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Abstract

Background: The purpose of the present study was to demonstrate whether alcohol consumption could predict
spinal structural damage in axial spondyloarthritis (@xSpA) in a prospective cohort study.

Methods: AxSpA patients were enrolled from a single tertiary hospital in a prospective cohort. Baseline data were
collected, and 2-year follow-up radiographic data were collected. We analyzed the progression of spinal structural
damage in 278 axSpA patients and grouped them into alcohol drinkers and non-drinkers. Baseline and follow-up
characteristics were compared between the two groups. Univariable and multivariable logistic regression analyses
were performed to reveal predictors of spinal structural damage.

Results: Changes in modified Stoke Ankylosing Spondylitis Spinal Score (MSASSS) and syndesmophyte count over
the 2-year period were more prominent in the alcohol drinker group than in the non-drinker group (2.7 + 3.6 vs
1.5+28,P=0007,09+13 vs 04+ 12, P=0.003). The alcohol drinker group showed more frequent significant
mMSASSS changes (2 2 units for 2 years follow-up) and new syndesmophyte/progression of pre-existing
syndesmophytes than the non-drinker group (60.7% vs 29.2%, P < 0.001, 51.5% vs 26.4%, P < 0.001, respectively). On
univariable and multivariable regression analyses, drinking alcohol showed a significant relationship with the
progression of spinal structural damage for both mSASSS and syndesmophyte progression.

Conclusion: The present study showed the association between alcohol consumption and spinal structural
progression in axSpA patients for the first time.
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Background
Axial spondyloarthritis (axSpA) is chronic inflammatory
arthritis that primarily presents as axial joint inflamma-

to 30 people per 10,000 [1], and axSpA patients with ad-
vanced spinal structural damage have trouble maintain-
ing their usual work due to pain and limited range of

tion. axSpA can cause ankyloses of the axial joint and
can progress to bamboo spine, which is critically harm-
ful to axial joint motions. The global prevalence of anky-
losing spondylitis (AS), prototype of axSpA, is about 10
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motion.

Treatment of axSpA patients has several goals: man-
aging arthralgia, maintaining function and quality of life
(QoL), preventing comorbidities, and preventing spinal
structural damage. There are several risk factors that can
predict spinal structural progression. Pre-existing syn-
desmophyte, smoking, high baseline disease activity,
older age, and male gender were suggested as predictors
of spinal structural progression [2]. However, smoking is
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the only modifiable factor among known predictors of
spinal structural progression in axSpA.

An association between alcohol consumption and car-
diovascular disease has been studied for several decades,
with the results showing a J curve association [3]. Low
to moderate consumption of alcohol could lower the risk
of cardiovascular disease occurrence and mortality. Lim-
ited information is known about the relation between al-
cohol consumption and inflammatory arthritis. A recent
meta-analysis revealed that low to moderate alcohol con-
sumption had a preventive effect on developing rheuma-
toid arthritis (RA) [4]. Another study enrolling US
women, the Nurses’ Health Study II, revealed that exces-
sive alcohol intake increased the risk of psoriatic arthritis
(PsA) [5]. However, the effects of alcohol consumption
on progression of spinal structural damage in axSpA
have not been evaluated.

In the present study, baseline characteristics including
the modified Stoke Ankylosing Spondylitis Spinal Score
(mSASSS) and syndesmophyte count were compared be-
tween axSpA patients who drink alcohol and those who
do not drink alcohol. Additionally, we aimed to reveal
whether alcohol consumption could predict spinal struc-
tural damage in axSpA.

Patients and methods

Study design

The Catholic Axial Spondyloarthritis COhort (CASCO)
is a prospective longitudinal cohort of patients with
axSpA from a single tertiary care university hospital and
referral center, Seoul St. Mary’s Hospital. We enrolled
patients with axSpA according to the following inclusion
criteria: (1) fulfillment of the modified New York criteria
for AS or Assessment of SpondyloArthritis international
Society (ASAS) classification criteria for axSpA [6, 7]
and (2) over 18 years of age. A total of 372 patients were
enrolled from January 2015 to April 2017. Baseline data
of demographics, laboratory and radiographic results,
questionnaire for disease activities, and functional indi-
ces were collected at the time of enrolment. Prospective
data including radiographic and laboratory results and
questionnaire were collected annually. The study was
conducted in accordance with the Declaration of
Helsinki (1964). Written informed consent was obtained
from each patient before enrollment in the study. This
study was approved by the Institutional Review Board of
Seoul St. Mary’s Hospital (KC150IS10012).

Collected data

Patients’ current age, diagnosed age of axSpA, sex,
height, weight, salary, degree of education, smoking, and
alcohol drinking status were collected at the time of en-
rolment using a paper questionnaire. Obesity was de-
fined following the World Health Organization guideline
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for Asian population, which defines obesity as a body
mass index (BMI) over 25 kg/m? [8]. Disease-related pa-
rameters including Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI), Ankylosing Spondylitis Dis-
ease Activity Score (ASDAS), Bath Ankylosing Spondyl-
itis Functional Index (BASFI), pain visual analog scale
(VAS), patient’s global assessment, physician’s global as-
sessment, ASAS health index (HI), and environmental
factors related to ASAS HI were collected. Health-re-
lated QoL (HRQoL) was evaluated by EuroQol-5 dimen-
sions (EQ-5D) and EQ-VAS. EQ-5D was converted into
a “time trade-off” (TTO) value, followed by previous ref-
erence data [9]. A very high disease activity state of
axSpA was defined as ASDAS >3.5 [10]. The cut-off
value of elevated disease activity on BASDAI was over 4
units [11].

