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Abstract

Objectives. Earlier retrospective studies have suggested a relation between DISH and cardiovascular disease,
including myocardial infarction. The present study assessed the association between DISH and incidence of cardio-
vascular events and mortality in patients with high cardiovascular risk.

Methods. In this prospective cohort study, we included 4624 patients (mean age 58.4 years, 69.6% male) from
the Second Manifestations of ARTerial disease cohort. The main end point was major cardiovascular events
(MACE: stroke, myocardial infarction and vascular death). Secondary endpoints included all-cause mortality and
separate vascular events. Cause-specific proportional hazard models were used to evaluate the risk of DISH on
all outcomes, and subdistribution hazard models were used to evaluate the effect of DISH on the cumulative inci-
dence. All models were adjusted for age, sex, body mass index, blood pressure, diabetes, non-HDL cholesterol,
packyears, renal function and C-reactive protein.

Results. DISH was present in 435 (9.4%) patients. After a median follow-up of 8.7 (IQR 5.0-12.0) years, 864
patients had died and 728 patients developed a MACE event. DISH was associated with an increased cumulative
incidence of ischaemic stroke. After adjustment in cause-specific modelling, DISH remained significantly associ-
ated with ischaemic stroke (HR 1.55; 95% CI: 1.01, 2.38), but not with MACE (HR 0.99; 95% CI: 0.79, 1.24),
myocardial infarction (HR 0.88; 95% CI: 0.59, 1.31), vascular death (HR 0.94; 95% CI: 0.68, 1.27) or all-cause
mortality (HR 0.94; 95% CI: 0.77, 1.16).

Conclusion. The presence of DISH is independently associated with an increased incidence and risk for
ischaemic stroke, but not with MACE, myocardial infarction, vascular death or all-cause mortality.

Key words: DISH, cardiovascular events, cardiovascular disease, mortality, ischaemic stroke, myocardial
infarction, MACE

Rheumatology key messages

o The presence of diffuse idiopathic skeletal hyperostosis (DISH) is associated with an increased incidence of
ischaemic stroke.
e Subjects with DISH have a 55% increased rate of ischaemic stroke.
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spinal entheses, tendons and ligaments [2]. The forma-
tion of new bone at the anterolateral spine is the hall-
mark of DISH and, to date, its exact aetiology and
pathophysiology remain poorly understood [2]. Patients
affected with DISH are most often male and the preva-
lence of DISH increases with older age, with a preva-
lence of up to 42% reported for patients over the age of
65years [3]. As DISH is frequently associated with
hyperinsulinemia, obesity, type 2 diabetes and the meta-
bolic syndrome, it is thought that metabolic derange-
ments and low-grade inflammation are involved in the
process of bone formation in DISH [2, 4-6]. DISH is
largely asymptomatic, but symptoms of stiffness, back
pain and reduced range of motion of affected segments
are most commonly reported [2].

DISH has been associated with risk factors for cardio-
vascular disease [2, 7, 8], including increased coronary
artery calcifications [7] and risk factors for stroke [9],
yet, few studies have been published on incident cardio-
vascular outcomes in patients with DISH.

Limited data from a very small retrospective study
suggested a relation between DISH and incident myo-
cardial infarction [10]. To our best knowledge, large pro-
spective cohort studies on the relation between DISH
and risk of cardiovascular events and mortality have not
yet been reported. Moreover, the relation between DISH
and major adverse cardiovascular events (MACE) is still
unknown. An independent relation between DISH and
incident cardiovascular events may aid in the early iden-
tification and stratification of patients prone to cardio-
vascular death, as DISH can be easily scored on chest
radiographs and computed tomography scans [11].
Furthermore, understanding DISH as a risk factor for
cardiovascular disease may improve our understanding
of the development of cardiovascular disease.

In the current study, we aimed to investigate whether
the presence of DISH was related to future MACE and
all-cause mortality, using data from a prospective cohort
of patients with established vascular disease or risk fac-
tors for vascular disease.

