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Diffuse idiopathic skeletal hyperostosis
IS associated with greater complexity
of coronary artery disease burden

on coronary angiography
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SUMMARY
Objective. Diffuse idiopathic skeletal hyperostosis (DISH) is a common disorder characterized by ossification of
tendons and ligaments. DISH has been largely associated with an increased risk of metabolic syndrome and type
2 diabetes. The objective of the present study is to investigate the role of DISH in the risk of coronary artery
disease (CAD).
Methods. We conducted an observational cross-sectional study of patients without a history of theumatic muscu-
loskeletal diseases who underwent coronary angiography between March 2016 and April 2021. The SYNergy
between percutaneous coronary intervention with TAXus and cardiac surgery (SYNTAX) score was calculated
based on coronary angiography images. DISH diagnosis was based on standard X-ray images and computed to-
mography scans (Resnick criteria). Demographic and clinical characteristics were retrieved from electronic
medical records. Multinomial and binary logistic regression models were employed to determine the association
between SYNTAX score (dependent variable) and DISH (independent variable).
Results. The study included 187 patients, 82.9% of whom were men, with valid radiological imaging. 83 (44.4%)
patients had a confirmed radiological diagnosis of DISH. Diagnosis of DISH was associated with a higher SYN-
TAX score [adjusted odds ratio (aOR) 34.1, 95% confidence interval (CI) 1.41-79.2 p=0.049], independently
from traditional cardiovascular risk factors. In patients aged <70 years, DISH was associated with a 7-fold high-
er risk of belonging to the highest category of SYNTAX (234), compared to non-DISH (aOR 7.23, 95% CI 1.08-
48.4; p=0.041). The extension of vertebral calcification was significantly associated with SYNTAX score (r2
0.378, p<0.0001).
Conclusions. DISH diagnosis is common in patients at high risk of cardiovascular disease or with definitive
CAD. DISH was independently associated with higher CAD complexity.
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risk of fragility fractures, restrictive respira-
tory syndrome, and troubles during intuba-
tion procedures (3, 4). DISH is diagnosed
based on the Resnick criteria that require

iffuse idiopathic skeletal hyperostosis
(DISH) is characterized by prominent

ossification of soft tissues, such as liga-
ments and enthesis, affecting both the pe-
ripheral and axial skeleton. DISH is highly
prevalent in the general population aged
over 50 years old (1). DISH is a common
incidental finding in patients with metabol-
ic diseases such as type 2 diabetes and obe-
sity (2). Despite being usually asymptomat-
ic, patients with DISH have an increased

flowing ossification of at least four verte-
bral bodies with the preservation of the in-
tervertebral disc space without apparent
degenerative disc disease as well as the ab-
sence of apophyseal or sacroiliac joints’
erosions, sclerosis, or ankylosis (5).

The etiology of the disease is unclear; how-
ever, it probably involves inflammatory as
well as metabolic mechanisms, which are,
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at least in part, shared with coronary artery
disease (CAD) (4). Indeed, patients with
DISH had a greater burden of coronary ar-
tery calcification on computed tomography
(CT) scans (6). Coronary angiography is
the diagnostic standard for CAD and pro-
vides a visual estimate of the stenosis as
well as a more precise characterization of
the burden of the disease. Multiple scoring
systems have been developed to objectively
quantify CAD severity. The SYNergy be-
tween percutaneous coronary intervention
with TAXus and cardiac surgery (SYN-
TAX) score is among these and has been
endorsed by current myocardial revascular-
ization guidelines (7). The SYNTAX score
is based on a visual evaluation of angiogra-
phy to describe CAD in terms of complexi-
ty and predict clinical outcomes. The SYN-
TAX score-II includes also clinical varia-
bles in the angiographic evaluation and
predicts mortality four years after coronary
revascularization (8-11). The aim of our
study is to determine the association be-
tween CAD and DISH in a cohort of pa-
tients at high risk of cardiovascular disease
undergoing coronary angiography.

