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Background: In the general population of the United States (U.S.), the relationship between dietary inflammatory index (DII) and
mortality (all-cause, cardiovascular disease (CVD)-related, and cancer-related) is still unclear. Therefore, in this research, we examined
the association of DII with mortality caused by all-cause, CVD-related, and cancer-related causes.

Methods: Data from the National Health and Nutrition Examination Survey (NHANES) from 1999-2018 was used for exploring the
link between DII and all-cause, CVD-related, and cancer-related mortality through the use of Cox proportional hazard models and
restricted cubic spline model. In addition, subgroup analyses were further performed.

Results: The study included 29,013 individuals from the NHANES from 1999 to 2018. The DII scores were nominated as low (T1:
—5.281-0.724), medium (T2: 0.725-2.513), and high-grade inflammation (T3: 2.514-5.795), with T1 serving as the reference group.
The linear positive correlation between DII and all-cause and CVD-related mortality was studied using Cox regression analysis. In the
full-adjusted model, as compared with the individuals with T1 DII scores, adjusted odds ratios with 95% confidence intervals for all-
cause and CVD-related mortality were 1.149 (1.059, 1.247), and 1.186 (1.084, 1.297), as well as 1.197 (1.032, 1.387), and 1.198
(1.019, 1.409), respectively. However, there was no statistical significance between DII and cancer-related mortality. The RCS plot
also showed a significant increase in all-cause and CVD-related mortality with increased DII. Nevertheless, as DII scores increased,
cancer-related mortality first increased and then decreased.

Conclusion: All-cause and CVD-related mortality are linked independently to high DII scores, independently. Further study of the
association of DII scores with mortality caused by all-cause, CVD-related, and cancer-related causes is necessary to explore.
Keywords: all-cause mortality, cancer-related mortality, cardiovascular disease-related mortality, dietary inflammation index, National
Health and Nutrition Examination Survey

Introduction

In the United States (U.S.), cardiovascular disease (CVD) remains the leading cause of death, accounting for about 928,741
deaths in the year 2020." In addition, the second leading cause of death is cancer, accounting for about 609,360 deaths in
the year 2022.% The substantially rising absolute numbers of incident and prevalent CVD and cancer cases still need to be
urgently addressed in the context of population growth and aging.® In the recent decade, increased attention to dietary
management as one of the ideal cardiovascular health promotion strategies has also been seen globally.*> An unhealthy
lifestyle and diet have been recognized as one of the underlying pathophysiological processes that contribute to chronic
inflammation, which is widely believed to be a cause of many chronic diseases, particularly cancer and CVD.® ® Healthy diets
defined in other ways may work through inflammation, with the Mediterranean diet score, alternative healthy eating index-
2010, and dietary inflammatory index (DII) associated with circulating concentrations of inflammatory biomarkers.'®!'" In
order to assess the overall inflammatory potential of the diets of individuals, the DII was developed.'? To better quantify the

pro-inflammatory and anti-inflammatory properties of the diet on a continuum, the DII was introduced by researchers at the
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University of South Carolina in 2007 and further refined and improved in 2014 based on the validation of nearly two thousand
peer-reviewed articles.'> The DII allows us to show the complex interaction between a range of dietary components and
various inflammatory markers such as C-reactive protein (CRP); interleukin (IL)-6, —1pB, —4, and —10; and tumor necrosis
factor (TNF)-a).*' There is a high correlation between the DII score and the pro-inflammatory effects of the food, and vice
versa, therefore suggesting that the anti-inflammatory effects are stronger the higher the DII score.

Previous research has demonstrated the association between DII and a range of physical and psychological health
outcomes, such as mortality caused by all-cause, CVD-related, and cancer-related causes.”!'* Several meta-analyses of
observational studies, mainly from Australia, Europe, Japan, and North America, have found an increased risk of CVD
and its mortality associated with a pro-inflammatory diet.*'* However, recently, in the general population of the United
States, the strength of the association of DII scores with mortality caused by CVD-related causes is still unclear. For
example, as mentioned in a recent meta-analysis, there were only six cohort studies included in their final analysis, and
the statistical power might not be well guaranteed.'* The quality and strength of the evidence for the above association
have also been challenged by an umbrella review with meta-analyses, wherein weak or lower evidence of CVD mortality
and DII was reported in the review.'> Moreover, Li et al did examine three large prospective cohorts from the US and
revealed that dietary patterns with a higher proinflammatory property were related to higher CVD incidence; however,
they adopted the empirical dietary inflammatory pattern score rather than the DII as the exposure measurement.” For
another, the relationship between the highest quartiles of DII score, as referred to as a pro-inflammatory diet, and all-
cause mortality seemed robust in two large Spanish cohorts by 2018, which has been consistent with the previous ten
cohort studies, while only four studies from the US and the newest one were from 2017.>'® Sadeghi found that an
increase in lung cancer odds was associated with adherence to a pro-inflammatory diet in adults, particularly among
males.'” Shivappa also revealed that those without a history of hepatitis B or C infection and males who consume pro-
inflammatory diets are at increased risk for hepatocellular cancer.'® Additionally, according to a meta-analysis of several
studies, an association was found between a higher DII and increased cancer incidence, risk, and mortality, consistent
across cancer types and across different countries, with a strong and significant positive relationship.'” An updated
relationship needs to be reported in order to capture the changing pattern of this association since mortality caused by all-
cause, CVD-related, and cancer-related causes has been a significant public health outcome for the general population,
and promoting a healthy or lower-inflammatory diet as one of the most cost-effective public health interventions demands
up-to-date evidence to further indicate global and national cardiovascular health strategies, especially when facing an
aging population.® The National Health and Nutrition Examination Survey (NHANES) is a cross-sectional survey
database that collects information on the health and nutrition of the US household population.”® This database sample
was selected using stratified multistage sampling to obtain a representative sample of US residents.”! Data from the
NHANES 1999-2018 were used to analyze DII scores within population-based cohorts in the US general population.**
And our study aimed to explore the association of DII with mortality caused by all-cause, CVD-related, and cancer-