Baseline laboratory findings included human leukocyte
antigen (HLA)-B27, erythrocyte sedimentation rate
(ESR), and C-reactive protein (CRP) levels. Current
medication information was collected by searching the
electronic medical records and interviewing each patient
to determine the actual amount of medication taken by
the patient. The ASAS nonsteroidal anti-inflammatory
drug (NSAID) index was calculated according to ASAS
guidelines and the high NSAID index was defined as
over 50 [12, 13].

Extra-articular manifestations were checked by review-
ing electronic medical records and taking personal his-
tories; these were indicated as positive if the patient had
a history of an extra-articular manifestation at least
once.

Radiographic assessment

At the time of enrollment and 2-year follow-up, plain
radiography of cervical and lumbar spine and pelvis were
taken to measure the grade of sacroiliitis, mSASSS [14],
and count of syndesmophytes. The baseline grade of
sacroiliitis was measured according to the modified New
York criteria [6], and the mean grade of sacroiliitis was
calculated by averaging the sacroiliitis grades of the right
and left sides in each patient. The squaring score on C-
spine was excluded from mSASSS because a normal C-
spine naturally has a concave anterior border, and distin-
guishing pathologic changes from normal C-spine squar-
ing is confusing [15]. The radiographic files were
provided to the accessors via a Digital Imaging and
Communication in Medicine file after erasing all infor-
mation of patient including name and date of examin-
ation. Two trained experts, Min and Lee, individually
scored the mSASSS. The mean score of both readers
was used for analysis. Significant progression of spinal
structural damage was defined as an increase of more
than 2 units of mSASSS over 2years or occurrence of
new syndesmophyte or progression of pre-existing
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syndesmophytes (formation of bridging) [16]. If there
was discordance of progression in spinal structural dam-
age (=2 units of mSASSS over 2 years or new syndesmo-
phyte/progression of pre-existing syndesmophyte)
between two readers, the same readers rescored the
radiographies. In the case of persistent discordance,
an independent assessor (Kwok) judged the final deci-
sion. Probability plots presented each patient’s pro-
gression of mSASSS for 2years against its cumulative
frequency [17].

Alcohol and smoking status assessment

Alcohol consumption was calculated for units per week
by taking questionnaires of frequency, types of alcoholic
beverages, and amounts of alcohol consumption for each
time. One unit of alcohol was equal to 8 g of pure alco-
hol. Groups were divided into non-drinkers (those who
do not drink at all) and alcohol drinkers. Another criter-
ion for dividing groups was the amount of alcohol con-
sumed according to units/week for both genders as per
current UK Department of Health guidelines; non-
drinker, moderate drinker (<14 units/week), and heavy
drinker (> 14 units/week) [18]. The non-smoker group
included both never smokers and ex-smokers (non-
smoking for at least 1 year).

Statistical analysis

Continuous variables were compared using Student’s ¢
test, and results are presented as the mean + standard
deviation (SD). Analysis of variance (ANOVA) was used
to compare continuous variables between more than
three independent groups. Categorical variables such as
proportions were compared using the chi-square test or
Fisher’s exact test. Pearson correlation coefficient was
calculated to check correlation between alcohol and
smoking status. Inter-reader reliability of mSASSS and
count of syndesmophyte were measured by intraclass
correlation coefficients (ICC). Logistic regression ana-
lysis was used to find predictors of spinal structural
damage. Variables included in univariable logistic regres-
sion analysis were chosen from previous studies which
showed associated factors of radiographic progression in
AS, and variables which showed significant difference in
baseline characteristics [2, 19]. In multivariable logistic
regression analysis, model 1 included factors with values
of P<0.10 at univariable analysis. In model 2, multivari-
able regression analysis was done by including variables
of model 1 and smoking status and gender. Values of
P <0.05 were considered statistically significant. All tests
were performed using the R software (R for Windows
3.32; The R Foundation for Statistical Computing,
Vienna, Austria).
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Results

Baseline characteristics of enrolled patients and
comparison between alcohol drinkers and non-drinkers

A total of 372 axSpA patients were enrolled at CASCO.
Of these, 6 had total ankyloses at baseline plain radiog-
raphy assessment, and 88 did not complete the 2-year
follow-up C-/L-spine plain radiography (Fig. 1). There-
fore, a total 94 axSpA patients were excluded from ana-
lysis and finally 278 axSpA patients were included for
analysis. The non-drinker group comprised 72 patients,
while the drinker group contained 206 patients. The al-
cohol drinker group had more male patients and current
smokers (Table 1). Pearson correlation coefficient for
smoking status and alcohol drinking showed weak cor-
relation (r=0.157, P=0.009). Among extra-articular
symptoms, a history of uveitis was more frequent in the
non-drinker group. Baseline medication status did not
show a difference between the two groups.

