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Background: Chronic inflammation is closely linked to Chronic Obstructive
Pulmonary Disease (COPD); however, the impact of the Dietaryq Inflammatory
Index (DIl) on mortality among COPD patients remains uncertain.

Objective: To assess the correlation between the DIl and all-cause mortality in
COPD patients using data from the National Health and Nutrition Examination
Survey (NHANES).

Methods: We conducted a retrospective cohort study on 1,820 COPD patients
from the NHANES dataset (1999-2018). The influence of DIl on mortality
was evaluated using multivariate Cox regression, smoothing spline fitting,
and threshold effect analysis. Additionally, Kaplan-Meier survival analysis was
performed to compare survival curves among different DIl groups. Subgroup
analyses and E-values identified sensitive cohorts and assessed unmeasured
confounding.

Results: Over an average follow-up of 91 months, multivariate Cox regression
models revealed a significant positive correlation between DIl scores and
mortality risk, with each unit increase in DIl associated with a 10% higher risk of
death (HR: 1.10, 95% CI: 1.03-1.16; P = 0.002). Among the DIl tertiles, individuals
in the second tertile (T2: 1.23-2.94) experienced a 67% increase in mortality
risk compared to those in the lowest tertile (T1: -5.28-1.23) (HR: 1.67, 95% ClI:
1.26-2.21; p < 0.001). The third tertile (T3) did not show a statistically significant
increase in mortality risk (HR: 1.30, 95% CI: 0.98-1.72; p=0.074). A restricted
cubic spline analysis indicated a significant nonlinear association between DI
and all-cause mortality (p = 0.021). Threshold effect analysis further revealed
that below a DIl of 2.19, there was a significant increase in all-cause mortality
risk (HR = 1.19, 95% Cl: 1.07-1.33; p = 0.002), while at or above this threshold,
the risk increase was not statistically significant (HR=0.89, 95% Cl: 0.68-1.15;
p = 0.380). Kaplan-Meier analysis revealed significant differences in survival
curves among DIl tertiles (p < 0.001), with the lowest DIl tertile showing the
highest survival probability. Both subgroup and sensitivity analyses confirmed
the robustness of these findings.

Conclusion: DIl is positively correlated with mortality risk in COPD patients,
showing nonlinear characteristics and threshold effects, underscoring its
prognostic value.
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a major
chronic respiratory condition that has become a significant global public
health challenge. According to the 2019 Global Burden of Disease
report, approximately 212 million people worldwide are affected by
COPD, accounting for 2.71% of the global population, and it ranks
among the leading causes of death (1). COPD is characterized by high
prevalence, severe mortality, and substantial economic burden, all of
which significantly impact patients’ quality of life. In the United States
alone, approximately 15.5 million adults have been diagnosed with
COPD (2, 3), with the total economic burden estimated at $101 billion
in 2020 (3). These figures underscore the widespread prevalence of
COPD and its profound health and economic implications, highlighting
the urgent need to optimize prevention and treatment strategies.

The pathogenesis of COPD is complex, with chronic inflammation
serving as a pivotal mechanism. Long-term exposure to harmful
stimuli such as tobacco smoke and air pollutants initiates abnormal
inflammatory responses in the airways and alveoli, leading to airway
remodeling and lung parenchyma destruction, which ultimately
results in irreversible airflow limitation (4). During this process,
inflammatory cells including macrophages and neutrophils are
excessively activated, releasing substantial quantities of inflammatory
mediators like interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-a), exacerbating the inflammatory response and tissue damage
(5). Additionally, oxidative stress and an imbalance between proteases
and antiproteases further con-tribute to the development of COPD
(4). Given the central role of chronic inflammation in COPD,
controlling this inflammatory response has become a crucial aspect of
current treatment and management strategies (6). Anti-inflammatory
therapies, including the use of inhaled corticosteroids and
phosphodiesterase-4 (PDE4) inhibitors, are commonly employed to
reduce inflammation and slow disease progression (7). Previous
studies have emphasized the impact of dietary factors on COPD. A
review by Scoditti et al. (8) indicated a significant association between
unhealthy dietary patterns, such as high fat and high sugar intake, and
an increased risk of developing COPD. This perspective was further
corroborated by a meta-analysis conducted by Zheng et al. (9), which
not only confirmed the relationship between these dietary habits and
the risk of COPD but also suggested potential implications for disease
prognosis. Conversely, diets rich in fruits and vegetables have shown
potential protective effects, possibly reducing the risk of developing
COPD and improving the prognosis for those already affected (10,
11). These findings suggest that targeted dietary interventions aimed
at reducing systemic inflammation could play a crucial role in the
comprehensive management of COPD. This further underscore the
importance of integrating dietary strategies with pharmacological
treatments to more effectively manage chronic inflammation in
COPD and improve long-term health outcomes for patients.

The Dietary Inflammatory Index (DII) is an innovative tool
designed to assess the pro-inflammatory potential of a diet, calculated
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using 45 dietary components associated with inflammation. A higher
score on the DII indicates a more potent pro-inflammatory effect of
the diet (12). Extensive research has demonstrated that a diet with a
high DII is closely linked to the risk and prognosis of chronic diseases
such as cardiovascular diseases, diabetes, and cancer, as well as
adverse outcomes in respiratory diseases including asthma and lung
cancer (13-17). However, investigations into the relationship
between the DII and COPD prognosis are still limited. A cross-
sectional study indicated that COPD patients exhibit significantly
higher DII scores compared to controls, suggesting a link between
dietary inflammation and the onset of COPD (18). Nonetheless,
there remains a shortage of long-term cohort studies assessing the
impact of DII on COPD outcomes. Considering the central role of
inflammation in COPD pathogenesis and the potential for dietary
modulation, exploring the relationship between DII and COPD
survival prognosis is crucial.

This study aims to utilize data from the National Health and
Nutrition Examination Survey (NHANES) spanning 1999-2018, which
includes 1,820 COPD patients, to explore the relationship between DII
and all-cause mortality in COPD. We will analyze the dose-response
relationship and subgroup differences, aiming to provide novel,
evidence-based guidance for dietary management in COPD.
We hypothesize that a diet high in DII is an independent risk factor for
poor prognosis in COPD, and that the relationship between the two
is nonlinear.

Materials and methods
Study design and participants

This study performed a detailed analysis of data from NHANES,
overseen by the National Center for Health Statistics (NCHS) for the
period 1999 to 2018. The primary aim was to extensively evaluate the
health and nutritional status of the non-institutionalized civilian
population in the United States. A complex stratified, multistage, a
probabilistic sampling design was utilized to accurately mirror the
health conditions prevalent across the nation. Participants provided
detailed written informed consent prior to inclusion in the study (19).
Additionally, all phases of the study’s design, data collection, and analysis
strictly adhered to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines, ensuring methodological
rigor and compliance with ethical standards. The study protocols were
approved by the Institutional Review Board of the NCHS (20).

