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ABSTRACT

Introduction: Anemia and malnutrition are
recognized indicators of suboptimal physical
condition in chronic inflammatory diseases.
This study aimed to examine the association
between anemia, low body mass index (BMI),

and clinical outcomes in axial spondyloarthritis
(axSpA).
Method: This cross-sectional analysis utilized
data from the multicenter ChinaSpA cohort. A
total of 4146 participants with axSpA were cat-
egorized into four groups based on BMI and
hemoglobin levels: those with both anemia and
low BMI, those with anemia only, those with
low BMI only, and those with neither condi-
tion. Logistic regression analyses were per-
formed to analyze the association between
anemia, low BMI, inflammation status, func-
tional impairment, and disease activity.
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Results: Anemia was present in 13.94%, low
BMI in 11.99%, and both conditions in 2.15%
of axSpA participants. Those with both anemia
and low BMI showed significantly higher levels
of inflammation (hypersensitive C-reactive
protein [hsCRP] 30.60 mg/L vs. 8.44 mg/L),
functional impairment (Bath Ankylosing
Spondylitis Functional Index [BASFI] 3.80 vs.
2.10), and disease activity (Bath Ankylosing
Spondylitis Disease Activity Index [BASDAI]
4.52 ± 2.04 vs. 3.67 ± 2.21; Ankylosing
Spondylitis Disease Activity Score calculated
with C-reactive protein [ASDAS_CRP]
3.51 ± 1.10 vs. 2.62 ± 1.21) compared to those
without these conditions. After adjusting for sex
and age, significant associations were observed
between elevated hsCRP levels and the presence
of low BMI (odds ratio [OR] 1.44, 95% CI
1.17–1.78), anemia (OR 1.91, 95% CI
1.56–2.32), and their concurrent presence (OR
3.59, 95% CI 2.22–5.80). Similarly, increased
BASFI was significantly associated with low BMI
(OR 1.57, 95% CI 1.25–1.97), anemia (OR 1.47,
95% CI 1.19–1.80), and their combination (OR
3.11, 95% CI 2.02–4.78).
Conclusion: All-cause anemia and low BMI are
prevalent complications in patients with axSpA,

exhibiting a significant correlation with ele-
vated inflammation status and functional
impairment. The simultaneous occurrence of
anemia and low BMI particularly exacerbates
clinical outcomes, emphasizing the critical role
of comprehensive nutritional assessment and
management in the therapeutic strategy for
axSpA.

Keywords: Anemia; Cross-sectional studies;
Spondyloarthritis; Low body mass index

Key Summary Points

Why carry out this study?

Despite the acknowledged importance of
anemia and malnutrition as indicators of
suboptimal nutritional condition in
chronic inflammatory diseases like axial
spondyloarthritis (axSpA), there is a
scarcity of comprehensive documentation
on the reported prevalence of these
conditions among patients with axSpA,
leaving a gap in understanding their
clinical implications.

In patients with axSpA, we hypothesize
that the co-occurrence of anemia and low
BMI is associated with heightened
inflammation, limited function, and
increased disease activity compared to
individuals without these conditions.

What was learned from the study?

Anemia and low BMI represent commonly
observed complications among
individuals with axSpA, demonstrating a
noteworthy association with heightened
inflammation status and impaired
function.

Notably, when both anemia and low BMI
coexisted, the associations grew more
pronounced.
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Our findings underscore the significance
of incorporating both indicators into
disease assessments, highlighting the
imperative for regular screening and
management of anemia and low BMI in
patients with axSpA to optimize
outcomes, and emphasizing the potential
benefits of addressing these nutritional
factors as integral components of the
comprehensive treatment approach
deserving significant attention.

INTRODUCTION

Axial spondyloarthritis (axSpA) is a chronic
inflammatory disease involving the sacroiliac
joint and spine, potentially resulting in severe
impairment of spinal mobility and physical
function, thereby adversely affecting quality of
life [1]. Ankylosing spondylitis (AS) is considered
to be the prototype of axSpA, with a prevalence
of between 0.2% and 0.4% in China [2].

