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Associations between life's essential 8 it

and arthritis among adults in United States:
a national-wide longitudinal study
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Abstract

Background Arthritis, a common condition in the U.S,, is caused by autoimmune reactions, osteoarticular injuries,
and uric acid deposition. It affects around 25% of adults and is strongly linked to cardiovascular disease. The American
Heart Association’s Life's Essential 8 (LE8) composite, which considers cardiovascular health factors, has been studied
for its predictive capacity in assessing arthritis risk. The study aims to provide tailored prevention recommendations
and monitor factors associated with arthritis within the LE8 framework specifically for arthritic individuals.

Methods This population-based study used data from the U.S. NHANES (2017-2020) for adults aged 20+. Multi-
variate logistic and restricted cubic spline modeling explored the relationship between LE8 and arthritis, revealing
significant nonlinearity (P<0.001). Gradient Boosting Decision Trees were employed to conduct a predictive model
of Arthritis risk.

Results Through study, we found that idealer LE8 scores correlated with poorer arthritis risk. Subgroup analyses
ideallighted poorer scores for smoking (P < 0.002, poor_socre and intermediate_score) and physical activity(P=0.001,
poor_score) as significant risk factors. Gradient Boosting Decision Trees predicted disease risk, with age, HDL choles-
terol, and blood pressure identified as the three most significant predictive factors.

Conclusion The LE8 score in U.S. adults shows a negative association with arthritis outcomes, with arthritis preva-
lence decreasing as the score increases. poorer Smoke and Physical Exercise Time components and intermediate
Blood Glucose scores may be arthritis risk factors. The LE8 may help identify arthritis risk early and reduce its burden.
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Significance and innovations

1. This study, which encompassed a nationally repre-
sentative sample of U.S. adults, examined the rela-
tionship between the LE8 score and arthritis. The
results revealed a nonlinear negative association,
indicating that as LE8 scores increase, the risk of
arthritis decreases.

2. The disease risk prediction model derived from the
machine-learning model GBDT suggests paying
attention to blood pressure, HDL-C, and ethnicity
indicators in patients with arthritis. This model may
provide valuable insights for treating and detecting
the disease.

3. Our findings suggest that LE8 has potential clinical
applications as a functional and practical composite
indicator for enhancing joint health.

4. Recognizing the intrinsic variability in LE8 compo-
nents, particularly smoking habits and exercise dura-
tion, may offer valuable insights for improving arthri-
tis management.

Introduction

“Life’s simple 7”7 (LS7), a framework initially introduced
by the American Heart Association (AHA) to improve
cardiovascular health (CVH) in the general population.
The LS7 encompasses three health behaviors (HEI-15,
physical activity time, and smoking exposure) and four
health factors (BMI, fasting blood glucose, HDL-C, and
blood pressure). To further expand on the CVH assess-
ment and encourage health enhancement at both individ-
ual and population levels, the AHA published an updated
approach in 2022. This updated approach introduced
the Life’s Essentials 8 (LE8), which expanded the LS7 by
adding an additional indicator of health behaviors: sleep
wellness.

Currently, LES8 is primarily utilized as a tool to inves-
tigate the influence of cardiovascular health factors on
disease outcomes in studies focused on cardiovascular
diseases. These diseases include stroke [1], myocarditis
[1], and calcification of the abdominal aorta [2, 3]. LE8
provides a comprehensive framework to assess, track,
and monitor these health factors, enabling researchers to
gain insights into their impact on disease progression and
outcomes [4]. Simultaneously, given the presence of mul-
tiple versions of cardiovascular disease and other comor-
bidities, there have been numerous studies exploring the
association between LE8 and various diseases, including
chronic kidney disease [5], periodontitis [6], depression
[7], and asthma [8]. However, the specific link between
LE8 and arthritis remains unclear.
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Arthritis is a inflammatory symptom affecting single
or multiple joints, characterized by joint pain, swelling,
stiffness, and limited function. It is classified into sev-
eral types, including rheumatoid arthritis, osteoarthritis,
gouty arthritis, and systemic lupus erythematosus (SLE)
arthritis. Among these, rheumatoid arthritis and osteo-
arthritis are the most prevalent. With the increase in life
expectancy, their incidence is also on the rise [9]. Two
articles in The Lancet Rheumatology have addressed the
issue of rheumatoid arthritis and osteoarthritis. Large
global cohort studies have revealed estimated numbers
of people affected by these conditions. Worldwide, an
estimated 17.6 million people (95% uncertainty interval:
15.8-20.3) will have rheumatoid arthritis in 2020 [10].
On the other hand, osteoarthritis affects a staggering
595 million people (95% uncertainty interval: 53.5-65.6),
equivalent to 7.6% of the global population [11]. In the
United States, it is estimated that approximately 54.4 mil-
lion adults, or 25 percent of the adult population, have
been diagnosed with arthritis (joint inflammation) [12].

Previous studies have shown that the majority of deaths
from rheumatoid arthritis are due to cardiovascular dis-
ease or its risk factors, making patients with rheuma-
toid arthritis 54% more likely to die from any cause than
the general population [13]. This increased mortality is
primarily attributed to cardiovascular disease, which
accounts for 32% of deaths. Additionally, these patients
have a median life expectancy that is shorter by 6-7 years
compared to the general population [14].