This study initially screened 55,081 participants aged 20 years or
older from the NHANES database for the period 1999 to 2018. Of
these, 1,547 pregnant participants were first excluded. From the
remaining 53,534 individuals, exclusions were as follows: 2,615 due to
missing relevant COPD data; 3,568 for absence of DII data; 5,146 due
to lacking other pertinent covariate data; and 45 for incomplete data
on mortality status and follow-up time. Consequently, from the 42,160
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55,081 Participants aged > 20y
(NHANES 1999-2018)

Y

53534 study population

1547 Excluded participants who are pregnant

42160 participants

11374 Excluded
2615 with missing data for COPD
3568 with missing data for DII
5146 participants with missing data for covariates
45  with missing data for death status and
follow up time

N

1820 participants with COPD

FIGURE 1
Flow chart for inclusion and exclusion of the study population.

40340 Excluded without COPD

eligible participants, 40,340 who did not have COPD were further
excluded, leaving 1,820 patients with COPD for inclusion in the study.
The study flowchart is presented in Figure 1.

Definitions of COPD

The diagnosis of COPD was established based on one or more of
the following criteria (21): (1) a post-bronchodilator FEV1/FVC
ratio <0.70; (2) a diagnosis of emphysema confirmed by a physician
or other healthcare professional; or (3) for individuals aged 40 years or
older, a history of smoking combined with chronic bronchitis and
treatment with selective phosphodiesterase-4 (PDE-4) inhibitors,
mast cell stabilizers, leukotriene modifiers, or inhaled corticosteroids.

Measurement of DI

During the period from 1999 to 2018, dietary data from
participants in the NHANES study were collected using two rounds of
validated 24-h dietary recall surveys. The DII was utilized to quantify
the inflammatory potential of dietary patterns, with the construction
and validation of the DII as documented in prior research (12, 22). This
study incorporated 28 dietary components in the DII calculation,
which included carbohydrates, proteins, total fats, alcohol, fiber,
cholesterol, saturated, monounsaturated, and polyunsaturated fatty
acids, n-3 and n-6 fatty acids, niacin, vitamins A, B1 (thiamin), B2, B6,
B12, C, D, and E, and minerals such as iron, magnesium, zinc, selenium,
folate, carotenoids, caffeine, and energy. Despite the inclusion of only
28 parameters, the validity of these parameters has been confirmed by
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previous studies to ensure they comprehensively maintain the scientific
accuracy and integrity of the DII framework (12, 23).

Mortality ascertainment

Mortality data for NHANES participants aged 20 years and older
were acquired through December 31, 2019, from the NHANES
Public-Use Linked Mortality File, which is linked to the National
Death Index (NDI) via a probabilistic algorithm." Maintained by the
NCHS, this database provides reliable information on the causes of
death in the U.S. population, with specific causes of death determined
according to the International Classification of Diseases, Tenth
Revision (ICD-10) (24, 25). Definitions of all-cause mortality
encompass deaths from any cause. The median duration of follow-up
for this research was 91 months. All participants were consistently
monitored until death, loss of follow-up data, or the end of the study
period on December 31, 2019.

Covariates assessment
Based on existing research and clinical assessments (26, 27),
confounding variables identified included age, sex, race, marital status,

education level, the poverty income ratio (PIR), as well as body mass
index (BMI), smoking habits, physical activity intensity, cardiovascular

1 https://www.cdc.gov/nchs/data-linkage/mortality-public.htm
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diseases (CVD), hypertension, and diabetes mellitus (DM). This study
utilized self-reported data on race, classified into several categories:
non-Hispanic white, non-Hispanic black, Mexican American, other
Hispanic types, and additional racial groups. Marital status was
classified into married, never married, living with partner, and other
categories such as widowed, divorced, or separated. Education levels
were organized from less than 9th grade to college graduate or higher.
Economic status was quantified using the PIR, and BMI was calculated
from clinical measurements of height and weight. Smoking status was
segmented into never smokers (fewer than 100 lifetime cigarettes),
ex-smokers (more than 100 cigarettes but has quit), and current
smokers (more than 100 cigarettes and continuing) (28). Physical
activity was assessed by the reported weekly duration of walking or
cycling, chores, work, and recreational activities (29). The history of
CVD was determined by self-reported incidents of CHD, angina,
myocardial infarction, or stroke; Hypertension and diabetes mellitus
diagnoses were also self-reported, with the latter including HbA1lc
levels exceeding 6.5%, a diagnosis by a physician, fasting plasma
glucose >7.0mmol/L, random or two-hour OGTT glucose
>11.1 mmol/L, or the use of diabetes medications/insulin (30). More
detailed information on these variables can be found on the NHANES
website.”

Statistical analyses

This study is a secondary analysis of publicly available datasets.
We applied dietary weights for weighted analyses. For the combined
analysis of NHANES 1999-2000 and 2001-2002 data, a four-year
dietary weight set (WTDR4YR) was used, while for the 2003-2018
data, the dietary day-one sample weight set (WTDRD1) was applied.
The sampling weights for 1999-2018 were calculated as follows:
weights for 1999-2002 were 2/10 x WTDR4YR, and for all other
years, 8/10 x WTDRDI. Categorical data were presented as
unweighted numbers (weighted percentages), normally distributed
continuous data were presented as weighted means (standard error
[SE]), and skewed continuous variables were presented as weighted
medians [IQR]. To assess differences between groups, we employed
the following statistical methods: one-way analysis of variance
(ANOVA) for normally distributed variables, the Kruskal-Wallis test
for skewed variables, and the chi-square test for categorical variables.
This comprehensive approach facilitated comparisons of continuous
and categorical variables across different DII tertile groups.

A multifactorial Cox regression analysis was conducted to explore
the relationship between DII and all-cause mortality, estimating its
hazard ratio (HR) and 95% confidence interval (CI). Initially, DII was
analyzed as a continuous variable and subsequently categorized into
tertiles to examine its association with all-cause mortality among
COPD patients. Non-adjusted Model was the unadjusted baseline
model. Model 1 was adjusted for age, sex, race, PIR, marital status, and
education level. Model 2 included additional adjustments for BMI,
smoking status, physical activity time, CVD, hypertension, and
diabetes, beyond the factors in Model 1 and treated categorical
variables as continuous to test for linear trends.

2 https://wwwn.cdc.gov/Nchs/Nhanes/continuousnhanes/
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A restricted cubic spline model, with the median value of the DII
scores serving as the cutoff point, was used to examine the potential
nonlinear dose-response relationship between DII and all-cause
mortality in COPD patients. The model was adjusted for multivariate
factors, and hazard ratio (HR) curves were generated at three knots.
Subsequently, a segmented Cox regression model was developed to
assess the relationship between DII and COPD all-cause mortality,
adjusting for potential confounders identified in Model 2. To
strengthen the credibility of our results, we calculated the E-value to
evaluate the impact of unmeasured and unknown confounders on the
association (31, 32).

Kaplan-Meier survival curves were constructed to visualize the
cumulative survival probabilities over time for different DII tertiles.
The log-rank test was used to compare survival differences
among groups.

