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Abstract: The objectives of this study were to characterize dietary fiber (DF) intake in patients
with ankylosing spondylitis (AS), to assess whether DF intake affects disease activity in AS, and to
investigate the effect of DF intake on disease activity in AS in the context of functional bowel disease
(FBD) symptoms. We recruited 165 patients with AS and divided them into two groups according to
whether they had a high DF intake > 25 g/d to investigate the characteristics of people with high
DF intake. Some 72 of the 165 AS patients (43%) met the criteria for high DF intake, which was
more common in patients with negative FBD symptoms (68%). Data analysis revealed that DF intake
was negatively associated with AS disease activity and did not differ statistically significantly from
FBD symptoms. Multivariate adjusted models were used to explore the effect of DF intake on AS
disease activity. ASDAS-CRP and BASDAI were stable and negatively correlated across models in
both groups with and without FBD symptoms. Thus, DF intake positively affected disease activity in
patients with AS. ASDAS-CRP and BASDAI were negatively correlated with DF intake.

Keywords: ankylosing spondylitis; functional bowel disorder; dietary fiber

1. Introduction

Ankylosing spondylitis (AS) is a long-standing, persistent condition characterized by
systemic inflammation. It primarily affects the sacroiliac joint but can also impact other
joints, tissues, and organs in the body. This chronic nature of the disease can significantly
impact an individual’s quality of life, affecting their ability to perform daily activities and
impacting their overall physical and mental wellbeing [1]. In patients with AS, as in the
spondyloarthritis group, the link between joint and spinal symptoms and the gastrointesti-
nal system has become an area of interest [2]. A systematic review of 30,410 patients with
AS reported a 6.8% prevalence of inflammatory bowel disease (IBD) in the group, and that
specific dietary pattern affected the disease activity of IBD [3,4]. Despite recognizing the
influence of nutritional factors on IBD, there remains a gap in understanding the effect of
dietary intake on gastrointestinal symptoms other than IBD, and its association with the
disease activity in patients with AS.

Functional bowel disease (FBD) is a general term for disorders in which abdominal
pain, constipation, diarrhea, and bloating or distention are the main symptoms [5]. Recent
studies have suggested that improvement in FBD symptoms, particularly chronic diarrhea,
may positively impact the disease state of individuals diagnosed with AS. This raises
the possibility that addressing FBD symptoms may play a role in managing the overall
condition of individuals with AS [6].
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Diet patterns also alleviated joint symptoms, which may be related to gut microbiota.
The gut microbiota play a crucial role in regulating the immune system and maintaining
gut health, and alterations in the gut microbiome have been associated with the devel-
opment of inflammatory diseases. Gut microbiota regulate bone growth, gastrointestinal
permeability, and inflammation through various mechanisms [7,8]. Among the potential
mechanisms, increased permeability between intestinal epithelial cells (IECs) contributes
to the progression of AS [9]. In addition, gut microbiota promote new bone formation in
AS by regulating the balance of helper T cells (Th17) and regulatory T cells (Treg) in the
lamina propria (LP) to reduce the Th17/Treg ratio [10,11].

Despite this, little is known about the effect of dietary factors on AS disease activity.
Ebringer and Wilson [2] confirmed the hypothesis that increased disease activity in AS
patients may be associated with high-starch diets. One study noted that gastrointestinal
symptoms might occur when consuming dairy products or flour [12]. Further research
is needed to fully understand the effect of dietary factors on AS disease activity and the
mechanisms underlying these effects. This information could have important implications
for the management of AS and the development of targeted dietary interventions to improve
patient outcomes.

Dietary fiber (DF) is a new term for residues in plant foods resistant to hydrolysis by
human digestive enzymes, with its potential anti-inflammatory effects being the focus of
current research [13]. These are thought to be related to dietary fiber’s effect on the gut
microbiome. The gut microbiome is a complex community of microorganisms that inhabit
the intestine and play a key role in maintaining health and preventing disease. Current data
suggest that intestinal flora ferment DF in the colon and produce short-chain fatty acids
(SCFAs), which reduce inflammation by inhibiting pro-inflammatory cytokines such as
inducible nitric oxide synthase (iNOS), tumor necrosis factor (TNF)-α, interleukin (IL)-1b,
IL-17a, IL-6, ans interferon (IFN)-γ and enhancing the expression of the anti-inflammatory
cytokine IL-10 [14]. Therefore, studies establishing dietary patterns rich in DF and the
risk of immunoinflammatory diseases such as rheumatoid arthritis (RA) have come into
focus [15]. In Schönenberger’s [16] analysis, subjects eating the Mediterranean diet had
significantly reduced pain from RA compared to those eating a regular diet. However,
there is a paucity of research on AS and diet.

In this study, Our research objective is to analyze the level of DF intake in these patients
and assess its association with AS disease activity. This examination could contribute to a
better understanding of the role that diet plays in the management of AS, and inform the
development of dietary interventions for individuals with this chronic inflammatory disease.

2. Material and Methods

This study was approved by the Ethics Committee of the PLA General Hospital
(S2020-024-02). Participants in this study were 165 patients with AS that were consecu-
tively recruited at the Department of Rheumatology and Immunology outpatient clinic,
PLA General Hospital. All patients met the 1984 modified New York criteria for AS [17].
Exclusion criteria for patients with AS were: (i) age ≤ 18 years; (ii) cognitive impairment
such that the patient could not cooperate in completing the questionnaire. All participants
were given details of the study and signed an informed consent statement.