We conducted an observational cross-sec-
tional study of patients who underwent a
diagnostic or therapeutic coronary angiog-
raphy between March 2016 and April 2021.
We retrieved clinical, demographic, radio-
graphic, and laboratory data from electronic
medical records of the University of Verona
Hospital Trust. Inclusion criteria were: age
>18 years old, availability of coronary angi-
ography images for proper SYNTAX score
estimation, and a 2-projection chest X-ray
or CT-scan in the 6 months prior to the cor-
onary angiography.

Exclusion criteria were:

1) history of cirrhosis, active cancer, and
end-stage renal disease (defined as esti-
mated glomerular filtration rate <15 mL/
min/1.73 m? or dialysis);

2) history of hyperthyroidism or hypothy-
roidism;

3) history of osteoporosis, osteoporotic
fractures (including vertebral fractures),

treatment with anti-osteoporotic agents;

4) diagnosis of rheumatic musculoskeletal
diseases (including spondylarthritis or
other axial spinal disease other than
DISH);

5) chest X-ray or CT scan ordered for back
pain or suspected rheumatic musculo-
skeletal disease (such as DISH itself or
suspected vertebral fracture).

We collected clinical, angiographic, and ra-
diological characteristics [including chest
X-rays, CT scans and echocardiography
conducted by a skilled cardiologist (GP, MP,
RS)]. Chest X-rays and/or CT scans were
requested by the treating cardiologist for
various reasons, including pre-angiography
screening for heart failure or coronary CT
for pre-angiography study. We considered
DISH as a dichotomic variable (present ver-
sus not present) as well as a semiquantita-
tive variable based on the vertebral exten-
sion of the flowing ossification (number of
metamers involved). Two expert operators
(GA and AF) examined independently X-
ray images and CT scans for the diagnosis
of DISH. Patients’ coronary angiography
indications were stratified in acute coronary
syndrome (ACS) and stable disease. Two
skilled cardiologists (SZ and MP) indepen-
dently examined the angiography images
and calculated the SYNTAX score.

Patients were then stratified according to

SYNTAX score I tertiles as in the original

SYNTAX trial (low complexity <22, inter-

mediate complexity 23-32, high complexity

>33) (9). We then calculated the SYNTAX
score-1I which adds clinical variables to the
anatomic coronary lesions score. Patients
were also stratified according to SYNTAX
score-II tertiles (low tertile <21, intermedi-

ate tertile 22-28, high tertile 229) (12).

Normally distributed variables were stated

as mean (standard deviation) and non-nor-

mally distributed variables as median (in-
terquartile range). Demographic and clini-
cal features were summarized by descrip-
tive statistic methods: the Student’s #-test
for normally distributed continuous varia-
bles and the Mann-Whitney U test or Chi-
square test for categorical variables, as ap-
propriate. Multinomial and binary logistic
regression models were used to determine
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the association between SYNTAX score
(dependent variable) and DISH (independ-
ent variable) independently from age, sex,
body mass index (BMI), creatinine clear-
ance (Cockroft-Gault formula), family his-
tory of CVD in up to 2" degree relatives,
hypertension, dyslipidemia, smoke, and di-
abetes (covariates). In addition, we applied
further models, including interaction terms
between age and DISH, to investigate how
the relationship between DISH and the
SYNTAX score varies across different age
groups. Further, we did a bootstrapping
with resampling 1000 times using simple
sampling. The Spearman Rho correlation
model was used to evaluate the correlation
between the ossified metamers involved
and the SYNTAX score. The chi-square test
was used to discriminate different indica-
tions for coronary angiography, such as

ACS indication or stable disease, and to
evaluate the presence of valvular calcifica-
tion on echocardiographic imaging. Statis-
tical analyses were performed using SPSS
version 26 (SPSS, Inc., Chicago, IL, USA),
considering a 5% level of significance and
95% confidence intervals (CI).