Furthermore, we conducted stratification by sex, age (20-60 years
vs. >60years), education level (<12 years vs. >12 years), smoking status
(non-smokers vs. smokers), BMI (<25 vs. >25kg/m~2), CVD,
hypertension, and diabetes to ascertain whether the relationship
between DII and all-cause mortality in COPD is consistent across the
population. Subsequently, Cox regression models were employed to
assess heterogeneity and interactions among these subgroups.

Data analysis was conducted using R software (version 4.2.1; R
Foundation for Statistical Computing; https://www.r-project.org/), the
R survey package (version 4.1-1), and Free Statistics software (version
1.7.1; Beijing Free Clinical Medical Technology Co., Ltd.). Across all
analyses, we regarded a two-sided p-value below 0.05 as indicative of
statis-tical significance, without prior computation of statistical power
due to reliance on available data.

Results
Baseline characteristics

This study included 1,820 participants to investigate the
association between DII and all-cause mortality in patients with
COPD. Table 1 presents the baseline characteristics of the
participants, categorized into tertiles based on their DII scores,
with 50.4% being male and an average age of 60.5 + 12.8 years.
During an average follow-up period of 7.6 years until December
31, 2019, a total of 706 participants (31.5%) died from all causes.
Significant disparities were observed across the tertiles of DII in
variables such as age, sex, marital status, educational level,
smoking status, PIR, and levels of physical activity time (p < 0.05).
Compared to individuals in the lowest DII tertile, those in the
highest tertile were more likely to be older, female, current
smokers, with tendencies towards lower educational levels, lower
income, and reduced participation in physical activities Table 1.

We conducted a univariate Cox proportional hazards regression
analysis to identify potential factors associated with all-cause mortality
in COPD patients. The analysis revealed that age, sex, race, marital
status, PIR, education level, smoking status, physical activity time,
BM]I, cardiovascular disease, hypertension, diabetes, and DII were
significantly associated with COPD-related all-cause mortality
(Supplementary Table S1). Notably, the hazard ratio (HR) for the
association between DII and all-cause mortality was 1.12, indicating
a statistically significant correlation (p=0.001).
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TABLE 1 Baseline characteristics of participants according to DIl score tertile.

10.3389/fnut.2024.1421450

DIl
Variables
T1(-5.28-1.23) T2(1.23-2.94) T3(2.94-5.48)
N 1820 607 606 607
Age, years 60.5 (12.8) 61.3 (12.4) 60.9 (12.6) 59.2 (13.4) 0.047
Sex, 1 (%) <0.001
Male 1025 (50.4) 403 (61.9) 338 (50.4) 284 (37.0)
Female 795 (49.6) 204 (38.1) 268 (49.6) 323 (63.0)
Race, n (%) 0.200
Non-Hispanic White 1218 (83.4) 420 (84.0) 395 (84.0) 403 (82.0)
Non-Hispanic Black 304 (7.00) 84 (4.9) 106 (7.6) 114 (8.7)
Mexican American 94 (1.5) 33(1.6) 34 (1.5) 27 (1.4)
Other Hispanic 98 (2.1) 30 (2.0) 31(1.8) 37 (2.6)
Other Race 106 (6.0) 40 (7.5) 40 (5.1) 26 (5.3)
Marry, n (%) 0.002
Married 916 (56.8) 339 (64.9) 303 (54.6) 274 (49.5)
Never married 129 (5.9) 43 (5.7) 40 (5.8) 46 (6.2)
Living with partner 96 (5.8) 30 (5.0) 34 (5.8) 32(6.8)
Other 679 (31.5) 195 (24.4) 229 (33.8) 255 (37.5)
Education level, n (%) <0.001
Less than 9th grade 237 (8.0) 59 (5.6) 81 (8.5) 97 (10.3)
9-11th Grade 360 (17.1) 90 (11.4) 115 (16.0) 155 (24.8)
High School Grad/ 456 (25.8) 148 (24.5) 150 (27.9) 158 (25.2)
GED or Equivalent
Some College or AA 493 (28.8) 177 (29.0) 170 (28.3) 146 (29.0)
degree
College graduate or 274 (20.3) 133 (29.4) 90 (19.2) 51(10.7)
above
Smoking status, n (%) <0.001
Never 285 (16.9) 99 (18.0) 94 (17.7) 92 (14.9)
Former 880 (46.5) 329 (54.5) 296 (46.2) 255 (37.8)
Now 655 (36.5) 179 (27.6) 216 (36.2) 260 (47.3)
BMI (kg/m?) 29.3(7.4) 28.8 (6.9) 29.9(7.9) 29.2 (7.4) 0.116
CVD 0.159
No 1231 (71.1) 428 (74.7) 412 (69.5) 391 (68.7)
Yes 589 (28.9) 179 (25.3) 194 (30.5) 216 (31.3)
Hypertension, n (%) 0.207
No 647 (40.3) 219 (42.0) 198 (36.4) 230 (42.2)
Yes 1173 (59.7) 388 (58.0) 408 (63.6) 377 (57.8)
DM, n (%) 0.391
No 1297 (76.3) 448 (78.7) 426 (74.6) 423 (75.3)
Yes 523 (23.7) 159 (21.3) 180 (25.4) 184 (24.7)
PIR 2.6 (1.2,4.5) 3.3(1.7,5.0) 2.4 (1.2,4.0) 1.8(1.1,3.6) <0.001
(Continued)
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TABLE 1 (Continued)

10.3389/fnut.2024.1421450

DIl
Variables
T1(-5.28-1.23) T2(1.23-2.94) T3(2.94-5.48)
Physical activity time 105.6(0.0,510.0) 210.0(0.0,650.0) 44.9(0.0,378.0) 90.0(0.0,478.6) <0.001
All-cause Mortality <0.001
Alive 1114 (68.5) 398 (75.9) 342 (62.1) 374 (66.6)
Death 706 (31.5) 209 (24.1) 264 (37.9) 233 (33.4)
FEV1/FVC 0.6 (0.1) 0.6 (0.1) 0.6 (0.1) 0.6 (0.1) 0.766
PDE-4 inhibitors 0.287
No 1813 (99.3) 604 (98.7) 603 (99.2) 606 (99.9)
Yes 7(0.7) 3(1.3) 3(0.8) 1(0.1)
Mast cell stabilizers 0.631
No 1818 (99.9) 606 (99.9) 605 (99.9) 607 (100)
Yes 2(0.1) 1(0.1) 1(0.1) 0(0.0)
Leukotriene modifiers 0.353
No 1545 (82.9) 517 (82.0) 502 (81.5) 526 (85.2)
Yes 275 (17.1) 90 (18.0) 104 (18.5) 81 (14.8)
Inhaled corticosteroids 0.902
No 1184 (65.3) 394 (65.5) 385 (64.5) 405 (66.0)
Yes 636 (34.7) 213 (34.5) 221 (35.5) 202 (44.0)

Data are presented as unweighted number (weighted percentage) for categorical variables and weighted mean (standard error) for normally distributed continuous variables, or weighted

median [IQR] for skewed continuous variables.

