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Abstract

Background Rheumatoid arthritis (RA) is a chronic, systemic autoimmune inflammatory disorder. Diet is recognized
as a modifiable factor that may influence inflammation and potentially accelerate RA progression. Nevertheless, the
effects of diverse dietary patterns and their combined impact on RA progression and long-term mortality remain
inadequately understood. This study examined the association between dietary patterns and mortality in patients
with RA, focusing on the Healthy Eating Index (HEI-2015) and Dietary Inflammatory Index (DIl) and evaluating their
combined effects.

Methods The analysis included 2,069 patients with RA from the National Health and Nutrition Examination Survey
(NHANES) spanning 2003-2018. Weighted multi-variable Cox regression models estimated the relationship between
the DII, HEI-2015, combined dietary patterns, and all-cause mortality in patients with RA. Linear associations between
the DII, HEI-2015, and all-cause mortality were analyzed using restricted cubic splines (RCS). Dietary factors associated
with mortality were identified through the Least Absolute Shrinkage and Selection Operator (LASSO) method, and
subgroup and sensitivity analyses were conducted to strengthen the findings.

Results Participants had a median age of 59 years (IQR: 48-69), with 42.1% male. Adjusting for potential confounders,
the hazard ratio (HR) for individuals adhering to healthy and anti-inflammatory dietary patterns, as opposed to
unhealthy and pro-inflammatory patterns, was 0.70 (95% Cl: 0.53-0.92; adjusted P=0.01; trend P=0.02). In weighted
Cox analyses of the DIl and HEI-2015, higher quartiles showed no significant mortality risk difference from the lowest
quartiles. The LASSO-Cox model identified 12 dietary components predictive of all-cause mortality in patients with
RA, with an AUC of 0.749 (0.682-0.815) at 1 year, 0.763 (0.724-0.802) at 3 years, 0.783 (0.749-0.802) at 5 years, and
0.868 (0.712-0.938) for all death events. Kaplan-Meier analysis revealed that the low-risk dietary group exhibited
significantly lower mortality compared to the high-risk group (P <0.001).
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Conclusions These findings suggest that combining a higher HEI-2015 with a lower DIl score correlates with reduced
all-cause mortality risk among patients with RA, supporting dietary modification as a potential strategy to prevent

premature death in this population.
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Background

Rheumatoid arthritis (RA) is an autoimmune disorder
marked by progressive joint degradation, often leading to
permanent disability and increased mortality. Long-term
mortality risk factors in RA frequently involve comorbid
conditions and elevated peripheral blood inflammatory
markers [1, 2]. Notable among these are hypertension,
coronary heart disease, diabetes, chronic inflammation,
specific inflammatory markers like neutrophil-to-lym-
phocyte ratio (NLR), interleukin-6 (IL-6), C-reactive pro-
tein (CRP), and certain genetic loci [3-8].

Dietary factors have increasingly been acknowledged
as significant modulators of systemic inflammation [9].
High-quality, well-balanced diets enriched with anti-
inflammatory nutrients can effectively lower systemic
inflammation levels [9-12]. Previous studies have exam-
ined dietary patterns and RA risk, including the asso-
ciation between the Mediterranean diet and reduced
RA incidence [13, 14]; however, comprehensive research
assessing RA mortality risk through dietary lenses
remains limited.

Dietary factors influencing health outcomes often
overlap, with different dietary indices capturing various
dietary dimensions, addressing the limitations inher-
ent in evaluating nutrients through isolated patterns.

The Healthy Eating Index-2015 (HEI-2015) evaluates
dietary quality by encompassing nutritional balance
and micronutrient intake and is strongly linked with
decreased mortality risk from cancer, cardiovascular dis-
eases (CVD), frailty, and metabolic conditions [13, 15,
16]. Meanwhile, the Dietary Inflammatory Index (DII)
gauges a diet’s inflammatory potential and has been
correlated with higher long-term mortality risk in car-
diovascular, chronic kidney, and autoimmune diseases
[17-19]. Although various dietary patterns, including the
HEI-2015 and DII, have demonstrated effects on cardio-
vascular health and long-term mortality in the general
population [13, 15, 16, 20-22], few studies have spe-
cifically examined these well-established dietary indices
concerning long-term mortality in patients with RA, par-
ticularly within large-scale cohorts. Consequently, iden-
tifying dietary patterns that may reduce mortality risk in
patients with RA is vital to addressing the research gap
related to RA mortality and diet.

This study analyzed data from a large cohort within
the National Health and Nutrition Examination Survey
(NHANES) from 2003 to 2018 to evaluate associations
between dietary health (via the HEI-2015) and anti-
inflammatory potential (via the DII) with RA mortality
risk. Additionally, LASSO-Cox regression identified key
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dietary factors within mixed dietary patterns associated
with reduced mortality risk in patients with RA (See
Graphic Abstract).