H RESULTS

This study consecutively included 200 pa-
tients undergoing coronary angiography.
Among the overall cohort, 187 patients
(82.9% men) with valid spine radiological
imaging, obtained for reasons other than
chronic back pain or ruling out rheumato-
logical musculoskeletal diseases, in the 6
months before the coronary angiography
were eventually included in the study.
Twelve patients were excluded because of

Table I - General characteristics of the study population stratified by the presence of diffuse idiopathic

skeletal hyperostosis.

Characteristic No DISH (n=104) DISH (n=83) p value
Age (SD) 61 (11) 73(9) <0.0001
Weight, kg (SD) 78.5 (14.7) 78.4 (12.4) NS
Height, cm (SD) 172 (9) 171 (7) NS
BMI (SD) 26.3 (3.9) 27.0 4.9) NS
Sex, male (%) 83 (79.8) 72 (86.7) NS
Syntax score Il (SD) 22.5(14.9) 28.9 (19.4) 0.008
ACS (%) 58 (55.8) 33 (39.8) 0.03
Smoking (%) 33(31.7) 16 (19.3) NS (0.054)
Echocardiographic valvular calcification (%) 13 (12.5) 25 (30.1) 0.003
Family history of CVD (%) 51 (49.0) 25 (30.9) 0.013
Dyslipidemia (%) 65 (63.1) 51 (63.0) NS
Hypertension (%) 74(71.2) 67 (82.7) NS (0.067)
COPD (%) 5(4.8) 6(7.4) NS
Stroke (%) 3.9 5(6.3) NS
Diabetes (%) 23 (22.1) 28(33.7) NS
Glomerular filtration rate, mL/min (SD) 91.8 (35.5) 73.9 (28.1) <0.0001
Total cholesterol, mg/dL (SD) 168 (47) 158 (41) NS
LDL, mg/dL (SD) 98 (42) 85 (38) NS
HDL, mg/dL (SD) 44 (12) 48 (17) NS
Triglycerides, mg/dL (SD) 121 (51) 121 (54) NS

DISH, diffuse idiopathic skeletal hyperostosis; SD, standard deviation; BMI, body mass index; ACS, acute coronary syndrome; CVD,
cardiovascular disease; COPD, chronic obstructive pulmonary disease; LDL, low-density lipoproteins; HDL, high-density lipopro-

teins; NS, not significant.
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Figure 1 - The SYNergy between percutaneous
coronary intervention with TAXus and cardiac sur-
gery (SYNTAX) score Il in patients with and without
diffuse idiopathic skeletal hyperostosis (DISH).

low-quality imaging and one patient be-
cause of insufficient clinical information.
The mean age of the cohort was 67.2+11.3
years, and 83 (44.4% of the overall cohort)
patients had a confirmed radiological diag-
nosis of DISH. It was obtained with CT
scans in 52 patients out of 73 with available
CT scan images and with standard X-rays
in 31 patients out of 114 with available X-
ray images. Table I shows the general char-
acteristics of the study population stratified
for the presence of DISH.

SYNTAX score was similar between
groups, but SYNTAX score-1I was signifi-
cantly higher in the DISH group compared
to non-DISH (29.0£19.4 versus 22.5+14.9;
p=0.012) (Figure 1), and 60.2% of DISH
patients belonged to the highest SYNTAX
score-1I tertile, compared to 39.4% of non-
DISH (p=0.015). Echocardiographic valvu-

Table II - Multinomial logistic regression and binary logistic regression.

Multinomial logistic regression
(SYNTAX score-ll 1+ tertile versus 3 tertile, comparisons with 2™ tertile is not shown)