COPD, chronic obstructive pulmonary disease; T, tertiles; BMI, body mass index; CVD, cardiovascular disease; DM, Diabetes Mellitus; PIR, income to poverty ratio; DII, dietary inflammatory index.

TABLE 2 Multivariate analysis of the association between DIl and all-cause mortality of COPD.

Outcome Events Non-adjusted model Model 1 Model 2
(incidence) HR P-value HR P-value HR P-value

(95 % Cl) (95 % Cl) (95 % CI)

DII (Continuous) 706 (38.8) 1.12 (1.07-1.18) <0.001 1.10 (1.04-1.17) <0.001 1.10 (1.03-1.16) 0.002

DII by tertiles

T1 (-5.28-1.23) 209 (34.4) 1 (Reference) 1 (Reference) 1 (Reference)

T2 (1.23-2.94) 264 (43.6) 1.90 (1.38~2.62) <0.001 1.72 (1.28~2.32) 0.002 1.67 (1.26~2.21) <0.001

T3 (2.94-5.48) 233 (38.4) 1.50 (1.15~1.96) 0.003 1.34 (1.01~1.77) 0.041 1.30 (0.98~1.72) 0.074

P for trend 706 (38.8) 0.002 0.039 0.082

Non-adjusted: no covariates were adjusted; model 1: Adjusted for age, sex, race, marry, PIR, education level; model 2: Adjusted for age, sex, race, marry, PIR, education level, smoking status,
BMI, CVD, Hypertension, DM, Physical activity time. T, tertiles; OR, odd ratio; CI, confidence interval; Ref: reference; DII, dietary inflammatory index.

Associations between DIl and all-cause
mortality in COPD

Table 2 illustrates the association between DII and all-cause mortality.
Both the unadjusted and multivariate-adjusted Cox regression models
revealed a positive correlation, indicating that an increase in DII is
associated with a higher risk of all-cause mortality. In the final model
(Model 2), which adjusted for all covariates, each one-unit increase in DII
as a continuous variable was associated with a 10% increase in the risk of
all-cause mortality in COPD patients (HR: 1.10, 95% CI: 1.03-1.16; p =
0.002). When DII was stratified into tertiles, the results showed that,
compared to the lowest tertile (T1), the middle tertile (T2) had a 67%
higher risk of all-cause mortality (HR: 1.67, 95% CI: 1.26-2.21; p <0.001),
while the highest tertile (T3) did not show a statistically significant increase
in risk (HR: 1.30, 95% CI: 0.98-1.72; p = 0.074). Additionally, the trend test
across tertiles showed a p-value of 0.082, suggesting the possibility of a
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nonlinear relationship (Table 2). Additionally, the restricted cubic spline
model indicated a nonlinear association between DII and all-cause
mortality (p = 0.021), with the overall association being significant (p <
0.001) (Figure 2). Threshold effect analysis further revealed that below a DII
of 2.19, there was a significant increase in all-cause mortality risk (HR=1.19,
95% CI: 1.07-1.33; p = 0.002), while at or above this threshold, the increase
in risk was not statistically significant (HR=0.89, 95% CI: 0.68-1.15; p =
0.380) (Table 3).

Kaplan-Meier curves

The Kaplan-Meier curves demonstrated the association between
DII and all-cause mortality in COPD patients. The lowest DII tertile
group (T1) exhibited the highest survival probability throughout the
follow-up period, whereas the highest DII tertile group (T3) showed
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TABLE 3 Threshold effect analysis of the relationship of DIl with all-
Cause Mortality.

DIl scores Adjusted model
HR (95% ClI) p-value
<2.19 1.19 (1.07-1.33) 0.002
>2.19 0.89 (0.68-1.15) 0.380
Log-likelihood ratio test 0.033

Adjusted for age, sex, race, marry, PIR, education level, smoking status, BMI, CVD,
Hypertension, Physical activity time.

a comparatively lower survival probability. The log-rank test revealed
a significant difference in survival curves among the three groups (p
<0.001; Figure 3).

Subgroup analysis

Figure 4 presents the results of subgroup analyses conducted across
various demographic and health-related factors, including sex, age,
educational attainment, smoking status, BMI, CVD, hypertension, and
DM. These subgroup evaluations indicate that the association between

Frontiers in Nutrition

DII and all-cause mortality in COPD patients remains consistent across
different subgroups, with no significant interactions observed (all
p-values > 0.05). This suggests that the relationship between DII and
all-cause mortality is not significantly influenced by the variables
studied. Notably, in the following specific subgroups, each unit increase
in DII was significantly associated with an elevated risk of all-cause
mortality: males (HR, 1.42; 95% CI: 1.00-2.03), individuals aged 20-60
years (HR, 2.40; 95% CI: 1.14-5.06), those with less than 12 years of
education (HR, 2.39; 95% CI: 1.35-4.22), non-smokers (HR, 2.30; 95%
CI: 1.06-5.00), individuals with a BMI below 25 kg/m® (HR, 2.32; 95%
CI: 1.36-3.97), and those without cardiovascular disease (HR, 1.66; 95%
CI: 1.10-2.51). In contrast, no statistically significant association was
observed between DII and all-cause mortality among females,
individuals over 60 years of age, those with more than 12 years of
education, smokers, those with a BMI of 25 kg/m? or higher, individuals
with cardiovascular disease, those with hypertension, or those with
diabetes (Figure 4).

Sensitivity analysis
To assess the robustness of the association between DII and

all-cause mortality in COPD patients, we conducted an E-value
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FIGURE 3
Kaplan-Meier survival curves for all-cause mortality according to Dietary DIl tertiles in COPD patients.

analysis. When DII was treated as a continuous variable, the E-value
was 1.43, indicating that any potential unmeasured confounders
would need to have at least a 1.43-fold association with both DII and
all-cause mortality to fully explain the observed association. Further
sensitivity analysis revealed that, among different DII tertiles, the HR
for the T2 group was 1.67, corresponding to an E-value of 2.73, while
the HR for the T3 group was 1.30, with an E-value of 1.92. These
findings suggest that the observed associations are relatively robust to
potential unmeasured confounding factors across different levels of
DII (Supplementary Figure 1 and Table 2).

Discussion

To our knowledge, this is the inaugural prospective study
examining the association between DII and all-cause mortality within
a substantial cohort of patients with COPD. Our findings reveal a
positive association between higher DII levels and increased mortality
risk, consistent across various subgroups, which highlights the
robustness of these outcomes. Additionally, a nonlinear relationship
and threshold effect between DII levels and mortality rates offer new
insights into their complex inter-action. Sensitivity analyses have
further substantiated these associations, diminishing the likelihood of
influence from unmeasured confounding factors. Collectively, these
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results suggest that the DII may serve as a crucial prognostic marker
for COPD, providing essential evidence for the formulation of dietary
guidelines to enhance COPD prognosis.