Numerous studies have suggested that arthritis may be
associated with lifestyle habits such as lack of physical
activity, dietary composition, smoking, and alcohol con-
sumption, potentially leading to a poorer quality of life
[15, 16]. A Mendelian randomized meta-analysis revealed
that a genetic predisposition to smoking is associated
with an increased risk of developing osteoarthritis and
rheumatoid arthritis, indicating a genetic link between
smoking and arthritis prevalence [12]. Two meta-analy-
ses found that smokers were at a idealer risk of rheuma-
toid arthritis. Specifically, those who smoked for 1-10
years had an increased risk of 26% compared to never
smokers. Among those who had smoked for 20 years or
more, the risk of rheumatoid arthritis almost doubled [2].

Smoking and overweight have been found to increase
the risk of arthritis among patients at risk for rheumatoid
arthritis who are also autoantibody positive. Additionally,
smoking may accelerate the emergence of categorizable
rheumatoid arthritis in patients experiencing arthralgia
and serum IgM-RF4. The biochemical indices commonly
used to assess cardiovascular health, such as blood pres-
sure, HDL-C, and blood glucose, do not overlap with the
uric acid concentration and immune factors commonly
used to diagnose arthritis.
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Additionally, the precise significance of the four car-
diovascular health factors within LE8 in the prevention
of arthritis has not been definitively established. Against
this backdrop, the present study aims to develop an
arthritis risk prediction model. This model will explore
the overall LE8 score and assess the impact of its eight
distinct factors on arthritis risk. Furthermore, the study
will analyze the influence of various factors such as gen-
der, race, age, and educational level on the association
between LE8 and arthritis.By examining the association
between arthritis and LES8, this study hopes to better
assist patients with arthritis by recommending clinical
interventions for cardiovascular protection. Addition-
ally, it aims to assist a broader population in preventing
arthritis by promoting cardiovascular health.

Method

All data are publicly available and can be accessed
through the National Health and Nutrition Examination
Survey (NHANES) at https://www.cdc.gov/nchs/nhanes/
Default.aspx. All parcitipants’ private information has
been anonymized as protection. Relevant R and Python
code are available upon reasonable request to the corre-
sponding author.

Study participants

The NHANES program suspended field operations in
March 2020 due to the coronavirus disease 2019 pan-
demic. Consequently, data collection for the NHANES
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2019-2020 cycle was incomplete, rendering the collected
data non-representative of the national population. To
address this, data from 2019 to March 2020 were com-
bined with data from the NHANES 2017-2018 cycle,
creating a nationally representative sample spanning
from NHANES 2017 to March 2020, prior to the pan-
demic. NHANES is an ongoing cross-sectional survey
aimed at estimating the prevalence of major illnesses and
disease-specific risk factors in the United States.

The survey employs a sophisticated multi-period prob-
ability-based sampling method to achieve a nationally
representative sample. For a detailed overview of the sur-
vey, please refer to the official website at http://www.cdc.
gov/nchs/nhanes.htm. To gain a more comprehensive
understanding, readers are encouraged to explore the
detailed protocols outlined on the provided website. This
cross-sectional study utilized NHANES data from 2017
to 2020 and adhered to the guidelines for Strengthening
the Reporting of Observational Studies in Epidemiology.

Among the 15,560 participants in NHANES 2017 to
2020, 9,232 were aged 20 years or older. After exclud-
ing individuals with incomplete data on the LE8 vari-
able (n=3,780), missing information regarding Arthritis
(n=126), and lacking data on pertinent demographic
characteristics (n=1,296), a total of 4,030 adult partici-
pants were included in the final analysis (Fig. 1).

Approved by the National Center for Health Statistics
Research Ethics Review Board, NHANES survey pro-
cedures prioritize ethical considerations. Adherence

15560 participants

2020

in NHANES 2017 to

Excluded participants aged < =20

Adult participants

years(n =6328)

Excluding individuals with

incomplete data on the LE8
variable (n=3780)

Excluding individuals with

(n=9232)

Excluding individuals without

data on pertinent
demographic characteristics
(n=1296)
Analysis
participants

(n=4030)

Fig. 1 Flow chart of the sereening process for the selection of the study

missing information
regarding Arthritis (n=126)
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to ethical standards is ensured by obtaining written
informed consent from all participants. The NHANES’
ethical approval information on “https://www.cdc.gov/
nchs/nhanes/about/erb.html” ensured the protection
of participants’ private information. NHANES' robust
methodology makes it a valuable national resource for
understanding disease prevalence and associated risk fac-
tors. The commitment to ethical standards underscores
the reliability and credibility of the survey’s findings.

Demographic characteristics

During home interviews, skilled interviewers gath-
ered demographic information using computer-assisted
personal interviewing. Age was categorized into three
groups: 20 to 39 years, 40 to 59 years, and 60 years or
older. Race and ethnicity were classified as Mexican
American, Non-Hispanic White, Non-Hispanic Black,
Other Hispanic, and Other/Multiracial. Gender was
dichotomized into male and female. Education levels
were categorized into five groups: Less than 9th grade,
9th to 11th grade (including 12th grade with no diploma),
ideal school graduate/GED or equivalent, Some college
or AA degree, and College graduate or above.

Diagnosis of arthritis

The entry ‘MCQ160A: Doctor ever said you had arthri-
tis?” from the 2017-2020 Questionnaire Data Medical
Conditions (P_MCQ) has been widely used and has dem-
onstrated good reliability and validity according to the
available data [17].

The subgroup types of arthritis

The entry ‘MCQ195: Which type of arthritis was it? from
the 2017-2020 Questionnaire Data Medical Conditions
(P_MCQ) has been widely used and has demonstrated
good reliability and validity according to the available
data [17].