Changes in mSASSS and counts of syndesmophytes for 2

years

Interobserver ICC for baseline mSASSS, 2-year follow-
up mSASSS, baseline syndesmophyte count, and 2-year
follow-up syndesmophyte count were 0.994 (95% confi-
dence interval [95% CI] 0.992, 0.995), 0.990 (95% CI
0.987, 0.992), 0.993 (95% CI 0.992, 0.995), and 0.990
(95% CI 0.988, 0.992), respectively. Baseline mSASSS
and count of syndesmophytes were similar, however,
and the change in mSASSS and syndesmophyte count
over 2years was more prominent in the alcohol drinker
group (Table 1). Significant progression of spinal struc-
tural damage (worsening 2 units or more of mSASSS
over 2years, new syndesmophytes, or progression of
pre-existing syndesmophytes over 2 years) was checked,
and those in the alcohol drinker group had more pa-
tients with significant progression (Fig. 2). The cumula-
tive probability plot of mSASSS change for 2years
showed radiographic progression (>0 units of mSASSS)
in a greater proportion in the alcohol drinker group than
the non-drinker group (72.3% versus 58.3%, Fig. 3).

We analyzed the change in mSASSS and count of syn-
desmophyte by grouping as non-drinkers, moderate
drinkers, and heavy drinkers. Spinal structural progres-
sions assessed by change in mSASSS and syndesmophyte
count were significantly more severe in moderate
drinkers than non-drinkers. Heavy drinkers only showed
a tendency toward more severe change in mSASSS and
syndesmophyte than non-drinker. Furthermore, moder-
ate drinkers and high drinkers did not show significant
difference in changes in mSASSS and syndesmophyte
(Additional file 1: Table S1). There was no dose-
dependent relationship between the amount of alcohol
consumed and the progression of mSASSS or
syndesmophyte.



Min et al. Arthritis Research & Therapy (2019) 21:187

Page 4 of 10

372 axSpA patients enrolled

6 axSpA patients were
excluded due to baseline

N

mSASSS score

366 axSpA patients

88 axSpA patients were
excluded due to lack of

2 year follow up C-/L-

278 axSpA patients

spine lateral plain
radiography

v

72 axSpA patients were
non-drinker

!

206 axSpA patients were
alcohol drinker

Fig. 1 Flow chart showing participation from enroliment to the 2-year follow-up and reasons for exclusion from analysis. axSpA, axial
spondyloarthritis; mMSASSS, modified Stoke Ankylosing Spondylitis Spine Score
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Predictors of spinal structural damage progression

We performed univariable and multivariable logistic re-
gression analyses to identify the predictors of spinal struc-
tural progression in mSASSS and the count of
syndesmophytes. Several factors were analyzed including
known predictors of spinal structural progression, and
other modifiable factors including alcohol drinking and
obesity. On univariable analysis of worsening 2 units or
more of mSASSS over 2 years, age, alcohol drinking, uve-
itis history, baseline mean grade of sacroiliitis, and pre-
existing syndesmophyte showed significantly increased
odds for predicting spinal structural progression. On mul-
tivariable logistic regression analysis, alcohol consump-
tion, and uveitis history were independent predictors for
the progression of mSASSS of more than 2 units over 2
years (Table 2, model 1). After adjusting for smoking sta-
tus and gender, alcohol drinkers still had increased odds
for the progression of mSASSS of more than 2 units over
2years (OR=4.401, P< 0.001, Table 2, model 2). New
syndesmophyte development or progression of pre-exist-
ing syndesmophyte, age, male gender, alcohol consump-
tion, uveitis history, very high ASDAS-CRP, baseline
mean grade of sacroiliitis, and pre-existing syndesmophyte
were significantly associated factors in univariable logistic
regression analysis (Table 3). Multivariable regression ana-
lysis, models 1 and 2, showed that alcohol consumption
increased the odds of new syndesmophyte development or
progression of pre-existing syndesmophyte (Table 3).

Discussion

The goal of the present study was to elucidate whether
alcohol consumption could predict spinal structural
damage in patients with axSpA. Several risk factors that

can predict more prominent progression of spinal struc-
tural damage have been suggested. Previously, smoking
was the sole known modifiable predictor of spinal struc-
tural damage [16, 20, 21]. The present study showed that
alcohol consumption increased the risk of spinal struc-
tural damage in the aspect of mSASSS and syndesmo-
phyte progression. This finding is worthy because it is
the first report that revealed the relationship between al-
cohol consumption and spinal structural damage in
axSpA in a prospective cohort study.

Only a few published studies demonstrate a relation-
ship between alcohol consumption and axSpA. One
study from Europe revealed a negative association with
alcohol consumption and disease activity in patients with
axSpA [18]. Data from the Devenir des Spondylarthropa-
thies Indifférenciées Récentes (DESIR) cohort in France
showed that alcohol drinking was not associated with
baseline mSASSS; however, that study design was cross-
sectional and the effects of alcohol on progression of
spinal structural damage were not assessed [20]. A co-
hort study from the USA showed that excessive alcohol
consumption increased the PsA incidence, whereas low
alcohol consumption did not [5]. In the present study,
we did not observe a dose-dependent difference of alco-
hol consumption in spinal structural progression. Al-
though changes in mSASSS and syndesmophyte count
were similar between moderate and heavy alcohol
drinkers (Additional file 1: Table S1), it was certain that
alcohol drinkers had more spinal structural progression
than non-drinkers. The strengths of the current study
include well-collected baseline information of alcohol
consumption and inclusion of sufficient axSpA patients
who drink alcohol (74.1% among total axSpA patients).
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Table 1 Comparison of characteristics between alcohol drinker and non-drinker

