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ABSTRACT

Aim: The aim of this study was to compare the disease activity and functional status of individuals with Ankylosing Spondylitis (AS)
according to body mass index (BMI).

Material and Methods: This study, which was planned as a single-center cohort study, included 437 individuals with AS. Disease
activities were evaluated with the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), and functional levels with the Bath
Ankylosing Spondylitis Functional Index (BASFI). Participants were categorized in 3 groups according to BMI data based on the criteria
of the World Health Organization: normal weight:20-24.9; overweight: 25-29.9; obese:>30. One Way Anova Test, Kruskal Wallis Test,
Mann Whitney U test and Chi-Square Test were used to compare independent group differences. Linear regression models were used
to describe the relationship between BASDAI, BASFI (dependent variables) and BMI categories (independent variables). Univariate
regression analyses were performed (only one independent variable in the model).

Results: Among 437 patients with AS, 30.2% are normal weight, 39.5% are overweight and 30.2% are obese. Analysis results of data
between BMI groups; significant difference was in BASFI (p=0.001) in favor of the obese group. In binary group comparisons for BASFI;
there was a significant difference in favor of the obese group between normal and obese (p=0.002) and between overweight and obese
(p=0.001). Obese was significantly associated with higher BASFI score compared to the normal weight group without adjustment for
covariates (p:-0.37, 95%CI -0.66/-0.08, p=0.006). On the other hand, there was no association between BASDAI and obesity (p:-0.50,
95%CI -1.11/ 1.22, p:0.130).

Conclusion: The BMI of Turkish AS individuals in a single center cohort had no effect on disease activity, but obesity had a worse effect
on functional level.
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Ankilozan Spondilitli Bireylerde Obezitenin Etkisi:
Tek Merkezli Kohort Calismasi

oz
Amag: Bu ¢alismanin amaci Ankilozan Spondilitli (AS) bireylerin hastalik aktivitesini ve fonksiyonel durumlarin: viicut kiitle indeksine
(VKI) gore kargilagtirmaktir.
Gereg ve Yontemler: Tek merkezli kohort ¢aligmasi olarak planlanan bu ¢aligmaya, AS tanili 437 birey dahil edildi. Hastalik aktiviteleri
Bath Ankilozan Spondilit Hastalik Aktivite indeksi (BASDAI), fonksiyonel diizeyleri ise Bath Ankilozan Spondilit Fonksiyonel Indeksi
(BASFI) ile degerlendirildi. Katilimcilar, Diinya Saglik Orgiitii'niin kriterlerine dayanarak VKI verilerine gére 3 gruba ayrildi: normal
agirlik:20-24,9; fazla kilolu: 25-29,9; obez:230. Bagimsiz grup farkhiliklarinin kargilagtirilmasinda One Way Anova Testi, Kruskal
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Wallis Testi, Mann Whitney U testi ve Ki-Kare Testi kullanildi. BASDAI, BASFI (bagimli degiskenler) ve VKI kategorileri (bagimsiz
degiskenler) arasindaki iligkiyi tanimlamak i¢in dogrusal regresyon modelleri kullanildi. Tek degiskenli regresyon analizleri yapildi
(modelde yalnizca bir bagimsiz degisken).

Bulgular: AS'li 437 hastanin % 30.2’i normal agirlikta, %39,5' fazla kilolu, %30,2'i ise obezdir.

UKI gruplari arasindaki verilerin analiz sonuglarinda; BASFI'de (p=0,001) obez grup lehine anlamli fark vardi. BASFI igin ikili grup
karsilastirmalarinda; normal ile obez (p=0,002) ve fazla kilolu ile obez (p=0,001) arasinda obez grup lehine anlamli fark vardi. Ortak
degiskenler i¢in diizeltme yapilmadan normal agirlikli grupla karsilastirildiklarinda, obezite daha yiiksek BASFI skoru ile anlamli
diizeyde iligkiliydi (B:-0,37, %95CI -0,66/-0,08, p=0,006). Ote yandan, BASDAI ile obezite arasinda herhangi bir iligki yoktu (B:-0,50,
95%CI -1,11/ 1,22, p:0,130).

Sonug: Tek merkezli bir kohorttaki, Tiirk AS'li bireylerin VKI'nin hastalik aktivitesi iizerine etkisi yoktu, ancak obezite fonksiyonel

diizey {izerinde daha kétii bir etkiye sahip idi.