Our findings are consistent with several previous studies
supporting the association between dietary inflammation and
poor prognosis in COPD patients (13, 14, 33, 34). We observed
that higher DII scores were associated with increased all-cause
mortality in COPD patients, and a meta-analysis by Shivappa
et al. showed that higher DII scores were similarly associated with
increased all-cause mortality in the general population (13).
Although we found a statistically significant difference
(HR=1.10, p=0.002), the small risk difference suggests that its
clinical significance may be limited. Therefore, these results
should be interpreted with caution. Future large-scale studies
could help further validate these findings and explore the
underlying biological mechanisms. Another prospective study
also found that an elevated DII score was associated with an
increased risk of all-cause mortality in patients with
cardiovascular disease (33). In addition, a study in patients with
type 2 diabetes mellitus showed that high DII scores were
associated with elevated all-cause mortality and CVD mortality
(14). These findings suggest that dietary inflammation may be a
common factor influencing the prognosis of various chronic
diseases. Although some studies have reported inconsistent
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Subgroup :c:::i(gﬂz;ed patients/ gdsj;;t;d HR Subgroup lEJc::‘eti(gnl/:l)ed patients/ :;t;j;itle)d HR P for interaction
Sex Sex 0.829
Men Female
T1(-5.28-1.23) 148(36.7) 1(Ref) * T1(-5.28-1.23) 61(29.9) 1(Ref) *

T2(1.23-2.94) 164 (48.5) 1.42 (1.00~2.03) —— T2(1.23-2.94) 100 (37.3) 1.71(1.01~2.89) —_
T3(2.94-5.48) 126 (44.4) 1.15 (0.80~1.65) —— T3(2.94-5.48) 107 (33.1) 1.23(0.78~1.65) | ———
Agey Ageyy 0.336
20-60 >60
T1(-5.28-1.23) 25(12.3) 1(Ref) * T1(-5.28-1.23) 184 (45.5) 1(Ref) *
T2(1.23-2.94) 43 (19.9) 2.40 (1.14~5.06) ———————1  T2(1.23-294) 221(56.7) 1.49 (1.04~2.13) ——
T3(2.94-548) 46 (18.9) 1.79 (0.99~3.23) —_—— T3(2.94-5.48) 187 (51.5) 1.22(0.88~1.69) —_—
Education level,y Education level,y 0.932
<12 >12
T1(-5.28-1.23) 72(48.3) 1(Ref) * T1(-5.28-1.23) 137 (29.9) 1(Ref) *
T2(1.23-2.94) 97 (49.5) 1.78 (1.10~2.88) —_— T2(1.23-2.94) 167 (40.7) 1.52(1.05~2.21) —_——
T3(2.94-548) 112 (44.4) 1.34 (0.84~2.13) —_— T3(2.94-5.48)  121(34.1) 1.28(0.91~1.82) —_—
Smoking status Smoking status 0.717
NO Yes
T1(-5.28-1.23) 21(212) 1(Ref) * T1(-5.28-1.23) 188 (37) 1(Ref) *
T2(1.23-2.94) 26 (27.7) 2.30 (1.06~5.00) ————  T2(1.23-294) 238(46.5) 1.71(1.17~2.49) ——
T3(2.94-5.48)  23(25) 2.01(0.79~5.07) ————@———— T3(294-548) 210(40.8) 1.38(0.96~1.98) ——
BMI kg/m2 BMI,kg/m2 0.075
<25 225
T1(-5.28-1.23) 72(38.5) 1(Ref) * T1(-5.28-1.23) 137 (326) 1(Ref) *
T2(1.23-2.94) 97 (56.1) 2.39 (1.35~4.22) * T2(1.23-2.94) 167 (38.6) 1.33(0.91~1.95) —_——
T3(2.94-5.48) 84 (45.7) 2.18 (1.31~3.64) —— T3(2.94-5.48) 149(35.2) 1.08 (0.77~1.51) [ —
CVD CVvD 0.143
NO Yes
T1(-5.28-123) 118 (27.6) 1(Ref) * T1(-5.28-1.23) 91 (50.8) 1(Ref) *
T2(1.23-2.94) 150 (36.4) 1.66 (1.10~2.51) —— T2(1.23-294) 114 (58.8) 1.74(1.21~2.52) ——
T3(2.94-5.48) 130 (33.2) 1.54 (1.03~2.30) —— T3(294-5.48) 103 (47.7) 1.15(0.81~1.63) ——
Hypertension Hypertension 0.245
NO Yes
T1(-5.28-1.23) 58 (26.5) 1(Ref) * T1(-5.28-1.23) 151(38.9) 1(Ref) *
T2(1.23-294)  73(36.9) 2.32(1.36~3.97) —— T2(1.23-2.94) 191 (46.8) 1.39(0.97~1.99) ——
T3(2.94-5.48) 70 (30.4) 1.55 (0.89~2.69) —_—— T3(2.94-5.48) 163 (43.2) 1.21(0.86~1.70) —_—
DM DM 0.081
NO Yes
T1(-5.28-1.23) 141 (31.5) 1(Ref) * T1(-5.28-1.23) 68 (42.8) 1(Ref) *
T2(1.23-2.94) 176 (41.3) 1.85 (1.28~2.68) —— T2(1.23-2.94) 88(48.9) 1.21(0.76~1.95) —_—
T3(2.94-5.48) 155 (36.6) 1.63 (1.15~2.30) —— T3(2.94-5.48) 78 (42.4) 0.94(0.55~1.62) ———p——ri{
T 11 T T T T
0.50 1.0 2.02.5 0.50 1.0 2.0 2.5
Adjusted HR(95%CI) Adjusted HR(95%Cl)
FIGURE 4
Association between the dietary inflammatory index and all-cause mortality in COPD patients based on general characteristics. Except for the
stratification factor itself, the stratifications were adjusted for all variables (age, sex, race, marry, PIR, education level, smoking status, BMI, CVD,
hypertension, DM, Physical activity time).

results in the association between DII and mortality, these
differences may stem from differences in study design and
population characteristics (35). For example, while there are
studies involving a broader population (35), our study focused
specifically on patients with COPD. In addition, the larger sample
size and longer follow-up period of our study helped to identify
significant associations that may not have been apparent in
smaller or shorter-term studies. Notably, previous studies have
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delved into the relationship between dietary inflammation and
the risk and severity of COPD (8, 36). For example, Scoditti et al.
found that higher DII scores were associated with an increased
risk of developing COPD (8). Another study emphasized that an
elevated DII score was associated with an increased risk of lung
function deterioration and acute exacerbation in COPD patients
(36). These findings echo our study and further elucidate how
dietary inflammation may affect the long-term prognosis of
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COPD patients. In conclusion, our study confirms the results of
most of the existing literature and emphasizes the critical role of
addressing dietary inflammation in management strategies for
patients with COPD. Future studies should further explore the
potential benefits of dietary interventions in improving the
COPD elucidate  the
mechanisms involved.