Total axSpA (N =278) Non-drinker (N=72) Alcohol drinker (N = 206) P
Age (years) 390+11.1 398+134 387+103 0516
Diagnosed age (years) 314+115 329+133 308+ 10.7 0.227
Disease duration (years) 75+62 68+58 7.7+63 0.292
Follow-up duration (months) 2403+ 155 2411 +159 2401 +154 0.601
Male (%) 214 (77.0%) 48 (66.7%) 166 (80.6%) 0.024
BMI (kg/m?) 240+32 239+35 240+31 0.856
Obesity (BMI = 25 kg/m?) 95 (34.2%) 23 (31.9%) 72 (35.0%) 0.750
BMI = 30 kg/m? 9 (3.2%) 2 (2.8%) 7 (34%) 1.000
Current smoker (%) 75 (27.1%) 11 (15.3%) 64 (31.2%) 0014
Alcohol consumption (unit/week) 126+150
Uveitis history (%) 125 (45.5%) 42 (59.2%) 83 (40.7%) 0.011
IBD history (%) 3 (1.1%) 1 (1.4%) 2 (1.0%) 1.000
Dactylitis history (%) 21 (7.6%) 6 (8.5%) 15 (7.4%) 0.968
Psoriasis history (%) 15 (5.5%) 3 (4.2%) 12 (5.9%) 0.821
BASDAI (0-10) 29£19 31+£19 29+19 0.281
ASDAS-ESR (0-10) 1.9+£09 20+09 1.9+£09 0.274
ASDAS-CRP (0-10) 18+08 18+08 18+09 0668
BASFI (0-10) 08+1.2 10+14 08+1.2 0400
PGA (0-10) 31+22 33+25 31+21 0570
Pain VAS (0-10) 28+24 33+£25 27+23 0.092
PhyGA (0-10) 24+17 25+19 23+£16 0352
Peripheral arthritis (%) 21 (7.7%) 6 (8.7%) 15 (7.4%) 0.928
SPARCC Enthesitis index (0-16) 02+0.7 02+07 02+08 0.569
EQ-5D-5L-TTO 08+0.1 08+0.1 08+0.1 0.074
EQ-VAS (0-100) 728+176 717179 733%175 0.510
ASAS health index (HI, 0-17) 33£30 41+36 30+28 0.019
Environmental factor related to ASAS HI (0-9) 20£15 23+£16 19+14 0.058
Positive HLA-B27 (%) 248 (93.9%) 65 (95.6%) 183 (93.4%) 0.714
AS (satisfying mNY criteria, %) 199 (71.6%) 50 (69.4%) 149 (72.3%) 0.752
Mean grade of sacroiliitis 24+1.1 23+10 25411 0217
Baseline mSASSS (0-72) 11.6+16.1 11.2+153 11.7+164 0.796
Baseline syndemophyte count (0-24) 40+57 38+53 41+£59 0.717
mSASSS change for 2 years 24+34 15+28 27+36 0.007
Syndemophyte change for 2 years 07+13 04+12 09+13 0.003
Current medication
NSAID (%) 197 (70.9%) 53 (73.6%) 144 (69.9%) 0656
ASAS NSAID index (0-100) 39.5+36.1 409+36.8 390+359 0.702
TNF-a inhibitor (%) 146 (52.5%) 40 (55.6%) 106 (51.5%) 0.644
Sulfasalazine (%) 85 (30.6%) 17 (23.6%) 68 (33.0%) 0.180
Methotrexate (%) 6 (2.2%) 2 (2.8%) 4 (1.9%) 1.000
Bisphosphonate (%) 23 (8.3%) 7 (9.7%) 16 (7.8%) 0.787
Vitamin D (%) 88 (31.7%) 26 (36.1%) 62 (30.1%) 0425

Continuous variables are presented as mean * standard deviation

ASAS Assessment of SpondyloArthritis international Society, ASDAS Ankylosing Spondylitis Disease Activity Score, axSpA axial spondyloarthritis, BASDAI Bath
Ankylosing Spondylitis Disease Activity Index, BASFI Bath Ankylosing Spondylitis Functional Index, BMI body mass index, CRP C-reactive protein, EQ-5D EuroQol-5
dimensions, ESR erythrocyte sedimentation rate, HLA human leukocyte antigen, IBD inflammatory bowel disease, mNY modified New York, mSASSS modified Stoke
Ankylosing Spondylitis Spinal Score, NSAID nonsteroidal anti-inflammatory drug, PGA patient’s global assessment, PhyGA physician’s global assessment, SPARCC
Spondyloarthritis Research Consortium of Canada, TNF tumor necrosis factor, TTO time trade-off, VAS visual analog scale
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Fig. 2 Proportion of radiographic spinal progression defined as mSASSS worsening more than 2 units over 2 years (a) and new syndesmophytes/
progression of pre-existing syndesmophytes over 2 years (b) in alcohol drinking (n = 206) and non-drinking (n = 72) axSpA patients
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In the present study, smoking status did not show a
significant difference on logistic regression analysis of
predicting spinal structural damage. Several previous
studies demonstrated that smoking is associated with a
poor prognosis for spinal structural damage with axSpA
[16, 20, 21]. The results from the DESIR cohort were de-
signed as a cross-sectional study [20]; therefore, it could
not compare the progression of spinal structural damage
between smokers and non-smokers. The German Spon-
dyloarthritis Inception Cohort (GESPIC) was the first
study that showed that current smokers had poorer
prognoses in aspects of spinal structural progression in
axSpA [21]. Recently, two studies demonstrated that
suppression of inflammation by a tumor necrosis factor
(TNF)-a blocker is important for spinal structural

progression of axSpA; these studies showed smoking sta-
tus was not independently associated with spinal struc-
tural progression [22, 23]. Another report from Sweden
showed that smoking only increased odds for spinal
structural progression in male gender [19]. The afore-
mentioned discrepancy between the recent studies and
the data from GESPIC might come from differences in
proportion of the TNF-a blocker users (30-63% vs 2%)
[16, 19, 21-23]. Smoking is known to increase TNF-a
[24-26], and therefore, the increased portion of TNF-a
blocker users might influence the effect of smoking in
later research, including the present study (TNF-a
blocker user 52.5%). To clarify whether smoking inde-
pendently affects spinal structural progression, future re-
search revealing the mechanism of smoking on spinal
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structural damage of axSpA and a larger sample size
studies are needed.

