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NHANES 2010-2020

Li Liu, MD?, Songlin Xie, MD°*

Abstract

Rheumatoid arthritis (RA) is a prevalent inflammatory joint disease that imposes a significant medical burden and morbidity. Re®
scientific evidence suggests that dietary components and patterns could be associated with RA risk. In this study, we aim to
investigate the possible relationship between dietary fiber intake and RA risk. We included 15,114 participants from the 2010 to
2020 National Health and Nutrition Examination Survey database in our study. Participants aged 20 or above were categorized
into those with and without RA. Univariate logistic regression analysis and multivariate regression models were used to test
the association between dietary fiber intake, high-sensitivity C-reactive protein, and RA. Out of all the participants, 1053 were
diagnosed with RA (6.97 %). Multivariate logistic regression analysis indicated that fiber intake was negatively associated with high-
sensitivity c-reactive protein (—0.09 [-0.18, —0.02]) and RA risk (0.99 [0.98, 0.99]). Furthermore, our sensitivity analysis suggested
that individuals with higher fiber intake (>19.1 g/day) had a 25% lower risk of developing RA than those with lower fiber intake [0.75
(0.63, 0.88)]. Our findings suggest that higher dietary fiber intake is associated with a reduced risk of RA and may help reduce
systemic inflammation, thereby potentially slowing down RA progression.

Abbreviations: hs-CRP = high-sensitivity c-reactive protein, NHANES = National Health and Nutrition Examination Survey, RA

= rheumatoid arthritis.
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1. Introduction

Rheumatoid arthritis (RA) is a complex systemic autoimmune
disease characterized by symmetrical inflammatory polyarthri-
tis, which may ultimately result in debilitating joint damage
and disability.""*! Global incidence rates of RA have increased
by roughly 8.2% over the past 3 decades, posing a significant
challenge to public health given the aging of populations world-
wide.B! Early identification and prevention of RA are therefore
of utmost importance. While the etiology of RA remains elusive,
dietary factors have been increasingly recognized as non-negli-
gible contributors to disease pathogenesis.*!

Dietary fiber, a complex carbohydrate comprised of solu-
ble and insoluble components, exerts beneficial effects through
modulation of intestinal microbiota and the ensuing metab-
olites.>*! Accumulating evidence suggests that dietary fiber
intake may confer protection against various diseases.’-!!
Moreover, epidemiological investigations have linked fiber
consumption to osteoporosis and osteoarthritis.['*!”l However,
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research investigating the relationship between fiber intake and
RA prevalence is scarce in population-based studies, and the
underlying mechanisms through which fiber may modulate RA
development remain poorly understood. Given the well-docu-
mented anti-inflammatory effects of dietary fiber and its plau-
sible involvement in the pathogenesis of RA, we hypothesize
that increased fiber intake may reduce the prevalence of RA.

Thus, we conducted a cross-sectional study utilizing data
from the National Health and Nutrition Examination Survey
(NHANES) spanning 2010 to 2020 to investigate the relation-
ship between dietary fiber intake and RA prevalence.

2. Methods

2.1. Study population

The current study utilizes data from the NHANES, a nation-

wide survey aimed at investigating the nutrition and health
status of individuals in the United States.!'®2l The NHANES is
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authorized by the National Center for Health Statistics Research
Ethics Review Board and all participants provided written con-
sent at the time of recruitment.”?!! The study analyzed data from
the most recent 5 survey cycles conducted over the past decade.
To investigate the association between dietary fiber intake and
RA prevalence, the study excluded 12,820 participants with-
out self-reported RA data, 13,011 participants with missing or
incomplete dietary intake data, 4424 participants with missing
covariates data, and 93 participants with extreme total energy
intakes. The final study population included 15,114 participants
(Fig. 1).

2.2. Fiber intake

Dietary fiber intake was determined by 2 24-hour food recall
interviews conducted by a qualified dietitian, with the second
interview conducted by phone 3 to 10 days later. Fiber intake
was calculated as an average of 2 days, adjusted for body
weight.l?2!
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2.3. Rheumatoid arthritis

RA prevalence was assessed by 2 medical condition question-
naires and participants were considered to have RA if they
answered “yes” to the question “Has your doctor ever told
you have arthritis?” and identified it as rheumatoid arthritis.
Self-reported RA has high accuracy and is acceptable in large
studies, according to a meta-analysis of 16 epidemiological
studies.??!