related causes.

Materials and Methods
Study Population

The NHANES database is an ongoing US national population-based nutrition and health survey. It uses complex, multi-
stage, and probability sampling techniques rather than a simple random sample based on the US population. In the study,
we removed 8875 participants with missing food-frequency questionnaire data and 35,649 people with missing outcome
data from the 96,811 eligible individuals. In addition, we also removed the patient’s missing demographic and
biochemical data to ensure the accuracy of the results (n = 23,394). Finally, this study included a total of 29,013
participant (Figure 1). All study procedures were authorized by the National Center for Health Statistics Ethics Review
Board prior to data collection, and all participants signed informed consent forms. More information about the data can
be found at (https://www.cdc.gov/nchs/nhanes/index.htm).?!
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Participants of NHANES from 1999-2018 years (n = 96,811)

) Participants with missing data on food-frequency (n = 8,875)

Y

Enrolled (n = 88,056)

Excluded (n = 59,043)

) - Participants with missing data on all-cause, cardiovascular, and cancer-related mortality (n = 35,649)

- Participants with missing data on covariate (n = 23,394)

Y

Data for analyses (n = 29,013)

Figure | Study flow chart.
Abbreviation: NHANES, National Health and Nutrition Examination Surveys.

Calculation of the Dietary Inflammation Index

The DII score system was developed by Shivappa based on a literature review and can be used to assess the potential
inflammatory level of dietary components.'> Based on the 24 hours prior to the interview (midnight to midnight),
professional staff were able to estimate the total intake of food energy (calories), nutrients, and non-nutrient food
components from foods and beverages consumed. The participants were asked to complete a short questionnaire after 24
hours to determine whether the person’s intake on the previous day was usual or unusual, the source of tap water
consumed, the use of salt, special diet use, and the frequency of fish and shellfish consumption during the past 30 days.’
Dietary consumption’s effects on inflammation are calculated from 45 nutrients in DIL It is calculated by adding the
scores from each component of the diet consumed in 24 hours, including the scores from the pro-inflammatory and anti-
inflammatory diets. A Z-score can be calculated by subtracting the global daily mean intake and dividing by the standard
deviation, and then the result is converted to a percentile score by doubling each percentile score and subtracting “1” to
produce a symmetrical distribution. By multiplying the percentile value by the corresponding “overall inflammation
effect score”, we can produce an individual “overall DII score”. In our study, the DIl was calculated based on 28
nutrients, including cholesterol, protein, alcohol, carbohydrates, fiber, folic acid, saturated fat, total fat, monounsaturated
fatty acids (MUFAs), n-3 fatty acids, polyunsaturated fatty acids (PUFAs), vitamin A/B12/C/D/E, thiamin (vitamin B1),
Fe, Mg, n-6 fatty acids, caffeine, niacin, riboflavin (vitamin B2), zinc, selenium, beta-carotene, and energy.23 Detailed
calculation procedures of DII are provided in Supplementary Table 1.

All-Cause, CVD-Rated and Cancer-Related Mortality

The National Center for Health Statistics tracked survey participants’ vital status and cause of death from the survey
participation interview date until December 31, 2018. The primary outcome was all-cause mortality, which was defined
as death from any cause during the study period, including cerebrovascular diseases (160-169), malignant neoplasms
(C00-C97), nephritis, nephrotic syndrome, and nephrosis (NO0-NO7, N17-N19, N25-N27), accidents (unintentional
injuries) (V01-X59, Y85-Y86), Alzheimer’s disease (G30), diseases of the heart (100-109, 111, 113, 120-151), diabetes
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mellitus (E10-E14), influenza and pneumonia (J09-J18), chronic lower respiratory diseases (J40-J47), and all other
causes (residual). A follow-up examination was conducted as soon as the baseline examination was completed. The
secondary outcome was cardiovascular-related mortality, which included death from cerebrovascular diseases (I160—169)
and diseases of the heart (I00-109, I11, 113, and 120-51). The third outcome was cancer-related mortality, which included
deaths owing to malignant neoplasms (C00—C97). We presented in detail the cause of death information (all-cause,
CVD-specific, and cancer-specific) and ICD codes in Supplementary Table 2. Additionally, on the NHANES website
(https://www.cdc.gov/nchs/nhanes/), you will find a wealth of information regarding this program and its procedures.