2.1. Clinical Features

Data collection was carried out by a team of trained investigators using a standardized
questionnaire. The use of a structured questionnaire ensured that all necessary information
was collected in a consistent and systematic manner and that the data gathered was of
high quality. Data collected included demographic information on age, gender, body
mass index (BMI); and disease-related characteristics, where disease-related characteristics
were derived from the PLA clinical laboratory: human leucocyte antigen B-27 (HLA-
B27), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) and functional bowel
disease (FBD) symptoms. FBD symptoms were assessed in all participants using the Rome
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IV Diagnostic Questionnaire [5]. The smart phone Spondyloarthritis Management System
(SpAMS) application was used to document the assessment of AS [18], including the
Ankylosing Spondylitis Disease Activity Score based on C-reactive protein (ASDAS-CRP),
the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), the Assessment of
the Spondyloarthritis International Society Health Index (ASAS HI), the Bath Ankylosing
Spondylitis Functional Index (BASFI), and the Bath Ankylosing Spondylitis Metrology
Index (BASMI) [19–23]. Gut problems, including abdominal pain, constipation, diarrhea,
and bloating had been investigated and reported previously [6].

2.2. DF Intake Standard

DF intake data were collected via the food frequency questionnaire (FFQ) over a year,
including food type, quantity, and consumption frequency [24]. Food types include soluble
dietary fiber-based foods (e.g., oats, legumes, mucilage) and insoluble dietary fiber-based
foods (e.g., cellulose, lignin, wheat bran) [25]. The frequency of food and the amount of
food intake included in the questionnaire was filled in by the patient’s own assessment
(Supplementary Questionnaires). The data collection process involved the use of structured
questionnaires, which were distributed to patients through electronic means. To ensure the
accuracy and completeness of the collected data, the questionnaires were carefully reviewed
and processed by trained and experienced dietitians. These professionals were responsible
for verifying the data to ensure that they met the necessary quality standards and were
suitable for analysis. The use of experienced dietitians in the data collection process helped
to ensure that the results of this study were robust and could be relied upon to provide
meaningful insights into the relationship between DF intake and AS disease activity. The
DF content of each food item was estimated according to the China Dietary Guidelines [26].
Based on the data survey, a statistical analysis was conducted to evaluate the distribution
of DF intake among the participants. The results revealed that the distribution of DF intake
was highly skewed. As a result, the subjects were divided into two distinct categories,
namely high and low DF intake, to facilitate further analysis and interpretation of the data.
According to the European Prospective Investigation into Cancer and Nutrition (EPIC)
by the European Food Safety Authority (EFSA), a DF of >25 g/d in adults has a positive
anti-inflammatory effect and is considered “high” [27].

2.3. Statistics

R 4.2.0 (www.R-project.org, 26 June 2022) was used to analyze data. Continuous variables
were expressed as mean ± standard deviation (normal distribution) or median and quartiles
(skewed distribution), and categorical variables were described in frequency or percentage. A
Kruskal–Wallis (skewed distribution) test and Chi-square test (categorical variable) were used
to determine statistical differences between the two groups. A linear regression model assessed
the correlation between dietary intake and clinical data indicators. Both the unadjusted model
and the multivariable-adjusted model are reported. The following variables were included
in the covariate screening: age, sex, body mass index, HLA-B27, smoking status, ESR, CRP,
history of tumor necrosis factor inhibitor (TNFi) use, history of non-steroidal anti-inflammatory
drug (NSAID) use, history of Chinese medicine (CM) use, history of conventional synthetic
disease-modifying antirheumatic drug (csDMARD) use, past history of psoriatic arthritis
(PsA), and past history of uveitis. Among them, gender and age were fixed adjustment
variables. Results from the unadjusted, minimally adjusted, and fully adjusted analyses are
shown simultaneously, as suggested by the strengthening of the reporting of observational
studies in epidemiology (STROBE) statement [28]. The criterion for model I was a p-value
of <0.10 for the regression coefficient of the covariate on the outcome variable, and the
standard for model II was a change of more than 10% in the regression coefficient of the risk
factor resulting from the introduction of the covariate in the basic model [29]. All tests were
two-tailed, and p ≤0.05 was considered statistically significant.

www.R-project.org
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3. Result
3.1. Patient Characteristics

The characteristics of the patients in this cross-sectional study are shown in Table 1.
Of the 165 patients, 11 were diagnosed with colonic ulcers (CU), including five cases of
ulcerative colitis, three cases of Crohn’s disease, two cases of autoimmune-associated colitis,
and one case of NSAID-associated gastrointestinal ulcer. Overall, 43 percent of patients met
the criteria of high DF intake. Based on the Chi-square test, DF intake had no statistically
significant effect on FBD (p = 0.18). Levels of CRP (p < 0.001) and ESR (p < 0.001) were
lower in the high DF group. At the same time, the high DF group had lower ASDAS-CRP
(p < 0.001), BASDAI (p < 0.01), ASAS HI (p = 0.002), and BASFI (p < 0.001) scores. No
statistical difference was observed between the two DF groups in BASMI (p = 0.81). In
the intestinal disease survey, only 36% (26/72) of patients in the high DF group exhibited
gastrointestinal symptoms. In comparison, 49% (46/93) of patients in the low DF group
had the same gastrointestinal symptoms. Details on effect sizes and confidence intervals
for the data are provided in Supplementary Table S1.

Table 1. Baseline characteristics of participants (n =165).