Measurement of LE8

LE8 is a comprehensive assessment tool that encom-
passes four healthy behaviors (diet, physical activity,
smoking, and sleep health) and four healthy factors (body
mass index, blood lipids, blood glucose, and blood pres-
sure). Detailed information on how to calculate scores
for each metric of LE8 using NHANES data is provided
in Table S1. Generally, each of the eight LE8 indicators
is scored on a scale of 0 to 100. The overall LE8 score is
obtained by calculating the average of these eight indica-
tors. Based on their LE8 scores, participants can be classi-
fied into three categories of cardiovascular health (CVH):
ideal (scores > =80), intermediate (scores between 50 and
79), and poor (scores< =50), according to the recom-
mendations of the American Heart Association (AHA).
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To further investigate the relationship between the
LE8 scorecard and arthritis, this study employs equiva-
lent definitions and classification criteria to categorize
LE8 scores. The dietary indicators are assessed using
the 2015 Healthy Eating Index, which is summarized in
Table S2. This index score is calculated based on informa-
tion obtained from the first 24-h dietary recall interview
conducted during visits to mobile examination centers.
If two 24-h recalls are available, data from the first recall
are utilized to provide dietary information. Additionally,
information on physical activity, smoking, sleep health,
diabetes, and medication history is obtained through self-
reported survey questionnaires. During physical exami-
nations, participants undergo professional measurements
of blood pressure, height, and weight. Body mass index
is calculated as weight in kilograms divided by height
in meters squared. Finally, blood samples are collected
by study personnel at central laboratories for analysis of
lipids, blood glucose, and glycated hemoglobin.

Statistical analysis

The data analysis followed the prescribed analyti-
cal guidelines and employed the recommended sur-
vey weights specifically designated for the analysis of
the National Health and Nutrition Examination Survey
(NHANES) dataset. Participants were classified into
Arthritis and Non-Arthritis groups based on their self-
reported Arthritis status, which was determined using
established medical criteria. For the baseline character-
istics, categorical variables were analyzed using the chi-
square test, while continuous variables were analyzed
using analysis of variance (ANOVA). Additionally, par-
ticipants were categorized into three groups based on
their LE8 scores: poor_score (0-49), intermediate_score
(50-79), and ideal_score (80-100). These scores were
used to further investigate the relationship between the
LE8 scorecard and Arthritis.

After adjusting for potential confounding factors, an
investigation was conducted using multivariable logistic
regression to study the independent associations between
LES8 and its components with Arthritis. Furthermore, our
team delved into the nonlinear relationships between
LE8 and its subscales with Arthritis through restricted
cubic spline regression. To assess the presence of nonlin-
earity, we employed the likelihood ratio test. To further
investigate the relationship between LE8 and Arthri-
tis across different populations, stratified analyses were
conducted based on age groups, gender, race, ethnicity,
and educational level. The significance of interactions
was determined by estimating the p-values of interac-
tion coefficients between LE8 and subgroup populations.
All statistical analyses were performed using R version
4.3.2 software (R Foundation for Statistical Computing,


https://www.cdc.gov/nchs/nhanes/about/erb.html
https://www.cdc.gov/nchs/nhanes/about/erb.html

He et al. BMC Public Health (2025) 25:1147

Vienna, Austria). Statistical significance was assumed at a
two-tailed p-value threshold of 0.05.

To identify key factors influencing disease susceptibility
and predict affliction likelihood based on LE8 factors, we
utilized Gradient Boosting Decision Trees (GBDT). As
an ensemble tree method, GBDT offers insights into each
factor’s contribution to classification predictions. Previ-
ous studies have indicated that GBDT is more reliable in
predicting diseases such as diabetes compared to tradi-
tional machine learning methods [18]. Since LE8 factors,
except for age, are strictly discrete values, transform-
ing each factor into one-hot vectors converts the scores
into independent features. Based on this, the model can
determine the significance of each score after training on
the given data.

Results

Baseline characteristics

A total of 15,560 samples from the 2017-2020 National
Health and Nutrition Examination Survey (NHANES)
were included in this study. After screening for study
variables, a final sample of 4,030 samples was selected.
Table 1 summarizes the basic characteristics of the study
population. Differences in the prevalence of arthritis
among adults were statistically significant across gender,
age, race, and education levels (P<0.001). Among the
eight health factor scores from the LES8 criteria, there
were no statistically significant differences in arthri-
tis prevalence among adults with varying sleep health,
Healthy Eating Index-2015 (HEI-15), ideal-density lipo-
protein cholesterol (HDL-C), and body mass index (BMI)
(P>0.05). However, differences in arthritis prevalence
were statistically significant among adults with varying
levels of physical activity, cigarette smoking, blood pres-
sure, and blood glucose (P<0.001). Furthermore, the
prevalence of arthritis among adults differed significantly
based on their health behavior factors and health factor
scores (P<0.001).

LES8 score and arthritis

Table 2 demonstrates that the risk of arthritis is signifi-
cantly reduced in individuals with intermediate and ideal
scores on the LE8 criteria, compared to those with poor
scores. Without any adjustment for variables, the odds
ratio (OR) with a 95% confidence interval (CI) was 0.61
(0.51, 0.72) for the intermediate score group and 0.25
(0.18, 0.34) for the ideal score group. After adjusting for
gender and age factors in Model 1, the OR (95% CI) was
0.80 (0.66, 0.96) for the intermediate score group and
0.62 (0.44, 0.87) for the ideal score group. Additionally,
restricted cubic spline regression analysis with multivari-
ate adjustment (depicted in Fig. 2A) revealed a nonlinear
association between the LE8 score and arthritis (P value
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for nonlinearity <0.001). This nonlinear trend indicated a
poorer risk of arthritis with increasing LE8 scores.