Materials and methods
Study design and population
This observational study included participants from
the National Health and Nutrition Examination Survey
(NHANES) 2003-2018, encompassing eight two-year
cycles with a total of 80,312 participants. NHANES is
a national program designed to assess the health and
nutritional status of the U.S. population and provide
data that inform health policies [23]. NHANES data is
publicly accessible, and written informed consent was
obtained from each participant. The NHANES protocol
was approved by the CDC Institutional Review Board.
As a policy, our local research ethics committee does not
review secondary analyses of publicly approved data.
Participants were excluded based on the following
criteria: (1) age<20 years, (2) non-rheumatoid arthri-
tis or unclear arthritis etiology, (3) lack of dietary data,
(4) pregnancy, and (5) lack of mortality follow-up data.
After applying these exclusion criteria, a total of 2,069
participants with self-reported rheumatoid arthritis with
available data were included in this study. As required
by policy, our local ethics committee ensures no further
analysis of the data (Fig. 1).

Definition of rheumatoid arthritis

Rheumatoid arthritis (RA) was ascertained based on self-
reported health conditions in the NHANES question-
naire. Initially, participants were asked if a healthcare
professional had ever diagnosed them with arthritis. Sub-
sequently, those who responded affirmatively were fur-
ther queried about the specific type of arthritis they had

80,312 patients of
NHANES in 2003-2018
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been diagnosed with. Participants who indicated “Rheu-
matoid arthritis” were subsequently categorized as RA
patients [24, 25].

Dietary assessment

The dietary interview component, known as “What We
Eat in America, was conducted collaboratively with the
United States Department of Agriculture (USDA) and
the U.S. Department of Health and Human Services, uti-
lizing the standardized Automated Multiple Pass Method
(AMPM). Dietary information was evaluated based on
24-hour recall data collected prior to the interview. In
this study, dietary data were assessed by averaging two
dietary recalls per participant or a single recall if only one
was available. Among the 2,069 participants, 193 (9.33%)
had solely one day of dietary recall data.

The Healthy Eating Index-2015 (HEI-2015) is a dietary
quality index established by the United States Depart-
ment of Agriculture (USDA) Nutrition Policy and Pro-
motion Center, based on the Dietary Guidelines for
Americans (DGA). It assesses diet quality and health-
fulness by considering the consumption of various food
groups including total fruits, whole fruits, total vegeta-
bles, vegetables and legumes, whole grains, dairy prod-
ucts, total protein foods, seafood and plant proteins, fatty
acids, refined grains, sodium intake as well as added sug-
ars and saturated fats. Scores range from 0 to 100 with
higher scores indicating healthier diets [26, 27].

The Dietary Inflammatory Index (DII) is derived from
the impact of inflammatory biomarkers from different
foods, including IL-1f, IL-4, IL-6, IL-10, TNF-qa, and
CRP. Utilizing no more than 30 food parameters effec-
tively maintains the predictive value of DII in assessing
diet-related inflammation [28]. For this study, a total of 27
food parameters were considered: energy intake, protein

2,303 RA patients with
age > 20 years

dietary data
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Exclusion Criteria:

3) 1) age <20 years
l 2) non-rheumatoid arthritis or unclear arthritis etiology
2,077 RA patients with 3) lack of dietary data

4) pregnancy (5 patients)
5) lack of mortality follow-up data (3 patients)

2,069 patients with RA and
avaliable data included in
analysis

Fig. 1 Flow diagram of the selection of eligible participants
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consumption, carbohydrate intake, dietary fiber con-
tent, total fat consumption, saturated fat intake, mono-
unsaturated fatty acid (MUFA) intake levels as well as
polyunsaturated fatty acid (PUFA) levels encompassing
Omega-3 and Omega-6 fatty acids; cholesterol content;
vitamin A concentration; B-carotene levels; vitamin Bl
concentration; vitamin B2 concentration; niacin levels;
vitamin B6 concentration; total folate content; vitamin
B12 concentration; vitamin C level; vitamin D level; vita-
min E level; magnesium content; iron content; zinc con-
tent; selenium content; caffeine consumption and alcohol
consumption. Positive scores indicate pro-inflammatory
potential while negative scores suggest anti-inflamma-
tory potential. Theoretically speaking, DII scores range
from —8.87 to +7.89 [29].

Ascertainment of mortality

Data on follow-up and mortality status were obtained by
linking the NHANES data to the National Death Index
records through December 31, 2019. All-cause mortality
refers to death from any cause.