Covariates

The covariates include demographic data, test results, lab results, and survey results. Sex, age, education level, race/ethnicity,
family poverty income ratio (PIR), and marital status were all included in the demographic data. Waist circumference and
body mass index (BMI) were test data. Hemoglobin (Hb), high-density lipoprotein cholesterol (HDL-C), blood urea nitrogen
(BUN), triglyceride (TG), serum creatinine (Scr), uric acid (UA), total cholesterol (TC), fast glucose, and estimated
glomerular filtration rate (eGFR) were measured in the laboratory. Finally, questionnaire results included information on
alcohol use, smoking, the complications of hypertension, diabetes mellitus (DM), heart attack, congestive heart failure (CHF),
stroke, angina pectoris, and coronary heart disease (CHD). More information regarding the variables used in this study is
available at https://www.cdc.gov/nchs/nhanes/index.htm or Supplementary Table 3.

Statistical Analysis

Statistical analyses were performed using R version 3.6.4 (R Foundation for Statistical Computing, Vienna, Austria) and
SPSS version 22.0 (SPSS Inc., Chicago, IL, USA). A P-value < 0.05 was determined to be significant. We used the
sample weight provided by NHANES. All continuous variables were presented as mean =+ standard. Categorical variables
are presented as frequencies and percentages. The differences between groups were tested with one-way analysis of
variance (ANOVA) for continuous variables and the chi-square test for categorical variables according to DII scores,
respectively. Cox regression analysis model, also known as the proportional risk regression model, is a semi-parametric
regression model. This model does not need to assume the distribution of survival analysis, so survival outcome and
survival time can be used as dependent variables, and the influence of many factors on survival outcome can be analyzed
simultaneously. To examine the association between DII scores and mortality caused by all-cause, CVD-related, and
cancer-related, we constructed three Cox regression analysis model three models (Model 1, Model 2, and Model 3). First,
model 1 was adjusted for sex and age. Second, model 2 was further adjusted for smoker, race/ethnicity, marital status,
family PIR, education level, drinker, the complication of DM, and hypertension. Finally, model 3 was further adjusted for
the complications of heart attack, CHD, stroke, angina pectoris, and CHF, fast glucose, waist circumference, BUN, BMI,
Hb, TC, UA, TG, Scr, HDL-C, and eGFR. The Kaplan—Meier curves were performed to present the rate of all-cause,
CVD-related, and cancer-related mortality. Survival rates for different DII were compared using the Log rank test.

