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Abstract

Inflammation is a central mechanism in metabolic disorders associated with morbidity and mortality and dietary factors can modulate inflam-
mation. We aimed to prospectively investigate the association between an empirically developed, food-based dietary inflammatory pattern
(EDIP) score and the risk of overall and cause-specific mortality, using data from the US National Health and Nutrition Examination Survey
from 1999 to 2014. EDIP score was derived by entering thirty-nine predefined commonly consumed food groups into the reduced rank regres-
sion models followed by stepwise linear regression, which was most predictive of two plasma inflammation biomarkers including C-reactive
protein and leucocyte count among 25 500 US adults. This score was further validated in a testing set of 9466 adults. Deaths from baseline until 31
December 2015 were identified through record linkage to the National Death Index. During a median follow-up of 7-8 years among 40 074
participants, we documented 4904 deaths. Compared with participants in the lowest quintile of EDIP score, those in the highest quintile
had a higher risk of overall death (hazard ratio (HR) =1-19, 95 % CI 108, 1:32, Pyeng = 0-002), and deaths from cancer (HR = 1-41, 95 % CI
1-14, 1-74, Pyena = 0-017) and CVD (HR =122, 95 % CI 0-98, 1-53, Pyena = 0-211). When stratified by age, the association of EDIP with overall
mortality was stronger among individuals under 65 years of age (Pyyeracion = 0-001). Diets with a higher inflammatory potential were associated
with increased risk of overall and cancer-specific mortality. Interventions to reduce the adverse effect of pro-inflammatory diets may potentially
promote health and longevity.
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Chronic inflammation has been demonstrated as a central
mechanism in metabolic disorders associated with morbidity
and mortality. Circulating concentrations of multiple inflam-
mation biomarkers, such as C-reactive protein (CRP), IL-6 and
TNF-a receptor 2, have been prospectively associated with risk
of mortality>=". Diet is a major modifiable risk factor for chronic
diseases and has been shown to modulate inflammation®?.
However, it remains uncertain whether the pro-inflammatory
potential of habitual diet is associated with increased risk of
all and cause-specific mortality.

Dietary analysis approaches that directly measure the inflam-
mation potential of diet represent the most efficient tools for
large-scale observational studies of the role of diet quality
regarding its potential to influence both inflammation and health
outcomes. Recently, an empirically derived dietary inflammatory
pattern (EDIP) score was developed to summarise the associa-
tion between dietary factors and inflammation biomarkers
(CRP, IL-6 and TNF-a receptor 2) using reduced rank regression
(RRR) and was further validated to have a high ability to predict
inflammation biomarkers in three Harvard cohorts"?. Previous

Abbreviations: CRP, C-reactive protein; DII, dietary inflammatory index; EDIP, empirical dietary inflammatory pattern; HR, hazard ratio; hs-CRP, high-sensitivity
C-reactive protein; NHANES, National Health and Nutrition Examination Survey; RRR, reduced rank regression.
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studies including research from our group showed that the EDIP
score was associated with high risk of development of several
chronic diseases including CVD"?, cancers"*'% and type 2 dia-
betes">. However, there have been no epidemiological studies
regarding the association between EDIP and mortality risk,
though some studies'*2% have investigated the risk of mortality
in relation to a literature-derived dietary inflammatory index
(DID. DII is an a priori dietary pattern (i.e. its development is
based on the peer-reviewed articles on the association between
dietary factors and inflammation), which is mainly nutrient-
based (i.e. thirty-eight of its forty-five components are
nutrients)®”. In contrast, EDIP is an a posteriori dietary pattern
(i.e. its development is data-driven and focused on identifying a
dietary pattern predictive of inflammation biomarkers), which is
based exclusively on food groups to closely reflect a real-life
setting. Also, the EDIP score"”’ was derived based on the pop-
ulations under study, which are comprised mostly of European-
American health professionals.

Therefore, we (1) re-developed and validated EDIP score in a
large nationally representative sample from the US National
Health and Nutrition Examination Survey (NHANES) and (2)
prospectively investigated the association between adherence
to EDIP and risk of overall and cause-specific deaths among
US adults.