Anahtar Sozciikler: Ankilozan spondilit, Viicut kiitle indeksi, Fazla kilo, Hastalik

INTRODUCTION

Cardiovascular (CV) problems are among the most impor-
tant and notable causes of death in the world. Many studies
have emphasized that CV events and mortality are increased
in individuals with Ankylosing Spondylitis (AS). One of the
traditional cardiovascular risk factors is obesity (1-3). Glob-
ally, obesity has been on the rise since 1980. This increase is
more than doubled. Obesity is an abnormally high amount
of fat in the body. The World Health Organization defines
it this way (4).

The most commonly used measure for estimating body fat
percentage is Body Mass Index (BMI). World Health Or-
ganisation (WHO) also recommends BMI as the most use-
ful population level measure of overweight and obesity (5,6).
BMI is a recently widely used metric calculated with height
and weight data, which are anthropometric characteristics
in the adult population and both sexes. It is possible to cat-
egorize these data into groups. BMI equal to or greater than
25 is called overweight, and BMI equal to or greater than 30
is called obese (4).

Obesity is actually among the modifiable cardiovascular risk
factors. Although there is a lot of information in the litera-
ture about its importance, there are not enough studies that
can clarify whether there is a difference in clinical outcomes
in overweight and obese AS patients with high BMI com-
pared to normal weight patients. A recent systematic review
and meta-analysis reported that more studies are needed to
elucidate whether the increase in BMI generally contributes
to disease activity in axial spondyloarthritis (7).

This study was planned to compare the activity and func-
tional status of individuals with AS categorized according
to BMI data.
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MATERIALS and METHODS
Study Design

This study was planned as a single center cohort study. Be-
tween November 2021 and February 2022, patients who ap-
plied to the Pamukkale University Rheumatology clinic and
the registered patients who were contacted by phone and
agreed to participate in the study constituted the sample of
the study. Pamukkale University is a centre in Turkey. Pa-
tients were given appointments and evaluated.

Participants

437 patients with AS diagnosed by a rheumatologist includ-
ed.

Inclusion criteria: (a) being diagnosed with AS according to
the modified New York criteria. (b) volunteer to participate.
(c) be in the age range of 18-65 years. Exclusion criteria: (a)
neurological, cardiopulmonary, and/or orthopedic disease
(b) cognitive disability that is unable to cooperate. (c) being
pregnant. (d) presence of other autoimmune or inflamma-
tory disease. (e) central nervous system diseases (f) serious
psychiatric conditions (g) any surgical operation in the last
six months. (h) BMI <20.

According to the Helsinki Declaration of 1975, as revised
in 1983, it was determined at the meeting held by the local
ethical committee that there was no ethical problem for the
study to be carried out (decision no: 21, dated: 11.30.2021).
All patients were informed verbally and informed consent
forms were signed.

Evaluations

After the demographic information was recorded, disease
activities were evaluated with the Bath Ankylosing Spondy-
litis Disease Activity Index, and functional levels with the
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Bath Ankylosing Spondylitis Functional Index. Participants
were categorized in 3 groups according to BMI data based
on the criteria of the World Health Organization: normal
weight:20-24.9; overweight: 25-29.9; obese:>30 (4). Evalua-
tions were carried out in approximately 25 minutes.

Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI): With this index, the disease activity level can
be easily evaluated with 6 questions (weakness/fatigue level,
spine pain level, the level of pain in the joints other than the
spine, sensitivity level, morning stiffness duration, morning
stiffness severity). It was proven to be valid and reliable with
its sensitivity and reproducibility features. The total score
of BASDAI was calculated by the sum of questions 1-4 plus
mean of questions 5 and 6, the total then divided by 5. The
total score ranges from 0 to 10, higher values indicate more
active disease (8).

Bath Ankylosing Spondylitis Functional Index (BASFI):
The level of being able to perform the activities that are fre-
quently done in daily life is determined with 10 questions.
The patient thinks about the past week and answers the
questions. For each question, patients mark on the 10 cm
Visual Analog Scale (VAS) how difficult they are while do-
ing the activity (O=easy, 10=impossible). A total score is cal-
culated by averaging the score obtained from 10 questions
(from 0 to 10) (9).

Statistical Analysis

The data were analyzed using IBM Statistical Package for
the Social Sciences (SPSS) Statistics vn.22 software. The
Kolmogorov-Smirnov test was performed to ensure that

the data conformed to the normal distribution. Categorical
descriptive data were written as numbers and percentage,
while continuous descriptive data were written as mean+SD
or median (minimum-maximum) according to fit for nor-
mal distribution. One Way Anova Test, Kruskal Wallis Test,
Mann Whitney U test and Chi-Square Test were used to
compare independent group differences. Linear regression
models were used to describe the relationship between BAS-
DAL, BASFI (dependent variables) and BMI categories (in-
dependent variables). Univariate regression analyses were
performed (only one independent variable in the model).
Statistical significance value was p<0.05.