Results

Characteristics of Participants by DIl Tertile

DII was divided into tertiles in order to further explore the association of DII with mortality caused by all-cause, CVD-
related, and cancer-related causes (Table 1). The DII scores were nominated as low (T1: —5.281-0.724), medium (T2:
0.725-2.513), and high-grade inflammation (T3: 2.514-5.795), with T1 serving as the reference group. Age, the complica-
tion of angina pectoris, the levels of fast glucose, TG, Scr, and eGFR, and the incidence of CVD-related and cancer-related
mortality had no significant difference among T1, T2, and T3. Additionally, the T3 group occupied the highest proportion of
the complications of DM, hypertension, CHD, heart attack, angina pectoris, CHF, and stroke. Individuals in T1 seem to be
the youngest, with 20.6% of them being males. Participants in T1 had the lowest fast glucose, waist circumference, BMI,
DBP and TC, the highest mean energy intake, family PIR, UA, Hb, Scr, BUN, HDL-C, and eGFR, with higher education.
Compared with the T1 and T3 individuals, individuals in T2 had the highest level of SBP.
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Table | Distribution of Baseline Characteristics of NHANES Cohort Across Tertiles of DIl
Characteristic Overall (n=29,013) TI(n=9671) T2 (n=9666) T3 (9676) P-value
Age, years 47.361 £ 0.220 47.681 * 0.297 47.270 + 0.270 47.088 + 0.274 0.164
Sex, n (%) < 0.001
Male 14,428 (49.7%) 5969 (20.6%) 4803 (16.6%) 3656 (12.6%)
Female 14,585 (50.3%) 3702 (12.8%) 4863 (16.8%) 6020 (20.7%)
Race, n (%) < 0.001
Mexican American 4762 (16.4%) 1703 (5.9%) 1635 (5.6%) 1424 (4.9%)
Other Hispanic 2345 (8.1%) 751 (2.6%) 799 (8.3%) 795 (8.2%)
Non-Hispanic White 5727 (19.7%) 1443 (5.0%) 1878 (6.5%) 2406 (8.3%)
Non-Hispanic Black 13,783 (47.5%) 4808 (16.6%) 4599 (15.9%) 4376 (15.1%)
Other race 2396 (8.3%) 966 (3.3%) 755 (2.6%) 675 (2.3%)
Family PIR 3.091 £ 0.032 3.389 + 0.037 3.106 + 0.034 2.729 + 0.036 < 0.001
Education level, n (%) < 0.001
Less than high school 6837 (23.6%) 1854 (6.4%) 2269 (7.8%) 2714 (9.4%)
High school 2812 (9.7%) 765 (2.6%) 918 (3.2%) 1129 (3.9%)
More than high school 19,364 (66.7%) 7052 (24.3%) 6479 (22.3%) 5833 (20.1%)
Marital status, n (%) < 0.001
Having a partner 17,819 (61.4%) 6441 (22.2%) 5998 (20.7%) 5380 (18.5%)
No partner 6261 (21.6%) 1724 (5.9%) 2304 (7.0%) 2503 (8.6%)
Unmarried 4933 (17.0%) 1506 (5.2%) 1634 (5.6%) 1793 (6.2%)
Smoker, n (%) <0.0l0
No 15,689 (54.1%) 5357 (18.5%) 5275 (18.2%) 5057 (17.4%)
Former 7438 (25.6%) 2779 (9.6%) 2470 (8.5%) 2189 (7.5%)
Now 5886 (20.3%) 1535 (5.3%) 1921 (6.6%) 2430 (8.4%)
Alcohol user, n (%) < 0.001
Never 3835 (13.2%) 1053 (3.6%) 1247 (4.3%) 1535 (5.3%)
Former 5049 (17.4%) 1426 (4.9%) 1654 (5.7%) 1969 (6.8%)
Mild 9986 (34.4%) 3822 (13.2%) 3305 (11.4%) 2859 (9.9%)
Moderate 4495 (15.5%) 1450 (5.0%) 1534 (5.3%) 1511 (5.2%)
Heavy 5648 (19.5%) 1920 (6.6%) 1926 (6.6%) 1802 (6.2%)
Hypertension, n (%) 0.002
No 16,498 (56.9%) 5735 (19.8%) 5463 (18.8%) 5300 (18.3%)
Yes 12,515 (43.1%) 3936 (13.6%) 4203 (14.5%) 4376 (15.1%)
DM, n (%) < 0.001
No 24,062 (82.9%) 8222 (28.3%) 7984 (27.5%) 7856 (27.1%)
Yes 4951 (17.1%) 1449 (5.0%) 1682 (5.8%) 1820 (6.3%)
CHD, n (%) 0.210
No 27,822 (95.9%) 9294 (32.0%) 9272 (32.0%) 9256 (31.9%)
Yes 1191 (4.1%) 377 (1.3%) 394 (1.4%) 420 (1.4%)
CHEF, n (%) <0.001
No 28,172 (97.1%) 9464 (32.6%) 9370 (32.3%) 9338 (32.2%)
Yes 841 (2.9%) 207 (0.7%) 296 (1.0%) 338 (1.2%)
Angina pectoris, n (%) 0.095
No 28,214 (97.2%) 9437 (32.5%) 9398 (32.4%) 9379 (32.3%)
Yes 799 (2.8%) 234 (0.8%) 268 (0.9%) 297 (1.0%)
Heart attack, n (%) 0.013
No 27,797 (95.8%) 9325 (32.1%) 9261 (31.9%) 9211 (31.7%)
Yes 1216 (4.2%) 346 (1.2%) 405 (1.4%) 465 (1.6%)
Stroke, n (%) < 0.001
No 27,972 (96.4%) 9426 (32.5%) 9332 (32.2%) 9214 (31.8%)
Yes 1041 (3.6%) 245 (0.8%) 334 (1.2%) 462 (1.6%)
(Continued)
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Table 1 (Continued).

Mortality, n (%)
No
Yes

28,059 (96.7%)
954 (3.3%)

9376 (32.3%)
295 (1.0%)

9327 (32.1%)
339 (1.2%)

9356 (32.2%)
320 (1.1%)

Characteristic Overall (n=29,013) TI(n=9671) T2 (n=9666) T3 (9676) P-value
SBP, mmHg 121.840 + 0.192 121.391 + 0.268 122.125 + 0.261 122.052 + 0.252 0.034
DBP, mmHg 71.157 £ 0.178 71.482 = 0.211 71.302 £ 0.213 70.623 + 0.231 0.001
BMI, kg/m? 28.857 + 0.072 28.257 + 0.096 28.929 + 0.098 29.476 + 0.098 < 0.001
Waist circumference, cm 98.882 + 0.187 98.151 £ 0.267 98.991 £ 0.252 99.614 £ 0.235 < 0.001
Mean energy 2134.883 £ 7410 2574.633 + 13.458 2089.196 + 10.074 1673.183 = 9.842 < 0.001
Intake, kcal

Hb, g/dL 14.358 + 0.023 14.556 + 0.026 14.381 + 0.028 14.103 £ 0.028 < 0.001
FBG, mg/dL 98.225 + 0.255 97.550 £ 0.412 98.663 + 0.446 98.532 £ 0.372 0.092
HDL-C, mg/dL 53.308 + 0.187 53.582 + 0.271 53.418 + 0.278 52.870 + 0.264 0.127
TC, mg/dL 196.549 + 0.443 194.710 £ 0.693 197.428 + 0.579 197.730 + 0.637 < 0.001
TG, mg/dL 150.436 + 1.118 150.367 + 1.811 151.591 + 1.836 149.257 + 1.565 0.588
BUN, mg/dL 13.524 + 0.062 14.008 + 0.082 13.628 + 0.082 12.847 + 0.089 < 0.001
UA, mg/dL 5419 £ 0.013 5.465 + 0.021 5.444 + 0.021 5.339 + 0.021 < 0.001
Scr, mg/dL 0.879 + 0.003 0.884 + 0.004 0.878 + 0.004 0.874 + 0.004 0.222
eGFR, mL/min/1.73m? 93.667 + 0.281 93.750 + 0.352 93.360 + 0.350 93.906 + 0.362 0.345
All-cause mortality, n (%) < 0.001