Methods
Study population

This is a longitudinal study using data from the NHANES. The
NHANES is a survey executed by the Centers for Disease
Control and Prevention and the National Centers for Health
Statistics to monitor the health of a representative sample of
about 5000 persons in the USA every year and available to the
public. Details on NHANES study design, study protocol and
data collection methods have been described elsewhere®.
Participants included in the study aged 18 years or older who
at least completed one 24-h dietary recall during the eight cycles
of NHANES from 1999 to 2014. We excluded individuals with
implausible energy intake (< 2510 or>14 644 kcal/d for
women; < 3347 or > 17 573 kcal/d for men, n 2507) or without
linked mortality data (72 52). A total of 40 074 participants (20 984
women and 19 090 men) were included in the final analysis.

Assessments of diet, inflammatory markers and empirical
dietary inflammatory pattern score

In NHANES, diet was assessed using 24-h recalls by a trained
interviewer, with the use of a computer-assisted dietary inter-
view system (i.e. the Multiple-Pass Method)®. From 1999 to
2002, only a single dietary recall was performed in-person in
the NHANES Mobile Examination Center. Since 2003, partici-
pants had two 24-h dietary interviews, with the second one being
conducted by telephone 3-10 d after the first recall in the Mobile
Examination Center, to obtain a more complete picture of the
usual dietary habits. Considering the dietary interview-specific
non-response and day of the week for dietary recalls, a multi-
stage, unequal probability of selection design (.e. dietary

sampling weights) was applied. Details on other quality control
on dietary interview were described elsewhere 30,

CRP, high-sensitivity CRP (hs-CRP) and leucocyte count were
available in most cycles of NHANES survey, and all have been
considered as reliable biomarkers of chronic inflammation in
large-scale epidemiological studies!%31:32, Besides, the leuco-
cyte count was shown to be significantly positively associated
with DII score in the NHANES®®. Therefore, we used these
markers for the development of EDIP in the present study.
Other biomarkers including IL-18, IL-4, IL-6, IL-10 and TNF-a
receptor 2, which were used for the development of EDIP1?
and DII?” previously, were not available in the NHANES.
Laboratory methods of assessing fasting concentrations of glu-
cose, CRP, hs-CRP and leucocyte count were reported in detail
elsewhere?83%,

To develop EDIP score, we used NHANES data from 1999 to
2010 as a training set, and data from 2015 to 2018 as a validation
set. Participants were excluded if they were younger than 18
years, or had missing data on diet and inflammation biomarkers
(hs-CRP or CRP, and leucocyte count), or had circulating CRP
concentrations > 10 mg/1, which may have been due to infection
or medication use. A total of 25 500 and 9466 participants were
included in the training and validation set, respectively (online
Supplementary Fig. S1). To reduce departures from the normal
distribution, all inflammation biomarker levels were natural log-
arithm (loge) transformed.

We used RRR to derive EDIP predictive of two inflammatory
biomarkers: CRP and leucocyte count, by entering thirty-nine
predefined commonly consumed foods in the USA (online
Supplementary Table S1), which were similar to those in
Tabung’s version of EDIP!'?, RRR can identify linear functions
of predictors (i.e. food groups) that simultaneously explain as
much response variation of inflammation biomarkers as pos-
sible. The first factor (i.e. the RRR dietary pattern) identified
by RRR then underwent further data reduction by stepwise linear
regression to identify the most important component food
groups of the RRR dietary pattern, with the RRR dietary pattern
as the dependent variable, the thirty-nine food groups as inde-
pendent variables, and a significance level of P=0-01 for entry
into, and retention in the model. We used regression coefficients
from the final step of the regression as component weights.
Higher EDIP scores (more positive) indicate more pro-inflamma-
tory potential while lower (more negative) scores indicate anti-
inflammatory potential of diets.

We also conducted several sensitivity analyses to test the
robustness of the current EDIP score, and created three alterna-
tive versions of the EDIP (see online Supplementary Materials).
The first alternative version was derived using 2003-2010
NHANES data, in which most participants (89-6 %) with two valid
24-h dietary recalls. In the second version, allowing for possibly
different health effect of caffeinated and decaffeinated coffee,
total coffee consumption was classified as caffeinated and decaf-
feinated coffee, and was separately entered into the model. The
third version also distinguished caffeinated and decaffeinated
coffee, but was developed using data from 2003-2010
NHANES with most individuals completed two 24-h dietary
interviews.
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In the validation phase, the correlations between the derived
EDIP scores and the construct validators of the EDIP (hs-CRP and
leucocyte count) were calculated. We also tested the ability of
the dietary indices to predict inflammatory markers in the valida-
tion set; we modelled age-adjusted and multivariable-adjusted
(i.e. adjusted for age, sex, race/ethnicity, physical activity, smok-
ing and some inflammation-related chronic diseases such as dia-
betes, cancer and CHD) linear regression to calculate relative
concentrations of biomarkers (i.e. the relative differences in
plasma concentration of hs-CRP and leucocyte count between
higher index quintiles and the lowest quintile as reference).