Dietary Fiber Intake

Characteristic High (n = 72) Low (n = 93) p

Age (y) 34.29 ± 8.23 33.58 ± 9.07 0.32
Female, n (%) 12 (16.67%) 15 (16.13%) 0.93

BMI <= 25 (kg/m2) 48 (66.7%) 48 (51.6%) 0.05
HLA-B27 +, n (%) 61 (85.92%) 81 (88.04%) 0.69

CRP (mg/L) 1.4 (0.6–3.9) 8.9 (2.2–16.4) <0.001
ESR (mm/h) 6.0 (2.2–10.8) 13.0 (6.0–31.0) <0.001

BASDAI 1.2 ± 1.1 2.3 ± 1.5 <0.001
ASDAS-CRP 1.2 ± 0.6 2.1 ± 0.9 <0.001

ASAS.HI 2.7 ± 3.2 4.4 ± 3.8 0.002
BASMI 1.2 ± 1.8 1.1 ± 1.6 0.81

Bowel disease
FBD, + n (%) 23 (33.3%) 37 (44.0%) 0.18
CU, + n (%) 3 (4.2%) 8 (8.6%) 0.26

Medications, + n (%)
NSAID 53 (73.6%) 80 (86.0%) 0.05

DMARD
TNFi 25 (34.7%) 28 (30.1%) 0.52

csDMARD 18 (25.0%) 18 (19.4%) 0.38
CM 31 (43.1%) 40 (43.0%) 0.10

Unless otherwise specified, values are shown as mean ± SD or median (IQR). Missing data, n (%): HLA-B27 2
(1.2%), CRP 8 (4.8%), ESR 10 (6.0%), ASDAS-CRP 8 (4.8%), BASMI 10 (6.0%), FBD 12 (7.2%). BMI: body mass
index; HLA-B27: human leucocyte antigen B-27; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate;
ASDAS-CRP: Ankylosing Spondylitis Disease Activity Score based on CRP; BASDAI: Bath Ankylosing Spondylitis
Disease Activity Index; ASAS HI: Assessment of Spondyloarthritis International Society Health Index; BASFI: Bath
Ankylosing Spondylitis Functional Index; BASMI: Bath Ankylosing Spondylitis Metrology Index; FBD: functional
bowel disorder; CU: colonic ulcer; NSAID: non-steroidal anti-inflammatory drug; DMARD: disease-modifying
antirheumatic drug; TNFi: tumor necrosis factor inhibitor; csDMARD: conventional synthetic DMARD; CM:
Chinese medicine; SCFAs: short-chain fatty acids; SD: standard deviation; IQR: interquartile range.

3.2. DF Intake with Disease Activity

In prior research, adjusted regression models have accounted for the impact of FBD
symptoms on the disease activity of patients with AS. To control for this effect, FBD symp-
toms were incorporated as a stratifying variable in the regression model. This adjustment
is critical to isolate and comprehend the specific relationship between DF intake and AS
disease activity, and to mitigate the potential confounding variables’ impact on the results
of the analysis. In the unadjusted model, the high DF group was negatively correlated with
ASDAS-CRP (β = −0.8, 95% CI: −1.1, −0.6; p < 0.01), BASDAI (β = −0.9, 95% CI: −1.3,
−0.5; p < 0.01), ASAS HI (β = −1.4 95% CI: −2.5, −0.4; p < 0.01), and BASFI (β = −0.7,
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95 %CI: −1.1, −0.3; p < 0.01), which was consistent with single-factor results. In the ad-
justed model I, the effects of the high DF group on ASDAS-CRP (β = −0.3, 95% CI: −0.5,
−0.2; p < 0.01) remained significant. BASDAI (β = −0.8, 95% CI: −1.6, 0.0; p = 0.06) showed
marginal significance in patients with positive FBD symptoms, which a slightly smaller
sample size may cause. ASAS HI (β = −1.9, 95% CI: −3.6, −0.2; p = 0.03) was statistically
significant in patients with positive FBD symptoms, while BASMI (β = 0.5, 95%CI: −0.1, 1.1;
p = 0.08) and BASFI (β = −0.4, 95% CI: −0.9, 0.0; p = 0.07) were not statistically significant
in this model. In adjusted model II, ASDAS-CRP (β = −0.3, 95% CI: −0.5, −0.2; p < 0.01)
and BASDAI (β = −0.8, 95% CI: −1.3, −0.4; p < 0.01) showed significant effects, ASAS-HI
(β = −2.1, 95% CI: −4.0, −0.1; p = 0.04) and BASFI (β = −1.0, 95% CI: −1.7, −0.3; p < 0.01)
showed statistical differences among patients with positive FBD symptoms, while BASMI
(β = 0.5, 95% CI: −0.1, 1.1; p = 0.08) showed no statistical significance under this model
(Tables 2 and 3 and Supplementary Tables S2–S4).

Table 2. Relationship between dietary fiber intake and ASDAS-CRP.

Dietary Fiber Intake

ASDAS-CRP Low High

Crude Model β 95% CI p-Value

FBD symptoms (+) Ref −1.0 (−1.5, −0.5) <0.01
FBD symptoms (-) Ref −0.8 (−1.0, −0.5) <0.01

Total Ref −0.9 (−1.1, −0.6) <0.01

Model I
FBD symptoms (+) Ref −0.3 (−0.5, 0.0) 0.01
FBD symptoms (−) Ref −0.4 (−0.6, −0.2) <0.01

Total Ref −0.3 (−0.5, −0.2) <0.01

Model II
FBD symptoms (+) Ref −0.4 (−0.7, −0.1) 0.01
FBD symptoms (−) Ref −0.3 (−0.6, −0.1) <0.01

Total Ref −0.3 (−0.5, −0.2) <0.01
Model I adjusted for sex; age; lnESR, lnCRP. Model II adjusted for: sex; age CM-use; NSAID-use; BMI; lnESR;
lnCRP. Missing data, n (%): CRP 8 (4.8%), ESR 10 (6.0%), ASDAS-CRP 8 (4.8%), FBD 12 (7.2%). BMI: body mass
index; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; ASDAS-CRP: Ankylosing Spondylitis Disease
Activity Score based on CRP; FBD: functional bowel disorder; NSAID: non-steroidal anti-inflammatory drug; CM:
Chinese medicine.

Table 3. Relationship between dietary fiber intake and BASDAI.