In the present study, another modifiable factor, obes-
ity, was an expected factor that could predict the pro-
gression of spinal structural damage. Obesity is a known
predictor of poor response in the treatment of axSpA
[27-29]. Deminger et al. recently demonstrated gender-
specific predictors of spinal structural damage, and their
results showed that obesity was a predictor in both

genders [19]. Another study from a Swiss cohort indi-
cated that obesity did not show a significant increased
risk of spinal structural damage [22]. The difference be-
tween the aforementioned studies and the present study
was the cut-off value for defining obesity [8, 30]. The
definition of obesity is different between ethnic groups.
In the present study, only 3.2% (n=9) of patients had a
BMI over 30 kg/m? whereas previous studies recorded
approximately 15% of patients with BMI over 30 kg/m>

Table 2 Univariable and multivariable regression analyses of predicting worsening 2 units or more of mSASSS over 2 years

Univariable Model 1* Model 2t

OR 95% Cl P OR 95% Cl P OR 95% Cl P
Age 1.039 1.016, 1.062 0.001 1.025 0.997, 1.054 0.077 1.027 0.999, 1.056 0.061
Male 1.580 0.900, 2.774 0111 1477 0.768, 2.840 0.243
Obesity (BMI = 25 kg/m?) 1.074 0653, 1.764 0.779
Alcohol drinker 3748 2098, 6.694 <0.001 4.748 2488, 9.061 <0.001 4401 2287, 8469 <0.001
Current smoker 1317 0.772, 2.248 0.312 1.039 0.567, 1.905 0.900
Uveitis history 1.870 1.155,3.029 0011 2,117 1214, 3.689 0.008 2.119 1.212,3.704 0.008
Elevated BASDAI (2 4) 1218 0.713, 2.081 0471
Very high ASDAS-CRP (> 3.5) 3.232 0.870,12.015 0.080 3.049 0.760, 12.234 0.116 3.391 0.825, 13.938 0.090
Positive HLA-B27 0.843 0.304, 2335 0.743
Mean grade of sacroiliitis 1.554 1.230, 1.963 <0.001
Pre-existing syndesmophyte 2.268 1.380, 3.729 <0.001 1.762 0.956, 3.247 0.069 1.644 0.882, 3.065 0.117

ASDAS Ankylosing Spondylitis Disease Activity Score, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BMI body mass index, C/ confidence interval, CRP

C-reactive protein, OR odd ratio

*All variables yielding a P value under 0.1 in univariable logistic regression analysis were included in model 1, except variables showing multicolinearity with

other variables

tMultivariable logistic regression analysis was performed by adding gender and smoking status to the variables included in model 1
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Table 3 Univariable and multivariable regression analyses of predicting new syndesmophyte or pre-existing syndesmophyte

progression over 2 years
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Univariable Model 1* Model 2t

OR 95% Cl P OR 95% Cl P OR 95% Cl P
Age 1.036 1.013, 1.059 0.002 1.026 0.998, 1.055 0.073 1.026 0.997, 1.055 0.076
Male 2119 1.172,3.833 0.013 2271 1.163, 4435 0.016 2521 1.262, 5036 0.009
Obesity (BMI = 25 kg/mz) 0.955 0.580, 1.572 0.955
Alcohol drinker 2957 1.637, 5340 <0.001 3219 1671,6.201 <0.001 3.239 1673, 6271 <0.001
Current smoker 1.032 0.606, 1.758 0.908 0.776 0424, 1418 0409
Uveitis history 2.061 1.270, 3.343 0.003 2.368 1.364,4.113 0.002 2295 1.319, 3.994 0.003
Elevated BASDAI (= 4) 1.104 0.646, 1.887 0.717
Very high ASDAS-CRP (> 3.5) 4474 1.203, 16.640 0.025 5638 1.361, 23.357 0.017 5536 1325, 23.136 0.019
Positive HLA-B27 0610 0.220, 1.690 0.342
Mean grade of sacroiliitis 1.497 1.184, 1.892 0.001
Pre-existing syndesmophyte 2.057 1.243, 3.406 0.005 1400 0.746, 2627 0.295 1410 0.747, 2.662 0.289

ASDAS Ankylosing Spondylitis Disease Activity Score, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BMI body mass index, C/ confidence interval, CRP

C-reactive protein, OR odd ratio

*All variables yielding a P value under 0.1 in univariable logistic regression analysis were included in model 1, except variables showing multicolinearity with

other variables

tMultivariable logistic regression analysis was performed by adding smoking status to the variables included in model 1

[19, 22]. Further research is needed to confirm the effect
of obesity on spinal structural damage of axSpA.