Anemia and malnutrition, which encompass
factors such as low body mass index (BMI),
insufficient vitamin and mineral intake, over-
weight, and obesity, serve as discernible indi-
cators of compromised nutritional condition,
and their correlation with chronic inflamma-
tory diseases has been established through var-
ious studies [3–6]. However, reports on the
prevalence and clinical significance of anemia
in patients with axSpA are scarce and often
derive from limited small-scale studies with
considerable variability in findings, ranging
from 5.6% to 47.9% [7–12]. Furthermore, a
study conducted on a small sample size indi-
cated an association between anemia and dis-
ease activity [12]. However, to validate these
findings, further studies encompassing a more
diverse population are warranted.

BMI is defined as the weight in kilograms
divided by the square of the height in meters. A
low BMI, defined as less than 18.5 kg/m2

[13, 14], has been variably prevalent in the
axSpA population, with reports ranging from
3.6% to 39.0% [15, 16]. Previous investigations
regarding BMI in chronic inflammatory

rheumatic diseases have primarily focused on
the overweight and obese population, given
that obesity and overweight account for a sig-
nificant proportion of the nutritional burden in
developed nations like the USA. In fact, the
prevalence of obesity reached 35.5% among
adult men and 35.8% among adult women in
America in 2009–2010 [17], with a mere 1.6% of
US adults aged 20 and over classified as under-
weight [18]. However, in low-income countries,
low BMI remains a pressing nutritional chal-
lenge [19]. For example, the prevalence of low
BMI in Southeast Asia varies widely, highlight-
ing a nutritional issue that is especially perti-
nent in these regions. In Southeast Asian
nations, the prevalence of low BMI ranges from
5.5% in Thailand to 26.7% in Sri Lanka among
young adolescents aged 12–15 [20]. In Bangla-
desh, the prevalence of low BMI reaches a
staggering 30.4% [21]. In China, approximately
4.6% of adults are classified as low BMI [22],
while among individuals over 75 years of age,
the prevalence of low BMI stands at 5.2% in
urban areas and 10.9% in rural areas [23].
Consequently, the role of low BMI in the con-
text of inflammatory diseases warrants signifi-
cant attention, particularly in Asia, where a
considerable portion of the population grapples
with the burden of being underweight.

In this study, we delineate the prevalence of
anemia and low BMI in the ChinaSpA cohort,
consisting of over 4000 individuals with axSpA.
This cross-sectional study embarks on a novel
investigation into the association between
nutritional status—reflected by anemia and low
BMI—and outcomes of axSpA including
inflammation status, disease activity, and
functional impairment.

METHODS

Source of Data

Data were sourced from the Chinese Rheuma-
tology Data Center (CRDC) from August 1, 2018
to March 31, 2020, and collected from 300
registries in China [24]. The study was approved
by the ethics committee of Peking Union Med-
ical College Hospital (PUMCH), and the study
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was conducted according to the Declaration of
Helsinki. All patients signed an informed
consent.

Inclusion and Exclusion Criteria

The main inclusion criteria of the ChinaSpA
registry were to have a clinical diagnosis of
axSpA. In addition, participants needed to fulfill
the Assessment in SpondyloArthritis interna-
tional Society (ASAS) criteria for axSpA [25]. The
age of participants was greater than or equal to
18 years old. Participants without information
on hemoglobin (Hb) and BMI were excluded.

Data Collection

Patients with a clinical diagnosis of axSpA were
approached by local investigators to determine
their eligibility for the study. After eligible
patients consented, their clinical and laboratory
information was collected via the CRDC regis-
tration platform.

At baseline, the following clinical informa-
tion was collected from participants:

1. Demographic information, including sex,
age, height, and body weight.

2. Clinical presentation, including age of
onset, age of diagnosis, presence of inflam-
matory back pain, dactylitis, peripheral
arthritis, and enthesitis. Comorbidities,
including the presence of psoriasis, iritis,
and inflammatory bowel disease (IBD),
which was defined as ulcerative colitis or
Crohn’s disease diagnosed by a physician.
Time of symptom onset was defined as the
time when first clinical symptom occurred,
including inflammatory back pain, periph-
eral arthritis, Achilles tendinitis, dactylitis,
psoriasis, uveitis, and IBD. Time of diagno-
sis was defined as the time when a definitive
diagnosis of axSpA was made.

3. Physical examinations, including tender
and swollen joint counts and Maastricht
Ankylosing Spondylitis Enthesitis Score for
enthesitis (MASES) [26].

4. Family history of SpA or SpA-related
diseases.

5. Past medical history of fragility fracture and
joint replacement.

6. Laboratory tests, including human leuko-
cyte antigen B27 (HLA-B27) positivity,
hypersensitive C-reactive protein (hsCRP)
levels, and Hb levels.