Dietary Fiber Intake

BASDAI Low High

Crude Model β 95% CI p-Value

FBD symptoms (+) Ref −1.2 (−2.0, −0.4) <0.01
FBD symptoms (−) Ref −0.7 (−1.1, −0.2) <0.01

Total Ref −0.9 (−1.3, −0.5) <0.01

Model I
FBD symptoms (+) Ref −0.8 (−1.6, 0.0) 0.06
FBD symptoms (−) Ref −0.8 (−1.3, −0.3) <0.01

Total Ref −0.8 (−1.2, −0.4) <0.01

Model II
FBD symptoms (+) Ref −1.1 (−1.9, −0.3) 0.01
FBD symptoms (−) Ref −0.7 (−1.2, −0.3) <0.01

Total Ref −0.8 (−1.3, −0.4) <0.01
Model I adjusted for: sex; age; lnESR; lnCRP. Model II adjusted for: sex; age CM-use; NSAID-use; BMI; lnESR;
lnCRP. Missing data, n (%): CRP 8 (4.8%), ESR 10 (6.0%), FBD 12 (7.2%). BMI: body mass index; CRP: C-reactive
protein; ESR: erythrocyte sedimentation rate; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; FBD:
functional bowel disorder; NSAID: non-steroidal anti-inflammatory drug; CM: Chinese medicine.
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4. Discussion

The purpose of the present study was to examine the correlation between daily fiber
intake and the level of disease activity in individuals diagnosed with AS. The results
indicated a strong association between high fiber consumption and reduced disease activity
in patients with AS. The data were analyzed, controlling for various factors, and the
findings revealed a persistent negative correlation between high fiber intake and both
ASDAS-CRP and BASDAI scores. These findings reinforce and add to the existing body
of literature that suggests the positive impact of fiber intake on AS. The results of this
study can be valuable for healthcare professionals in promoting healthy dietary choices for
individuals with AS, and for future research in this field.

DF is essential for gut health and has been shown to relieve gastrointestinal symptoms
through its anti-inflammatory effects [30–32]. Interestingly, high DF group intake was not
correlated with patients’ gastrointestinal symptoms in this study. This may have several
causes. First, patients had different gastrointestinal symptoms; about 43 patients had
diarrhea as their primary symptom, and the rest had other symptoms. In addition, patients
had different types of DF intake. According to our dietary survey (the FFQ), the DF sources
for AS patients in this study were primarily low-FODMAP brown rice, quinoa, and oats,
which were beneficial for diarrhea patients [33,34]. Second, it is important to consider that
not all types of DF may have the same impact on both gastrointestinal symptoms and anti-
inflammatory effects. Different types of DF have unique physical and chemical properties
that can impact the digestive system differently. Insoluble DF (e.g., cellulose) can increase
the transport rate of undigested food and ferment in the colon, leading to gastrointestinal
symptoms of bloating and constipation, but not for diarrhea or abdominal pain patients [35].
As a result, it is possible that the type of DF consumed may have a different impact on
both gastrointestinal symptoms and anti-inflammatory effects. Inflammation is a key
factor in the development and progression of FBD and AS, and the anti-inflammatory
properties of DF may have a significant impact on reducing inflammation levels in the body.
Therefore, although this study found no statistical difference in the effect of DF intake on
gastrointestinal symptoms, its anti-inflammatory effect could still improve FBD disease
activity in patients with AS.

In the regression equations of different models, we find that ASDAS-CRP and BASDAI
are strongly associated with DF intake after adjusting for covariates. Of most significant
importance is that inflammation has been identified as a major proponent of metabolic
disorders [36]. The anti-inflammatory effect of DF may be mediated through its impact on
the intestinal flora. The mechanism may be to promote the growth of beneficial intestinal
bacteria, reduce the abundance of pro-inflammatory intestinal microorganisms, and affect
the production of metabolites that regulate inflammation. It has been shown that fruc-
tooligosaccharides (FOSs) in quinoa changed the proportion of Bacteroidetes and Firmicutes,
with a significant increase in SCFAs in the cecum of rats and mice [37,38]. It is possible that
the ratio of Bacteroidetes and Firmicutes in the intestinal flora of AS patients with high DF
intake was changed to be more beneficial. A study by Qin et al. (2010) found that high DF
intake was associated with an increase in the proportion of Bacteroidetes and a decrease in
the proportion of Firmicutes in the gut microbiome [39]. Bacteroidetes have been associated
with improved gut health and decreased inflammation, while Firmicutes have been linked
to obesity and metabolic disorders [40]. After dietary fiber intake, several SCFAs-producers
significantly increase, including Lachnospira, Akkermansia, Bifidobacterium, Lactobacillus,
Ruminococcus, Roseburia, Clostridium, Faecalibacterium, and Dorea [41–43]. Among them,
Akkermansia and Lachnospira restore intestinal permeability, reduce the secretion of TNF-α,
increase IL-10 production, and act as anti-inflammatory agents [44–46].