In our study, the baseline mean sacroiliitis grade sig-
nificantly increased the odds of spinal structural damage
progression in the aspect of mSASSS and syndesmo-
phyte. Kang et al. showed a similar result with female
AS patients [31]. Baseline pre-existing syndesmophyte is
a well-known predictor of syndesmophyte progression
[31-33], and our present study showed a similar result
in univariable regression analysis (Tables 2 and 3).
Taken together, these results suggest that baseline axial
joint structural damage such as severe sacroiliitis or pre-
existing syndesmophyte could increase the risk of spinal
structural damage.

Previously, several researches showed the relationship
between spinal structural progression and extra-articular
manifestations. Kang et al. showed several predictors of
spinal structural damage, and uveitis did not significantly
increase the odds of spinal structural damage [31]. The
previous study only included female patients with AS,
whereas the present study showed male gender predom-
inance. Data from OASIS cohort also evaluated the asso-
ciation between extra-articular manifestation and spinal
structural damage, and the association between extra-ar-
ticular manifestation and spinal structural damage was
non-significant [34]. One study demonstrated the exist-
ence of syndesmophyte was more frequent in AS pa-
tients with uveitis [35]. In the present study, history of
uveitis showed increased odds of mSASSS change and
syndesmophyte progression. Further studies are needed
to clarify the relationship between uveitis history and
spinal structural damage.

Recently, dysbiosis and increased intestinal permeabil-
ity have been proposed as contributing factors of im-
munologic disorders such as inflammatory bowel disease
and RA [36]. Several studies have demonstrated differ-
ences of microbiota between SpA and healthy controls
[37, 38], and some even showed a correlation between
specific microbiota and disease activity of axSpA [37,
39]. Alcohol is known to provoke intestinal inflamma-
tion by altering the composition of microbiota, increas-
ing the permeability of intestine, and breaking intestinal
immune homeostasis [40]. Here, we propose that alcohol
consumption exacerbated spinal structural progression.
Although the mechanisms underlying the influence of
alcohol on spinal structural damage remains to be eluci-
dated, the concept of alcohol and its influence on gut
microbiota and intestinal permeability might help in re-
vealing the mechanisms.

The present study had some limitations. First, the
study population was relatively small, especially the
heavy drinker group (n=57) and non-drinker group
(n="72). Due to the relatively small sample size, stratify-
ing alcohol consumption into multiple levels was impos-
sible, and in the heavy drinker group, the difference of
spinal structural damage compared with that in the non-
drinker group only showed a tendency. Second, the dis-
ease durations of enrolled axSpA patients were variable.
However, the disease duration between the two groups
did not show a significant difference. Third, the follow-
up duration was relatively short. Further studies using a
larger sample size and longer follow-up duration are
needed to strictly demonstrate the relationship between
alcohol consumption and spinal structural progression.
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Nevertheless, the present study has strength in that all
laboratory and radiological data were collected from a
single center and the data were standardized and well
collected. Furthermore, future extended data from
CASCO could support our present results.

Conclusion

For the first time, the present study revealed that alcohol
drinking was significantly associated with progression of
spinal structural damage in axSpA. Aforementioned re-
sults raised the possibility of the harmful effect of alco-
hol drinking on spinal structural progression in axSpA,
and further clinical and basic studies might clarify the
net effect of alcohol on spinal structural progression in
axSpA patients.

Additional file

Additional file 1: Table S1. Comparison of spinal structural damage
between non-drinker, moderate drinker, and high drinker. (DOCX 19 kb)

Abbreviations

ANOVA: Analysis of variance; AS: Ankylosing spondylitis; ASAS: Assessment of
SpondyloArthritis international Society; ASDAS: Ankylosing Spondylitis
Disease Activity Score; axSpA: Axial spondyloarthritis; BASDAI: Bath
Ankylosing Spondylitis Disease Activity Index; BASFI: Bath Ankylosing
Spondylitis Functional Index; BMI: Body mass index; CASCO: Catholic Axial
Spondyloarthritis COhort; CRP: C-reactive protein; DESIR: Devenir des
Spondylarthropathies Indifférenciées Récentes; EQ-5D: EuroQol-5 dimensions;
ESR: Erythrocyte sedimentation rate; GESPIC: German Spondyloarthritis
Inception Cohort; HRQoL: Health-related Qol; ICC: Intraclass correlation
coefficients; mSASSS: Modified Stoke Ankylosing Spondylitis Spinal Score;
NSAID: Nonsteroidal anti-inflammatory drug; PsA: Psoriatic arthritis;

Qol: Quality of life; RA: Rheumatoid arthritis; SD: Standard deviation;

TNF: Tumor necrosis factor; TTO: Time trade-off; VAS: Visual analog scale

Acknowledgements
None.

Authors’ contributions

HKM contributed to conception, design, acquisition of data, and drafting of
the article. JL contributed to acquisition and analysis of data and helped to
draft the manuscript. JHJ and S-HP contributed to the design, acquisition of
data, and analysis and interpretation of data. S-KK contributed to the con-
cept, design, acquisition of data, statistical analysis and interpretation of data,
and drafting of the article. All authors read and approved the final
manuscript.

Funding
None.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analyzed during the current study.

Ethics approval and consent to participate

All participants provided written informed consent according to the
Declaration of Helsinki, and the study was approved by the ethics
committee of Seoul St. Mary’s Hospital (study number KC150IS10012).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Page 9 of 10

Author details

'Division of Rheumatology, Department of Internal Medicine, Konkuk
University Medical Center, 120-1 Neungdong-ro, Gwangjin-gu, Seoul 05030,
Republic of Korea. “Division of Rheumatology, Department of Internal
Medicine, Seoul St. Mary's Hospital, College of Medicine, The Catholic
University of Korea, 222 Banpo-daero, Seocho-gu, Seoul 06591, Republic of
Korea.