7. Past or current treatments, including non-
steroidal anti-inflammatory drugs (NSAIDs),
disease-modifying anti-rheumatic drugs
(DMARDs) such as sulfasalazine and
methotrexate, and biologics such as tumor
necrosis factor inhibitors (TNFi).

Several disease activity and functional
assessments were measured to report patient
outcomes. Disease activity in participants with
axSpA was evaluated using the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI)
[27] or the Ankylosing Spondylitis Disease
Activity Score calculated with C-reactive protein
(ASDAS_CRP) [28]. Functional impairment was
evaluated utilizing the Bath Ankylosing
Spondylitis Functional Index (BASFI) [29].

BMI was calculated as the body mass divided
by the square of body height and classified into
distinct categories: low BMI (BMI\18.5 kg/
m2), normal BMI (BMI 18.5–24.9 kg/m2), over-
weight (BMI 25–29.9 kg/m2), and obese
(BMI C 30 kg/m2) [13, 14]. Anemia was defined
as Hb levels below 130 g/L in men or below
120 g/L in women [30, 31]. Elevated hsCRP was
identified as hsCRP levels C 10 mg/L, serving as
an indicative marker of heightened inflamma-
tory status.

Data Analysis

The participants with axSpA were categorized
into four groups: the combined group, consist-
ing of individuals with both anemia and low
BMI; the anemic group, comprising those with
anemia only; the low BMI group, comprising
those with low BMI only; and the control
group, consisting of individuals with axSpA
who were neither anemic nor low BMI.
Descriptive statistics were calculated to sum-
marize the characteristics of all participants. For
numerical variables, means and standard devi-
ations (SD) were reported for normally dis-
tributed data, while median values along with

400 Rheumatol Ther (2024) 11:397–409



the 25th and 75th percentiles (q25, q75) were
used for non-normally distributed data. Cate-
gorical variables were presented as counts and
percentages. Group comparisons were con-
ducted using chi-square tests, Kruskal–Wallis
tests, or analysis of variance (ANOVA), and for
multiple comparisons, Dwass-Steel-Critchlow-
Fligner (DSCF) tests and Bonferroni tests were
employed. Bivariate logistic regression analyses
were performed, using BASDAI (\ 4 vs. C 4),
ASDAS_CRP (\ 2.1 vs. C 2.1), BASFI (\ 4 vs.
C 4), or hsCRP (\ 10 vs. C 10 mg/L) as depen-
dent variables, to calculate adjusted odds ratios
(ORs) and their corresponding 95% confidence
intervals (95% CI), while controlling for sex and
age. Statistical significance was determined
using a p value threshold of\0.05, and all sta-
tistical analyses were conducted using SAS 9.4
software (SAS Institute, Cary, NC, USA).

RESULTS

Clinical Characteristics of the Study
Population

A total of 4146 participants with axSpA were
enrolled in the study, of which 3112 (75.06%)
were male. The mean age of the study popula-
tion was 34.06 ± 10.59 years old, and the mean
BMI was 23.51 ± 5.74. Participants had a mean
age of onset of 26.93 ± 9.55 years old, a mean
age of diagnosis of 30.41 ± 10.59 years old.
Among the participants, 88.54% (n = 3671)
tested positive for HLA-B27.

Within the enrolled participants, 48.63%
(n = 2016) had elevated levels of hsCRP
(C 10 mg/L), 44.96% (n = 1864) had BASDAI
C 4, 28.73% (n = 1191) had BASFI C 4, and
66.28% (n = 2748) had ASDAS_CRP C 2.1. Fur-
thermore, 13.19% of participants received
treatment with TNFi alone.

Distribution of Participants with Anemia
and Low BMI

In the ChinaSpA cohort, 11.99% of participants
had a low BMI, 13.94% exhibited anemia, and
2.15% presented with both low BMI and

anemia. When stratified by sex, the prevalence
of low BMI, anemia, and the combination of
low BMI and anemia was 9.0%, 12.5%, and
2.0% in men, and 12.3%, 9.7%, and 2.5% in
women, respectively (Fig. 1).