Ascertainments of covariates

Standardised questionnaires were administrated through house-
hold interview to collect demographic and lifestyle factors,
including age, sex, race/ethnicity, educational level, income,
smoking and physical activity. Alcohol intake, body weight
and height were obtained from participants who received physi-
cal examinations in the NHANES Mobile Examination Center.
BMI was calculated as weight in kilograms divided by the square
of the height in metres (kg/m?). Family income was measured as
the ratio of family income to poverty. Physical activity was cal-
culated by summarising activities every week and was expressed
in metabolic equivalent tasks-hours/week. Histories of cancer
and diabetes were defined if individuals reported that they
had ever been told by a health care professional that they had
such diseases and/or to take prescribed medications due to
the diseases. Additionally, patients with diabetes were identified
if they had a fasting plasma glucose level > 126 mg/dl.

Ascertainments of deaths

Deaths and causes of death were identified via record linkage to
the National Death Index through 31 December 2015. In this
analysis, cause-specific mortality was defined using the 10th
revision of the International Classification of Diseases (ICD-
10). Deaths from major CVD include deaths from diseases of
heart (ICD-10 codes 100-109, 111, 113, 120-I51) and cerebro-
vascular diseases (I60-169). Death from cancer was defined as
code C00-97.

Ethics approval

The National Centers for Health Statistics approved the NHANES
study protocol, and the written informed consent was obtained
from all participants. The Institutional Review Board at Anhui
Medical University determined that this analysis used public
dataset, so human subjects’ approval was waived.

Statistical analysis

Person-years were calculated from the date of interview to the
date of death or the end of the follow-up (31 December
2015), whichever came first. We used the multivariable Cox pro-
portional hazards regression model to estimate the hazard ratios
(HR) and 95 % CI of deaths associated with EDIP score. The
model was stratified simultaneously by age and year of survey,
enabling the finest possible control of confounding for age and
secular trends. Model 1 was adjusted for age (years), year of

survey, sex and total energy intake. Model 2 was further adjusted
for race/ethnicity, education, marital status, ratio of family
income to poverty, physical activity and smoking. Selection of
these variables for adjustment was based on observed baseline
incomparability (see table for distribution of the baseline charac-
teristics) and the previously established risk factors for the out-
comes (overall, cancer and CVD mortality). We additionally
adjusted for BMI and diabetes in model 3, considering that dia-
betes and BMI might be possible intermediates in the association
between inflammatory potential of diet and death risk. A missing
value indicator was created for each covariate in the models. We
presented HR by quintile categories and per 1-sp increase of
EDIP, and linear trend test was conducted by assigning medians
to each quintile as continuous variable in the models. The dose—
response relationship of EDIP with mortality risk was assessed
using restricted cubic spline regression.

Subgroup analysis and the potential for effect modification
were tested for the associations between EDIP score and death
risk by age, sex, race/ethnicity, education level, ratio of family
income to poverty, smoking status, physical activity, BMI, diabe-
tes and marital status. We used Wald test to examine whether the
cross-product terms between these variables and exposures
were statistically significant.

In the secondary analysis, accounting for the influence of
potential bias from reverse causality, we conducted a sensitivity
analysis by excluding participants with follow-up time less than 3
years. We also repeated analyses within participants who are
free of CVD and cancer at baseline. Besides, we performed a sen-
sitivity analysis within participants who had two 24-h dietary
interviews, considering that a single 24-h recall may not reflect
usual diet. To reduce measurement errors, we also repeated
analysis utilising EDIP score adjusted for total energy intake
using residual model®. Because of many tests being con-
ducted, we used the Bonferroni correction to define the statisti-
cal significance as P < 0-0025 (0-05/20 subgroups) for subgroup
analysis to account for multiple comparisons. All statistical tests
were two-sided and performed using SAS version 9.4 (SAS
Institute Inc).

