DII) with all-cause and cancer mortality among cancer population in the US National Health
and Nutrition Examination Survey (NHANES).

Tertile of DIl Death from any cause (n)  Person-years Hazard ratio (95% confidence interval)
Model 1° Model 2¢

All-cause mortality

Tertile 1 346 8,907 1.00 (reference) 1.00 (reference)

Tertile 2 416 8,870 1.27 (1.03-1.57) 1.17 (0.95-1.45)

Tertile 3 431 8,807 1.68 (1.36-2.07) 1.31 (1.05-1.64)

P trend <0.0001 0.0213

Per 1-unit DII increment 1,193 26,584 1.16 (1.1-1.22) 1.10 (1.04-1.15)

Cancer mortality

Tertile 1 117 8,907 1.00 (reference) 1.00 (reference)

Tertile 2 124 8,870 1.32 (0.89-1.97) 1.27 (0.86-1.86)

Tertile 3 147 8,807 1.68 (1.12-2.51) 1.31 (0.86-1.98)

P trend 0.01 0.19

Per 1-unit DII increment 388 26,584 1.19 (1.06-1.32) 1.13 (1.02-1.25)

“All estimates accounted for complex survey designs in NHANES.

"Model 1: adjusted for age, sex, tertiles of energy intake and years from cancer diagnosis to baseline.
‘Model 2: adjusted for all variables in model 1 and further for PIR, marital status, educational level, race/ethnicity, baseline BMI group, smoking status, and history of comorbidities.
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FIGURE 2
Kaplan Meier plots for all-cause mortality and cancer mortality by tertiles of the DIl. Log-Rank-Test was used to evaluate differences.

establishing a causal relationship between DII and mortality among
cancer survivors. Future research will be required to better define this
relationship. Second, while the reliance on one or two 24 h dietary
recalls per participant may not fully capture long-term dietary habits,
studies have shown that this method remains an effective means of
reasonably estimating overall dietary intake in population studies (62,
63). Following input and validation/cross-validation, expert panels
reached a consensus in multiple workshops, agreeing that this
approach is appropriate for large-scale surveys (35). Third, despite the
inherent subjective bias in self-reported dietary information, the
robustness of our findings was assessed through sensitivity analyses,
which demonstrated consistent results. Lastly, due to the lack of
information on disease severity or treatment, we could not perform
in-depth analyses on the associations between DII and prognosis
among different groups based on cancer treatment regimens, staging,

Frontiers in Nutrition

06

grading, and causes of cancer-related mortality, as well as their
potential mechanisms.

Conclusion

Compared with a pro-inflammatory diet, a diet rich in anti-
inflammatory components, denoted by a diminished DII, was inversely
associated with all-cause mortality among cancer survivors, although it
did not significantly impact cancer-related mortality. These findings
suggest that anti-inflammatory dietary patterns may offer survival
benefits to cancer survivors. Large-scale future cohort studies or clinical
trials are imperative to substantiate these results and investigate the
potential influence of dietary-induced inflammation on survival
outcomes via other clinical or biological mechanisms.
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