No 25,028 (86.3%) 8489 (29.3%) 8275 (28.5%) 8264 (28.5%)

Yes 3985 (13.7%) 1182 (4.1%) 1391 (4.8%) 1412 (4.9%)
Cardiovascular-related 0.051
Mortality, n (%)

No 27,772 (95.7%) 9315 (32.1%) 9224 (31.8%) 9233 (31.8%)

Yes 1241 (4.3%) 356 (1.2%) 442 (1.5%) 443 (1.5%)

Cancer-related 0.172

Notes: T, —4.838-1.161; T2, 1.162-1.181; T3, 1.182-4.971.

Abbreviations: DI, dietary inflammatory index; family PIR, family poverty income ratio; DM, diabetes mellitus; CHD, coronary heart disease; CHF, congestive heart failure;
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Hb, hemoglobin; FBG, fast blood glucose; HDL-C, high-density lipoprotein-cholesterol;
TC, total cholesterol; TG, triglyceride; BUN, blood urea nitrogen; UA, uric acid; Scr, serum creatinine; eGFR, estimated glomerular filtration rate.

Association of DIl with All-Cause Mortality

The results of the Cox logistic regression analysis of DII and all-cause mortality is presented in Table 2. After adjusting for all
underlying confounding variables, the hazard ratios (HRs) with 95% confidence intervals (Cls) for all-cause mortality across
rising tertiles were 1.149 (1.059, 1.247), 1.186 (1.084, 1.297) for DII, compared to T1. The restricted cubic spline plot curve

Table 2 Cox Regression Analysis of DIl for All-Cause Mortality in Participants

DIl

Model |

Model 2

Model 3

Tl
T2
T3
P for trend

HR (95% Cl)

Ref.

1.247 (1.153, 1.348) ***
1.401 (1.295, 1.516) ***
<0.001

HR (95% Cl)

Ref.

1.154 (1.067, 1.248) ***
1.199 (1.106, 1.299) ***
<0.001

HR (95% Cl)

Ref.

1.149 (1.059, 1.247) **
1.186 (1.084, 1.297) ***
<0.001

Notes: T1, —5.281-0.724; T2, 0.725-2.513; T3, 2.514-5.795; **P < 0.01; ***P < 0.001; Model | was adjusted for age
and sex. Model 2 was further adjusted for education level, marital status, family poverty income ratio, hypertension,
diabetes mellitus, smoker, and drinker. Model 3 was further adjusted for coronary heart disease, congestive heart
failure, angina pectoris, heart attack, stroke, systolic blood pressure, diastolic blood pressure, body mass index,
waist circumference, hemoglobin, fast glucose, high-density lipoprotein-cholesterol, total cholesterol, triglyceride,
blood urea nitrogen, uric acid, serum creatinine, and estimated glomerular filtration rate.

Abbreviations: DI, dietary inflammatory index; HR, hazard ratio; Cl, confidence interval.
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illustrates the linear positive correlation between DII and all-cause mortality (P for nonlinearity = 0.124; Figure 2A). A higher
DII score is significantly associated with a higher risk of all-cause mortality.

Association of DIl with CVD-Related Mortality

Compared with the lowest quartile (T1), the HRs with 95% ClIs for cardiovascular-related mortality across the quartiles
were 1.197 (1.032, 1.387), 1.198 (1.019, 1.409) for DII in the fully adjusted model (Table 3). Figure 2B also depicts the
linear positive correlation between DII and CVD-related mortality (P for nonlinearity =0.354). A higher DII score is also
significantly associated with a higher risk of CVD-related mortality.

Association of DIl with Cancer-Related Mortality

Compared with the T1, the HRs of cancer-related mortality throughout the tertiles were 1.197 (1.032, 1.387) and 1.198 (1.019,
1.409) for DII (Table 4). There was no significant association between cancer-related mortality and DII. Figure 2C depicts the
non-linear association between DII and cancer-related mortality (P for nonlinearity =0.034). Initially, the cancer-related mortality
increased with the change in DII, and then it decreased. We found that DII inflection points were at 2.042 in the curve.
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Table 3 Cox Regression Analysis of DIl for CVD-Related Mortality in Participants

DIl Model | Model 2 Model 3

HR (95% Cl) HR (95% Cl) HR (95% Cl)
Tl Ref. Ref. Ref.
T2 1.336 (1.161, 1.537) *** 1.238 (1.075, 1.426) ** 1.197 (1.032, 1.387) *
T3 1.494 (1.296, 1.723) *** 1.280 (1.107, 1.479) ** 1.198 (1.019, 1.409) *
P for trend <0.001 0.002 0.039