Results

Development of empirical dietary inflammatory pattern
score

The flow chart of how we developed and validated the EDIP
score was shown in online Supplementary Fig. S1. A total of
twenty-five food intake components were included in EDIP,
including eight pro-inflammatory (i.e. regular carbonated drinks,
low energy carbonated drinks, high fat dairy, low fat dairy, tea,
coffee, margarine and eggs) and seventeen anti-inflammatory
foods (i.e. poultry, dark meat fish, dark-yellow vegetables,
leafy-green vegetables, wine, snacks, fruits, pizza, nuts, sweets
desserts, whole grains, refined grains, oil and vinegar salad
dressing, condiments, other vegetables, regular fruit drinks
and beer). In sensitivity analysis, three alternative versions of
EDIP were developed, their component food groups were sim-
ilar to those in the current version (online Supplementary Table
S2). In the validation set, the EDIP score and its three alternative
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versions showed a significant weak correlation with the concen-
trations of hs-CRP and leucocyte count, with the same spearman
correlation coefficients of 0-13 for hs-CRP and 0-14 for leucocyte
count (online Supplementary Table S3). In both age- and multi-
variable-adjusted models, the EDIP was significantly associated
with concentrations of the two biomarkers (hs-CRP and leuco-
cyte count), with a statistically significant linear trend for each
biomarker across quintiles of the EDIP (all Pyeng < 0-001), indi-
cating that the current EDIP has a high ability to predict dietary
inflammatory potential (Table 1).

Baseline characteristics of participants

After a median follow-up of 7-8 years among 40 074 participants
who aged 18-85 years (mean age, 47-3 years; (sb 19-4) years), a
total of 4904 deaths including 1029 CVD-specific deaths and
1068 cancer-specific deaths were identified. EDIP scores ranged
from a median of —0-23 (interquartile range: —0-32 to —0-18) in
lowest quintile to 0-19 (interquartile range: 0-15-0-26) in the
highest quintile. Compared to participants with lower EDIP
scores, those in the highest quintile were less educated, tended
to be widowed or divorced or separated, had lower ratio of fam-
ily income to poverty, were less active, had higher BMI and were
more likely to be current smokers and have a history of diabetes
(Table 2).

Association between empirical dietary inflammatory
pattern and risk of mortality

After adjusting for potential confounders, participants with
higher EDIP scores had an increased risk of total mortality
(the highest ». lowest quintile of EDIP scores: HR =119, 95 %
Cl 1-08-1:32, Puepna=0-002) and cancer-specific mortality
(HR = 141,95 % CI 1-14, 174, Pyepa = 0-017, Table 3). We found
a positive association between adherence to EDIP and CVD-spe-
cific mortality with borderline significance (HR per 1-sb increase
=106, 95% CI 0:99, 1-14, Pyena across quintiles of EDIP
score =0-211).

In the secondary analysis, these positive associations were
not essentially changed after exclusion of participants with fol-
low-up years less than 3 (n 6176, 15-4 %), or after exclusion of
individuals who were suffering from CVD or cancer at baseline
(n 6716, 16-8 %), or after exclusion of participants with a single
24-h dietary recall (n 12 494, 31-2 %). Likewise, the results were
similar to those in the main analysis when we used energy-
adjusted EDIP score in the Cox regression models (online
Supplementary Table S4). Restricted multivariable cubic spline
analyses showed significantly linear associations between
EDIP score and overall, cancer and CVD mortality (all P for lin-
earity < 0-01, Fig. 1).

In subgroup analysis, the association between EDIP score
and risk of all-cause mortality appeared stronger in individuals
under 65 years of age (HR per 1-sp increase =1-11, 95% CI
1-04, 1-18), compared with those who aged 65 years or older
(HR per 1-sp increase=1-02, 95% CI 098, 1.07,
Pineraction = 0-001, Fig. 2). In contrast, we found no differential
associations of the overall mortality with a 1-sp increment of
EDIP score across population subsets by sex, race/ethnicity,
education level, ratio of family income to poverty, smoking

Table 1. Adjusted relative concentrations of plasma inflammatory markers across quintiles of the EDIP score in the validation set in the NHANES*

(95 % confidence intervals)

Quintile 5

Quintile 4

Quintile 3

Quintile 2

Quintile 1

PtrendT

95% Cl  Relative concentrations 95% Cl  Relative concentrations 95% Cl  Relative concentrations 95 % CI

Relative concentrations

Hs-CRP

< 0-001

1.30, 1-53 < 0-001

1.37, 1-61

1.49
1.41

1.07,1-25 1.35 1.25, 1-47 1.44 1.33, 1-56
1.27 1.33

1.16
110

1 (Reference)

Age-adjusted

1.23, 1.44

117,137

1.02, 1-19

1 (Reference)

Multivariable-adjustedt

Leucocyte count
Age-adjusted

111,115 < 0-001

1.08, 113 < 0-001

113
111

1.07, 1-11

1.09
1.08

1.03, 1.07 1-05 1.03, 1-07
1.