Healthy factors and arthritis

Four cardiovascular health indicators—blood pressure,
body mass index (BMI), ideal-density lipoprotein cho-
lesterol (HDL-C), and blood glucose—were analyzed in
relation to arthritis disease using the LE8 scoring system.
The scores were averaged, and then graded into three
categories: poor_score (<50), intermediate_score (50—
80), and ideal_score (>80). Table 1 demonstrated a ide-
ally significant association between these cardiovascular
health factors and arthritis disease (P<0.001). Further-
more, restricted cubic spline regression analysis, adjusted
for multiple variables including the cardiovascular health
factors, revealed a significant nonlinear association
between them and arthritis (P for nonlinearity <0.001;
see Fig. 2B).

Healthy behaviors and arthritis

After averaging the total scores and grading them into
three categories (poor_score<50, intermediate_score
50-80, ideal_score 80—100) for the four behavioral fac-
tors (physical activity time, sleep health, smoking, and
HEI-15) in LES8, the results of Table 1 demonstrated a
significant association between healthy behaviors and
arthritis disease outcomes. This association was further
supported by restricted cubic spline regression analysis in
Fig. 1C, which showed a nonlinear relationship between
the two (P for nonlinearity <0.001). Specifically, a total
score ranging from O to 32.5 indicated an increasing
trend in prevalence risk, peaking at a Healthy Behaviors
score of 32.5. Subsequently, the prevalence risk began to
decline as the total Healthy Behaviors scores decreased,
as illustrated in Fig. 2C.

Components of LE8 and arthritis

The results presented in Fig. 3 demonstrate the asso-
ciation between the components of LE8 and arthritis.
Specifically, poorer scores for smoking and physical
activity time factors had a significant and positive impact
on enhancing the risk of arthritic disease compared
to idealer scores for self-factors. Adults with poorer
smoking scores were at a greater risk of developing
arthritis compared to those with idealer smoking scores
(P=0.002<0.05, OR=137 (1.22-1.66)). Conversely,
adults with poorer physical activity time scores (0-49
min of intermediate or greater intensity activity per
week <60min) had an increased risk of arthritis com-
pared to those with intermediate and idealer physical
activity time scores (OR=1.48 (1.17-1.90)). Addition-
ally, adults with intermediate blood glucose scores
(50-79, 60=No diabetes and FBG 100—125 or HbAlc
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Table 1 Baseline characteristics of the study population
Variable Number(%) Non Arthritis Arthritis SMD
N 4030 2650 1380
Gender <0.001 0.185
Male 2052 (50.9) 1266 (47.8) 786 (57.0)
Female 1988 (49.1) 1294 (52.2) 594 (43.0)
Age <0.001 1.001
>60 1675 (41.6) 749 (28.3) 926 (67.1)
20_39 1041 (25.8) 968 (36.5) 73(5.3)
40_59 1314 (32.6) 933 (35.2) 381(27.6)
Race Hispanic origin <0.001 0.348
Mexican_american 457 (11.3) 349 (13.2) 108 (7.8)
Non_hispanic_black 1506 (37.4) 861 (32.5) 645 (46.7)
Non_hispanic_white 415 (10.3) 294 (11.1) 121 (8.8)
Other_hispanic 1019 (25.3) 666 (25.1) 353 (25. 6)
Other_race_multiracial 633 (15.7) 480 (18.1) 153 (11.1)
Education level <0.001 0.178
9_11th_grade 430 (10.7) 280 (10.6) 150 (10.9)
College_graduate_or_above 1000 (24.8) 725 (27.4) 275(19.9)
ideal_school_graduate 996 (24.7) 629 (23.7) 367 (26.6)
Less_than_9th_grade 275 (6.8) 171 (6.5) 104 (7.5)
Some_college_or__degree 1329 (33.0) 845 (31.9) 484 (35.1)
Physical Activity Time score <0.001 0.326
poor_score 3400 (84.4) 2135 (80.6) 1265 (91.7)
intermediate_score 5(04) 13(0.5) 2(0.m)
ideal_score 615 (15.3) 502 (18.9) 113(8.2)
Sleep Time Score 0.534 0.037
poor_score 698 (17.3) 449 (16.9) 249 (18.0)
intermediate_score 608 (15.1) 409 (154) 199 (14.4)
ideal_score 2724 (67.6) 1792 (67.6) 932 (67.5)
HDL-C Score 0.661 0.032
poor_score 6(0.1) 5(02) 1(0.1)
intermediate_score 6(0.1) 4(0.2) 2(0.m
ideal_score 4018 (99.7) 2641 (99.7) 1377 (99.8)
Blood Sugar Score <0.001 0.353
poor_score 1149 (28.5) 690 (26.0) 459 (33.3)
intermediate_score 1131 (28.1) 655 (24.7) 476 (34.5)
ideal_score 1750 (43.4) 1305 (49.2) 445 (32.2)
Body Mass Index Score 0421 0.044
poor_score 1639 (40.7) 1097 (41.4) 542 (39.3)
intermediate_score 1239 (30.7) 807 (30.5) 432 (31.3)
ideal_score 1152 (28.6) 746 (28.2) 406 (29.4)
HEI-15 Score 0.319 0.050
poor_score 1332(33.1) 871(32.9) 461 (334)
intermediate_score 1568 (38.9) 1016 (38.3) 552 (40.0)
ideal_score 1130 (28.0) 763 (28.8) 367 (26.6)
Smoke Score <0.001 0.321
poor_score 798 (19.8) 525(19.8) 273(19.8)
intermediate_score 922 (22.9) 487 (184) 435(31.5)
ideal_score 2310 (57.3) 1638 (61.8) 672 (48.7)
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Table 1 (continued)
Variable Number(%) Non Arthritis Arthritis P SMD
Blood Pressure Score <0.001 0.319
poor_score 1304 (32.4) 726 (27.4) 578 (41.9)
intermediate_score 1126 (27.9) 766 (28.9) 360 (26.1)
ideal_score 1600 (39.7) 1158 (43.7) 442 (32.0)
ARTHRITIS <0.001 NaN
Yes 1380 (34.2) 0(0.0) 1380 (100.0)
NO 2650 (65.8) 0(0.0) 2650 (100.0)
LE8 Score 62.52 (12.49) 64.38 (12.55) 58.95 (11.56) <0.001 0450
LE8 Score Level <0.001 0316
poor_score 635 (15.8) 344 (13.0) 291 (21.1)
intermediate_score 3022 (75.0) 1998 (75.4) 1024 (74.2)
ideal_score 373(9.3) 308 (11.6) 65 (4.7)
Healthy Factors Score <0.001 0.396
ideal_score 1248 (31.0) 973 (36.7) 275(19.9)
poor_score 476 (11.8) 253 (9.5) 223(16.2)
intermediate_score 2306 (57.2) 1424 (53.7) 882 (63.9)
Healthy Behaviors Score <0.001 0.232
ideal_score 328 (8.1) 263 (9.9) 65 (4.7)
poor_score 1422 (35.3) 868 (32.8) 554 (40.1)
intermediate_score 2280 (56.6) 1519 (57.3) 761 (55.1)