Notes: T1, —5.281-0.724; T2, 0.725-2.513; T3, 2.514-5.795. *P < 0.05; **P < 0.01; ***P < 0.001; Model | was
adjusted for age and sex. Model 2 was further adjusted for education level, marital status, family poverty income
ratio, hypertension, diabetes mellitus, smoker, and drinker. Model 3 was further adjusted for coronary heart disease,
congestive heart failure, angina pectoris, heart attack, stroke, systolic blood pressure, diastolic blood pressure, body
mass index, waist circumference, hemoglobin, fast glucose, high-density lipoprotein-cholesterol, total cholesterol,
triglyceride, blood urea nitrogen, uric acid, serum creatinine, and estimated glomerular filtration rate.
Abbreviations: DI, dietary inflammatory index; CVD, cardiovascular disease; HR, hazard ratio; Cl, confidence
interval.

Table 4 Cox Regression Analysis of DIl for Cancer-Related Mortality in Participants

DIl Model | Model 2 Model 3

HR (95% Cl) HR (95% Cl) HR (95% Cl)
TI Ref. Ref. Ref.
T2 1.222 (1.045, 1.429) * 1.163 (0.944, 1.362) 1.192 (1.011, 1.405) *
T3 1.280 (1.090, 1.504) ** 1.150 (0.976, 1.356) 1.183 (0.985, 1.420)
P for trend 0.006 0.126 0.087

Notes: T, —5.281-0.724; T2, 0.725-2.513; T3, 2.514-5.795; *P < 0.05; **P < 0.01; Model | was adjusted for age
and sex. Model 2 was further adjusted for education level, marital status, family poverty income ratio, hypertension,
diabetes mellitus, smoker, and drinker. Model 3 was further adjusted for coronary heart disease, congestive heart
failure, angina pectoris, heart attack, stroke, systolic blood pressure, diastolic blood pressure, body mass index,
waist circumference, hemoglobin, fats glucose, high-density lipoprotein-cholesterol, total cholesterol, triglyceride,
blood urea nitrogen, uric acid, serum creatinine, and estimated glomerular filtration rate.

Abbreviations: DI, dietary inflammatory index; HR, hazard ratio; Cl, confidence interval.

Survival Analysis

The Kaplan-Meier survival curves for all individuals stratified by the DII tertiles are shown in Figure 3. Participants in
the T3 group had the highest risk of all-cause (Log-rank P <0.001; Figure 3A), CVD-related (Log-rank P <0.001;
Figure 3B), and cancer-related mortality (Log-rank P =0.026; Figure 3C).

Subgroup Analysis

Age, sex, hypertension, DM, and obesity were stratified, and the analysis confirmed positive associations between DII
and all-cause mortality in most subgroups. No association was observed between DII and all-cause mortality among
participants who aged <60 or >60 years, were female, with DM, and with BMI >30 kg/m”. The stratified model showed
that in age, sex, DM, and obesity populations, the relationship between DII and all-cause mortality was significantly
different (Table 5). We further explored the association of DII with CVD-related mortality stratified by age, sex,
hypertension, DM, and obesity (Table 6). The hypertension, DM, and obesity-stratified models suggest that the associa-
tion of DII and CVD-related mortality was significant among participants without hypertension, with DM, and with BMI
<30 kg/m?. In addition, the interaction of DII with the hypertension, DM, and obesity status was significant.

Correlation Between DIl and Sociodemographic and Cardiovascular Outcomes

The correlation heatmap of DII and covariates revealed that DII was positively associated with gender (correlation
coefficient, r = 0.19, P <0.001) and negatively associated with family PIR (correlation coefficient, r = —0.17, P <0.001;
Figure 4).
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Figure 3 Kaplan-Meier survival curve for (A) all-cause mortality (B) CVD-related mortality (C) cancer-related mortality.
Abbreviation: CVD, cardiovascular disease.

Discussion
Through the restricted cubic spline curve, Cox proportional hazard models, survival analysis, and subgroup analysis, we
used the data from the large general population between 2013 and 2014 in the US to examine the relationship between
DII and mortality caused by all-cause, CVD-related, and cancer-related causes. Our study found a positive and significant
association between DII scores and the risk of all-cause and CVD-related mortality. However, the association between
the risk of cancer-related mortality and the DII score in our study was not consistent with most of the previous studies.”**
The results on the association of DII scores with risk of all-cause mortality in our study reassured findings from many
prospective cohort studies. However, most studies were conducted based on either data that has not been updated, or
population in Europe.”'®** In our study, we reached a similar conclusion: individuals with more pro-inflammatory diets, as

estimated by the highest tertiles compared to the lowest tertile, were 23% more likely to die from any cause, while in previous
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Table 5 Subgroups Analysis for the Associations of DIl with All-Cause Mortality