Comparatively, the low BMI group displayed
a higher proportion (10.57% vs. 9.15%) of
individuals with elevated inflammation status
(hsCRP C 10 mg/L) compared to those with low
inflammation status (hsCRP\ 10 mg/L). Simi-
lar patterns were observed in the anemic group
and the combined group (15.03% vs. 8.73% and
3.22% vs. 1.13%, respectively). Similarly,
among individuals with functional impairment
(BASFI C 4), the proportions of the low BMI,
anemia, and combined group were greater
compared to those with normal function
(BASFI\4) (10.92% vs. 9.41%, 14.78% vs.
10.59%, and 3.61% vs. 1.56%) (Fig. 2).

Among participants with elevated inflam-
mation status (hsCRP C 10 mg/L), the com-
bined group exhibited the highest proportion.
This pattern remained consistent among par-
ticipants with heightened disease activity
(BASDAI C 4 or ASDAS_CRP C 2.1) and
impaired physical function (BASFI C 4) (Fig. 3).

Characteristics of Participants
with Anemia, Low BMI, or both

The characteristics of participants in the low
BMI group, the anemic group, and the com-
bined group are presented in Table 1. Partici-
pants in the low BMI group had an earlier age of
onset and diagnosis and a higher prevalence of
peripheral joint involvement than controls.

Compared with the control, participants in
the anemic group exhibited higher levels of
inflammation as measured by hsCRP [15.00
(5.00, 39.80) mg/L vs. 8.44 (3.00, 21.00) mg/L],
poorer function assessed by BASFI [2.90 (1.10,
5.30) vs. 2.10 (0.50, 4.00)], higher disease
activity measured by ASDAS_CRP [3.00 ± 1.25
vs. 2.62 ± 1.21], and a higher prevalence of
enthesitis (67.08% vs. 64.25%). Notably, among
the four groups, participants solely affected by
anemia had the highest age at onset and age at
diagnosis.
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Participants in the combined group exhib-
ited an earlier age at onset (22.75 ± 8.10 vs.
27.25 ± 9.28 years) and age at diagnosis
(26.26 ± 8.68 vs. 30.82 ± 10.40 years), higher
levels of inflammation measured by hsCRP
[30.60 (8.85, 59.60) mg/L vs. 8.44 (3.00, 21.00)
mg/L], functional impairment measured by
BASFI [3.80 (2.00, 6.10) vs. 2.10 (0.50, 4.00)],

and higher disease activity measured by BASDAI
[4.52 ± 2.04 vs. 3.67 ± 2.21] and ASDAS_CRP
[3.51 ± 1.10 vs. 2.62 ± 1.21] compared to con-
trols. Additionally, participants in the com-
bined group had a higher proportion of
BASDAI C 4, BASFI C 4, ASDAS_CRP C 2.1, and
hsCRP C 10 mg/L compared to the low BMI
group.

Fig. 1 Distribution of anemia and low BMI with respect to sex in the ChinaSpA cohort. BMI body mass index

Fig. 2 Distribution of anemia and low BMI according to
inflammation status (a), disease activity (c, d), and
functional impairment (b). ASDAS_CRP Ankylosing
Spondylitis Disease Activity Score calculated with

C-reactive protein, BASDAI Bath Ankylosing Spondylitis
Disease Activity Index, BASFI Bath Ankylosing Spondyli-
tis Functional Index, BMI body mass index, hsCRP
hypersensitive C-reactive protein
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Association Analysis

In the logistic regression model adjusted for sex
and age, all three groups—low BMI, anemic,
and combined—exhibited an association with
elevated hsCRP levels compared to the control
group, with odds ratios (ORs) of 1.44 [95%
confidence interval (95% CI) 1.17–1.78], 1.91
(95% CI 1.56–2.32), and 3.59 (95% CI
2.22–5.80), respectively (Table 2).

Similarly, all three groups demonstrated an
association with functional impairment, which
was exemplified by the BASFI [low BMI group,
OR 1.57 (95% CI 1.25–1.97); anemic group, OR
1.47 (95% CI 1.19–1.80); combined group, OR
3.11 (95% CI 2.02–4.78)].

Moreover, when compared to the control
group, the combination of anemia and low BMI
was linked to higher disease activity as mea-
sured by BASDAI [OR 2.14 (95% CI 1.39–3.31)]
and ASDAS_CRP [OR 3.73 (95% CI 2.18–6.37)].