prognosis  of patients  and

Our study revealed that elevated DII scores were associated with
increased all-cause mortality in patients with COPD. The DII assesses
the overall dietary inflammatory load by measuring the inflammatory
potential of 45 dietary nutrients and components (15). The chronic
inflammatory characteristics of COPD include inflammatory cell
infiltration and elevated levels of inflammatory mediators, leading to
airway remodeling and lung parenchymal destruction (5). Higher DII
scores suggest that the diet tends to be pro-inflammatory. The onset and
progression of COPD are intrinsically linked to chronic inflammation
(5). A pro-inflammatory diet may adversely affect the prognosis of
COPD through multiple pathways: direct activation of inflammatory
signaling pathways, such as NF-kB and MAPK, which exacerbate the
systemic inflammatory load (37); alteration of the intestinal flora, and
dysbiosis has been shown to be associated with systemic inflammation
and COPD-related complications (38); and increase in oxidative stress
and suppression of immune function, which may further exacerbate the
condition of COPD (39). A high-DII diet may exacerbate COPD-related
inflammation by activating pro-inflammatory signaling pathways such
as NF-kB, increasing oxidative stress, and inducing gut microbiota
dysbiosis (37). In contrast, a low-DII diet can exert anti-inflammatory
effects by providing antioxidants, omega-3 polyunsaturated fatty acids,
and maintaining gut microbiota balance (40).

In exploring the nonlinear relationship and threshold effect between
DII and all-cause mortality, we found that when the DII score falls below
2.19, the mortality risk in COPD patients significantly increases. This
finding suggests that varying levels of diet-induced inflammation may
have different impacts on COPD prognosis. We hypothesize that a DII
score close to 2.19 may represent a beneficial level of inflammation that
aids in the management of COPD, while scores below or above this
threshold may indicate a detrimental inflammatory state, potentially
accelerating disease progression. This hypothesis aligns with the
pathophysiological characteristics of COPD, where chronic inflammation
leads to airway remodeling and destruction of lung parenchyma (40),
whereas a moderate inflammatory response can help repair damaged
tissue and defend against infections (41). However, this explanation
requires further research, such as investigating changes in inflammatory
markers across different DII levels.

In discussing the modifying factors that influence the
prognostic impact of dietary inflammation in COPD, we note that
subgroup analyses revealed that factors such as education level,
smoking status, BMI, and cardiovascular and metabolic status may
in-fluence the association between DII and mortality. These findings
are consistent with the pathogenesis and prognostic factors of
COPD. Epidemiologic studies have shown that smoking, obesity,
and cardiovascular and metabolic diseases are important risk
factors and prognostic indicators for COPD (10, 42). A high DII
diet may indirectly affect COPD prognosis by exacerbating these
factors (43). In addition, education level influences health awareness
and behavior, which in turn affects disease management and
prognosis (43). In conclusion, the relationship between dietary
inflammation and COPD prognosis is moderated by a variety of
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factors, and clinicians should develop individualized dietary
guidelines based on these factors.

Our study has several limitations. First, the retrospective cohort
design makes it challenging to fully eliminate confounding bias and
establish causality. Second, the reliance on participant recall for dietary
assessment may introduce recall bias, and changes in dietary habits during
follow-up were not considered. Third, the DII calculation included only
28 of the 45 originally proposed dietary parameters due to data availability,
which may affect the precision of the inflammatory potential assessment.
However, previous studies have validated the use of subsets of these
parameters (23). Additionally, due to the limited availability of pulmonary
function data, particularly post-bronchodilator measurements, and the
low prevalence of certain medications with no significant differences
across DII strata, these factors were not included as confounders in the
analysis. Furthermore, although we found a statistically significant
association between DII and all-cause mortality in COPD patients, the
small risk difference, due to the limitations of sample size and follow-up
duration, suggests that the clinical significance may be limited. Therefore,
future prospective studies should include larger sample sizes and longer
follow-up periods to enhance the generalizability and applicability of the
results, and to further explore the causal relationship between dietary
inflammation and COPD prognosis. Finally, like other observational
studies, residual or unknown confounding effects cannot be completely
ruled out. Future prospective studies with comprehensive confounder
adjustment, more accurate dietary assessment, and inclusion of all 45 DII
parameters are needed to further investigate the causal link between
dietary inflammation and COPD prognosis.

Conclusion

After adjusting for multiple variables, we found a significant
non-linear positive correlation between DII and all-cause mortality
in COPD patients. When DII was below 2.19, the risk of all-cause
mortality increased significantly, while above this threshold, the
risk increase was not significant. This finding suggests that
excessively low DII may be associated with a higher mortality risk
in COPD patients. These results emphasize the potential value of
monitoring and evaluating DII in preventing mortality among
COPD patients, and indicate that maintaining a moderate level of
inflammation might be necessary to optimize COPD prognosis.
However, this hypothesis requires further research for validation.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by the Institutional
Review Board of the NCHS. The studies were conducted in accordance
with the local legislation and institutional requirements. The
participants provided their written informed consent to participate in
this study.

frontiersin.org


https://doi.org/10.3389/fnut.2024.1421450
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Tian et al.

Author contributions

T-LT: Conceptualization, Formal analysis, Investigation,
Methodology, Resources, Software, Validation, Writing - original
draft, Writing - review & editing. T-yZ: Data curation, Methodology,
Writing - original draft, Writing - review & editing. M-LX:
Methodology, Project administration, Software, Supervision, Writing
- review & editing, Writing - original draft. Y-LJ: Funding acquisition,
Project administration, Resources, Supervision, Writing — review &
editing, Writing - original draft. X-KQ: Conceptualization, Data
curation, Investigation, Methodology, Project administration,

Resources, Writing - review & editing, Writing - original draft.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by the School Fund of Anhui Medical University (project
no. 2023xkj199), and the Graduate Student Research Innovation
Program of Bengbu Medical College (project no. Byycx23138).

Acknowledgments

We sincerely thank Dr. Huan Xian Liu from the Department
of Neurology, Chinese PLA General Hospital, for his valuable

References

1. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and
injuries in 204 countries and territories, 1990-2019: a systematic analysis for the global
burden of disease study 2019. Lancet. (2020) 396:1204-22. doi: 10.1016/
$0140-6736(20)30925-9

2. Croft JB, Wheaton AG, Liu Y, Xu F, Lu H, Matthews KA, et al. Urban-Rural County
and state differences in chronic obstructive pulmonary disease—United States, 2015.
MMWR Morb Mortal Wkly Rep. (2018) 67:205-11. doi: 10.15585/mmwr.mm6707al

3. Centers for Disease Control and Prevention. Chronic obstructive pulmonary
disease (COPD). Available at: https://www.cdc.gov/copd/index.html (accessed on 14
December 2023)

4. Rabe KF, Watz H. Chronic obstructive pulmonary disease. Lancet. (2017)
389:1931-40. doi: 10.1016/S0140-6736(17)31222-9

5. Barnes PJ. Inflammatory mechanisms in patients with chronic obstructive pulmonary
disease. J Allergy Clin Immunol. (2016) 138:16-27. doi: 10.1016/j.jaci.2016.05.011