Covariate B SE p-value aOR
Age 0.060 0.086 0.481 1.062
Creatinine clearance 0.000 0.023 0.998 1.000
BMI -0.106 0.114 0.352 0.899
DISH diagnosis 3.531 1.760 0.049 34.149
Familiy history of CVD 1.453 1.264 0.250 4.278
Hypertension -2.463 1.318 0.062 0.085
Dyslipidemia 0.095 1.259 0.940 1.099
Smoking status 1.019 1.350 0.450 2.771
Sex -0.948 1.396 0.497 0.387
Diabetes 1.211 1.125 0.282 3.357
Binary logistic regression (SYNTAX score-Il as a dichotomous variable, threshold 29 points)
Covariate B SE p-value aOR
Age 0.155 0.115 0.178 1.168
Creatinine clearance 0.002 0.280 0.994 1.001
BMI -0.049 0.186 0.792 0.952
DISH diagnosis 0.900 4.821 0.045 2.460
Family history of CVD -0.061 1.687 0.971 0.941
Hypertension -3.194 2.949 0.279 1.331
Dyslipidemia -0.130 1.586 0.935 0.878
Smoking status 0.580 3.828 0.880 1.787
Sex -0.913 0.957 0.340 0.39%4
Diabetes -1.007 0.656 0.125 0.365

SYNTAX, SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery; BMI, body mass index; CVD, car-

diovascular disease; SE, standard error; aOR, adjusted odds ratio.
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lar calcification was detected more often in
DISH patients compared to non-DISH
[30.1% versus 12.5% - odds ratio (OR)
3.017; p=0.003]. Patients with DISH had a
lower incidence of ACS compared to non-
DISH (OR 0.52, 95% CI 0.29-0.94). In-
deed, a total of 91 patients had ACS and,
among those, 33 (39.8%) had DISH while
58 (55.8%) did not have DISH (p=0.03). In
contrast among the 96 patients without
ACS, 50 (52.1%) had DISH, and 46
(47.9%) did not have (p-value NS).

Table II details the multinomial logistic and
binary logistic regressions. In the multino-
mial logistic analysis, the presence of DISH
was associated with a 34 times higher risk
of falling into the SYNTAX higher tertile,
compared to the lower tertile, independent-
ly from traditional cardiovascular risk fac-
tors (age, sex, BMI, family history of CVD,
hypertension, dyslipidemia, smoke, diabe-
tes, and creatinine clearance) [adjusted OR
(aOR) 34.1, 95% CI 1.41, 79.2; p=0.049].
In the binary logistic regression analysis
(dependent variable SYNTAX score-II as a
dichotomous variable, threshold 29 points),
DISH patients had a 2-fold higher risk of
falling into the poor prognostic category
than non-DISH (aOR 2.46, CI 95%: 1.02-
5.94; p=0.045), regardless of traditional
cardiovascular risk factors (age, sex, BMI,
family history of CVD, hypertension, dys-
lipidemia, smoke, and diabetes). In sensi-
tivity analyses, increasing the threshold of
SYNTAX score-II to 34 points yielded sim-
ilar results (aOR 2.97, 95% CI 1.58-5.60; p
<0.001). Of note, even in patients aged <70
years, diagnosis of DISH was associated
with a 7-fold higher risk of belonging to the
highest SYNTAX score-II category (234),
compared to non-DISH (aOR 7.23, 95% CI
1.08-48.4; p=0.041).

The extension of vertebral calcification cor-
related with SYNTAX score-II (12 0.378,
p<0.0001) (Figure 2). This result remained
significant even when selecting patients un-
der 70 years with DISH (12 0.255, p=0.012).
We introduced an interaction term between
DISH and age in both the multinomial lo-
gistic analysis for the SYNTAX score ter-
tiles and the binary logistic regression anal-
ysis with the SYNTAX score-1I as a dichot-
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Figure 2 - Correlation between the SYNergy between percutaneous coronary
intervention with TAXus and cardiac surgery (SYNTAX) score and vertebral os-
sification extension. In red linear regression, in blue exponential with plateau

interpolation, in green hyperbola interpolation.