The intestinal flora produces SCFAs, mainly acetate, propionate, and butyrate, present
in intestinal mucosa and feces in a molar ratio of approximately 3:1:1 from food compo-
nents [47]. Gene expression analysis of ileal samples from AS patients showed a decrease
in intestinal tight junction (TJ) protein expression, leading to increased intestinal vascu-
lar barrier permeability and intestinal and joint inflammation [48]. In contrast, acetate
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maintains intestinal homeostasis and protects the intestine from inflammation by mod-
ulating intestinal immunoglobulin A (IgA) [49]. Butyrate can reduce the production of
lipopolysaccharide (LPS)-stimulated neutrophils, cytokine-induced neutrophil chemoat-
tractant (CINC)-2αβ, TNF-α, and NO [50], and inhibit the phagocytosis and killing function
essential for neutrophilic inflammation in the gut of AS patients [49,51]. However, an ani-
mal study [14] on the relationship between HLA-B27 gene background and fecal SCFAs
suggests that the fecal SCFAs concentration in HLA-B27 transgenic rats differs from that of
wild-type rats. Fecal butyric acid and valeric acid concentrations were higher than those of
wild-type rats at 6 and 16 weeks, and intestinal SCFAs receptor expression was significantly
changed, with free fatty acid receptor 2 (FFAR2) and niacin receptor subtype 1 (NIACR1)
significantly upregulated, and FFAR3 significantly downregulated. In addition, propionic
acid interfered with HLA-B27 rats to dramatically reduce inflammation levels, including
IL-1β, IL-17A, and INF-γ. This change was not achieved by the induction of forkhead box
(Fox)P3+ T cells, whose mRNA expression of IL-1β, IL-17A, and INF-γ was not increased;
in HLA-B27 rats intervened with using butyric acid, the alteration in inflammation levels
was weaker than the effect of propionate intervention. Since drug (e.g., NSAID, TNFi,
etc.) use in human studies may have altered gut microbes’ metabolism, human studies’
results differ from animal studies. Based on the available results, we hypothesize that sup-
plementation of DF and the associated increase in propionic acid production may further
reduce the level of inflammation in the body, or increase the anti-inflammatory effect of the
drug; further experiments are required to confirm this. These experiments may involve
controlled trials that examine the impact of DF supplementation on inflammation levels
and compare the results to those obtained from placebo or other interventions. Further
research is necessary to confirm this relationship and fully understand the potential impact
of DF supplementation on the body.

Limitations

The current study has several limitations that must be acknowledged. Firstly, the use
of the FFQ to assess fiber intake may have introduced limitations in terms of accuracy due
to the subjective nature of self-reported dietary data and the recall bias of the participants.
This hinders our ability to accurately determine the exact DF intake and type for each
individual, which is crucial for developing targeted and effective dietary interventions.
Secondly, it is important to note that the study was designed as an observational trial,
which provides valuable insights but is not sufficient to establish causality between DF
intake and the reduction of inflammation in individuals with AS. Further studies, such as
randomized controlled trials, are necessary to establish a causal relationship and provide
robust evidence of the anti-inflammatory effects of fiber. Finally, it is also possible that
other dietary factors or habits, such as a high fermentation diet that has been linked to
reducing inflammation, may have influenced the results of this study [52].

5. Conclusions

DF intake has a positive effect on disease activity in patients with AS. High DF intake
is associated with low ASDAS-CRP and BASDAI scores.
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www.mdpi.com/article/10.3390/jcm12041621/s1, Table S1: Univariable associations between dietary
fiber and assessments of AS; Table S2: Relationship between Dietary fiber intake and BASMI; Table
S3: Relationship between Dietary fiber intake and BASFI; Table S4: Relationship between Dietary fiber
intake and ASAS-HI.
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and Dietary Attitudes in Patients with Inflammatory Bowel Disease. Nutrients 2020, 12, 3429. [CrossRef]
5. Mearin, F.; Lacy, B.E.; Chang, L.; Chey, W.D.; Lembo, A.J.; Simren, M.; Spiller, R. Bowel Disorders. Gastroenterology 2016, 150,

1393–1407. [CrossRef]
6. Wang, L.; Song, C.; Wang, Y.; Hu, L.; Liu, X.; Zhang, J.; Ji, X.; Man, S.; Zhang, N.; Li, G.; et al. Symptoms Compatible with Rome

IV Functional Bowel Disorder in Patients with Ankylosing Spondylitis. Mod. Rheumatol. 2022, roac064. [CrossRef]
7. Chen, Y.-C.; Greenbaum, J.; Shen, H.; Deng, H.-W. Association Between Gut Microbiota and Bone Health: Potential Mechanisms

and Prospective. J. Clin. Endocrinol. Metab. 2017, 102, 3635–3646. [CrossRef]
8. Zhang, J.; Lu, Y.; Wang, Y.; Ren, X.; Han, J. The Impact of the Intestinal Microbiome on Bone Health. Intractable Rare Dis. Res. 2018,

7, 148–155. [CrossRef]
9. Song, Z.-Y.; Yuan, D.; Zhang, S.-X. Role of the Microbiome and Its Metabolites in Ankylosing Spondylitis. Front. Immunol. 2022,

13, 1010572. [CrossRef]
10. Xu, F.; Guanghao, C.; Liang, Y.; Jun, W.; Wei, W.; Baorong, H. Treg-Promoted New Bone Formation Through Suppressing TH17 by

Secreting Interleukin-10 in Ankylosing Spondylitis. Spine 2019, 44, E1349–E1355. [CrossRef]
11. Cheng, H.; Guan, X.; Chen, D.; Ma, W. The Th17/Treg Cell Balance: A Gut Microbiota-Modulated Story. Microorganisms 2019, 7, 583.

[CrossRef] [PubMed]
12. Sundström, B.; Wållberg-Jonsson, S.; Johansson, G. Diet, Disease Activity, and Gastrointestinal Symptoms in Patients with

Ankylosing Spondylitis. Clin. Rheumatol. 2011, 30, 71–76. [CrossRef]
13. Trowell, H. Definition of Dietary Fiber and Hypotheses That It Is a Protective Factor in Certain Diseases. Am. J. Clin. Nutr. 1976,

29, 417–427. [CrossRef] [PubMed]
14. Asquith, M.; Davin, S.; Stauffer, P.; Michell, C.; Janowitz, C.; Lin, P.; Ensign-Lewis, J.; Kinchen, J.M.; Koop, D.R.; Rosenbaum, J.T.