Assessment of covariates

We included several factors that could potentially affect
the outcomes as covariates: sex (female, male), age (as
a continuous variable), race/ethnicity (Non-Hispanic
White, Non-Hispanic Black, Mexican American, others),
education level (less than high school, high school, some
college or above), smoking status (never smoked, for-
mer smoker, current smoker), physical activity was cat-
egorized into three groups: inactive, insufficiently active,
and active. The inactive group included participants with
no leisure-time physical activity. The insufficiently active
group included participants who engaged in leisure-time
moderate activity 1-5 times per week with MET (Meta-
bolic Equivalent of Task) ranging from 3 to 6, or leisure-
time vigorous activity 1-3 times per week with MET >6
[30]. The active group included participants who had
more leisure-time moderate or vigorous activity than the
above criteria. Hypertension (yes, no), diabetes (yes, no),
cardiovascular disease (yes, no), use of supplements (yes
or no), body mass index (BMI) (as a continuous variable),
and total calories intake (as a continuous variable). Data
on physician-diagnosed history of hypertension, cardio-
vascular disease (including angina, myocardial infarction,
heart failure, coronary heart disease, and stroke), and
diabetes were self-reported.The Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation was
used to estimate the glomerular filtration rate (eGFR)
[31].

Statistical analysis
Considering the NHANES survey design, which accounts
for sample weights, we used the first-day dietary recall
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weight divided by the number of cycles as the weight
for subsequent analyses. The impact of diet on mortal-
ity risk was assessed using weighted Cox regression.
For the HEI-2015 scores, we categorized them into four
groups from the lowest to the highest based on quar-
tiles: Q1 (HEI-2015 score<41.67), Q2 (HEI-2015 score
between 41.67 and 49.98), Q3 (HEI-2015 score between
49.98 and 58.75), and Q4 (HEI-2015 score>58.75). For
the DII scores, we divided them into quartiles from the
highest to the lowest: Q1 (DII score>2.84), Q2 (DII score
between 1.79 and 2.84), Q3 (DII score between 0.37
and 1.79), and Q4 (DII score<0.37). Subsequently, we
integrated the two dietary patterns and classified them
based on the median of HEI-2015 and DII into “relatively
healthy diet” (HEI-2015>49.95), “relatively unhealthy
diet” (HEI-2015<49.95), “relatively pro-inflammatory
diet” (DII>1.78), and “relatively anti-inflammatory diet”
(DII<1.78).Model 1 included no adjustments, Model
2 adjusted for age, sex, and race, and Model 3 further
adjusted for education level, smoking status, physi-
cal activity, BMI, dietary supplement intake, total calo-
rie intake, and medical history (self-reported diabetes,
hypertension, and coronary heart disease). Covariates
with missing values were imputed using the multiple
imputation by chained equations method (Fig S1).

To identify dietary predictors associated with reduced
mortality and mitigate collinearity among variables, We
utilized the LASSO regression technique, which mini-
mizes the coefficients of less influential variables to zero,
thereby enhancing the model’s predictive accuracy [32].
The LASSO model was evaluated and fine-tuned using
cross-validation, where the dataset was partitioned into
ten subsets. The model was then iteratively trained and
evaluated on these subsets to evaluate its effectiveness
and identify optimal parameter settings. During cross-
validation, a plot of model performance against vari-
ous lambda values is commonly created to evaluate the
model’s effectiveness at different settings. The “minimum
deviance” represents the lambda value with the least bias
identified through cross-validation, indicating the best
data fit. We chose the lambda value associated with the
minimum deviance as the best fit. Additionally, a nomo-
gram for risk prediction was developed based on critical
dietary factors, and its ability to forecast mortality risk
was confirmed using the receiver operating characteristic
(ROC) curve. Furthermore, we conducted Kaplan-Meier
analysis, mediation analysis, subgroup analysis, and sen-
sitivity analysis based on key variables linked to mortality
risk in order to elucidate potential relationships. Analy-
ses were performed using R version 4.3.1 (R Foundation
for Statistical Computing, Vienna, Austria). Two-sided
P<0.05 was considered statistically significant.
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Results

Patient characteristics

A total of 2,069 patients with RA (57.9% women, median
age 59 years, IQR: 48—69 years) were enrolled and catego-
rized based on dietary patterns, as detailed in the ‘Meth-
ods’ section. Patient characteristics are summarized in
Table 1. Compared with those following unhealthy and
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pro-inflammatory diets, individuals adhering to health-
ier, less inflammatory diets were more likely to be male,
older, have a lower body mass index (BMI), possess
higher education levels, be non-smokers, engage in more
physical activity, and have elevated high-density lipopro-
tein (HDL) levels (Table 1 and Table S1).

Table 1 Basic characteristics of participates with RA based on different dietary pattern *