Received: 4 May 2019 Accepted: 2 August 2019
Published online: 14 August 2019

References

1. Dean LE, Jones GT, MacDonald AG, Downham C, Sturrock RD, Macfarlane
GJ. Global prevalence of ankylosing spondylitis. Rheumatology (Oxford).
2014;53:650-7.

2. Tan S, Wang R, Ward MM. Syndesmophyte growth in ankylosing spondylitis.
Curr Opin Rheumatol. 2015,27:326-32.

3. Ronksley PE, Brien SE, Turner BJ, Mukamal KJ, Ghali WA. Association of
alcohol consumption with selected cardiovascular disease outcomes: a
systematic review and meta-analysis. Bmj. 2011;342:d671.

4. Jin Z Xiang C, Cai Q, Wei X, He J. Alcohol consumption as a preventive
factor for developing rheumatoid arthritis: a dose-response meta-analysis of
prospective studies. Ann Rheum Dis. 2014;73:1962-7.

5. Wu'S, Cho E, Li WQ, Han J, Qureshi AA. Alcohol intake and risk of incident
psoriatic arthritis in women. J Rheumatol. 2015;42:835-40.

6. van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic criteria
for ankylosing spondylitis. A proposal for modification of the New York
criteria. Arthritis Rheum. 1984,27:361-8.

7. Sieper J, Rudwaleit M, Baraliakos X, Brandt J, Braun J, Burgos-Vargas R, et al.
The Assessment of SpondyloArthritis international Society (ASAS) handbook:
a guide to assess spondyloarthritis. Ann Rheum Dis. 2009,68(Suppl 2):ii1-44.

8. WHO expert consultation. Appropriate body-mass index for Asian
populations and its implications for policy and intervention strategies.
Lancet. 2004;363:157-63. https.//www.ncbi.nlm.nih.gov/pubmed/14726171

9. Lee YK, Nam HS, Chuang LH, Kim KY, Yang HK, Kwon IS, et al. South Korean
time trade-off values for EQ-5D health states: modeling with observed
values for 101 health states. Value Health. 2009;12:1187-93.

10.  Machado P, Landewe R, Lie E, Kvien TK, Braun J, Baker D, et al. Ankylosing
Spondylitis Disease Activity Score (ASDAS): defining cut-off values for
disease activity states and improvement scores. Ann Rheum Dis. 2011;70:
47-53.

11, Garrett S, Jenkinson T, Kennedy LG, 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;21:2286-91.

12. Dougados M, Simon P, Braun J, Burgos-Vargas R, Maksymowych WP, Sieper
J, et al. ASAS recommendations for collecting, analysing and reporting
NSAID intake in clinical trials/epidemiological studies in axial
spondyloarthritis. Ann Rheum Dis. 2011;70:249-51.

13. Poddubnyy D, Rudwaleit M, Haibel H, Listing J, Marker-Hermann E, Zeidler H,
et al. Effect of non-steroidal anti-inflammatory drugs on radiographic spinal
progression in patients with axial spondyloarthritis: results from the German
Spondyloarthritis Inception Cohort. Ann Rheum Dis. 2012;71:1616-22.

14.  Creemers MC, Franssen MJ, van't Hof MA, Gribnau FW, van de Putte LB, van
Riel PL. Assessment of outcome in ankylosing spondylitis: an extended
radiographic scoring system. Ann Rheum Dis. 2005;64:127-9.

15. Ward MM, Learch TJ, Weisman MH. Cervical vertebral squaring in patients
without spondyloarthritis. J Rheumatol. 2012;39:1900.

16.  Poddubnyy D, Haibel H, Listing J, Marker-Hermann E, Zeidler H, Braun J, et
al. Cigarette smoking has a dose-dependent impact on progression of
structural damage in the spine in patients with axial spondyloarthritis:
results from the GErman SPondyloarthritis Inception Cohort (GESPIC). Ann
Rheum Dis. 2013;72:1430-2.

17. Landewe R, van der Heijde D. Radiographic progression depicted by
probability plots: presenting data with optimal use of individual values.
Arthritis Rheum. 2004;50:699-706.

18. Zhao S, Thong D, Duffield SJ, Hughes D, Goodson NJ. Alcohol and disease
activity in axial spondyloarthritis: a cross-sectional study. Rheumatol Int.
2018;38:375-81.

19.  Deminger A, Klingberg E, Geijer M, Gothlin J, Hedberg M, Rehnberg E, et al.
A five-year prospective study of spinal radiographic progression and its


https://doi.org/10.1186/s13075-019-1970-3
https://www.ncbi.nlm.nih.gov/pubmed/14726171

Min et al. Arthritis Research & Therapy

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

(2019) 21:187

predictors in men and women with ankylosing spondylitis. Arthritis Res
Ther. 2018,20:162.

Chung HY, Machado P, van der Heijde D, D'Agostino MA, Dougados M.
Smokers in early axial spondyloarthritis have earlier disease onset, more
disease activity, inflammation and damage, and poorer function and health-
related quality of life: results from the DESIR cohort. Ann Rheum Dis. 2012;
71:809-16.

Poddubnyy D, Haibel H, Listing J, Marker-Hermann E, Zeidler H, Braun J, et
al. Baseline radiographic damage, elevated acute-phase reactant levels, and
cigarette smoking status predict spinal radiographic progression in early
axial spondylarthritis. Arthritis Rheum. 2012;64:1388-98.