Intestinal Metabolites Are Profoundly Altered in the Context of HLA-B27 Expression and Functionally Modulate Disease in a Rat
Model of Spondyloarthritis. Arthritis Rheumatol. 2017, 69, 1984–1995. [CrossRef]

15. Petersson, S.; Philippou, E.; Rodomar, C.; Nikiphorou, E. The Mediterranean Diet, Fish Oil Supplements and Rheumatoid Arthritis
Outcomes: Evidence from Clinical Trials. Autoimmun. Rev. 2018, 17, 1105–1114. [CrossRef] [PubMed]

16. Schönenberger, K.A.; Schüpfer, A.-C.; Gloy, V.L.; Hasler, P.; Stanga, Z.; Kaegi-Braun, N.; Reber, E. Effect of Anti-Inflammatory
Diets on Pain in Rheumatoid Arthritis: A Systematic Review and Meta-Analysis. Nutrients 2021, 13, 4221. [CrossRef] [PubMed]

17. Van der Linden, S.; Valkenburg, H.A.; Cats, A. Evaluation of Diagnostic Criteria for Ankylosing Spondylitis. A Proposal for
Modification of the New York Criteria. Arthritis Rheum. 1984, 27, 361–368. [CrossRef]

http://doi.org/10.1056/NEJMra1406182
http://doi.org/10.1016/S0950-3579(96)80010-0
http://www.ncbi.nlm.nih.gov/pubmed/8674145
http://doi.org/10.1136/annrheumdis-2013-203582
http://www.ncbi.nlm.nih.gov/pubmed/23999006
http://doi.org/10.3390/nu12113429
http://doi.org/10.1053/j.gastro.2016.02.031
http://doi.org/10.1093/mr/roac064
http://doi.org/10.1210/jc.2017-00513
http://doi.org/10.5582/irdr.2018.01055
http://doi.org/10.3389/fimmu.2022.1010572
http://doi.org/10.1097/BRS.0000000000003169
http://doi.org/10.3390/microorganisms7120583
http://www.ncbi.nlm.nih.gov/pubmed/31756956
http://doi.org/10.1007/s10067-010-1625-x
http://doi.org/10.1093/ajcn/29.4.417
http://www.ncbi.nlm.nih.gov/pubmed/773166
http://doi.org/10.1002/art.40183
http://doi.org/10.1016/j.autrev.2018.06.007
http://www.ncbi.nlm.nih.gov/pubmed/30213690
http://doi.org/10.3390/nu13124221
http://www.ncbi.nlm.nih.gov/pubmed/34959772
http://doi.org/10.1002/art.1780270401


J. Clin. Med. 2023, 12, 1621 9 of 10

18. Ji, X.; Wang, Y.; Ma, Y.; Hu, Z.; Man, S.; Zhang, Y.; Li, K.; Yang, J.; Zhu, J.; Zhang, J.; et al. Improvement of Disease Management
and Cost Effectiveness in Chinese Patients with Ankylosing Spondylitis Using a Smart-Phone Management System: A Prospective
Cohort Study. BioMed Res. Int. 2019, 2019, 2171475. [CrossRef]

19. Lukas, C.; Landewe, R.; Sieper, J.; Dougados, M.; Davis, J.; Braun, J.; Linden, S.; Heijde, D. Development of an ASAS-Endorsed
Disease Activity Score (ASDAS) in Patients with Ankylosing Spondylitis. Ann. Rheum. Dis. 2008, 68, 18–24. [CrossRef]

20. Garrett, S.; Jenkinson, T.; Kennedy, L.G.; Whitelock, H.; Gaisford, P.; Calin, A. A New Approach to Defining Disease Status in
Ankylosing Spondylitis: The Bath Ankylosing Spondylitis Disease Activity Index. J. Rheumatol. 1994, 21, 2286–2291.

21. Kiltz, U.; van der Heijde, D.; Boonen, A.; Braun, J. The ASAS Health Index (ASAS HI)—A New Tool to Assess the Health Status
of Patients with Spondyloarthritis. Clin. Exp. Rheumatol. 2014, 32, S105–S108.

22. Calin, A.; Garrett, S.; Whitelock, H.; Kennedy, L.G.; O’Hea, J.; Mallorie, P.; Jenkinson, T. A New Approach to Defining Functional
Ability in Ankylosing Spondylitis: The Development of the Bath Ankylosing Spondylitis Functional Index. J. Rheumatol. 1994, 21,
2281–2285. [PubMed]

23. Van der Heijde, D.; Landewé, R.; Feldtkeller, E. Proposal of a Linear Definition of the Bath Ankylosing Spondylitis Metrology
Index (BASMI) and Comparison with the 2-Step and 10-Step Definitions. Ann. Rheum. Dis. 2008, 67, 489–493. [CrossRef]
[PubMed]

24. Cade, J.E.; Burley, V.J.; Warm, D.L.; Thompson, R.L.; Margetts, B.M. Food-Frequency Questionnaires: A Review of Their Design,
Validation and Utilisation. Nutr. Res. Rev. 2004, 17, 5–22. [CrossRef] [PubMed]

25. Slavin, J.L.; Savarino, V.; Paredes-Diaz, A.; Fotopoulos, G. A Review of the Role of Soluble Fiber in Health with Specific Reference
to Wheat Dextrin. J. Int. Med. Res. 2009, 37, 1–17. [CrossRef]

26. Wang, S.-S.; Lay, S.; Yu, H.-N.; Shen, S.-R. Dietary Guidelines for Chinese Residents (2016): Comments and Comparisons. J.
Zhejiang Univ. Sci. B 2016, 17, 649–656. [CrossRef]

27. Stephen, A.M.; Champ, M.M.-J.; Cloran, S.J.; Fleith, M.; van Lieshout, L.; Mejborn, H.; Burley, V.J. Dietary Fibre in Europe: Current
State of Knowledge on Definitions, Sources, Recommendations, Intakes and Relationships to Health. Nutr. Res. Rev. 2017, 30,
149–190. [CrossRef]

28. Cuschieri, S. The STROBE Guidelines. Saudi J. Anaesth. 2019, 13, S31–S34. [CrossRef]
29. Kernan, W.N.; Viscoli, C.M.; Brass, L.M.; Broderick, J.P.; Brott, T.; Feldmann, E.; Morgenstern, L.B.; Wilterdink, J.L.; Horwitz, R.I.