TI T2 T3 P for Trend | P for
HR (95% CI) | HR (95% CI) HR (95% CI) Interaction
Age <0.001
<60 1.00 1.003 (0.831, 1.210) 0.899 (0.728, 1.111) 0.453
= 60 1.00 1.081 (0.987, 1.184) I.117 (1.011, 1.234) * 0.083
Sex <0.001
Male 1.00 I.155 (1.041, 1.282) ** 1.180 (1.048, 1.328) ** 0.008
Female 1.00 1.124 (0.982, 1.285) 1.162(1.011, 1.337) * 0.098
Hypertension 0.200
No 1.00 1.104 (0.945, 1.289) 1.244 (1.048, 1.476) * 0.043
Yes 1.00 1.156 (1.049, 1.273) ** 1.162 (1.045, 1.291) ** 0.006
DM 0.040
No 1.00 1.170 (1.061, 1.290) ** 1.253 (1.125, 1.395) ** | <0.00I
Yes 1.00 1.108 (0.954, 1.288) 1.049 (0.893, 1.233) 0.381
BMI 0.030
< 30 kg/m” | 1.00 1.226 (1.109, 1.354) *** | 1.282 (1.148, 1.431) ** | <0.001
> 30 kg/m”> | 1.00 1.016 (0.879, 1.173) 1.007 (0.863, 1.176) 0.977

Notes: T, —5.281-0.724; T2, 0.725-2.513; T3, 2.514-5.795; *P < 0.05; **P < 0.01; ***P < 0.001; Analysis was adjusted for age, sex, education
level, marital status, family poverty income ratio, hypertension, diabetes mellitus, smoker, drinker, coronary heart disease, congestive heart
failure, angina pectoris, heart attack, stroke, systolic blood pressure, diastolic blood pressure, body mass index, waist circumference,
hemoglobin, fast glucose, high-density lipoprotein-cholesterol, total cholesterol, triglyceride, blood urea nitrogen, uric acid, serum creatinine,
and estimated glomerular filtration rate.

Abbreviations: DI, dietary inflammation index; DM, diabetes mellitus; BMI, body mass index; HR, hazard ratio; Cl, confidence interval.

Table 6 Subgroups Analysis for the Associations of DIl with CVD-Related Mortality

TI T2 T3 P for Trend | P for
OR (95% CI) | OR (95% CI) OR (95% CI) Interaction
Age <0.001
< 60 1.00 0.889 (0.593, 1.334) 0.876 (0.561, 1.369) 0.814
= 60 1.00 1.146 (0.978, 1.343) I.114 (0.935, 1.328) 0.237
Sex 0.001
Male 1.00 1.240 (1.031, 1.490) * | 1.114 (0.900, 1.379) 0.068
Female 1.00 1.113 (0.866, 1.430) 1.232 (0.952, 1.594) 0.273
Hypertension 0.054
No 1.00 1.388 (0.988, 1.950) 2.070 (1.435, 2.986) *** | <0.001
Yes 1.00 1.138 (0.965, 1.342) 1.052 (0.877, 1.262) 0.275
DM 0.011
No 1.00 1.114 (0.930, 1.335) 1.224 (1.004, 1.215) * 0.135
Yes 1.00 1.407 (1.082, 1.830) * | 1.191 (0.894, 1.588) 0.031
BMI 0.002
<30 kg/m? | 1.00 1.277 (1.064, 1.533) ** | 1.324 (1.082, 1.621) ** | 0.011
> 30 kg/m? | 1.00 1.035 (0.803, 1.336) 0.986 (0.750,1.298) 0.907

Notes: Tl, —5.281-0.724; T2, 0.725-2.513; T3, 2.514-5.795; *P < 0.05; **P < 0.01; ***P < 0.001; Analysis was adjusted for age, sex,
education level, marital status, family poverty income ratio, hypertension, diabetes mellitus, smoker, drinker, coronary heart disease,
congestive heart failure, angina pectoris, heart attack, stroke, systolic blood pressure, diastolic blood pressure, body mass index, waist
circumference, hemoglobin, fast glucose, high-density lipoprotein-cholesterol, total cholesterol, triglyceride, blood urea nitrogen, uric
acid, serum creatinine, and estimated glomerular filtration rate.

Abbreviations: DIl, dietary inflammation index; CVD, cardiovascular disease; DM, diabetes mellitus; BMI, body mass index; HR, hazard
ratio; Cl, confidence interval.

studies this percentage has ranged from 8% to 34%.°* In addition, we found the attenuation of the direct association at higher
tertiles of DII scores when DII was positive, so our results are also consistent with two Spanish cohorts.'® CVD-related
mortality, as our secondary outcome, showed the same pattern of a significant association between the risk of CVD-related

mortality and DII scores. Two recent meta-analyses have demonstrated a strong association between increasing DII scores and
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Figure 4 The association between DIl and covariates.