RESULTS
Participant Flow

The study was first started with 508 patients with AS.
Twelve patients with AS did not want to participate in the
study. Fifty seven patients with AS had other autoimmune
or inflammatory disease. Two patients with AS had surgical
operation in the last six months. Consequently, the study
was completed with a total of 437 patients with AS (247 fe-
male, 190 male) with a mean age of 42.4+10.8 years. The
flow chart of the study is shown in Figure 1.

Recruitment

The dates determining the recruitment periods were No-
vember 2021- February 2022.

Baseline Data

The demographic data of the participants are shown in Ta-
ble 1.

[ Enrollment J Assessed for eligibility (n=508)

Six

Excluded (n=71)
"| ¢ Not meeting inclusion criteria (n=59)
(n=2 surgical operation in the last

autoimmune or
disease)
+ Declined to participate (n=12)

n=57 other
inflammatory

months 6,

v

Analysed (n=437)

+ Excluded from analysis (give reasons) (n=0)

Figure 1: The flow chart of the study.
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Table 1: The demographic data of the participants
Ankylosing Spondylitis (n=456)
Variables, n(%) Normal Weight Overweight Obese
<25kg/m* (n=132)  25<n<30kg/m? (n=173) >30kg/m?(n=132) P
BMI 132 (30.2) 173 (39.5) 132 (30.2)
Female 66 (50) 88 (50.9) 93 (70.5)
Gender 0.001*
Male 66 (50) 85(49.1) 39 (29.5)
Yes 72 (61) 95 (62.5) 51 (39.8)
Employed 0.001*
No 46 (39) 57 (37.5) 77 (60.2)
Yes 33 (32.7) 72 (51.8) 44 (37.9)
Family history for rheumatic diseases 0.007*
No 68 (67.3) 67 (48.2) 72 (62.1)
Yes 35(31) 55 (37.7) 24 (20.2)
Smoker 0.008*
No 78 (69) 91 (62.3) 95 (79.8)
. o _ Yes 11 (11) 19 (14.7) 28(27.2)
History of chronic respiratory disease 0.006*
No 89 (89) 110 (85.3) 75 (72.8)
Yes 28 (29.5) 29 (24.4) 20 (20.6)
Physical exercise habits 0.361*
No 67 (70.5) 90 (75.6) 77 (79.4)
Mean + SD Mean + SD Mean + SD
Age (years) 37.6x11.2 42.7%10.1 46.7£9.4 0.001**
Median (Min/Max) Median (Min/Max) Median (Min/Max)
Duration of the disease (years) 6 (0/40) 6 (0/32) 6 (0/33) 0.540**
Years of education 8 (1/21) 8 (1/16) 5(2/18) 0.141**
Back stiffness in the morning (minutes) 20 (0/240) 15 (0/240) 15 (0/240) 0.363**

*Chi-Square Test, **Kruskal-Wallis Test, *** One Way Anova Test

Table 2: Analysis results of outcome measures data between BMI
groups

BASFI (n=437) BASDAI
(n=437)
Median (min/max) Mean+SD

Normal Weight (n=132) 2.2(0/10.8) 4.1+£2.0

Overweight (n=173) 2.6(0/9) 42422

Obese (n=132) 3.8(0/18.7) 4.6+2.0

Normal-overweight-obese, p 0.001% 0.104***
Normal-overweight, p 0.939**
Normal-obese, p 0.002**
Overweight-obese, p 0.001**

BASDALI: Bath Ankylosing Spondylitis Disease Activity Index, BASFI:
Bath Ankylosing Spondylitis Functional Index, *Kruskal-Wallis Test,**
Mann Whitney U Test,*** One Way Anova Test

Compared with the normal and overweight groups, the
obese group had the highest proportion with female (nor-
mal=50%, obese=70.5%; p=0.001);
had the lowest proportion with employed (normal=61%,

overweight=50.9%,
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overweight=62.5%, obese=39.8%; p=0.001); had the great-
est percentage with history of chronic respiratory disease
(normal=11%, overweight=14.7%, obese=27.2%; p:0.006);
was older (normal=37.6+11.2 years, overweight=42.7+10.1
years, obese=46.7+9.4 years; p=0.001). Compared with the
normal and obese groups, the overweight group had the
highest proportion with family history for rheumatic dis-
eases (normal=32.7%, overweight=51.8%, obese=37.9%;
p=0.007) and with smoker (normal=31%, overweight=37.7%,
obese=20.2%; p=0.008). Although there is no difference be-
tween the three groups in terms of physical exercise habits,
it is seen that the percentages of “no” answers to physical
exercise habits are high in all three groups (Table 1).