1.05
1.04

1 (Reference)

1.06, 1-10

1.02, 1-06

04

1.02, 1-06

1 (Reference)

Multivariable-adjusted$

EDIP, empirical dietary inflammatory pattern; hs-CRP, high-sensitivity C-reactive protein; NHANES, National Health and Nutrition Examination Survey.

* Values were relative concentrations (95 % Cl) of biomarkers (i.e. the relative differences in plasma concentration of hs-CRP and leucocyte count between higher index quintiles and the lowest quintile as reference). Values were back-

transformed (&*) because all inflammation biomarker levels were natural logarithm (loge) transformed before analyses.

1 Linear trend test was conducted by assigning medians to each quintile as continuous variable in the models.

1 Model was adjusted for age (18-45, 46—-65 and > 66 years), sex (male, female), race/ethnicity (Mexican American, other Hispanic, non-Hispanic white, non-Hispanic black or other race), physical activity (< 8-3, 8-3—16-7 or > 167 METS-h/

week), smoking (never smokers, former smokers or current smokers), diabetes (no, yes), cancer (no, yes) and CHD (no, yes).
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Table 2. Age-adjusted characteristics of participants according to EDIP scores in NHANES (1999-2014)*

(Mean values and standard deviations)

EDIP score
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
(n8014) (n 8015) (n8015) (n 8015) (n 8015)

EDIP score

Median -0-23 —0-08 0-01 0-08 0-19

IQR —0-32— -0-18 —0-10- —-0-05 —0-01-0-03 0-06-0-10 0-15-0-26
Age, years

Mean 45.7 467 47-9 48-9 475

SD 186 19-6 20-0 20-0 187
BMI, kg/m?

Mean 276 284 286 292 291

SD 6-1 67 6-7 69 6-9
Total energy, kcal/d

Mean 2413 2034 1862 1785 1944

sD 724 681 666 683 729
Female, % 44.3 53-3 572 572 49.9
Diabetes, % 93 109 13-0 141 139
Race/ethnicity, %

Mexican American 136 172 20-6 233 20-6

Other Hispanic 6-6 8:0 85 8:0 52

Non-Hispanic white 44.4 41.8 411 44.7 58-8

Non-Hispanic black 254 24.8 229 193 117

Other race 101 83 6-8 4.7 37
Education, %

< 12th grade 198 256 30-2 333 355

High school graduate/GED or equivalent 195 22.8 24.2 25.8 275

More than high school 60-7 51.5 45.4 40-8 36-9
Marital status, %

Married 57-3 55-4 55-8 55.7 56-4

Widowed/divorced/separated 179 195 20-6 215 226

Never married 21.0 209 19-6 191 175
Ratio of family income to poverty

< 1.30 22.8 25.9 29-6 32.8 34.7

1.30-349 314 348 356 35.0 354

> 3-50 386 309 26-2 240 226
Physical activity, METS-h/week

<83 329 38-3 419 441 45.5

8:3-16-7 12.3 12.9 119 12.2 121

> 167 54.5 48-4 45.8 432 41.9
Smoking, %

Never smokers 54.5 55-4 53-3 50-1 38-1

Former smokers 256 233 224 22-8 237

Current smokers 136 145 17.2 201 316

EDIP, empirical dietary inflammatory pattern; GED, general educational development; IQR, interquartile range; METS, metabolic equivalent tasks; NHANES, National Health and

Nutrition Examination Survey.

* Values were means (sp) or percentages and were standardised to the age distribution of the study population except for age and EDIP score. Of note, the summing proportions for

some categories is not 100 % due to missing values or rounding.

status, physical activity, BMI, marital status and diabetes (all
P values for interaction were greater than Bonferroni-adjusted
P value of 0-0025).