Abbreviations: DII, dietary inflammation index; family PIR, family poverty-income ratio; smoker, DM, diabetes mellitus; CHD, chronic heart disease; CHF, chronic heart
failure; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; Hb, hemoglobin; BUN, blood urea nitrogen; UA, uric acid; Scr, serum creatinine;
HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides; eGFR, estimated glomerular filtration rate.

the risk of CVD-related mortality. The consumption of foods with anti-inflammatory properties like fruits and green leafy
vegetables could decrease the risk of cardiovascular-related mortality, while people consuming more pro-inflammatory dietary
components like processed meat and sugar might be exposed to a higher risk of cardiovascular-related mortality.*'* Another
two cohort studies based on NHANES III dataset have also shown that compared to subjects in tertile 1, those in tertile 3 were
46% and 52% more likely to suffer from CVD, respectively.”** Nevertheless, in a previous study including NHANES
respondents from 2005-2010, the highest quartile of DII scores was associated with previously self-reported congestive heart
failure, heart attack, stroke, and hypertension among women. In other words, individuals who preferred pro-inflammatory
diets might be excluded at the baseline.”> Mozos et al found that a variety of dietary components can slow down vascular aging
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by improving inflammation, endothelial function, platelet function, oxidative stress, controlling vascular tone, apoptosis, and
reducing blood pressure both in the short- and long-term. Additionally, several pro-inflammatory foods, including caffeine,
meat, sodium, and potassium, are able to increase arterial stiffness and vascular age.26 Our third outcome, cancer-related
mortality, showed a pattern of no significant association between DII scores and cancer-related mortality. The pro-
inflammatory diet was found to be strongly and independently associated with breast cancer risk, regardless of menopausal
status.”” According to Hua, the most pro-inflammatory diets (with the highest DII scores) are associated with an increased risk
of upper aerodigestive tract cancer.”® Guo et al suggested that pancreatic cancer risk may be increased by eating a diet
characterized by high inflammation (high DII score).?’ Shivappa and team also found that a healthier anti-inflammatory diet is
important for preventing colorectal cancer.*® Across cancer types, study populations, and study designs, higher DII was
consistently associated with higher incidence and mortality of cancer.'® As DII increased, cancer-related mortality increased
first and then decreased in this study. A majority of previous DII and cancer-related risk findings were inconsistent with the
findings of this study. Additionally, according to the umbrella review of meta-analyses in 2021, the evidence on the strength of
the association of DII with mortality, including CVD-related and cancer-related, was still weak.'> Therefore, more relevant
studies are encouraged to provide more robust evidence regarding DII and cancer-related mortality.

There is substantial evidence that suggests that diet may play a crucial role in regulating the body’s inflammatory response.”
A growing number of studies have proved that chronic subclinical systemic inflammation is one of the key factors contributing to
the pathogenesis of DM, CVD, and certain types of cancer.>' > Therefore, diet can raise the level of inflammation in the body,
which has been associated with mortality. Unhealthy lifestyles may contribute to chronic inflammation. A number of lifestyle
factors have been implicated in weight gain and obesity development, with the early work of Kaplan and Kaplan suggesting that
one contributing factor to obesity is stress-induced eating, resulting in a preference for nutrient-dense foods, particularly those
containing high amounts of sugar and fat.** Torres SJ also has found that chronic life stress may contribute to weight gain,
particularly in men.*> Meanwhile, the environmental conditions in which individuals are living also contribute to obesity. Li Tand
his team revealed that the beneficial effect of higher diet quality on the risk of obesity could be attenuated by environmental
exposure to higher levels of heavy metals (Pb, Hg, and Cd).*® Regular exercise plays a significant role in preventing the
development of all-cause mortality, primarily by preventing CVD and DM.*’ In addition, Petersen and Pedersen also revealed that
the health-beneficial effects of exercise may be mediated by myokines, which in particular may protect against chronic diseases
associated with low-grade inflammation, including DM and CVD.*® The risk of mortality from all eight causes examined was
reduced by engaging in recommended aerobic physical activity, but engaging in muscle-strengthening activity reduced mortality
risk from three causes, including CVD, cancer, and chronic lower respiratory tract diseases.>® Additionally, Li H and his team
suggested that high levels of SII may increase total mortality and CVD-related mortality, while physical activity appears to have
a beneficial effect on these outcomes.*® Therefore, according to our results, we hypothesized that compared with individuals
consuming anti-inflammatory diets, including the fatigue reduction diet, leaky gut diet, Mediterranean diet, and Nordic diet, those
consuming pro-inflammatory diets had a higher risk of all-cause and CVD-related mortality. Considering the importance of
inflammation in diseases, dietary interventions should be established as early as possible to prevent poor health outcomes.

Strengths of this study included the relatively large sample size, reduced recall bias to the full extent via a 24-hour report,
and the adoption of the novel and validated indicator DII to explore the association of inflammatory potentials in diet with all-
cause, cardiovascular, and cancer-related mortality. This study also had several limitations. Firstly, the complications of CHF,
CHD, angina pectoris, heart attack, and stroke diagnosis were based on personal interviews, which may lead to recall bias.
Secondly, the dietary data included in this study were from the participants’ 24-hour daily records, which do not represent their
long-term eating habits. Thirdly, due to the cross-sectional study design, we were unable to obtain a causal relationship
between DII scores and mortality caused by all-cause, CVD-related, and cancer-related causes. Finally, the study did not
exclude bias due to other possible confounding factors that were not taken into account in this study.

Conclusion

According to our study, there is a significant and positive association between the DII and mortality caused by all-cause,
and CVD-related, which may allow the DII to be used as a clinical predictor for all-cause and CVD-related mortality. The
potential mechanisms of food-derived inflammation in mortality caused by all-cause, CVD-related, and cancer-related
causes need further exploration.
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