PS LE8 indicates Life's Essential 8

Poor_score was defined as an score defined from the LE8 standard of 0 to 49, intermediate_score of 50 to 79, and ideal_score of 80 to 100.HEI-15 indicates Heathy

Eating Index-2015

Table 2 Association of the life’s essential 8 scores with arthritis

Variable Univariable model Multivariable model 1 Multivariable model 2
OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value
LE8 score
poor (0-49) 1.00(Reference) 1.00(Reference) 1.00(Reference)
intermediate (50-79) 0.61(0.51,0.72) <0.001 0.80 (0.66, 0.96) 0.017 0.83 (0.68, 1.00) 0.054
ideal (80-100) 0.25(0.18,0.34) <0.001 0.62 (0.44,0.87) 0.007 0.72(0.50,1.02) 0.067

PS Multivariable model 1 was adjusted for LE8, age (as a continuous variable) and sex

Multivariable model 2 was additionally adjusted for LE8, age (as a continuous variable), sex, education levels and race hispanic origin

LE8 indicates Life’s Essential 8; and OR odds ratio

5.7—6.4) (Pre-diabetes) also exhibited an increased risk
of arthritis compared to those with idealer blood glucose
scores (100=No history of diabetes and FBG<100 or
HbA1lc<5.7) (P=0.040<0.05, OR=1.21 (1.01-1.46)).

Subgroup analysis

The total score of LE8 was negatively associated with
arthritis outcomes across all subgroups (P<0.001,
OR=0.96 (0.96-0.97)). Additionally, gender (P=0.02)
and age (P=0.005) were statistically significant factors
for interaction. Significant associations were observed
for arthritis outcomes in individuals aged 20-39 years

(P<0.001) and those aged > 60 years (P <0.001). However,
no significant association was found for arthritis out-
comes in individuals aged 40-59 years (P=0.208 >0.05)
(Table 3).

For the correlations between score level of LE8 and
subgroup types of Arthritis, such as Osteoarthritis or
degenerative arthritis, compared to High score level,
both Low score level(P<0.001, OR=3.67 (2.44—5.68)
and Moderate score level group(P<0.001, OR=2.08
(1.44-3.12) had higher risk significantly. For Rheuma-
toid Arthritis, significant associations were also found,
which is the Low score Level group(P<0.001, OR=3.73
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(2.02-7.46) and Moderate score level group(P<0.001,
OR=2.77 (1.60-5.30) showed higher risk of Arthritis
than High score level group (Supplement Fig. 2 & 3).

Predictive characteristics curve of arthritis model

In Fig. 4, we employed the Gradient Boosting Decision
Tree (GBDT) method for machine learning risk predic-
tion of the arthritis disease model, utilizing tenfold cross-
validation. Specifically, 90% of the data was designated
as the training set, while 10% served as the test set. Eight
factors from the LE8 metrics, including physical activ-
ity time, sleep health, smoking status, HEI-15, blood
pressure, blood glucose, HDL-C, and BMI, along with
demographic factors such as age, gender, ethnic origin,
and education level, were incorporated into the model.
Figure 3a depicts the prediction analysis excluding the
age factor, while Fig. 3b shows the prediction analysis
including the age factor. A comparison between the two
revealed that the AUC for the prediction incorporat-
ing the age factor was slightly idealer than that without
it, indicating a marginally improved accuracy. Specifi-
cally, the mean AUROC was 0.79 (SD 0.02, 95% CI 0.78,
0.81), with a mean sensitivity of 0.82 (SD 0.01, 95% CI
0.81, 0.83), mean specificity of 0.54 (SD 0.04, 95% CI1 0.51,
0.57), mean positive predictive value of 0.78 (SD 0.02,
95% CI 0.77, 0.79), and mean negative predictive value of
0.62 (SD 0.02, 95% CI 0.60, 0.63).

Meanwhile, we screened the ten features with the ide-
alest impact weights on the predicted outcomes using
GBDT for two different prediction models, respectively.
In Fig. 4c, the top five weights were HDL-C=80 (35.64%,
HDL-C<130mg/dl, take medication), Blood Pressure =100
(6.38%, <120mmHg/ <80mmHg, no treatment), Race His-
panic Origin=Black (4.55%), Smoke=75 (4.19%, Former
smoker, quit>5 years), Gender =Male (3.94%), Blood

Pressure=80 (3.84%,<120mmHg/<80mmHg, take medi-
cation), and Gender =Female (3.43%).