Variables Total Unhealthy and Pro Combined diet pattern® Healthy and Anti P-value
(n=2069) -Inflammatory diet (n=684) -Inflammatory diet
(n=692) (n=693)
Weighted No. 8,865,698 2,884,967 2,757,382 3,223,349
Age, (IQR), years 59(48,69) 57(48,65) 57(48,65) 59(52,70) <0.001
Gender
Male 870(42.1%) 248(33.6%) 295(42.8%) 327(49.1%) <0.001
Female 1199(57.9%) 444(66.4%) 389(57.2%) 366(50.9%)
Race
Mexican American 301(7.2%) 77(6.6%) 103(7.1%) 121(7.8%) 0.2
Non-Hispanic Black 625(17.1%) 237(20.1%) 202(17.2%) 186(14.3%)
Non-Hispanic White 847(65.3%) 289(63.2%) 282(66.7%) 276(66.0%)
Other® 296(10.4%) 89(10.2%) 97(8.9%) 110(11.9%)
BMI, (IQR), kg/m? 29.5(25.2,34.2) 31(26,36) 29.54(25.5,34.1) 284(24,32.8) <0.001
Education level
Less than High school 702(24.2%) 260(26.3%) 245(28.7%) 197(18.5%) 0.001
High school 505(26.5%) 179(30.9%) 172(24.5%) 154(24.1%)
Some College or above 859(49.3%) 252(42.8%) 267(46.8%) 340(57.4%)
Family income to poverty ratio
<10 501(20.8%) 201(26.3%) 166(20.1%) 134(16.2%) 0.009
1.0-3.0 887(43.8%) 318(44.3%) 293(44.5%) 276(42.8%)
>3.0 517(35.4%) 137(29.5%) 165(35.4%) 215(41.0%)
Smoking status
Never 921(40.3%) 257(33.6%) 314(42.1%) 350(44.6%) <0.001
Former 887(43.8%) 318(44.3%) 293(44.5%) 276(42.8%)
Current 492(26.9%) 242(38.1%) 144(24.0%) 106(19.5%)
Use of Supplement
Yes 1193(61.9%) 328(51.0%) 389(58.9%) 476(74.1%) <0.001
No 876(38.1%) 364(49.0%) 295(41.1%) 217(25.9%)
Physical Activity <0.001
active 139(6.9%) 27(3.8%) 44(4.8%) 68(11.6%)
insufficient 622(36.8%) 174(32.0%) 197(33.8%) 251(43.6%)
no 1256(56.3%) 473(64.3%) 430(61.4%) 353(44.8%)
Medical History
Diabetes
Yes 538(20.5%) 181(21.2%) 182(20.3%) 175(20.1%) >09
No 1531(79.5%) 511(78.8%) 502(79.7%) 518(79.9%)
Hypertension
Yes 1259(55.2%) 431(58.8%) 420(55.4%) 408(51.7%) 0.2
No 809(44.8%) 261(41.2%) 264(44.6%) 284(48.3%)
Cardiovascular Disease
Yes 528(24.4%) 202(27.9%) 173(24.5%) 153(21.0%) 0.11
No 1541(75.6%) 490(72.1%) 511(75.5%) 540(79.0%)

a.All estimates accounted for complex survey designs, and all percentages are weighted

b.Other race and ethnicity includes other Hispanic, other non-Hispanic, and multirace individuals

c.Unhealthy but Anti-Inflammatory diet or Healthy but Pro-Inflammatory diet
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Association between dietary patterns and mortality

Table 2 presents the associations between various dietary
patterns and mortality among patients with RA. Analysis
of DII and HEI-2015 indices, categorized into quartiles,
indicated that lower DII scores and higher HEI-2015
scores were linked to a reduced long-term mortality
risk (median hazard ratios: 0.85 and 0.74, respectively).
However, these associations were not statistically signifi-
cant after adjusting for confounding variables (adjusted
P-values: 0.5 and 0.05; trend P-values: 0.08 and 0.05,
respectively).

The combined effects of DII and HEI-2015 on mortal-
ity risk were further assessed by stratifying patients into
three groups according to median DII and HEI-2015
values, as specified in the ‘Methods’ section. After con-
founder adjustment, adherence to a healthy and anti-
inflammatory diet was associated with a 26% reduction
in long-term mortality risk compared to an unhealthy
and pro-inflammatory diet (HR: 0.70 [95% CI: 0.53—
0.92], adjusted P=0.01; P for trend=0.02). Additionally,
a diet that was relatively healthy but pro-inflammatory,
or relatively anti-inflammatory but unhealthy, still dem-
onstrated a modest reduction in long-term all-cause
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mortality risk compared to a fully unhealthy and pro-
inflammatory diet (HR: 0.74 [0.57-0.98], adjusted
P=0.04).

Restricted cubic splines (RCS) analysis did not reveal
significant non-linear associations between DII and HEI-
2015 scores and long-term mortality outcomes (Figure
S2).

Subgroup analyses

Subgroup analyses were performed by stratifying by age
(<60, 2 60 years), sex, BMI (<25; 25-29.9, > 30), educa-
tion level, smoking status, CVD, hypertension, diabetes,
physical activity and estimated glomerular filtration rate
(eGFR) to examine whether the effects of the composite
dietary pattern differed across these subgroups. No sig-
nificant interaction effects were observed for age, sex,
education level, CVD, diabetes, or eGFR. However, in
patients with RA exhibiting a normal BMI, current smok-
ers, and those with hypertension, adherence to a low-
inflammatory, healthy diet was associated with a more
pronounced reduction in mortality (Table 3).