Discussion

This is the first study to investigate the association between EDIP
and mortality risk in a large, nationally representative prospec-
tive cohort. We found that persons who consumed a more
pro-inflammatory diet, as reflected in higher EDIP score, had
increased risk of overall and cancer mortality. These positive
associations remained in sensitivity analysis and in the analysis
with further adjustments for diabetes and BMI. In addition, the

association between EDIP and mortality appeared stronger
among individuals under 65 years of age.

Diets are complex combinations of nutrients and other com-
pounds that act synergistically within individual foods and across
food combinations®®; thus, assessing the association of dietary
pattern with health outcomes may capture dietary effects on
health more completely. DII is a dietary pattern to measure
the inflammatory potential of overall diet based on forty-five
dietary factors that have been shown to influence levels of six
inflammation markers: IL-1, IL-4, IL-6, IL-10, TNF and CRP.
These forty-five dietary factors focused mainly on nutrients
(e.g. p-carotene, caffeine, dietary fibre, iron, trans fat, choles-
teroD) and were determined from a literature review of 1943
peer-reviewed articles published up to 2010%”. DII score has
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Table 3. All-cause and cause-specific mortality by quintiles of EDIP score in NHANES (1999-2014)
(Hazard ratios and 95 % confidence intervals)

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Per 1-sp
HR 95% ClI HR 95 % ClI HR 95% ClI HR 95% ClI HR 95% CI P trend” o
)
All-cause mortality 5
No. of deaths/person-years 650/62 415 845/62 027 1022/63 184 1148/66 029 1239/72 249 5
Model 1t 1 (Reference) 117 1.06, 1-30 1.34 1.21, 148 1.32 119, 1.46 1.49 1.35, 1.64 1.15 111, 119 < 0-001 =
Model 2% 1 (Reference) 113 1.02, 1.25 1.22 110, 1.35 117 1.06, 1-29 1-20 1-09, 1-33 1.06 1.02, 1-09 < 0-001 =]
Model 3§ 1 (Reference) 114 1.03, 1.27 1.21 1.09, 1-34 1.15 1.04, 1.27 119 1.08, 1-32 1.05 1.02, 1-08 0-002 é
Cancer-specific mortality 3
No. of deaths/person-years 146/62 415  209/62 027 201/63 184 218/66 029 294/72 249 =
Model 11 1 (Reference) 1.37 111, 1.70 1.25 1.01, 1.56 1.22 0-98, 1-51 1-64 1-34, 2.01 1-15 1.07, 1.22 < 0-001 8
Model 2% 1 (Reference) 1.35 1.09, 1.67 1.18 0.95, 1.47 112 0-90, 1-40 1.40 113, 1.73 1.07 1.01, 115 0019 @
Model 3§ 1 (Reference) 1.35 1.09, 1-68 1.22 0.95, 1-48 113 0-90, 1-40 141 1-14,1.74 1.08 1.01, 115 0-017 E*
CVD-specific mortality =
No. of deaths/person-years 125/62 415 184/62 027 212/63 184 244/66 029 264/72 249 5
Model 11 1 (Reference) 1.27 1.01, 1.60 1.37 1.09, 1.71 1.36 1.09, 1.70 1.54 1.24,1.92 117 1.09, 1-26 < 0-001 S‘
Model 2% 1 (Reference) 1.22 097, 1-54 1.26 1-00, 1-58 1.21 0-96, 1-51 1.25 1-00, 1-56 1.08 1.00, 1-15 0-111 %
Model 3§ 1 (Reference) 1.24 0-99, 1.57 1.23 0.98, 1-55 117 093, 1-47 1.22 0-98, 1-53 1.06 0-99, 1-14 0-211 o
EDIP, empirical dietary inflammatory pattern; HR, hazard ratio; METS, metabolic equivalent tasks; NHANES, National Health and Nutrition Examination Survey. E_
* Linear trend test was conducted by assigning medians to each quintile as continuous variable in the models. =

1 Model 1 was stratified for age (18-45, 46-65 and > 66 years) and year of survey (assigned values from 1 to 8) with further adjustment for sex (male, female) and total energy intake (kcal/d, tertile).