DISCUSSION

In this large-scale, national, multicenter, cross-
sectional study, we have elucidated the

prevalence of all-cause anemia and low BMI
among patients with axSpA, and explored the
association between these conditions and key
dimensions of axSpA assessment, namely
inflammatory status, disease activity, and func-
tional impairment. Inflammatory status was
assessed by hsCRP levels, functional impair-
ment by BASFI, and disease activity by BASDAI
and ASDAS_CRP. Our findings indicate that all-
cause anemia and low BMI are prevalent
comorbidities in patients with axSpA, and both
are linked to increased inflammatory status and
functional impairment. Notably, in cases where
all-cause anemia and low BMI co-occurred,
albeit in a smaller subset of patients, these
associations were pronounced, also demon-
strating an association with heightened disease
activity.

Among the 4146 participants with axSpA in
the ChinaSpA cohort, the prevalence of anemia
was 13.94%. Anemia is frequently observed as a
comorbidity in individuals with inflammatory
rheumatic diseases. Previous reports have pre-
sented a wide range of anemia frequencies. For
instance, in a clinical series involving 212
patients with AS during the late 1950s, anemia
was found in only 12 cases (5.6%) [7]. In 1989,

Fig. 3 Distribution of anemia and low BMI in patients
with a high inflammatory status, high disease activity, and
impaired function. ASDAS_CRP Ankylosing Spondylitis
Disease Activity score calculated with C-reactive protein,

BASDAI Bath Ankylosing Spondylitis Disease Activity
Index, BASFI Bath Ankylosing Spondylitis Functional
Index, BMI body mass index, hsCRP hypersensitive
C-reactive protein
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Table 1 Characteristics of the patients with axSpA in China (n = 4146) according to the presence or absence of anemia or
low BMI

Control Low BMI group Anemic group Combined
group

No. 3160 408 489 89

Male, n (%) 2379 (75.28%) 281 (68.87%) 389 (79.55%) 63 (70.79%)

BMI, mean ± SD 24.49 ± 5.62 17.05 ± 1.48 23.82 ± 4.79 16.63 ± 1.92

Age, years, mean ± SD 34.47 ± 10.31 29.47 ± 9.57 35.94 ± 12.19 30.03 ± 8.85

Age at onset, years, mean ± SD 27.25 ± 9.28 23.37 ± 8.38 28.58 ± 11.36 22.75 ± 8.10

Age at diagnosis, years, mean ± SD 30.82 ± 10.40 26.22 ± 9.10 31.97 ± 12.19 26.26 ± 8.68

Current or past joint involvement, n (%) 1056 (33.42%) 185 (45.34%) 188 (38.45%) 42 (47.19%)

Current or past Achilles tendinitis, n (%) 702 (22.22%) 103 (25.25%) 135 (27.61%) 25 (28.09%)

Current or past dactylitis, n (%) 212 (6.71%) 35 (8.58%) 39 (7.98%) 7 (7.87%)

Current or past iritis, n (%) 356 (11.27%) 29 (7.11%) 54 (11.04%) 8 (8.99%)

Current or past psoriasis, n (%) 31 (0.98%) 1 (0.25%) 5 (1.02%) 3 (3.37%)

Current or past IBD, n (%) 48 (1.52%) 10 (2.45%) 2 (0.41%) 3 (3.37%)

Current enthesitis, n (%) 2029 (64.25%) 276 (67.65%) 328 (67.08%) 67 (75.28%)

Current hip joint involvement, n (%) 985 (31.17%) 148 (36.27%) 191 (39.06%) 35 (39.33%)

Current peripheral arthritis 44 swollen,

n (%)

836 (26.46%) 113 (27.7%) 171 (34.97%) 34 (38.2%)

Past medical history

Fragility fracture, n (%) 23 (0.73%) 4 (0.98%) 4 (0.82%) 2 (2.25%)

Joint replacement, n (%) 21 (0.66%) 4 (0.98%) 9 (1.84%) 0 (0%)

BASDAI (0–10), mean ± SD 3.67 ± 2.21 3.67 ± 2.18 3.98 ± 2.17 4.52 ± 2.04

BASDAI C 4, n (%) 1392 (44.05%) 177 (43.38%) 241 (49.28%) 54 (60.67%)

BASFI (0–10), median (q25, q75) 2.10 (0.50, 4.00) 2.10 (0.70, 4.60) 2.90 (1.10, 5.30) 3.80 (2.00, 6.10)

BASFI C 4, n (%) 842 (26.65%) 130 (31.86%) 176 (35.99%) 43 (48.31%)