Phenylpropanolamine and the Risk of Hemorrhagic Stroke. N. Engl. J. Med. 2000, 343, 1826–1832. [CrossRef]
30. Irritable Bowel Syndrome in Adults: Diagnosis and Management; National Institute for Health and Care Excellence: Guidelines; National

Institute for Health and Care Excellence (NICE): London, UK, 2017; ISBN 978-1-4731-1024-3.
31. McKenzie, Y.A.; Bowyer, R.K.; Leach, H.; Gulia, P.; Horobin, J.; O’Sullivan, N.A.; Pettitt, C.; Reeves, L.B.; Seamark, L.; Williams,

M.; et al. British Dietetic Association Systematic Review and Evidence-Based Practice Guidelines for the Dietary Management of
Irritable Bowel Syndrome in Adults (2016 Update). J. Hum. Nutr. Diet. Off. J. Br. Diet. Assoc. 2016, 29, 549–575. [CrossRef]

32. Lamb, C.A.; Kennedy, N.A.; Raine, T.; Hendy, P.A.; Smith, P.J.; Limdi, J.K.; Hayee, B.; Lomer, M.C.E.; Parkes, G.C.; Selinger, C.; et al.
British Society of Gastroenterology Consensus Guidelines on the Management of Inflammatory Bowel Disease in Adults. Gut 2019,
68, s1–s106. [CrossRef] [PubMed]

33. Milajerdi, A.; Sadeghi, O.; Siadat, S.D.; Keshavarz, S.A.; Sima, A.; Vahedi, H.; Adibi, P.; Esmaillzadeh, A. A Randomized
Controlled Trial Investigating the Effect of a Diet Low in Fermentable Oligosaccharides, Disaccharides, Monosaccharides, and
Polyols on the Intestinal Microbiome and Inflammation in Patients with Ulcerative Colitis: Study Protocol for a Randomized
Controlled Trial. Trials 2020, 21, 201. [CrossRef]

34. Roberfroid, M.B.; Delzenne, N.M. Dietary Fructans. Annu. Rev. Nutr. 1998, 18, 117–143. [CrossRef]
35. Zou, J.; Chassaing, B.; Singh, V.; Pellizzon, M.; Ricci, M.; Fythe, M.D.; Kumar, M.V.; Gewirtz, A.T. Fiber-Mediated Nourishment of

Gut Microbiota Protects against Diet-Induced Obesity by Restoring IL-22-Mediated Colonic Health. Cell Host Microbe 2018, 23,
41–53.e4. [CrossRef]

36. Hotamisligil, G.S. Inflammation and Metabolic Disorders. Nature 2006, 444, 860–867. [CrossRef] [PubMed]
37. Kondo, T.; Saigo, S.; Ugawa, S.; Kato, M.; Yoshikawa, Y.; Miyoshi, N.; Tanabe, K. Prebiotic Effect of Fructo-Oligosaccharides on

the Inner Ear of DBA/2 J Mice with Early-Onset Progressive Hearing Loss. J. Nutr. Biochem. 2020, 75, 108247. [CrossRef]
38. Qin, J.; Li, R.; Raes, J.; Arumugam, M.; Burgdorf, K.S.; Manichanh, C.; Nielsen, T.; Pons, N.; Levenez, F.; Yamada, T.; et al. A

Human Gut Microbial Gene Catalogue Established by Metagenomic Sequencing. Nature 2010, 464, 59–65. [CrossRef]
39. Turnbaugh, P.J.; Ley, R.E.; Mahowald, M.A.; Magrini, V.; Mardis, E.R.; Gordon, J.I. An Obesity-Associated Gut Microbiome with

Increased Capacity for Energy Harvest. Nature 2006, 444, 1027–1031. [CrossRef]
40. Lara-Villoslada, F.; de Haro, O.; Camuesco, D.; Comalada, M.; Velasco, J.; Zarzuelo, A.; Xaus, J.; Galvez, J. Short-Chain

Fructooligosaccharides, in Spite of Being Fermented in the Upper Part of the Large Intestine, Have Anti-Inflammatory Activity in
the TNBS Model of Colitis. Eur. J. Nutr. 2006, 45, 418–425. [CrossRef]

41. Topping, D.L.; Clifton, P.M. Short-Chain Fatty Acids and Human Colonic Function: Roles of Resistant Starch and Nonstarch
Polysaccharides. Physiol. Rev. 2001, 81, 1031–1064. [CrossRef]

42. Sonnenburg, J.L.; Bäckhed, F. Diet-Microbiota Interactions as Moderators of Human Metabolism. Nature 2016, 535, 56–64.
[CrossRef]