1 Model 2 was stratified for age (18—45, 46—65 and > 66 years) and year of survey (assigned values from 1 to 8) and had the same adjustments as model 1 plus race/ethnicity (Mexican American, other Hispanic, non-Hispanic white, non-
Hispanic black or other race), education (< 12th grade, high school graduate/GED or equivalent, or more than high school), marital status (married, widowed/divorced/separated or never married), ratio of family income to poverty (< 1-30,
1.30-3-49 or > 3-50), physical activity (< 8-3, 8-3—-16:7 or > 167 METS-h/week) and smoking (never smokers, former smokers or current smokers).

§ Model 3 was stratified for age (18—45, 46-65 and > 66 years) and year of survey (assigned values from 1 to 8) and had the same adjustments as model 2 plus BMI (calculated as weight in kg divided by height in m?) (< 18.5, 18-5-24-9, 25.0—
29., and > 30-0) and diabetes (no, yes).
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Fig. 1. Association between empirical dietary inflammatory pattern score and overall mortality (a), cancer-specific (b) and major CVD-specific (c) mortality in NHANES
(1999-2014)*. EDIP, empirical dietary inflammatory pattern; HR, hazard ratio. *Models were adjusted for age, sex, race/ethnicity, education, marital status, ratio of family
income to poverty, physical activity, smoking status, BMI, diabetes and total energy. Reference levels were set to the median EDIP value (0-008). Reference levels were
set to the median EDIP value. Solid lines indicate HR, and dashed lines depict 95 % CI.

Subgroup No. of Deaths  Person-years HR (95%Cl) P for Interaction

Age, y 0-001
<65 1,266 208,946 —— 1-11(1-04-1-18)
>65 2,615 50,005 —_— 1-02(0-98-1-07)

Sex 0-939
Male 2,205 120,560 —a— 1-05(1-00-1-11)
Female 1,676 138,391 — 1-04(0-98-1-10)

Race/ethnicity 0-962
Non-Hispanic white 2,344 127,941 —. 1-06(1:01-1-11)
Other 1,537 131,011 —— 1-04(0-99-1-11)

Educational level 0-025
High school or below 2,577 131,523 — 1-02(0-98-1-07)
More than high school 1,304 127,429 — 1-10(1-03-1:17)

Family income to poverty ratio 0-252
<25 2,540 136,308 —a— 1-05(1-01-1-10)
225 1,341 122,644 —— 1-05(0-98-1-11)

Smoking status 0-964
Never smokers 1,573 139,383 —— 1-02(0-96-1-08)
Ever smokers 2,308 119,568 —. 1-07(1-03-1-13)

Physical activity 0-138
Light physical activity 2,301 104,253 ——— 1-03(0-98-1-08)
Moderate to vigorous physical activity 1,580 154,699 —.— 1-07(1-01-1-13)

BMI 0-049
<30 2,690 169,066 -—a— 1-04(0-99-1-09)
230 1,191 89,886 —. 1-08(1-01-1-15)

Marital status 0-532
Married 2,054 163,655 — 1-06(1-01-1-12)
Other 1,827 95,297 — 1-04(0-98-1-09)

Diabetes 0-577
No 2,855 229,556 —. 1-05(1-01-1-09)
Yes 1,026 29,396 —_ 1-05(0:98-1-13)

T T T T

08 09 10 11 12
HR (95%Cl)

Fig. 2. Association between EDIP score (per 1 sp increase) and overall mortality according to subgroups in NHANES (1999-2014)*. EDIP, empirical dietary inflam-
matory pattern; HR, hazard ratio; METS, metabolic equivalent tasks; NHANES, National Health and Nutrition Examination Survey. *Covariates adjusted in the models
were the same as those in model 3 in Table 3 (see Table 3 footnote). Of note, variables examined in this figure were not adjusted. Light physical activity was defined as
participants with physical activity less than 8-3 METS-h per week, and moderate to vigorous activity was defined as participants who had physical activity of 8-3 METS-h
per week or more. We excluded participants with any missing values in covariates.

been validated to significantly predict inflammation markers in inflammatory potential of diets was associated with elevated risk
537739 In line with the current observations, of overall and some cause-specific mortality. Nonetheless, find-

several populations
previous DII studies'®2 consistently showed that higher ings from DII studies on health outcomes are difficult to be
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translated readily into public health interventions, given that DII
comprises mainly of nutrients.