2.4. Covariables

Covariates, including age, gender, race, body mass index, fam-
ily income-to-poverty ratio, moderate activities, waist circum-
ference, energy intake, drinking alcohol status, education level,
and smoke status were chosen based on prior knowledge as fac-
tors associated with fiber intake and RA. The NHANES Survey
Methods and Analysis Guide provides detailed information on
variable collection methods.

Participants from NHANES
2011-2020
(N=45462)

Y

Participant with complete
dietary data
(N=32451)

Incomplete dietary recall
(N=13011)

RA or Non-RA
(N=19631)

Other types of arthritis or missing
data
(N=12820)

N=19537

Extreme total energy intake
(N=93)

Participants finally concluded
(N=15114)

Missing covariates data
(N=4424)

Figure 1. Flow chart of participants selection. NHANES = National Health and Nutrition Examination Survey, RA = Rheumatoid arthritis.
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Basic characteristics of participants by RA among U.S. adults.

Characteristics RA (1053) non-RA (14,061) Pvalue
Age (yr) 60.51+12.92 45.31+16.67 <.001
Sex, n (%) <.001
Male 445 (42.26) 7136 (50.75)
Female 608 (57.74) 6925 (49.25)
Race/ethnicity, n (%) <.001
Non-Hispanic white 374 (35.52) 4893 (34.80)
Non-Hispanic black 364 (34.57) 3400 (24.18)
Mexican American 126 (11.97) 1933 (13.75)
Other race/multiracial 189 (17.94) 3835 (27.27)
Education level, n (%) <.001
Less than high school 294 (27.92) 2528 (17.98)
High school 262 (24.88) 3092 (21.99)
More than high school 497 (47.20) 8441 (60.03)
Moderate activities, n (%) <.001
Yes 355 (33.71) 6266 (44.56)
No 698 (66.29) 7795 (55.44)
Smoking status, n (%) <.001
Never 496 (47.10) 8635 (61.41)
Ever 557 (52.90) 5426 (38.59)
Drinking alcohol status, n (%) <.001
Never 734 (69.71) 109,67 (78.00)
Ever 319 (30.29) 3094 (22.00)
Family PIR 2.11+1.55 2.59+1.65 <.001
BMI (kg/m?) 31.44+7.92 28.93+6.91 <.001
Waist circumference (cm) 105.65+16.64 98.24+16.38 <.001
Energy intake (kcal/day) 1817.14+824.21 1979.06 +943.68
hs-CRP (mg/L) 4.34+2.69 2.79+2.03 <.001
Dietary fiber intake (g/day) 15.37+9.84 1712+11.37 <.001

Mean + SD for continuous variables: the P value was calculated by the weighted linear regression model.

(%) for categorical variables: the P value was calculated by the weighted chi-square test.

BMI = body mass index, Family PIR = the ratio of family income-to poverty, hs-CRP = high-sensitivity c-reactive protein, RA = rheumatoid arthritis.

2.5. Statistical analysis

Statistical analyses were conducted using R (version 4.2) or
Empowerstats (version 4.1). The chi-square test and ¢ test were
used to assess the demographic characteristics of the samples by
RA status. Univariate and multivariate logistic regression analy-
ses were performed to investigate the association between fiber
intake, inflammation, and RA prevalence. Generalized additive
models and smoothed curve fits were also used to examine the
nonlinear association between fiber intake and RA prevalence.
Subgroup analyses and interaction effects were implemented
to investigate the heterogeneity of the associations between
subgroups./?*23

3. Results

3.1. Baseline characteristics

At the time of assessment, the mean (SD) age of the 15,114 par-
ticipants was 46.37 (16.89) years and a total of 1053 partici-
pants (6.97%) were diagnosed with RA. A total of 42.26% of
participants with RA were male, 35.52% were non-Hispanic
white, and 34.57% were non-Hispanic black. and 11.97% were
Mexican American. The median fiber intake was 13.6g/day
(range 0-97.4g/day) for participants with RA and 14.7 g/day
(range 0-134.8 g/day) for those without RA. In comparison to
the non-RA group, participants with RA are more likely to be
females and older; in terms of socioeconomic status, RA partic-
ipants were more likely to have lower educational attainment
and lower income; in terms of lifestyle, a higher proportion of
RA participants smoked and drank alcohol, while a lower pro-
portion exercised. In addition, RA participants were more likely
to have higher BMI and waist circumference in terms of body
size, and lower calorie and dietary fiber intake than non-RA
participants (Table 1).