Table 2 Weighted Cox regression analysis on the association of dietary patterns and mortality among RA patients

Hazard Ratio

Hazard Ratio

Hazard Ratio

(95%ClI) (95%Cl) (95%Cl)

diet pattern Model 12 Pvalue Model 2° P value Model 3¢ P
value

DIl
Q1(>2.84) Reference Reference Reference
Q2(1.79,2.84) 1.25[0.92,1.68] 0.2 0.98[0.72,1.34] >0.9 1.21[0.85,1.72] 0.6
Q3(0.37,1.79) 0.78[0.56,1.11] 0.2 0.71[0.51,0.97] 0.03 0.94[0.65,1.38] 0.8
Q4(<0.37) 0.72[0.49,1.08] 0.11 0.59[0.38,091] 0.02 0.85[0.53,1.35] 0.5
P for trend 0016 0.003 0.08
HEI-2015
Q1(<4167) Reference Reference Reference
Q2(41.67,49.98) 1.09[0.79,1.52] 0.6 0.81[0.58,1.12] 03 0.86[0.60,1.23] 04
Q3(49.98,58.75) 1.09[0.81,1.47] 0.6 0.64[0.47,0.86] 0.003 0.77[0.56,1.05] 0.1
Q4(>58.75) 1.01[0.68,1.51] >09 0.53[0.36,0.78] 0.001 0.69[0.47,1.01] 0.05
P for trend 0.9 <0.001 0.05
Composition effect
Unhealthy and Pro Reference Reference Reference
-Inflammatory diet(DIl > 1.78 and HEI-2015 < 49.95)
Combined diet pattemd 0.86[0.63,1.17] 03 0.65[0.50,0.85] 0.002 0.74[0.57,0.98] 0.04

(DIl < 1.78 and HEI-2015 <49.95;0r DIl > 1.78 and
HEI-2015>49.95)

Healthy and Anti

-Inflammatory diet

(DIl < 1.78 and HEI-2015 > 49.95)

P for trend 0.06

0.75[0.55,1.01]

0.06 0.53[0.39,0.72] <0.001 0.70[0.53,0.92] 0.01

<0.001 0.02

2The crude model did not adjust for any covariates
b Model 2 was adjusted for age, sex and race

¢ Further adjusted for educational levels, physical activity, smoking status, body mass index, diabetes, hypertension, cardiovasuclar disease, use of supplements,

total Kal intake and eGFR
d Unhealthy but Anti-Inflammatory diet or Healthy but Pro-Inflammatory diet
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Table 3 .Subgroup analyses of compisition diet effect and mortality risk in RA

Hazard Ratio(95%Cl)

Characteristic Unhealthy and Pro

-Inflammatory diet

Combined diet pattern®

Healthy and Anti P for interaction

-Inflammatory diet

Age, years

<60 Reference 0.60[0.27,1.32] 0.85[0.44,1.63] 0.8
>60 Reference 0.79[0.57,1.09] 0.61[0.43,0.87]

Gender

Male Reference 0.70[0.42,1.17] 0.62[0.41,0.95] 0.1
Female Reference 0.76[0.52,1.12] 0.82[0.57,1.18]

BMI, kg/m?

<250 Reference 0.67[0.39,1.17] 0.36[0.22,0.59] 0.003
25.0-29.9 Reference 0.72[0.41,1.26] 0.75[0.42,1.33]

>30.0 Reference 0.87[0.52,1.46] 1.10[0.64,1.88]

Education level

Less than High school Reference 0.71[042,1.22] 0.88[0.52,1.49] 0.8
High school Reference 1.50[0.81,2.77] 0.71[0.38,1.34]

Some College or above Reference 0.47[0.29,0.78] 0.55[0.35,0.86]

Smoking status

Never Reference 0.85[0.56,1.29] 0.89[0.55,1.43] 0.03
Former Reference 0.90[0.54,1.50] 0.94[0.53,1.68]

Current Reference 0.71[0.39,1.32] 0.32[0.16,0.65]

CcvD

Yes Reference 0.73[0.45,1.18] 0.66[0.41,1.06] 0.6
No Reference 0.84[0.58,1.21] 0.75[0.50,1.11]

Hypertension

Yes Reference 0.33[0.19,0.56] 0.35[0.21,0.571] 0.017
No Reference 0.98[0.67,1.44] 0.90[0.65,1.26]

Diabetes

Yes Reference 0.81[0.47,1.37] 0.70[0.40,1.22] 04
No Reference 0.74[0.52,1.06] 0.70[0.50,1.00]

eGFR

<60 Reference 1.01[0.67,1.52] 0.74[0.46,1.17] 0.2
>60 Reference 0.64[0.43,0.96] 0.70[0.49,1.02]

Physical Activity

No Reference 0.77[0.54,1.10] 0.65[0.46,0.92] 0.7
Insufficient Reference 0.47[0.25,0.89] 0.81[0.47,1.38]