omous outcome. This additional analysis
aimed to assess whether the impact of DISH
on CAD risk varies significantly across dif-
ferent age groups. In the multinomial logis-
tic model, the interaction term between
DISH and age did not significantly change
the risk of falling into the higher SYNTAX
score tertile (aOR for DISH*age interaction
not statistically significant, p>0.05), indi-
cating that the association between DISH
and an increased risk of complex CAD re-
mains robust across different age groups,
independent of traditional cardiovascular
risk factors. Similarly, in the binary logistic
regression analysis, the addition of the
DISH*age interaction term did not substan-
tially modify the previously observed 2-fold
higher risk of poor prognosis in DISH pa-
tients (aOR for DISH*age interaction not
statistically significant, p>0.05). These
findings suggest that while age is an impor-
tant factor in cardiovascular risk assess-
ment, it does not significantly modify the
relationship between DISH and the severity
of CAD as measured by the SYNTAX
score. The bootstrap analysis, which in-
volved resampling our data 1000 times with
replacement, yielded a slightly changed ad-
justed p-value, moving from p=0.045 in our
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original analysis to p=0.048 in the bootstrap
analysis (binary logistic regression SYN-
TAX-II threshold 29).

Herein we conducted an observational
study on the association between DISH and
CAD. Overall, we found that the diagnosis
of DISH was associated with greater com-
plexity of CAD independently from age
and other traditional cardiovascular risk
factors. Moreover, we found that the degree
of flowing ossification at the thoracic verte-
brae was positively associated with the
complexity of the CAD on angiography.
Oudkerk et al. previously investigated the
correlation between DISH and coronary ar-
tery calcification using a CT scan with cal-
cium calibration and the Agatston score (6).
The authors found that patients with DISH
had a greater burden of coronary artery cal-
cification. However, a CT scan can only
give a rough estimate of the atherosclerosis
extension and it cannot describe with accu-
racy the CAD burden, especially as regards
soft plaque stenosis, stenosis entity, and
clinical significance or prognosis.

In contrast, we utilized invasive coronary
angiography, the diagnostic gold standard
for CAD, which can provide a detailed vis-
ual estimate of the stenosis (13). Moreover,
we used a validated score for CAD com-
plexity, which has been shown to effective-
ly predict the mortality of patients with
CAD after revascularization (10, 12). The
SYNTAX score is commonly applied by
cardiologists to guide treatment strategy in
patients with relevant coronary stenosis on
diagnostic angiography (7). Patients with
higher SYNTAX scores are more common-
ly treated with surgical aorto-coronary by-
pass (7).

In our analysis, we found that DISH pa-
tients had a lower incidence of ACS com-
pared to non-DISH. To date, it is unclear
whether calcified plaques that develop in
DISH patients tend to be more stable and
less liable to rupture. However, based on
our findings, we could speculate that DISH
patients are more prone to develop chronic
heart disease with complex, calcific, and

stable plaques rather than ACS with unsta-
ble plaques.

Dan Lantsman et al. recently published a
study that appears to contrast with our find-
ings, specifically investigating the associa-
tion between DISH and CAD using the
coronary artery calcification score (CACS)
and the CAD Reporting and Data System
(CAD-RADS) score in patients with symp-
tomatic chest pain (14). This study, which
included a cohort of 268 individuals, found
that while DISH was associated with higher
CACS in univariate analysis, the associa-
tion did not persist after adjusting for
known atherosclerotic risk factors. Similar-
ly, a positive trend toward higher CAD-
RADS scores in the DISH group was ob-
served, but this trend was not statistically
significant after adjustment for age, male
sex, and family history of CVD. The dis-
crepancy between these findings and ours
could be due to several methodological dif-
ferences in evaluating coronary burden.
First, our study, as already mentioned, em-
ployed a more precise assessment of CAD
complexity that broader measures like
CACS and CAD-RADS may overlook.
Second, our analysis, which considered ad-
ditional cardiovascular risk factors and uti-
lized specific statistical techniques, may
have further defined the intricate associa-
tion between DISH and CAD. Third, pa-
tient selection criteria and study design dif-
fered significantly, particularly regarding
the symptomatic status of the participants
and the direction of screening for disease
associations. The study in question focused
on a cohort that included both symptomatic
and asymptomatic patients, with a general
emphasis on lower CV disease burden, and
primarily screened for the presence of
DISH among individuals evaluated for
CAD. This approach might inherently bias
the study towards a population with less
pronounced coronary pathology, potentially
diluting the observable impact of DISH on
CAD severity as measured by CACS and
CAD-RADS scores. In contrast, our study
adopted an opposite approach by selecting
patients with established or high risk for
CAD and subsequently screening for the
presence of DISH. This methodology was