3.2. Relationship between fiber intake and RA prevalence

Table 2 indicates the results of univariate logistic regression
analysis, where all variables were significantly associated with
RA prevalence. Among them, there was a negative relationship
between fiber intake and RA prevalence (0.98 [0.98, 0.99]). We
further converted fiber intake from a continuous variable to a
categorical variable (tertile) for sensitivity analysis. Participants
in the highest tertile of fiber intake had a statistically significant
27% increased prevalence of RA compared with those in the
lowest tertile of fiber intake (0.73 [0.62, 0.85]).

In addition, higher fiber intake remained significantly associ-
ated with lower prevalence of RA in multivariate logistic regres-
sion analysis (Table 3). In partially adjusted model, participants
in the highest tertile had a 21% lower prevalence of RA than
lowest (0.79 [0.67, 0.93]). When adjusted for all covariates, the
difference in prevalence of RA between the highest tertile and
the lowest tertile was 25% (0.75 [0.63, 0.88]). In addition, gen-
eralized additive models and smoothed curve fitting were used
to further examine the nonlinear relationship between fiber
intake and RA prevalence, and the results showed that fiber
intake was negatively associated with RA prevalence (Fig. 2).
Finally, we further investigated the relationship between fiber
intake and high-sensitivity C-reactive protein (hs-CRP), a
Inflammatory marker of RA, using multiple logistic regression
(Table 4). The results showed a negative correlation between
fiber intake and hs-CRP, with a subsequent decrease in hs-CRP
of 0.09mg/L for each 1g/day increase in fiber intake (-0.09
[-0.18, -0.02]).

3.3. Subgroup analysis

Subgroup analysis was performed to analyze the consistency
of the association between fiber intake and RA prevalence in
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Results of the weighted univariate logistic regression analysis of

factors associated with RA.

Exposure Statistics OR (95% ClI)
Dietary fiber intake (g/d) 16.99+11.28 0.98 (0.98, 0.99)
Dietary fiber intake tertile
Tertile 1 (<10.9g/d) 5034 (33.31%) 1.0 (ref)
Tertile 2 (11.0-19.1 g/d) 5036 (33.32%) 0.85(0.73,0.99)
Tertile 3 (>19.1 g/d) 5044 (33.37%) 0.73(0.62, 0.85)

Sex, n (%)
Male
Female
Race/ethnicity, n (%)
Non-Hispanic white
Non-Hispanic black
Mexican American
Other race/multiracial
BMI, n (%)
<24.9
25-29.9
>30
Age, n (%)
20-59
>60
Education, n (%)
Less than high school
High school
More than high school
Family PIR, n (%)
<1.2
>1.2
Moderate activities, n (%)
Yes
No
Smoking status, n (%)
Never
Ever

Drinking alcohol status, n (%)

Never
Ever

7581 (50.16%)
7533 (49.84%)

5267 (34.85%
3764 (24.90%
2059 (13.62%,
4024 (26.62%,

4447 (29.67%)
4885 (32.59%)
5657 (37.74%)

11,222 (74.25%)
3892 (25.75%)

2822 (18.67%)
3354 (22.19%)
8938 (59.14%)

3737 (27.22%)
9993 (72.78%)

6621 (43.81%)
8493 (56.19%)

9131 (60.41%)
5983 (39.59%)

11,701 (77.42%)
3413 (22.58%)

1.0 (ref)
1.41 (1.24,1.60)

1.0 (ref)
1.40 (1.20, 1.63)
0.85 (0.69, 1.05)
0.64 (0.54,0.77)

1.0 (re
1.60 (1.33,

33,1.92)
223 (1.88,

4)

N =

9
.6
1.0 (ref)
4.54(3.99, 5.16)

1.0 (ref)
0.73(0.61,0.87)
0.50 (0.43, 0.59)

1.0 (ref)
0.59 (0.52, 0.68)

1.0 (ref)
0.56 (0.49, 0.63)

1.0 (ref)
1.58 (1.39, 1.80)

1.0 (ref)
0.50 (0.43, 0.59)

Mean + standard error (SE) for continuous variables, Percentage (%) for categorical variables. P
value was calculated via logistic regression analysis.