ASDAS_CRP, mean ± SD 2.62 ± 1.21 2.63 ± 1.22 3.00 ± 1.25 3.51 ± 1.10

ASDAS_CRP C 2.1, n (%) 2038 (64.49%) 266 (65.2%) 365 (74.64%) 79 (88.76%)

hsCRP, median (q25, q75) 8.44 (3.00,

21.00)

10.05 (2.58,

24.70)

15.00 (5.00,

39.80)

30.60 (8.85,

59.60)

hsCRP C 10 mg/L, n (%) 1435 (45.41%) 213 (52.21%) 303 (61.96%) 65 (73.03%)

HLA-B27 positive, n (%) 2,804 (88.73%) 360 (88.24%) 424 (86.71%) 83 (93.26%)

Family history, n (%) 700 (22.15%) 109 (26.72%) 106 (21.68%) 21 (23.6%)

Good response to NSAIDs treatment,

n (%)

2486 (78.67%) 307 (75.25%) 363 (74.23%) 67 (75.28%)
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47.5% of 40 Mexican Mestizos with AS had Hb
values below the normal limits [8]. More recent
studies conducted over the past decade have
reported prevalence rates of anemia ranging
from 15% to 28.8% [9–12]. Notably, these
investigations were based on small sample sizes,
whereas our results are derived from the largest
population to date, thereby providing a more
reliable estimation of anemia prevalence among
Chinese patients with axSpA. Anemia associ-
ated with chronic diseases (ACD) and anemia
secondary to gastrointestinal blood loss induced
by NSAIDs are considered significant contribu-
tors to axSpA-related anemia. Zviahina et al.
reported that 28.8% of 118 patients with AS had
anemia, of which 44.1% had ACD, 29.4% had
ACD with iron deficiency, and 23.5% had iron
deficiency anemia [12]. Another study found
that 15% (n = 356) of patients with AS experi-
enced anemia, with 25% of these cases attrib-
uted to ACD [32].

In this study, patients with axSpA with ane-
mia showed higher levels of inflammatory
biomarkers and more severe functional impair-
ments. In 2009, a prospective study found that
the improvement of Hb in patients with AS
treated with TNFi for 6 months was significantly
and independently associated with improve-
ments in BASFI [4]. In another study, inflix-
imab-treated patients with elevated CRP or
interleukin-6 (IL-6) levels at baseline were more

likely to have an improvement in Hb levels than
those with lower levels [10]. In 2012, Bes et al.
reported that after 52 weeks of treatment with
TNFi, the improvement in Hb was related to a
resolution in inflammation [11]. However, none
of these studies have provided direct evidence
regarding the association of anemia with
inflammatory status and functional impair-
ment. Our findings are consistent with those
reported by Zviahina et al. in 2020, who found
an association between anemia and inflamma-
tory biomarkers (CRP and IL-6) [12]. Alter-
nately, this could be interpreted via reverse
causality—inflammation and other related dis-
eases could lead to anemia. Thus, further
prospective studies are warranted to elucidate
the temporal relationship between these two
conditions in individuals with axSpA and to
understand the impact of anemia on disease
progression.

On the other hand, our study revealed that
11.99% of patients with axSpA were classified as
having a low BMI, which is higher than the
prevalence of low BMI among the general Chi-
nese adult population (4.6%) [22]. Interestingly,
we found that low BMI was associated with
elevated levels of inflammatory status and
impaired function. The link between low BMI
and inflammation can be attributed to the
impact of inflammatory factors on muscle and
fat cells, leading to increased energy

Table 1 continued

Control Low BMI group Anemic group Combined
group

Treatment

NSAIDs, n (%) 1864 (58.99%) 252 (61.76%) 270 (55.21%) 57 (64.04%)

TNFi, n (%) 1304 (41.27%) 174 (42.65%) 153 (31.29%) 34 (38.2%)

DMARDs, n (%) 1448 (45.82%) 199 (48.77%) 208 (42.54%) 38 (42.7%)

ASDAS_CRP Ankylosing Spondylitis Disease Activity Score with C-reactive protein, BASDAI Bath Ankylosing Spondylitis
Disease Activity Index, BASFI Bath Ankylosing Spondylitis Functional Index, BMI body mass index, DMARDs disease-
modifying anti-rheumatic drugs, HLA-B27 human leukocyte antigen B27, hsCRP hypersensitive C-reactive protein, IBD
inflammatory bowel disease, NSAIDs nonsteroidal anti-inflammatory drugs, SD standard deviation, TNFi tumor necrosis
factor inhibitors
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expenditure [33]. It is noteworthy that the dis-
tribution of low BMI among individuals with
SpA and its association with inflammatory sta-
tus and function impairment have been largely
overlooked, with only a limited number of
studies investigating this aspect. In the SPACE
cohort, 3.6% of the 168 patients with axSpA
had a low BMI [15]. Additionally, Zhao et al.
reported that among patients with AS requiring
total hip arthroplasty, 39% were identified as
having a low BMI [16]. Our study addresses this
gap in the literature, highlighting that a low
BMI is not uncommon within the Chinese
axSpA population.