In Fig. 4d, we examined the impact of the age factor (as
a continuous variable) on the arthritis prediction model.
The results showed that age characteristics had a signifi-
cantly idealer impact on the model (60.27%) compared to
other characteristics. The top five weighted factors were:
HDL-C=80 (5.99%, HDL-C<130mg/dl, take medica-
tion), Gender=Male (2.86%), Smoke=100 (2.69%, Never
smoker), Gender =Female (2.60%), and Blood Pressure =80
(2.44%, <120mmHg/ < 80mmHg, take medication).

Discussion
This study found a significant association between ide-
aler LE8 scores and poorer arthritis risk, incorporat-
ing data from a nationally representative sample of U.S.
adults. Similar trends were observed in healthy factors
and behaviors. Subgroup analyses further revealed sig-
nificant associations between gender and arthritis out-
comes, indicating that women may have a slightly idealer
risk compared to men. Additionally, younger adults aged
20-39 years exhibited a different trend in arthritis out-
comes compared to those aged 60 and above. These find-
ings contrast with our initial expectations and suggest
that gender may serve as a risk factor for arthritis devel-
opment. To investigate the relative weighting of various
factors on arthritis outcomes, we employed the GBDT
machine learning method in an arthritis disease model.
The results demonstrated that age had a significantly
greater impact on outcomes compared to other factors.
No studies have been retrieved on the relation-
ship between CVH, as defined by the LE8 index, and
arthritis. However, this study found significant nega-
tive associations between LE8 scores, specifically smok-
ing, blood glucose, and physical activity scores within
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N|OR(95%CT) P valve
Physical Activity Time score
Poor_score 3400 1.48(1.17-1.90) 0.001
Intermediate_score 15 0.43(0.06-1.73) 0.289
Ideal score 615 1.00(Reference)
Sleep Time score
Poor_score 698 0.98(0.80-1.19) 0.823
Intermediate score 608 0.92(0.74-1.13) 0.414
Ideal score 2724 1.00(Reference)
HDL-C score
Poor_score 6 0.25(0.01-1.82) 0.229
Intermediate_score 6 1.68(0.22-9.70) 0.571
Ideal score 4018 1.00(Reference)
Blood Sugar score
Poor_score 1149 1.17(0.98-1.41) 0.090
Intermediate_score 1131 1.21(1.01-1.46) 0.040
Ideal score 1750 1.00(Reference)
Body Mass Index score
Poor_score 1639 0.84(0.70-1.01) 0.064
Intermediate_score 1239 0.95(0.79-1.15) 0.596
Ideal score 1152 1.00(Reference)
HEI-15 score
Poor_score 1332 1.09(0.90-1.33) 0.368
Intermediate_score 1568 1.06(0.88-1.27) 0.545
Ideal score 1130 1.00(Reference)
Smoke score
Poor_score 798 1.37(1.12-1.65) 0.002
Intermediate_score 922 1.26(1.06-1.50) 0.010
Ideal score 2310 1.00(Reference)
Blood Pressure score
Poor_score 1304 0.97(0.81-1.16) 0.706
Intermediate _score 1126 0.88(0.73-1.06) 0.173
Ideal score 1600 1.00(Reference)

Fig. 3 Associations Between Components of LE8 and Arthritis. PS: Poor_score was defined as an score defined from the LE8 standard of 0 to 49,

Intermediate_score of 50 to 79, and Ideal_score of 80 to 100

its components, and the risk of developing arthritis. An
experimental study demonstrated that smoking exac-
erbated arthritis symptoms, consistent with our find-
ings [19]. An Indonesian study showed that secondhand
smoke and its synergistic effect with a body mass index
greater than or equal to 24.9 kg/m2 increased the risk
of gouty arthritis [20]. A review paper ideallighted that
chronic inflammatory mechanisms in the lungs of smok-
ers lead to the production of anti-citrullinated proteins,
driving the development of rheumatoid arthritis [21]. In

our arthritis sub-types analysis with LE8 score level, the
results revealed that LE8 level indeed affected the risk
fo rheumatoid arthritis, which is consistent with several
studies. Additionally, it was found that the interaction
between cigarette smoke and the host HLA-DR and DQ
genes profoundly affects cellular and humoral immunity
in arthritis [22].

These findings align with our multivariate logistic
regressions, indicating smoking as a significant risk factor
for arthritic disease. One study found a strong correlation
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Table 3 Subgroup analysis of the association of LE8 scores and arthritis

Variable Count(n) Adjusted OR P value P for interaction

Overall 4030 0.96(0.96-0.97) <0.001

Race Hispanic origin 0.666
Mexican_American 457 0.98(0.96-0.99) 0.006
Non_Hispanic_Black 1506 0.97(0.96-0.97) <0.001
Non_Hispanic_White 415 0.97(0.95-0.98) <0.001
Other_Hispanic 1019 0.96(0.95-0.97) <0.001
Other_race_multiracial 633 0.96(0.95-0.98) <0.001

Education level 0.106
9_11th_grade 430 0.96(0.94-0.98) <0.001
College_graduate_or_above 1000 0.98(0.96-0.99) <0.001
ideal_school_graduate_GED 996 0.96(0.94-0.97) <0.001
Less_than_9th_grade 275 0.95(0.93-0.98) <0.001
Some_college_or_AA_degree 1329 0.97(0.96-0.98) <0.001