43. Jandhyala, S.M.; Talukdar, R.; Subramanyam, C.; Vuyyuru, H.; Sasikala, M.; Nageshwar Reddy, D. Role of the Normal Gut
Microbiota. World J. Gastroenterol. 2015, 21, 8787–8803. [CrossRef] [PubMed]

http://doi.org/10.1155/2019/2171475
http://doi.org/10.1136/ard.2008.094870
http://www.ncbi.nlm.nih.gov/pubmed/7699629
http://doi.org/10.1136/ard.2007.074724
http://www.ncbi.nlm.nih.gov/pubmed/17728332
http://doi.org/10.1079/NRR200370
http://www.ncbi.nlm.nih.gov/pubmed/19079912
http://doi.org/10.1177/147323000903700101
http://doi.org/10.1631/jzus.B1600341
http://doi.org/10.1017/S095442241700004X
http://doi.org/10.4103/sja.SJA_543_18
http://doi.org/10.1056/NEJM200012213432501
http://doi.org/10.1111/jhn.12385
http://doi.org/10.1136/gutjnl-2019-318484
http://www.ncbi.nlm.nih.gov/pubmed/31562236
http://doi.org/10.1186/s13063-020-4108-7
http://doi.org/10.1146/annurev.nutr.18.1.117
http://doi.org/10.1016/j.chom.2017.11.003
http://doi.org/10.1038/nature05485
http://www.ncbi.nlm.nih.gov/pubmed/17167474
http://doi.org/10.1016/j.jnutbio.2019.108247
http://doi.org/10.1038/nature08821
http://doi.org/10.1038/nature05414
http://doi.org/10.1007/s00394-006-0610-2
http://doi.org/10.1152/physrev.2001.81.3.1031
http://doi.org/10.1038/nature18846
http://doi.org/10.3748/wjg.v21.i29.8787
http://www.ncbi.nlm.nih.gov/pubmed/26269668


J. Clin. Med. 2023, 12, 1621 10 of 10

44. Bian, X.; Wu, W.; Yang, L.; Lv, L.; Wang, Q.; Li, Y.; Ye, J.; Fang, D.; Wu, J.; Jiang, X.; et al. Administration of Akkermansia
Muciniphila Ameliorates Dextran Sulfate Sodium-Induced Ulcerative Colitis in Mice. Front. Microbiol. 2019, 10, 2259. [CrossRef]
[PubMed]

45. Yang, Y.; Zhong, Z.; Wang, B.; Xia, X.; Yao, W.; Huang, L.; Wang, Y.; Ding, W. Early-Life High-Fat Diet-Induced Obesity
Programs Hippocampal Development and Cognitive Functions via Regulation of Gut Commensal Akkermansia Muciniphila.
Neuropsychopharmacol. Off. Publ. Am. Coll. Neuropsychopharmacol. 2019, 44, 2054–2064. [CrossRef] [PubMed]

46. Zhai, R.; Xue, X.; Zhang, L.; Yang, X.; Zhao, L.; Zhang, C. Strain-Specific Anti-Inflammatory Properties of Two Akkermansia
Muciniphila Strains on Chronic Colitis in Mice. Front. Cell Infect. Microbiol. 2019, 9, 239. [CrossRef]

47. Cook, S.I.; Sellin, J.H. Review Article: Short Chain Fatty Acids in Health and Disease. Aliment. Pharmacol. Ther. 1998, 12, 499–507.
[CrossRef]

48. Ciccia, F.; Guggino, G.; Rizzo, A.; Alessandro, R.; Luchetti, M.M.; Milling, S.; Saieva, L.; Cypers, H.; Stampone, T.; Di Benedetto, P.; et al.
Dysbiosis and Zonulin Upregulation Alter Gut Epithelial and Vascular Barriers in Patients with Ankylosing Spondylitis. Ann. Rheum.
Dis. 2017, 76, 1123–1132. [CrossRef]

49. Wu, W.; Sun, M.; Chen, F.; Cao, A.T.; Liu, H.; Zhao, Y.; Huang, X.; Xiao, Y.; Yao, S.; Zhao, Q.; et al. Microbiota Metabolite
Short-Chain Fatty Acid Acetate Promotes Intestinal IgA Response to Microbiota Which Is Mediated by GPR43. Mucosal Immunol.
2017, 10, 946–956. [CrossRef]

50. Vinolo, M.A.R.; Rodrigues, H.G.; Hatanaka, E.; Sato, F.T.; Sampaio, S.C.; Curi, R. Suppressive Effect of Short-Chain Fatty Acids on
Production of Proinflammatory Mediators by Neutrophils. J. Nutr. Biochem. 2011, 22, 849–855. [CrossRef]

51. Vinolo, M.A.R.; Hatanaka, E.; Lambertucci, R.H.; Newsholme, P.; Curi, R. Effects of Short Chain Fatty Acids on Effector
Mechanisms of Neutrophils. Cell Biochem. Funct. 2009, 27, 48–55. [CrossRef]

52. Wastyk, H.C.; Fragiadakis, G.K.; Perelman, D.; Dahan, D.; Merrill, B.D.; Yu, F.B.; Topf, M.; Gonzalez, C.G.; Van Treuren, W.; Han,
S.; et al. Gut-Microbiota-Targeted Diets Modulate Human Immune Status. Cell 2021, 184, 4137–4153.e14. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3389/fmicb.2019.02259
http://www.ncbi.nlm.nih.gov/pubmed/31632373
http://doi.org/10.1038/s41386-019-0437-1
http://www.ncbi.nlm.nih.gov/pubmed/31207607
http://doi.org/10.3389/fcimb.2019.00239
http://doi.org/10.1046/j.1365-2036.1998.00337.x
http://doi.org/10.1136/annrheumdis-2016-210000
http://doi.org/10.1038/mi.2016.114
http://doi.org/10.1016/j.jnutbio.2010.07.009
http://doi.org/10.1002/cbf.1533
http://doi.org/10.1016/j.cell.2021.06.019
http://www.ncbi.nlm.nih.gov/pubmed/34256014

	Introduction 
	Material and Methods 
	Clinical Features 
	DF Intake Standard 
	Statistics 

	Result 
	Patient Characteristics 
	DF Intake with Disease Activity 

	Discussion 
	Conclusions 
	References