Active Reference 6.6[1.12,14] 1.65[0.16,17.2]

Adjusted for age, sex, race and ethnicity, educational levels, physical activity, smoking status, body mass index, diabetes, hypertension, cardiovascular disease,

hypertension, use of supplements, total Kal intake and eGFR

Identification of critical dietary factors associated with
mortality in patients with RA

LASSO regression, which incorporates an L1 regular-
ization term (absolute value penalty) into ordinary least
squares regression, selectively shrinks certain coefficients
to zero, identifying the most critical features. This tech-
nique mitigates overfitting, enhances generalization, and
facilitates feature selection, particularly useful with cor-
related features, thereby improving model interpretabil-
ity and performance. In LASSO regression, coefficient
shrinkage is achieved by minimizing the loss function
combined with the L1 regularization term, driving some
coefficients to zero and effectively excluding non-essen-
tial features (Fig. 2A and B).

The analysis incorporated age, sex, race, and dietary
scores from HEI-2015 and DII to enhance the model’s
predictive accuracy. Key dietary components linked to
long-term mortality risk in patients with RA included a
high DII score for caffeine, indicating low caffeine intake,
and low DII scores for fiber, protein, zinc (Zn), and poly-
unsaturated fatty acids (PUFA), indicating high intake of
these nutrients (Fig. 3A). Additionally, a low HEI-2015
score for refined grains implied high refined grain con-
sumption, while high HEI-2015 scores for saturated fats,
seafood and plant proteins, fatty acids, vegetables, fruits,
and whole grains indicated low intake of saturated fats
and high intake of seafood, plant proteins, vegetables,
and fruits. Overall, patients with RA following a diet rich
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Fig. 2 LASSO penalized regression analysis used to identify key dietary factors associated with RA mortality. A. The coefficient shrinkage process of all 40
dietary components score and 3 covariates (gender, age, race). B. Ten-fold cross-validation for the LASSO regression

in caffeine, fiber, protein, zinc, and PUFA, and low in
refined grains, exhibited a notably reduced risk of long-
term mortality. In contrast, a diet high in saturated fats
and low in seafood, plant proteins, vegetables, and fruits
was associated with an elevated mortality risk. These
results highlight the significance of balanced dietary pat-
terns in managing RA and improving patient outcomes.
A dietary risk score was generated for each patient,
classifying them as “low-risk” if below the median and
“high-risk” if above. Kaplan—Meier survival analysis
demonstrated that high-risk patients faced significantly
higher long-term mortality compared to low-risk coun-
terparts (Fig. 3B). Furthermore, the predictive accuracy
for all-cause mortality was robust, as reflected by the area
under the receiver operating characteristic (ROC) curve
(AUC): AUCs of 0.749 (0.682—-0.815) for one-year, 0.763
(0.724-0.802) for three-year, 0.783 (0.749-0.802) for five-
year predictions, and 0.868 (0.712-0.938) for all death
events (Fig. 3C). These AUC values demonstrate strong
predictive accuracy for mortality across the specified
time frames.

Sensitivity analysis

In sensitivity analysis, participants who died within the
first two years of follow-up were excluded. Results indi-
cated that adherence to a healthy and anti-inflammatory
diet reduced mortality risk by 29% (95% CI: 0.52-0.96,
adjusted P=0.03, P for trend=0.03), even with adjust-
ments for all confounding factors, underscoring the
model’s robustness (Table S1 and Table S2). Addition-
ally, excluding individuals with missing data (N for
analysis=1,728; n for missing=341) yielded similar
results: patients with a healthy and anti-inflammatory
diet continued to show a lower long-term mortality rate

(HR: 0.72, 95% CI: 0.52-0.99, adjusted P=0.04, P for
trend=0.04).

Discussion

This study conducted a novel analysis of the synergis-
tic impact of the DII and the HEI on all-cause mortality
among patients with self-reported RA. Results indicated
that neither index alone showed a statistically signifi-
cant association with long-term all-cause mortality after
adjustment for comprehensive lifestyle-related confound-
ers. However, when both indices were integrated into a
unified dietary assessment, patients with RA following a
combined anti-inflammatory and health-promoting diet
exhibited a 30% reduction in mortality risk (P=0.01; P
for trend=0.02). From a comprehensive list of 40 dietary
items, 12 key items emerged as the most predictive of
long-term mortality in patients with RA, including caf-
feine, total fat, Zn, PUFA, protein, and dietary fiber,
which contribute to the DII score, along with daily intake
levels of total fruits, whole grains, vegetables, refined
grains, fatty acids, sea plant protein, and saturated fatty
acids, components of the HEI score. By combining these
essential dietary factors with demographic variables such
as age and race/ethnicity, a nomogram model was devel-
oped, demonstrating strong predictive performance for
long-term mortality in patients with RA.