The significance of our study lies in revealing
all-cause anemia and low BMI as prevalent
complications in axSpA, which are associated
with increased inflammatory status and func-
tional impairment. The low BMI population in
axSpA has been mostly neglected in previous
studies compared to the obese and overweight
population, and our study underscored the fact
that nutritional management of patients with
low BMI is also worthy of attention. Further-
more, by proposing a novel perspective on the
role of nutritional factors, including all-cause
anemia and low BMI, in axSpA, our study paves
the way for a more integrated treatment
approach that includes nutritional manage-
ment as a pivotal component of comprehensive
patient care.

A limitation of this study is that anemia was
not further classified; therefore, the question of
whether ACD is more strongly associated with
inflammation than all-cause anemia remains
elusive. In a study exploring the effect of goli-
mumab treatment on Hb levels in patients with
inflammatory arthritis including rheumatoid
arthritis (RA), psoriatic arthritis (PsA), and AS, it
was found that in patients with RA, there was a
significant negative association between disease
activity and Hb improvement in inflammatory
anemia, mixed anemia, and all-cause anemia
subgroups, and this association was found to be
stronger in inflammatory anemia and mixed
anemia subgroups than in all-cause anemia
subgroups. As a result of the small sample size,
conclusive results were not obtained for the AS
group [32]. In the future, further studies are
needed to investigate the association between
different types of anemia and disease burden in
axSpA. In addition, it has been shown in RA
studies that patients respond better to drugs if
anemia is successfully treated [34]. Therefore, in
the future, further research is needed to deter-
mine whether patients with axSpA and different
types of anemia can obtain a better prognosis by
adding treatment to correct anemia on the basis
of regular therapy. Another limitation of this
paper is that we were unable to obtain data such
as iron intake, socioeconomic status, and

Table 2 Multivariable-adjusted odds ratios for the association between anemia, low BMI, inflammatory status, disease
activity, and functional impairment

OR (95% CI)

Controla Low BMI group Anemic group Combined group

All patients, n 3160 408 489 89

hsCRP 1[Reference] 1.44 (1.17–1.78) 1.91 (1.56–2.32) 3.59 (2.22–5.80)

BASFI 1[Reference] 1.57 (1.25–1.97) 1.47 (1.19–1.80) 3.11 (2.02–4.78)

BASDAI 1[Reference] 1.07 (0.87–1.33) 1.20 (0.99–1.45) 2.14 (1.39–3.31)

ASDAS_CRP 1[Reference] 1.22 (0.98–1.51) 1.56 (1.26–1.94) 3.73 (2.18–6.37)

ASDAS_CRP Ankylosing Spondylitis Disease Activity Score with CRP, BASDAI Bath Ankylosing Spondylitis Disease
Activity Index, BASFI Bath Ankylosing Spondylitis Functional Index, hsCRP hypersensitive C-reactive protein
aControl group is used as the reference category for all comparisons. Odds ratios (ORs) for the low-BMI group, anemic
group, and combined group are calculated relative to the control group, which has an assigned OR of 1[Reference]
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education level, which could have biased our
conclusions as unmeasured confounders.

CONCLUSION

In Chinese patients with axial axSpA, all-cause
anemia and low BMI emerged as prevalent
complications, both demonstrating associations
with heightened inflammation status and
functional impairment. Notably, the impact of
these indicators on inflammation and func-
tional impairment was magnified when patients
presented with both all-cause anemia and low
BMI simultaneously. These findings emphasize
the importance of considering both indicators
when conducting disease assessments and the
need for routine screening and management of
all-cause anemia and low BMI in patients with
axSpA to optimize disease outcomes. Conclu-
sively, the potential benefits of addressing these
nutritional factors as part of the overall treat-
ment approach for axSpA is noteworthy.
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