In contrast, EDIP is empirically derived based exclusively on
food groups. In the current study, we re-derived the EDIP score
using data from NHANES. Although the current version and the
version of EDIP by Tabung et al.'”’ shared nine food intake com-
ponents such as leafy green vegetables, snacks and pizza, most
components differed. Of note, coffee and tea intakes were pos-
itively related to concentrations of the inflammation markers in
our analysis, which was partly consistent with the findings from
other studies“®%? but showed an inverse association in
Tabung’s version. When entering caffeinated and decaffeinated
coffee separately into the RRR model or excluding participants
who had only a 24-h dietary recall, tea and coffee remained in
the alternative versions of EDIP and showed a significantly pos-
itive correlation with both hs-CRP and leucocyte count.

Similarly, intakes of both whole and refined grains were
inversely associated with levels of inflammation markers in
our study, whereas an opposite association for refined grains
was observed in Tabung’s version. Allowing for a moderate cor-
relation between whole and refined grains, we also entered the
residuals of both grains that mutually adjusted for each other into
the RRR model, while these two components remained in the
alternative version of EDIP and both showed an inverse associ-
ation with inflammatory biomarkers. The aforementioned dis-
crepancies could be partly due to different methods of diet
measurement (i.e. FFQ in three Harvard cohorts v. 24-h recall
in NHANES), study populations (i.e. participants from matched
case—control studies within three Harvard cohorts of US health
professionals, which consist largely of well-educated non-
Hispanic whites ». participants from a nationally representative
sample of US adults in NHANES) and inflammatory markers used
(i.e. CRP, IL-6 and TNFaR2 in three Harvard cohorts ». CRP and
leucocyte count in NHANES) in the studies. However, both ver-
sions can assess the dietary inflammatory potential and showed
high ability to predict inflammatory markers in their study pop-
ulations (Table 1).

We observed a significant interaction between age and EDIP
on the risk of all-cause mortality, with a stronger association
between EDIP and mortality among younger participants (i.e.
under 65 years). This finding was in line with previous epidemio-
logical studies showing a stronger positive association of EDIP
with the risk of developing type 2 diabetes"> and prostate
cancer®® among younger US adults. However, the reasons for
these significant interactions remain unclear. A possible explan-
ation is that younger persons generally have higher levels of
insulin-like growth factor-144%, a surrogate measure of growth
hormone/insulin-like  growth system  activity.
Experimental studies““>*” showed that diminishing growth hor-
mone and/or insulin-like growth factor-1 secretion or signalling
extends lifespan and healthspan, which was confirmed in some
but not all epidemiological studies®*->? Inflammation is closely
related to hyperinsulinaemia, and the possible role of inflamma-
tion on the insulin-like growth factor axis through hyperinsuli-
naemia and insulin resistance®” may therefore contribute to
the association between EDIP and mortality among younger
adults in our study. Alternatively, the results might be due to

factor-1

chance. Future studies are warranted to confirm these findings
and clarify the underlying mechanisms.

The strengths of the current study include use of a nationally
representative sample of US adults, prospective cohort design
and data collection utilising validated measures. However, our
study has several limitations. First, self-reported diet and other life-
style factors from questionnaires have measurement errors,
although we used several methods®3% to reduce measurement
error and improve estimates of usual intake. Second, 24-h recalls
may lead to misreporting of dietary data and could not reflect
long-term dietary habits. For example, participants with higher
BMI tended to underreport their energy intake®?, while high
BMI was associated with higher EDIP score, which may lead to mis-
classification of EDIP score and some covariates such as energy
intake. This misclassification bias in cohort study could be non-dif-
ferential in most situations and is likely to lead to the underestima-
tion of the observed association if exposure data are binary®?.
While in the present study, the misclassification can lead to bias
in either direction even the misclassification is non-differential,
given the continuous or polytomous exposure data in the current
analysis. Third, dietary information was collected based on a single
measurement at baseline, and participants may change their dietary
habits during the follow-up. Fourth, we had only a single measure
of inflammation biomarkers, which may underestimate validity of
EDIP score assessed by correlation coefticients with the inflamma-
tion biomarkers in the validation set®®.

In conclusion, our findings add to previous studies suggesting
that diets with a higher inflammatory potential were associated
with increased risk of mortality, particularly among the individ-
uals with age less than 65 years old. Inflammation may partly
mediate the association of diet with death risk, and dietary inter-
ventions to reduce the adverse role of an inflammatory dietary
pattern may therefore promote health and longevity.
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