PIR = the ratio of family income-to poverty, RA = rheumatoid arthritis.

different groups (Table 5). For subgroups by sex, age, BMI, fam-
ily income-to-poverty ratio, physical activity, smoking status,
and alcohol status, a significant association between fiber intake
and RA prevalence was detected in each subgroup. In contrast,
for subgroups stratified by race and education, no statistically
significant associations were found among non-Hispanic blacks,
Mexican Americans, and participants with a high school degree.
Interaction tests showed that the association between fiber
intake and RA prevalence was not significantly different across
subgroups, indicating no significant dependence of all covariates
on this positive association.
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4. Discussion

The present investigation has revealed a discernible linkage
between heightened consumption of dietary fiber and reduced
levels of the inflammatory marker hs-CRP in individuals with
RA, alongside a negative correlation between fiber intake and
RA prevalence. These empirical findings proffer the proposition
that dietary fiber might potentially influence the progression of
RA by mitigating systemic inflammation.

A growing body of data shows that individual dietary compo-
nents and dietary patterns may have a role in the development
of RA.1?I Diet, as an important environmental factor, medi-
ates pathological changes in RA by affecting the gut microbi-
ota, antigen expression, inflammatory and antioxidant defense
systems.?”?81 In addition, diet has a significant impact on RA
comorbidities such as atherosclerosis,?! metabolic syndromel®!
and insulin resistance,®'! which can be improved by an appro-
priate diet. Patients with RA are often recommended to increase
their intake of anti-inflammatory nutrients,? such as dietary
fiber and long-chain fatty acids,¥ which have anti-inflamma-
tory and antioxidant properties and can mitigate the progres-
sion of inflammation.*

Unfortunately, the quality of diet in RA patients is currently
unsatisfactory, and our results found that RA patients had sig-
nificantly higher DII scores than the average participant alone.
Two studies assessing the diet quality of RA patients by the
Healthy Eating Index also coincide with our results.”*>**! And
dietary fiber intake in RA patients is even worse, with most
Americans consuming <50% of the recommended daily level of
dietary fiber and even less in RA patients, despite nutritional
guidelines encouraging increased dietary fiber intake.’”! Poor
dietary quality is associated with the duration and severity of
RA symptoms and may also contribute to an increased preva-
lence of RA.I28:3

In the past, increased dietary fiber intake was often thought
to be beneficial in relieving the symptoms of RA.*®! However,
studies on the association between dietary fiber and suscepti-
bility to RA are scarce and controversial. In the EPIC-Norfolk
study, a lower intake of fiber-containing foods such as fruits and
vegetables was associated with an increased risk of inflamma-
tory polyarthritis,?”! while the results of a case-control study
from Greece showed that consumption of cooked vegetables
and olive oil were independently and negatively associated with
the risk of RA.# Some of the past epidemiological studies have
been weak and controversial in some aspects of the evidence due
to small sample sizes and poor reproducibility, and the present
study circumvents these shortcomings in terms of sample size
and variable adjustment.

The mechanisms underlying the association between dietary
fiber intake and RA prevalence are currently not fully identi-
fied. However, evidence from both basic and epidemiological
studies suggests that inflammation is a factor that cannot be
ignored. Both high-fiber diets, Mediterranean diets and vegan
diets as dietary regimens for RA patients have been shown to
be strongly associated with reduced levels of inflammation. 384!
Several large population-based observational studies have

Results of the multivariate logistic regression analysis of association between fiber intake and RA.

Exposure Model 1 [OR (95%)]

Model 2 [OR (95%)] Model 3 [OR (95%)]

Dietary fiber intake (g/d)

Dietary fiber intake Tertile
Tertile 1 (<10.9¢/d) 1.0
Tertile 2 (11.0-19.1 g/day) 0.85(0.73,0.99)
Tertile 3 (>19.1g/d) 0.73(0.62, 0.85)

0.98 (0.98, 0.99)

0.99 (0.98, 0.99) 0.99 (0.98, 0.99)
1.0 1.0

0.80 (0.69, 0.94) 0.85 (0.72, 0.99)

0.79 (0.67,0.93) 0.75 (0.63, 0.88)

Model 1: no covariates were adjusted. Model 2: age, gender, and race were adjusted. Model 3: age, gender, race, educational level, BMI, waist circumference, Energy intake, family income-to-poverty ratio,

moderate activities, smoking status and drinking alcohol status were adjusted.
RA = rheumatoid arthritis.
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Figure 2. The association between fiber intake and RA prevalence. The solid red line represents the smooth curve fit between variables. Blue bands represent

the 95% of confidence interval from the fit. RA = rheumatoid arthritis.

Results of the multivariate logistic regression analysis of association between fiber intake and Hs-CRP.