Outcome Measures

Analysis results of data between BMI groups; significant dif-
ference was in BASFI (p=0.001) in favor of the obese group.
In binary group comparisons for BASFI; there was a signif-
icant difference in favor of the obese group between normal
and obese (p=0.002) and between overweight and obese
(p=0.001) (Table 2).
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Table 3: Univariate analysis of association between outcome measures variables and BMI groups

Dependent variable Predicting variable Univariate analysis,  (95%CI) p value
Overweight" -0.06(-0.64/0.51) 0.960
BASDAI
Obese" -0.50(-1.11/0.10) 0.130
Overweight" 0.04(-0.22/0.31) 0.915
BASFI
Obese" -0.37(-0.66/-0.08) 0.006

BASDALI: Bath Ankylosing Spondylitis Disease Activity Index, BASFI: Bath Ankylosing Spondylitis Functional Index, "Reference group: Normal

weight

Univariate Analysis

In Table 3, obese was significantly associated with higher
BASFI score (p -0.37, 95% CI -0.66, -0.08) compared to the
normal weight group without adjustment for covariates.

DISCUSSION

In this study, the effect of BMI on disease activity and func-
tional level was investigated in a cohort of Turkish AS indi-
viduals who received treatment from a center in Turkey. As
a result, while 39.5% of the cohort was overweight, 30.2%
were obese, and BMI had no effect on disease activity, it was
determined that the functional level was worse in the obese
group.

Obesity, which has become epidemic today, is a big prob-
lem in the field of health: Due to the increase in body fat, it
creates many problems for general health, seriously reduces
the quality of life and prevents the prolongation of life ex-
pectancy. The high prevalence of obesity in AS is of par-
ticular concern in this group, which is largely attributed to
accelerated cardiovascular risk (10,11). BMI is considered a
good predictor of body fat. It can be easily measured and is
a good indicator for estimating disease risk (12).

The results of studies examining the relationship between
BMI and patient-reported outcomes in an AS population
in one country may not be valid for populations of another
country (13). Since most of the findings in the literature on
the relationship between AS and BMI were obtained as a
result of studies carried out in Europe, the generalizabili-
ty of these data belonging to a limited geographical area is
limited (7).

In the literature, there are different results regarding the re-
lationship between patient-reported outcomes and obesity
in patients with AS categorized according to BMI. Despite
the studies conducted, it is still unclear whether high BMI is
associated with higher disease activity in axial spondyloar
thritis (axSpA), further studies are needed in this regard (7).

Lee et al. stated that 32% of 194 axSpA in an urban Asian
population were overweight while 22% were obese. They

concluded that while obesity was associated with pain, BAS-
DAI, BASFI, Health Assessment Questionnaire, and Short
Form-36 were not, and that future studies examining the
causal relationship between obesity and patient-reported
outcomes are needed (13).In a study by Durcan et al., 67.5%
of 46 patients in AS Ireland Population were overweight or
obese. There was a statistical difference in BASFI and BAS-
DALI between normal and overweight AS patients (14). In
the study of Berg et al. with 159 AS patients in the norway
population, they reported in the regression analysis that the
BMI-high group had higher Ankylosing Spondylitis Dis-
ease Activity Score (ASDAS) and BASDALI, increased cardi-
ovascular disease risk factors and increased carotid intima
media thickness than the BMI-low group. Therefore, they
stated that obesity may be a factor for increased disease ac-
tivity and increased cardiovascular disease risk (15).