6. Barnes PJ. Inflammatory endotypes in COPD. Allergy. (2019) 74:1249-56. doi:
10.1111/all.13760

7. Singh D, Agusti A, Anzueto A, Barnes PJ, Bourbeau ], Celli BR, et al. Global strategy
for the diagnosis, management, and prevention of chronic obstructive lung disease: the
GOLD science committee report 2019. Eur Respir J. (2019) 53:1900164. doi:
10.1183/13993003.00164-2019

8. Scoditti E, Massaro M, Garbarino S, Toraldo DM. Role of diet in chronic obstructive
pulmonary disease prevention and treatment. Nutrients. (2019) 11:1357. doi: 10.3390/
null061357

9. Zheng PE, Shu L, Si CJ, Zhang XY, Yu XL, Gao W. Dietary patterns and chronic
obstructive pulmonary disease: a Meta-analysis. COPD ] Chronic Obstr Pulm Dis. (2016)
13:515-22. doi: 10.3109/15412555.2015.1098606

10. Kaluza J, Larsson SC, Orsini N, Linden A, Wolk A. Fruit and vegetable
consumption and risk of COPD: a prospective cohort study of men. Thorax. (2017)
72:500-9. doi: 10.1136/thoraxjnl-2015-207851

11. Varraso R, Chiuve SE, Fung TT, Barr RG, Hu FB, Willett WC, et al. Alternate
healthy eating index 2010 and risk of chronic obstructive pulmonary disease among US
women and men: prospective study. BMJ. (2015) 350:h286. doi: 10.1136/bmj.h286

12. Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and developing
a literature-derived, popula-tion-based dietary inflammatory index. Public Health Nutr.
(2014) 17:1689-96. doi: 10.1017/S1368980013002115

Frontiers in Nutrition

11

10.3389/fnut.2024.1421450

guidance in data extraction and insightful suggestions during the
manuscript review, which significantly improved the quality of
our work.

Conflict of interest

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

Publisher’s note

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

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1421450/
full#supplementary-material

13. Shivappa N, Godos J, Hébert JR, Wirth MD, Piuri G, Speciani AF, et al. Dietary
inflammatory index and cardiovascular risk and mortality-a Meta-analysis. Nutrients.
(2018) 10:200. doi: 10.3390/nu10020200

14. Denova-Gutiérrez E, Mufioz-Aguirre P, Shivappa N, Hébert JR, Tolentino-Mayo L, Batis
C, et al. Dietary inflammatory index and type 2 diabetes mellitus in adults: the diabetes
mellitus survey of Mexico City. Nutrients. (2018) 10:385. doi: 10.3390/nu10040385

15. Fan Y, Jin X, Man C, Gao Z, Wang X. Meta-analysis of the association between the
inflammatory potential of diet and colorectal cancer risk. Oncotarget. (2017)
8:59592-600. doi: 10.18632/oncotarget.19233

16. Han YY, Forno E, Shivappa N, Wirth MD, Hébert JR, Celedén JC. The dietary
inflammatory index and current wheeze among children and adults in the United States.
J Allergy Clin Immunol Pract. (2018) 6:834-841.e2. doi: 10.1016/j.jaip.2017.12.029

17. Matsuyama W, Mitsuyama H, Watanabe M, Oonakahara K, Higashimoto I, Osame
M, et al. Effects of omega-3 polyunsaturated fatty acids on inflammatory markers in
COPD. Chest. (2005) 128:3817-27. doi: 10.1378/chest.128.6.3817

18. Ingadottir AR, Beck AM, Baldwin C, Weekes CE, Geirsdottir OG, Ramel A, et al.
Two components of the new ESPEN diagnostic criteria for malnutrition are independent
predictors of lung function in hospitalized patients with chronic obstructive pulmonary
disease (COPD). Clin Nutr. (2018) 37:1323-31. doi: 10.1016/j.cInu.2017.05.031

19. NHANES. National Health and nutrition examination survey homepage. (2023).
Available at: https://www.cdc.gov/nchs/nhanes/ (Accessed December 14, 2023).

20. National Center for Health Statistics. Centers for Disease Control and Prevention
NCHS research ethics review board (ERB) approval. Available at: https://www.cdc.gov/
nchs/nhanes/irba98.htm (Accessed December 14, 2023).

21. Wang X, Wen J, Gu S, Zhang L, Qi X. Frailty in asthma-COPD overlap: a cross-
sectional study of association and risk factors in the NHANES database. BMJ Open
Respir Res. (2023) 10:¢001713. doi: 10.1136/bmjresp-2023-001713

22. Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. A population-based
dietary inflammatory index predicts levels of C-reactive protein in the seasonal variation
of blood cholesterol study (SEASONS). Public Health Nutr. (2014) 17:1825-33. doi:
10.1017/S1368980013002565

23. Park YMM, Steck SE, Fung TT, Merchant AT, Elizabeth JC, Sandler DP. Dietary
inflammatory potential and risk of mortality in metabolically healthy and unhealthy
phenotypes among overweight and obese adults. Clin Nutr. (2019) 38:682-8. doi:
10.1016/j.clnu.2018.04.002

frontiersin.org


https://doi.org/10.3389/fnut.2024.1421450
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2024.1421450/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1421450/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.15585/mmwr.mm6707a1
https://www.cdc.gov/copd/index.html
https://doi.org/10.1016/S0140-6736(17)31222-9
https://doi.org/10.1016/j.jaci.2016.05.011
https://doi.org/10.1111/all.13760
https://doi.org/10.1183/13993003.00164-2019
https://doi.org/10.3390/nu11061357
https://doi.org/10.3390/nu11061357
https://doi.org/10.3109/15412555.2015.1098606
https://doi.org/10.1136/thoraxjnl-2015-207851
https://doi.org/10.1136/bmj.h286
https://doi.org/10.1017/S1368980013002115
https://doi.org/10.3390/nu10020200
https://doi.org/10.3390/nu10040385
https://doi.org/10.18632/oncotarget.19233
https://doi.org/10.1016/j.jaip.2017.12.029
https://doi.org/10.1378/chest.128.6.3817
https://doi.org/10.1016/j.clnu.2017.05.031
https://www.cdc.gov/nchs/nhanes/
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://doi.org/10.1136/bmjresp-2023-001713
https://doi.org/10.1017/S1368980013002565
https://doi.org/10.1016/j.clnu.2018.04.002

Tian et al.