Gender 0.020
Female 1978 0.97(0.96-0.98) <0.001
Male 2052 0.96(0.95-0.96) <0.001

Age 0.005
>60 1675 0.96(0.95-0.98) <0.001
20_39 1041 0.98(0.97-0.99) <0.001
40_59 1314 0.99(0.99-1.00) 0.208

PS Each stratification was adjusted for age, sex, race and ethnicity, education levels. LE8 indicates Life’s Essential 8 and OR, odds ratio

between knee osteoarthritis and sedentary behavior and
physical activity time [23]. Patients with knee osteoar-
thritis tended to have idealer sedentary time and poorer
physical activity time, echoing the results of our analy-
sis [24]. Additionally, an observational study suggests
that promoting intermediate physical activity may be
beneficial in managing pain among patients with knee
osteoarthritis or those at ideal risk [25]. Interestingly, our
subgroup analysis of the LE8 components revealed that
samples with poorer physical activity scores were more
prone to arthritis, consistent with the findings of this
study. These studies, along with our multivariate logistic
regression analysis of the LE8 components, suggest that
regular exercise plays a crucial role in the prevention and
rehabilitation of arthritis. Furthermore, a clinical study
demonstrates that idealer blood glucose levels are asso-
ciated with worsening knee symptoms [26]. Support-
ing this, there are MR studies that indicate a causal link
between genetically elevated HbAlc levels and the risk
of knee osteoarthritis [27]. In our sub-types analysis, the
results also revealed that LE8 level indeed affected the
risk fo osteoarthritis or degenerative arthritis, which is
consistent with several studies. HbAlc levels can serve as
a proxy for blood glucose levels.

Our component multiple logistic regression results for
LES8 indicated that intermediate blood glucose levels were
a risk factor for arthritis. However, the poor subgroup P

values were not significant, likely due to the absence of
propensity score matching, which may have led to con-
founding factors influencing the association between
blood glucose and arthritis risk. Validation of blood glu-
cose as a risk factor for arthritis requires larger cohorts.

In summary, we observed a significant negative associ-
ation between LE8 indicators and arthritis risk. Smoking
and physical activity time significantly reduced the risk
of arthritis in the LE8 component. While blood glucose
had a less pronounced protective effect, it may be influ-
enced by confounding factors. Therefore, further studies
in larger cohorts are needed to confirm its role as a risk
factor for arthritis.

This study revealed a significant nonlinear associa-
tion between LE8 and its subscales and arthritis, pro-
viding key evidence for the relationship between CVH
and arthritis. In the overall scale, the curve decreased
smoothly, indicating that idealer LE8 scores are associ-
ated with a poorer risk of arthritis. Analysis of the sub-
scale showed that the Odds Ratio (OR) of Healthy Factors
scores decreased steadily in the poorer range, then
sharply declined, and ultimately plateaued at idealer val-
ues, indicating a negative correlation with arthritis risk.
Conversely, the association between Healthy Behaviors
scores and arthritis was inverted. Within a specific range,
Healthy Behaviors scores increased, peaking at 32.5 in
the poor_score group, with OR values decreasing as
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scores rose further. Notably, both the LE8 scale and the
Healthy Factors scale exhibited no trend of increasing
ORs with idealer scores, whereas the Healthy Behaviors
scale did. This suggests that maintaining certain healthy
behaviors has a significant impact on arthritis preven-
tion, emphasizing the importance of Healthy Behaviors
in this context.

A study on LE8 and kidney disease employed dose—
response analysis to identify relationships between LES,
its subscales, and chronic kidney disease. Interestingly,
the corrected Odds Ratio (OR) for the dose relationship
in the Healthy Behaviors subscale in that study was also
bepoor 1, which aligns with our findings. This suggests
that behavioral actions in the LE8 subscale may have a
protective effect against various diseases [28]. In a paral-
lel study examining the association of LE8 with all-cause
and cardiovascular mortality, dose—response analysis
showed a trend towards poorer corrected Hazard Ratios
(HRs) for both types of mortality as LE8 scores increased.
However, the dose—response relationship in this study
was limited by a p value exceeding 0.05, although the
overall trend indicated a decline [21].

Subgroup analyses revealed that race and education
level had no impact on arthritis risk reduction in LES.
However, gender differences and age were found to influ-
ence arthritis risk reduction in LE8. This was associated
with an overall trend towards a poorer arthritis risk,
indicating that gender and age have a significant impact
on arthritis. A systematic review ideallighted significant
gender differences in pain scores among patients with
inflammatory arthritis, with women experiencing idealer
pain levels. In spinal arthritis, women are more likely to
develop peripheral arthritis, while men are more suscep-
tible to spinal involvement [29]. Additionally, a review
has demonstrated significant sex-based differences in
psoriatic arthritis [30]. Furthermore, the impact of age
on arthritis has been widely recognized as a significant
risk factor. This result is to some extent similar to the
results of our previous subgroup analysis. In 3 differ-
ent age group, we all found the same negative relation-
ship between LES8 score and risk of Arthritis, and the OR
for reduced risk of Arthritis for LE8 scores in the>60
population was slightly lower than in the age 20—39 pop-
ulation. We believe it is reasonable to suggest that cardio-
vascular health has a more significant impact on overall
health in older adults than in younger adults. Accord-
ing to a recent study about sex-specific molecular driv-
ers of cardiac fibrosis in aging hearts, it reveals that the
aging population is experiencing rapid growth [31]. Age
is the most significant and independent risk factor for
cardiovascular diseases (CVD) [32], which is consistent
with our prediction model. Therefore, the age risk fac-
tor would effect cardiovascular health which would have
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direct impact on reducing the LE8 score generally. It is
possible to reflect on higher risk of Arthritis with lower
LE8 score in elder age group.