The population was initially categorized into three
groups based on adherence to DII and HEI-2015 dietary
patterns: (1) Anti-inflammatory and healthy diet, (2) Pro-
inflammatory and unhealthy diet, and (3) Mixed diet,
situated between these extremes. Predictably, individu-
als with healthier, more balanced dietary habits aligned
with anti-inflammatory and HEI-2015 guidelines dis-
played better lifestyle practices, including less smoking,
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characteristic

regular dietary supplement use, more frequent physi-
cal activity, and healthier body weights. Unexpectedly,
baseline differences emerged, with individuals following
healthier diets tending to be older. Comparative stud-
ies suggest that older Mexican Americans often exhibit
higher diet quality due to greater fruit and vegetable
intake and reduced carbohydrate consumption compared
to younger individuals [33]. Similarly, U.S. nationwide
dietary surveys indicate that children and the elderly tend
to have better diet quality than younger adults [34]. Addi-
tionally, in this study, males demonstrated higher diet
quality than females, necessitating adjustment for these

potentially influential confounders in subsequent statisti-
cal analyses.

Although low levels of the HEI and high levels of the
DII have been extensively studied as independent dietary
scores, with associations found between these indices
and the incidence of RA in cross-sectional studies, no
statistically significant correlation was observed between
individual DII or HEI scores and long-term all-cause
mortality in patients with RA in this study. [35-39] Unex-
pectedly, when both indices were assessed collectively,
patients with RA exhibiting high HEI and low DII scores
demonstrated significantly reduced long-term mortality
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(HR: 0.70 [0.53, 0.92], adjusted P=0.01). This finding
may reflect the multifaceted and far-reaching influence
of diet on the long-term trajectory and prognosis of RA,
encompassing factors such as gut microbiota composi-
tion, amino acid metabolism, and overall nutritional sta-
tus [40, 41]. As previously reported, no clear relationship
has been established between DII and RA progression or
functional disability [42]. Moreover, several studies have
suggested that the indirect effects of diet on long-term
mortality in patients with RA are significant. For exam-
ple, Tian et al. found that malnutrition, assessed through
the Controlled Nutritional Status Score (CONUT) and
the Nutritional Risk Index (NRI), significantly increases
long-term mortality in patients with RA [43]. The HEI
score, which broadly assesses adherence to balanced
nutritional guidelines, effectively reflects the nutritional
richness of a patient’s diet [44]. Additionally, the triglyc-
eride glucose (TyG) index, a reliable surrogate marker for
insulin resistance (IR), has been linked to an increased
risk of long-term cardiovascular events in patients with
RA [45]. TyG also plays a pivotal role in mediating the
effects of DII on the development and adverse progno-
sis of various diseases, such as COPD, chronic kidney
disease, CVD, and diabetes [20, 21, 45-49]. This may
suggest that, within the heterogeneous RA population,
dietary components do not exhibit a simple, linear rela-
tionship with long-term prognosis. For instance, Cai et al.
reported that vitamin D intake exhibits a significant non-
linear association with long-term mortality in patients
with RA [50]. While a fiber-rich diet may reduce periph-
eral blood inflammation, excessive fiber intake could
exacerbate RA severity through its effects on gut micro-
biota [51]. By integrating multiple dietary scores, a more
holistic assessment of a patient’s dietary status is possible,
allowing for evaluation from different perspectives. The
combined consideration of DII and HEI not only assesses
the impact of dietary components on inflammatory sta-
tus but also addresses the nutritional status of the patient
and the overall healthiness of the diet, providing a more
precise and comprehensive dietary evaluation for the
long-term prognosis of patients with RA.

This study highlights specific dietary components sig-
nificantly associated with comprehensive dietary patterns
linked to all-cause mortality, particularly among individ-
uals with RA. Key dietary factors identified as crucial for
predicting all-cause mortality in this population include
caffeine, fruits, PUFA, whole grains, vegetables, refined
grains, Zn, fatty acids, sea plant protein, saturated fatty
acids, protein, and fiber. These findings emphasize the
pivotal role of a balanced diet in reducing the risk of all-
cause mortality in patients with RA.

Contrary to initial expectations, the nomogram analy-
sis revealed that some foods traditionally considered
pro-inflammatory were linked to reduced long-term
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mortality, while certain foods with recognized health
benefits were associated with increased long-term mor-
tality risk. The relationship between caffeine intake and
long-term prognosis is complex and remains uncertain
[52]. While extensive research generally associates high
caffeine consumption with lower all-cause mortality,
some cross-sectional studies have identified potential
links to increased cardiovascular risks and mortality, par-
ticularly in individuals with CVD or higher body weight
[53, 54]. Consistent with our findings suggesting that
coffee negatively affects individuals with rheumatoid dis-
ease, a meta-analysis has indicated that coffee consump-
tion is associated with an elevated risk of developing
rheumatoid arthritis [55]. Furthermore, although exces-
sive intake of refined grains is widely acknowledged as
a risk factor for various health issues, including obesity,
cardiovascular diseases, increased inflammation, and gut
microbiome disruption, our results suggest that mod-
erate refined grain consumption, rather than minimal
intake, may be associated with reduced long-term mor-
tality in patients with RA.