Exposure Model 1[B (95%Cl)]

Model 2[B (95%CI)] Model 3[B (95%Cl)]

Fiber intake (g/d) -0.12 (-0.22, -0.03)

Categories
Tertile 1 1.0 (ref)
Tertile 2 -0.28 (-0.32,-0.23)
Tertile 3 —0.51 (-0.68, —0.34)

-0.10 (-0.20, -0.03) -0.09 (-0.18,-0.02)

1.0 (ref) 1.0 (ref)
—0.25 (-0.34, -0.16) —-0.25(-0.32,-0.18)
—0.46 (-0.61, -0.30) —0.50 (-0.66, —0.34)

Model 1: no covariates were adjusted. Model 2: age, gender, and race were adjusted. Model 3: age, gender, race, educational level, BMI, waist circumference, Energy intake, family income-to-poverty ratio,

moderate activities, smoking status and drinking alcohol status were adjusted.
hs-CRP = high-sensitivity c-reactive protein.

discovered a connection between fiber consumption and gen-
eral indicators of inflammation in both healthy individuals and
individuals with particular metabolic diseases.***4 In addition,
the gut-joint axis in rheumatoid arthritis may explain the associ-
ation between fiber intake and susceptibility to RA.*! Intestinal
bacteria mediate their beneficial effects through the fermenta-
tion of dietary fiber, thereby tilting the metabolic group of the
intestinal flora toward an anti-inflammatory pattern.*! More
importantly, dysbiosis may be mediated by affecting tight junc-
tion turnover on the intestinal surface, which is considered an
important intervention step in the prevention of RA, as disrup-
tion of barrier function occurs prior to the onset of arthritis in
mice and humans.[*!

Our study has some limitations. First, due to the design of the
cross-sectional study, we were unable to determine the causal
relationship between fiber intake and RA prevalence.’%! In
addition, self-reported RA diagnoses may lead to data bias and

affect the accuracy of conclusions. Despite these shortcomings,
our study has several advantages. This study includes data from
a large and representative cross-sectional survey, as well as
data on dietary intake. What is more, this study confirms the
previously observed association between dietary fiber and RA
prevalence.

5. Conclusion

In conclusion, our results present a negative association between
fiber intake and prevalence of RA. Increasing fiber intake in the
daily diet may be beneficial in preventing RA.
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Subgroup analysis of the association between fiber intake and RA.
Subgroup Statistics OR (95% CI) P value for interaction
Sex, n (%) 658
Male 7581 (50.16%) 0.99 (0.98, 1.00)
Female 7533 (49.84%) 0.98 (0.97,0.99)
Age, n (%) .845
20-59 11,222 (74.25%) 0.98 (0.97,0.99)
>60 3892 (25.75%) 0.98 (0.97,0.99)
Race/ethnicity, n (%) 972
Non-Hispanic white 5267 (34.85%) 0.97 (0.96, 0.99)
Non-Hispanic black 3764 (24.90%) 1.00 (0.99, 1.01)
Mexican American 2059 (13.62%) 1.00 (0.98, 1.01)
Other race/multiracial 4024 (26.62%) 0.98 (0.97,1.00)
BMI, n (%) 289
<249 4447 (29.67%) 0.98 (0.96, 0.99)
25-29.9 4885 (32.59%) 0.99 (0.98, 1.00)
>30 5657 (37.74%) 0.99 (0.98, 1.00)
Family PIR, n (%) .859
<1.2 3737 (27.22%) 0.99 (0.98, 1.00)
>1.2 9993 (72.78%) 0.98 (0.97,0.99)
Education, n (%) 467
Less than high school 2822 (18.67%) 0.99 (0.98, 1.00)
High school 3354 (22.19%) 1.00 (0.99, 1.01)
More than high school 8938 (59.14%) 0.98 (0.97,0.99)
Smoking status, n (%) .365
Never 9131 (60.41%) 0.99 (0.98, 1.00)
Ever 5983 (39.59%) 0.98 (0.98, 0.99)
Moderate activities, n (%) 951
Yes 6621 (43.81%) 0.99 (0.98, 1.00)
No 8493 (56.19%) 0.99 (0.98, 0.99)
Drinking alcohol status, n (%) 749
Never 11,701 (77.42%) 0.99 (0.97,1.00)
Ever 3413 (22.58%) 0.99 (0.98, 1.00)

PIR = the ratio of family income-to poverty, RA = rheumatoid arthritis.
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