24. Skopp NA, Smolenski DJ, Schwesinger DA, Johnson CJ, Metzger-Abamukong MJ,
Reger MA. Evaluation of a methodology to validate National Death Index Retrieval
Results among a cohort of U.S. service members. Ann Epidemiol. (2017) 27:397-400.
doi: 10.1016/j.annepidem.2017.05.004

25.Yi J, Wang L, Guo X, Ren X. Association of Life's essential 8 with all-cause and
cardiovascular mortality among US adults: a prospective cohort study from the
NHANES 2005-2014. Nutr Metab Cardiovasc Dis. (2023) 33:1134-43. doi: 10.1016/].
numecd.2023.01.021

26. Sun SN, Mao X, Shivappa N, Hébert JR, Lai H, Wu D, et al. Association between dietary
inflammatory index with all-cause and cardiovascular disease mortality among older US
adults: a longitudinal cohort study among a Na-tionally representative sample. Arch Gerontol
Geriatr. (2024) 118:105279. doi: 10.1016/j.archger.2023.105279

27. Tang H, Zhang D, Tan X, Wang X, Li Q, Sun H, et al. Association of Dietary Live
Microbes and Nondietary Prebiotic/probiotic intake with cognitive function in older
adults: evidence from NHANES. J Gerontol A Biol Sci Med Sci. (2024) 79:glad175. doi:
10.1093/gerona/glad175

28.Peng H, Yeh E, Lee ET, Best LG, Cole SA, Ali T, et al. Plasminogen activator
Inhibitor-1 is associated with leukocyte telomere length in American Indians: findings
from the strong heart family study. ] Thromb Haemost. (2017) 15:1078-85. doi: 10.1111/
jth.13689

29. Yun L, Berry TR, Holt NL, Pelletier LG. Political orientation and public attributions
for the causes and solutions of physical inactivity in Canada: implications for policy
support. Front Public Health. (2019) 7:153. doi: 10.3389/fpubh.2019.00153

30. Wang J, Zhang Y, Zhang H, Chen X, Jiang Y, Gao Z. Associations of the dietary
magnesium intake and magnesium depletion score with osteoporosis among American
adults: data from the National Health and nutrition examination survey. Front Nutr.
(2022) 9:883264. doi: 10.3389/fnut.2022.883264

31. VanderWeele TJ, Ding P. Sensitivity analysis in observational research: introducing
the E-value. AnnlnternMed. (2017) 167:268-74. doi: 10.7326/M16-2607

32. Haneuse S, VanderWeele TJ, Arterburn D. Using the E-value to assess the potential
effect of unmeasured confounding in observational studies. JAMA. (2019) 321:602-3.
doi: 10.1001/jama.2018.21554

33. Bondonno NP, Lewis JR, Blekkenhorst LC, Shivappa N, Woodman RJ, Bondonno
CP, et al. Dietary inflammatory index in relation to sub-clinical atherosclerosis and

Frontiers in Nutrition

12

10.3389/fnut.2024.1421450

atherosclerotic vascular disease mortality in older women. Br ] Nutr. (2017)
117:1577-86. doi: 10.1017/S0007114517001520

34.Byrd DA, Judd SE, Flanders WD, Hartman TJ, Fedirko V, Bostick RM.
Development and validation of novel dietary and lifestyle inflammation scores. ] Nutr.
(2019) 149:2206-18. doi: 10.1093/jn/nxz165

35. Phillips CM, Chen LW, Heude B, Bernard JY, Harvey NC, Duijts L, et al. Dietary
inflammatory index and non-communicable disease risk: a narrative review. Nutrients.
(2019) 11:1873. doi: 10.3390/nu11081873

36. Ardestani ME, Onvani S, Esmailzadeh A, Feizi A, Azadbakht L. Adherence to
dietary approaches to stop Hyperten-Sion (DASH) dietary pattern in relation to chronic
obstructive pulmonary disease (COPD): a case-control study. ] Am Coll Nutr. (2017)
36:549-55. doi: 10.1080/07315724.2017.1326858

37. Halper-Stromberg E, Yun JH, Parker MM, Singer RT, Gaggar A, Silverman EK,
et al. Systemic markers of adaptive and innate immunity are associated with chronic
obstructive pulmonary disease severity and Spirometric disease progression. Am J Respir
Cell Mol Biol. (2018) 58:500-9. doi: 10.1165/rcmb.2017-03730C

38. Zinellu E, Zinellu A, Fois AG, Carru C, Pirina P. Circulating biomarkers of
oxidative stress in chronic obstructive pulmonary disease: a systematic review. Respir
Res. (2016) 17:150. doi: 10.1186/s12931-016-0471-z

39. Calder PC. Omega-3 polyunsaturated fatty acids and inflammatory processes:
nutrition or pharmacology? Br ] Clin Pharmacol. (2013) 75:645-62. doi:
10.1111/j.1365-2125.2012.04374.x

40.Hogg JC, Timens W. The pathology of chronic obstructive pulmonary disease.
Annu  Rev Pathol Mech Dis. (2009) 4:435-59. doi: 10.1146/annurev.
pathol.4.110807.092145

41. Solleiro-Villavicencio H, Quintana-Carrillo R, Falfan-Valencia R, Vargas-Rojas
MI. Chronic obstructive pulmonary disease induced by exposure to biomass smoke is
associated with a Th2 cytokine production profile. Clin Immunol. (2015) 161:150-5. doi:
10.1016/j.clim.2015.07.009

42. Mannino DM, Buist AS. Global burden of COPD: risk factors, prevalence, and
future trends. Lancet. (2007) 370:765-73. doi: 10.1016/S0140-6736(07)61380-4

43.Eisner MD, Blanc PD, Omachi TA, Yelin EH, Sidney S, Katz PP, et al
Socioeconomic status, race and COPD health outcomes. ] Epidemiol Community Health.
(2011) 65:26-34. doi: 10.1136/jech.2009.089722

frontiersin.org


https://doi.org/10.3389/fnut.2024.1421450
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.annepidem.2017.05.004
https://doi.org/10.1016/j.numecd.2023.01.021
https://doi.org/10.1016/j.numecd.2023.01.021
https://doi.org/10.1016/j.archger.2023.105279
https://doi.org/10.1093/gerona/glad175
https://doi.org/10.1111/jth.13689
https://doi.org/10.1111/jth.13689
https://doi.org/10.3389/fpubh.2019.00153
https://doi.org/10.3389/fnut.2022.883264
https://doi.org/10.7326/M16-2607
https://doi.org/10.1001/jama.2018.21554
https://doi.org/10.1017/S0007114517001520
https://doi.org/10.1093/jn/nxz165
https://doi.org/10.3390/nu11081873
https://doi.org/10.1080/07315724.2017.1326858
https://doi.org/10.1165/rcmb.2017-0373OC
https://doi.org/10.1186/s12931-016-0471-z
https://doi.org/10.1111/j.1365-2125.2012.04374.x
https://doi.org/10.1146/annurev.pathol.4.110807.092145
https://doi.org/10.1146/annurev.pathol.4.110807.092145
https://doi.org/10.1016/j.clim.2015.07.009
https://doi.org/10.1016/S0140-6736(07)61380-4
https://doi.org/10.1136/jech.2009.089722

	Dietary inflammatory index and all-cause mortality in adults with COPD: a prospective cohort study from the NHANES 1999–2018
	Introduction
	Materials and methods
	Study design and participants
	Definitions of COPD
	Measurement of DII
	Mortality ascertainment
	Covariates assessment
	Statistical analyses

	Results
	Baseline characteristics
	Associations between DII and all-cause mortality in COPD
	Kaplan-Meier curves
	Subgroup analysis
	Sensitivity analysis

	Discussion
	Conclusion

	 References