In the study of Maas et al. with 461 patients axSpA in Neth-
erlands, overweight and obese were 37% and 22%, respec-
tively. Compared to the general population, obesity was
more common in people with axSpA. In axSpA, when com-
pared to overweight and normal weight patients, the clinical
picture (disease activity, quality of life and physical func-
tion) of obese patients was much worse and their symp-
toms lasted much longer with more comorbidities (16). In
a study conducted in Ireland with 683 axSpA patients; un-
derweight, normal, overweight, obese were 1.1; 31.6; 38.9;
28.4%, respectively. Total overweight or obese were 67.3%
with longer disease duration and more comorbidities than
normal weight patients. Obese patients have significantly
worse the clinical picture (disease activity, spine mobili-
ty, quality of life and physical function) than normal and
overweight. Higher BMI and obesity independently predict
worse disease course. Strategies should be implemented to
control BMI and reduce it to normal levels in axSpA (17).
In a study conducted with 509 Norwegian patients, normal/
underweight and overweight/obese were 35% and 65%, re-
spectively. The conclusion was emphasized that BMI should
be considered in the treatment of Norwegian overweight/
obese axSpA patients due to the higher number of disease
activity, spinal stiffness and comorbidities (18).
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In a systematic review and meta-analysis by Jean et al, it was
stated that as the BMI increases, the disease activity increas-
es due to the increase in the amount of fat in the body and
this makes it difficult for patients to cope with the disease
(7). In a study of Vargas et al. with 683 patients in euro-
pean (multicenter) population; 26.4% were overweight and
13.3% obese. The authors stated that ASDAS and BMI are
not related in axSpA patients based on the data. It is unnec-
essary to consider BMI in treatment (19).

To authors’ knowledge; there is only one study investigating
the effect of BMI on patients with AS in the Turkish pop-
ulation. In this study, in which 28 patients with pre-obese
AS (BMI in range of 25 to 30) were evaluated, a relationship
was determined between BMI and BASDAI and BASFI. It
has been reported that increased BMI in patients with AS is
a factor affecting clinical picture (quality of life, functional
capacity and disease activity) (20).

According to the results of this study, 39.5% of AS patients
were overweight, 30.2% were obese. In this study, the BASFI
scores of the obese AS patients were worse, but there was
no statistical difference between the groups for BASDAL
When the authors’ of the present study look at the above
studies reporting that there is a relationship between dis-
ease activity and obesity, the disease duration is longer than
in the present study population and this finding may affect
this relationship. Additionally, the mean age in these stud-
ies is also higher. In the present study, the authors attribute
BMI had no effect on disease activity to lower disease du-
ration and lower mean age. More than that, the obese AS
group of the present study was more females. van der Slik
et al. reported that female experienced significantly worse
physical function and quality of life, whereas male showed
significantly more kyphosis and spinal radiographic dam-
age (21). Falkenbach et al. emphasized that there is a signif-
icant difference in the BASFI score between younger and
older patients with AS. Older patients with AS had worse
scores (22). In addition, many studies in the literature were
stated that obese AS patients were older compared with the
normal and overweight groups (7,13,16). The reason for the
significant difference in BASFI and no difference in BAS-
DAI was thought to be gender, disease activity and age dis-
tribution. For this reason, the authors of the present study
recommend the evaluation of obesity, especially in female,
older and longer disease duration patients with AS. How-
ever, there are many factors that will affect disease activity,
such as cytokine level, age of onset of the disease, pain lev-
el and inflammatory markers in the blood, so the effect of
these factors can be examined together in future studies.
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Physical activity improves spinal mobility, physical func-
tionality, the general condition of the patient and reduces
pain; therefore recommended in AS but poorly performed
(23). One of the reasons for low activity level may be pain.
Low activity level can lead to obesity. Obesity increases the
weight on the joints (24). Obese people feel more pain be-
cause excess body mass causes mechanical stress and an in-
crease in proinflammatory cytokines (25). Pain is one of the
most important factors leading to an inactive life and can
pull the person into an endless cycle (26). This makes the
disease worse. In the present study cohort, exercise habits
are at low levels in all three groups categorized according
to BMI. The authors of the present study thought that the
obese AS patients in the cohort are in this vicious circle and
therefore worse functional level scores were observed in the
obese group.

In AS patients, exercise has a very important place in the
management of the disease, disease-specific variables (bet-
ter spinal mobility, maintenance of functional capacity and
reduced pain and stiffness) and in controlling the risks
(14,27,28). For this reason, the authors of the present study
believe that exercise therapy, which will provide weight loss,
especially in obese AS patients, will contribute to increasing
the well-being of the disease.

One of the limitations of the present study is that it does not
allow us to make inferences about the causal relationship
between patient-reported outcomes and obesity due to its
cross-sectional design. Future prospective studies are need-
ed to determine this causal relationship.

The strength of the present study is the prevalence of over-
weight and obesity has been evaluated for the first time in
a large cohort of AS patients from the Turkish population.

As a result of this study, clinicians, researchers and patients
should take into account the possible beneficial effects of
weight within the normal range for better management as
functional limitation is observed to be more in obese Turk-
ish patients with AS.
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