Diffuse idiopathic skeletal hyperostosis

ORIGINAL
PAPER

likely selected for a population with a high-
er baseline risk and prevalence of CAD,
which could enhance the sensitivity of our
study to detect associations between DISH
and CAD severity.

The pathogenesis of DISH is complex and
involves various mechanisms. Osteoblasts
seem to play a crucial role in its development
(15, 16). Interestingly, the differentiation of
smooth muscle cells into osteoblast-like
cells, mediated by the osteo-metabolic axis
disruption, appears to be the first step in the
process of calcification of the vessel wall,
which represents the last stage of atheroscle-
rosis (17, 18). Therefore, the dysregulation
of the osteoblastic lineage might represent
the link that connects diffused coronary ar-
tery calcification and DISH. Sclerostin, a
bone formation inhibitor, has been found to
be low in DISH patients (2, 19) as well as in
patients with calcific atherosclerosis (20). In
contrast, sclerostin serum levels have been
found elevated in patients with acute cardio-
vascular events (21, 22). Overall, these re-
sults are somehow in line with our findings.
Indeed, we found that DISH patients were
more prone to have diffuse coronary calcifi-
cations, but they were somewhat protected
from acute events.

Our study should be interpreted in light of
strengths and limitations. The main strength
is the utilization of angiography, the gold
standard for CAD assessment, to visualize
the coronary tree anatomy and characteris-
tics. Moreover, we had access to a full set of
clinical and radiological features of patients
with established CAD. The main limitation
comes from the retrospective nature of the
study that might cause selection bias; in-
deed, the indication for coronary angiogra-
phy was not pre-specified possibly inducing
areferral bias for healthier or older patients,
who are more likely to undergo coronary
angiography for stable angina in contrast to
ACS. Notwithstanding, correcting for age
and several other clinical variables in the lo-
gistic regression analyses should have re-
duced such bias. Moreover, sensitivity anal-
yses that excluded subjects older than 70
years old yielded similar results. In addi-
tion, to mitigate selection bias, we con-
duced bootstrap analyses of the regression

models and additional model fitting (such
as exponential with plateau and hyperbole)
to strengthen the results. Misclassification
bias might have also affected our findings.
Indeed, CT scans and standard X-rays have
different sensitivity and specificity for the
diagnosis of DISH, and we might have
missed some DISH patients with X-rays.
However, the prevalence of DISH that we
found in our study is highly consistent with
other studies in similar populations (23).
Our findings highlight the importance of
longitudinal and experimental studies to
further explore the relationship between
DISH and CAD. Future research should fo-
cus on tracking the progression of CAD in
individuals with DISH over time to estab-
lish causality and explore the underlying
biological mechanisms. This could involve
both prospective cohort studies and labora-
tory investigations into the pathophysiolog-
ical pathways linking DISH to cardiovascu-
lar risk.

In conclusion, we found a high prevalence
of DISH in patients with CAD. Individuals
with DISH had more complex CAD com-
pared to non-DISH subjects, independent
of age and other traditional cardiovascular
risk factors. However, DISH appeared to be
associated with stable CAD in contrast to
ACS. Our study suggests that recognizing
DISH in patients with CAD may necessi-
tate tailored clinical management, empha-
sizing aggressive cardiovascular risk factor
control. Identifying DISH could help strati-
fy patients’ risk profiles, guiding more per-
sonalized treatment strategies to mitigate
the heightened risk of complex CAD. Lon-
gitudinal and confirmatory studies are
needed to ascertain the prognostic role of
DISH in CAD.
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