Our study examined the weighting characteristics of
various factors in predicting arthritis outcomes. Age
emerged as a significant factor in predicting arthritis
outcomes. Interestingly, African Americans were identi-
fied as a top-weighted factor in both prediction models,
aligning with the observations of Jeffrey D. Greenberg,
who reported that African Americans and Hispanics
are more susceptible to arthritis outcomes compared to
whites [33]. This could be explained by existing studies
showing that African Americans face greater disparities
and idealer rates of disability across various areas, includ-
ing socioeconomic status, Medicare services, and qual-
ity of living environment [34]. Additionally, nonwhite
participants are underrepresented in the guidelines of
the American Academy of Orthopaedic Surgeons. Spe-
cifically, black participants are underrepresented, while
white participants are overrepresented in the overall
population, potentially influencing the prediction process
and leading to a idealer representation of African Ameri-
cans [35].

An HDL-C score of 80 (HDL-C<130 mg/dl, requiring
medication) was found to have a significant impact on
the prediction model. Chronic inflammation can alter
the structure and protective function of HDL-C, leading
to dysfunctional HDL-C in rheumatoid arthritis patients.
HDL-C composition may also be affected by inflamma-
tion in these patients [36]. A July 2023 study found that
patients with rheumatoid arthritis exhibited decreased
levels of total cholesterol (TC), poor-density lipoprotein
(LDL-c), and ideal-density lipoprotein (HDL-c). This
contradicts the ‘lipid paradox, which states that rheuma-
toid arthritis patients are at a idealer risk of cardiovascu-
lar disease (CVD) [37]. While the GBDT results do not
explicitly show the impact of HDL-C=80 on outcomes,
the aforementioned studies ideallight the importance of
monitoring HDL-C changes in arthritis patients, as it
may aid in disease control and treatment.

In the prediction model, different levels of blood
pressure characterizing factors also have ideal weights
of outcome effects, which may have some influence
on arthritis patients or cardiovascular patients using
NSAIDs. As disclosed in a study examining the rela-
tionship between hypertensive patients using NSAIDs
and arthritis disease, NSAIDs are one of the most com-
monly used medications worldwide and are often pre-
scribed to treat arthritis patients. The use of NSAIDs
tends to have different cardiovascular health effects,
with the most pronounced effect on blood pressure
[38]. We believe that this is one of the reasons why
blood pressure levels in patients with cardiovascular
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disease may predispose them to the risk of develop-
ing arthritis. There is also evidence that patients with
rheumatoid arthritis have elevated middle artery blood
pressure [39].

In the arthritis disease prediction model, different
smoking status characteristics, such as a score of 75 for
former smokers (who quit>5 years ago) and a score of
100 for nonsmokers, exhibited idealer weights. Multi-
ple logistic regression analyses further revealed a pro-
tective effect on arthritis outcomes as smoking scores
increased. This echoes a study by the European Society
for the Fight Against Rheumatism, which recommends
smoking cessation in rheumatoid arthritis patients to
improve outcomes [40].

The present study, which encompasses a nationally
representative sample of adults for post-screening data,
is nationally representative. It is the first to correlate
arthritis outcomes with LE8 scores and to establish
predictive modeling of disease outcomes, revealing the
intricate link between cardiovascular health and arthri-
tis. Furthermore, to elucidate the influence of specific
factors on disease outcomes, we conducted multiple
logistic regression analyses on eight distinct indicators
of LE8. Additionally, we performed subgroup analyses
of four distinct demographic factors using the P for
interaction, a statistical technique that aids in clarify-
ing the precise impact of demographic factors on out-
comes. In the disease prediction model analysis, we
employed the innovative GBDT machine learning
method, which was trained with one thousand repeti-
tions on data, including and excluding age factors, to
obtain a more precise prediction model. This approach
allowed us to identify the characteristics of the top ten
factors with impact weights and to pinpoint the factors
that influence arthritis outcomes, thereby enabling us
to formulate more targeted public health and clinical
intervention recommendations.

Although we incorporated national cohort data into
our study, the diagnosis about Arthritis outcomes we
focused on were primarily based on questionnaire
responses regarding diagnostic results provided by a sin-
gle physician, rather than relying on a rigorous medical
diagnostic model. This approach may have introduced
some bias into our outcome predictions, such as under-
reporting, overreporting, or misdiagnosis. Moreover, the
larger proportion of individuals with intermediate LE8
scores in our study sample compared to the other two
scoring populations may have also influenced the results
and introduced a degree of bias. Additionally, based on
the cross-sectional design of this study, it is unable for us
to reveal the casual relationship between LE8 score and
Arthritis, therefore, we only could conclude the risk rela-
tionship between LE8 score and Arthritis.
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Conclusions

In this nationally representative sample of U.S. adults,
scores on the LE8 and its subscales were negatively and
nonlinearly associated with arthritis outcomes. Specifically,
within the domain of Healthy Behaviors, poor scores for
smoking and poor scores for time spent in physical activity
were positively associated with arthritis outcomes. On the
other hand, within the domain of Healthy Factors, inter-
mediate scores for blood glucose may serve as a risk factor
for arthritis outcomes. Additionally, age and gender were
significant demographic factors associated with arthritis
disease outcomes. Furthermore, the disease risk predic-
tion model derived from GBDT indicates that we should
focus on blood pressure, HDL-C, and ethnicity indicators
in arthritis patients, as they may be beneficial for treating
and detecting arthritis. These findings suggest that LES, as a
practical and useful composite indicator, may have assisted
patients and the general population in early recognition of
arthritis risk and the reduction of arthritis burden.
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