Molnar C, Scherer A, Baraliakos X, de Hooge M, Micheroli R, Exer P, et al.
TNF blockers inhibit spinal radiographic progression in ankylosing
spondylitis by reducing disease activity: results from the Swiss Clinical
Quality Management cohort. Ann Rheum Dis. 2018;77:63-9.

Park JW, Kim MJ, Lee JS, Ha YJ, Park JK, Kang EH, et al. Impact of Tumor
Necrosis Factor Inhibitor Versus Nonsteroidal Antiinflammatory Drug
Treatment on Radiographic Progression in Early Ankylosing Spondylitis: Its
Relationship to Inflammation Control During Treatment. Arthritis Rheumatol.
2019;71:82-90.

Glossop JR, Dawes PT, Mattey DL. Association between cigarette smoking
and release of tumour necrosis factor alpha and its soluble receptors by
peripheral blood mononuclear cells in patients with rheumatoid arthritis.
Rheumatology (Oxford). 2006;45:1223-9.

Jeong SH, Park JH, Kim JN, Park YH, Shin SY, Lee YH, et al. Up-regulation of
TNF-alpha secretion by cigarette smoke is mediated by Egr-1 in HaCaT
human keratinocytes. Exp Dermatol. 2010;19:e206-12.

Petrescu F, Voican SC, Silosi I. Tumor necrosis factor-alpha serum levels in healthy
smokers and nonsmokers. Int J Chron Obstruct Pulmon Dis. 20105:217-22.
Hojgaard P, Glintborg B, Kristensen LE, Gudbjornsson B, Love TJ, Dreyer L.
The influence of obesity on response to tumour necrosis factor-alpha

inhibitors in psoriatic arthritis: results from the DANBIO and ICEBIO registries.

Rheumatology (Oxford). 2016;55:22191-9.

Rosas J, Llinares-Tello F, Senabre-Gallego JM, Barber-Valles X, Santos-Soler G,
Salas-Heredia E, et al. Obesity decreases clinical efficacy and levels of
adalimumab in patients with ankylosing spondylitis. Clin Exp Rheumatol.
2017;35:145-8.

Vidal C, Lukas C, Combe B, Berenbaum F, Pers YM, Jorgensen C, et al. Poor
efficacy of TNF inhibitors in non-radiographic axial spondyloarthritis in the
absence of objective signs: A bicentric retrospective study. Joint Bone
Spine. 2018,85:461-8.

Seidell JC, Flegal KM. Assessing obesity: classification and epidemiology. Br
Med Bull. 1997,53:238-52.

Kang KY, Kwok SK, Ju JH, Park KS, Park SH, Hong YS. The predictors of
development of new syndesmophytes in female patients with ankylosing
spondylitis. Scand J Rheumatol. 2015;44:125-8.

van Tubergen A, Ramiro S, van der Heijde D, Dougados M, Mielants H,
Landewe R. Development of new syndesmophytes and bridges in
ankylosing spondylitis and their predictors: a longitudinal study. Ann Rheum
Dis. 2012,71:518-23.

Braun J, Baraliakos X, Hermann KG, Deodhar A, van der Heijde D, Inman R,
et al. The effect of two golimumab doses on radiographic progression in
ankylosing spondylitis: results through 4 years of the GO-RAISE trial. Ann
Rheum Dis. 2014;73:1107-13.

Ramiro S, van der Heijde D, van Tubergen A, Stolwijk C, Dougados M, van
den Bosch F, et al. Higher disease activity leads to more structural damage
in the spine in ankylosing spondylitis: 12-year longitudinal data from the
OASIS cohort. Ann Rheum Dis. 2014;73:1455-61.

Spencer DG, Park WM, Dick HM, Papazoglou SN, Buchanan WW.
Radiological manifestations in 200 patients with ankylosing spondylitis:
correlation with clinical features and HLA B27. J Rheumatol. 1979,6:305-15.
Levy M, Kolodziejczyk AA, Thaiss CA, Elinav E. Dysbiosis and the immune
system. Nat Rev Immunol. 2017;17:219-32.

Breban M, Tap J, Leboime A, Said-Nahal R, Langella P, Chiocchia G, et al.
Faecal microbiota study reveals specific dysbiosis in spondyloarthritis. Ann
Rheum Dis. 2017,76:1614-22.

Wen C, Zheng Z, Shao T, Liu L, Xie Z, Le Chatelier E, et al. Quantitative
metagenomics reveals unique gut microbiome biomarkers in ankylosing
spondylitis. Genome Biol. 2017;18:142.

Page 10 of 10

39, Tito RY, Cypers H, Joossens M, Varkas G, Van Praet L, Glorieus E, et al. Brief
report: Dialister as a microbial marker of disease activity in spondyloarthritis.
Arthritis Rheumatol. 2017,69:114-21.

40. Bishehsari F, Magno E, Swanson G, Desai V, Voigt RM, Forsyth CB, et al.
Alcohol and gut-derived inflammation. Alcohol Res. 2017;38:163-71.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Patients and methods
	Study design
	Collected data
	Radiographic assessment
	Alcohol and smoking status assessment
	Statistical analysis

	Results
	Baseline characteristics of enrolled patients and comparison between alcohol drinkers and non-drinkers
	Changes in mSASSS and counts of syndesmophytes for 2 years
	Predictors of spinal structural damage progression

	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