This study identified ten key dietary components that
align with expectations and may be associated with a
reduced long-term mortality risk in patients with RA.
These factors include high fiber intake, low protein intake,
high zinc intake, and high PUFA intake (which contribute
to a low DII score), as well as low intake of saturated fats,
high intake of seafood and plant proteins, a high propor-
tion of monounsaturated fatty acids, and high intake of
vegetables, fruits, and whole grains (which contribute to
a high HEI score). In the general population, high fiber
intake is consistently associated with reduced long-term
mortality [56]. Three large cross-sectional studies have
indicated that a high-fiber diet correlates with a lower
risk of developing rheumatoid arthritis, while two small
randomized controlled trials suggest that a high-fiber
diet may help alleviate disease activity in patients with
RA [57-61]. The evidence linking protein intake to all-
cause mortality is mixed [51, 62, 63]. Our results indicate
that a low total protein diet, combined with high intake
of seafood and plant proteins, may be associated with
reduced all-cause mortality in patients with RA. This is
consistent with findings from the general population,
where consumption of seafood and plant proteins has
been linked to lower all-cause and cardiovascular mor-
tality [62, 64, 65]. The Mediterranean diet, which empha-
sizes plant-based and seafood proteins, adequate fruits
and vegetables, whole grains, a balanced intake of unsat-
urated fatty acids, and low saturated fat consumption,
is well-known for its potential to reduce RA incidence,
decrease cardiovascular disease risk in patients with RA,
improve metabolic health, and enhance long-term qual-
ity of life [66—68]. Although insufficient research exists
to conclusively support the Mediterranean diet’s impact
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on reducing long-term mortality in patients with RA, our
study suggests that the components of this diet may con-
tribute significantly to reducing long-term mortality risk
in RA.

Zn is an essential mineral involved in numerous
biological processes, including maintaining insulin
homeostasis, modulating inflammatory responses, and
participating in antioxidant defense, neuronal develop-
ment, and neurogenesis [69]. Decades of research have
shown that zinc levels are reduced in the blood of patients
with RA [70, 71]. The relationship between dietary zinc
intake and long-term all-cause mortality in patients with
RA remains underexplored. However, our findings sup-
port the idea that zinc intake may be linked to a reduc-
tion in long-term mortality among patients with RA. This
specific dietary pattern, consisting of 12 key dietary fac-
tors, appears to be associated with a reduced long-term
mortality risk in this patient population.

The novelty of this study lies in its exploration of the
combined effects of two distinct dietary patterns and
their associated protective factors on all-cause mortal-
ity among individuals with RA. This research provides
new insights into the specific and comprehensive dietary
characteristics that may influence the long-term prog-
nosis of patients with RA. However, several limitations
of the study should be acknowledged. Firstly, the case-
control design precludes the establishment of a causal
relationship between diet quality and all-cause mortal-
ity. Nonetheless, the findings suggest that dietary pat-
terns and quality are significant factors impacting the
long-term prognosis of patients with RA, laying the
groundwork for further causal investigations. Secondly,
dietary nutrient intakes were derived from 24-hour
dietary recalls, which may not fully capture long-term
daily dietary exposure. However, evidence supports the
validity of 24-hour recalls, showing a strong correlation
with food frequency questionnaires, which are com-
monly used to assess long-term dietary habits. Thirdly,
self-reporting, the primary method for efficiently collect-
ing dietary intake data, introduces the potential for recall
bias due to its inherent limitations [72]. For example, the
reported RA prevalence of 2.8% in the NHANES sample
exceeds the generally accepted prevalence of 1% or less
in the United States, highlighting the need for caution
in data interpretation. Fourthly, since not all food items
contribute equally to dietary inflammation levels and
quality, this study employed scores from the DII and the
HEI-2015 in the LASSO-Cox regression, rather than con-
sidering the intake of individual food items. Thus, when
interpreting the dietary component findings, it is impor-
tant to account for the weighted scores of food items.

Despite these limitations, our study supports the
notion that specific dietary compositions, particularly
those related to inflammation and overall health, are
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strongly linked to the long-term mortality of patients
with RA. Additionally, unmeasured confounding factors,
such as environmental and genetic influences, may also
play a role. As a result, further exploration and valida-
tion of these findings in cohort studies and prospective
research are warranted.

Conclusions

Our findings suggest that healthy and anti-inflammatory
dietary habits are associated with reduced all-cause mor-
tality in individuals with RA. However, single assess-
ments of healthy and anti-inflammatory diets alone did
not show a significant correlation with all-cause mortal-
ity in this population. Additionally, 12 dietary compo-
nents were identified as significantly linked to all-cause
mortality. Future research should focus on developing
comprehensive nutritional guidelines for patients with
RA and investigate the potential interactive mechanisms
underlying these associations.
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