Methods

Patient population

The Second Manifestations of ARTerial disease (UCC-
SMART) study is an ongoing single-centre prospective
cohort study initiated in 1996, following patients with
clinically manifest vascular disease or risk factors for
vascular disease [12]. All participants, aged 18-79years,
have been included with a referral to the University
Medical Center Utrecht (UMC Utrecht), the Netherlands.
At inclusion, patients underwent comprehensive vascular
screening including a questionnaire, blood chemistry
and ultrasonography. A standardized diagnostic protocol
was followed consisting of physical examination and la-
boratory testing in the fasting state. The rationale and
design of the UCC-SMART study has been described in
detail previously [12]. The UCC-SMART study complied
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with the Declaration of Helsinki, was approved by the
medical ethics committee of the UMC Utrecht
(NL45885.041.13) and all included patients provided
written informed consent. All patients with a digital chest
radiograph within three months of inclusion in the UCC-
SMART study were queried, yielding 4791 patients.
Subsequently, 167 patients were excluded due to miss-
ing follow-up (n=79), technical image deficiencies
(n=44), only AP radiograph being available (n=34) and
poor image quality (n=10), ultimately resulting in 4624
available patients for inclusion in the current study.

Clinical and laboratory measurements

Measurements for individual patients were all per-
formed within one day at the UMC Utrecht. An over-
night fasting blood sample was taken to determine
glucose, lipid levels and high sensitivity C-reactive pro-
tein (hsCRP). Body mass index was calculated by
dividing the weight by the squared height (kg/m?).
Waist circumference (cm) was measured halfway be-
tween the lower rib and the iliac crest in the standing
position. Blood pressure was measured using a non-
random sphygmomanometer three times simultaneous-
ly at the right and left upper arm in an upright position
with an interval of 30s. The mean of the last two meas-
urements from the highest arm was used. Hypertension
was defined as systolic blood pressure >140 or dia-
stolic blood pressure >90mmHg and/or the usage of
antihypertensive drugs. Diabetes mellitus at baseline
was defined as either a referral diagnosis of diabetes, self-
reported diabetes including use of glucose-lowering
agents, glucose >11.1 mmol/l, or initiation of glucose low-
ering treatment within one year after inclusion with a
glucose >7.0mmol/| at baseline. The metabolic syndrome
was defined according to the National Cholesterol
Education Program criteria [13]. Hyperlipidaemia was
defined as low-density lipoprotein cholesterol >2.6 mmol/,
or self-reported use of lipid-lowering drugs. Smoking
habits and alcohol intake were assessed using question-
naires. Estimated glomerular filtration rate (€GFR) was cal-
culated with the Chronic Kidney Disease Epidemiology
Collaboration equation [14].

Follow-up

The primary end point of our study was MACE: a com-
posite outcome comprising non-fatal myocardial infarc-
tion, non-fatal stroke and vascular death. Secondary
endpoints were individual components of MACE and
all-cause mortality. The exact definitions of events and
outcomes of interest of this study are shown in
Supplementary Table S1, available at Rheumatology
online. Patients were asked to biannually complete a
questionnaire on hospitalizations and outpatient clinic
visits. In the case of a possible reported event, hospital
discharge letters, other correspondence and investiga-
tions including data from the general practitioner, and
the results of relevant laboratory and radiological
examinations were retrieved. Based on this information,
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all events were audited by three independent members
of the SMART study Endpoint Committee, comprising
physicians from different departments. In case of dis-
agreement, the opinion of other members of the
Endpoint Committee was sought and final adjudication
was based on the majority of the classifications
obtained. Follow-up duration was defined as the period
between enrolment to death from any cause, the oc-
currence of an event, date of loss to follow-up, or the
preselected date of March 2018.

DISH assessment

Using the Resnick criteria [15], chest radiographs were
scored for DISH by six certified readers (P.A.dJ.,
F.AAMH., RW., P.H.vdV., M.E.H. and W.F.; Entrustable
Professional Activity level 4 or 5 for chest radiograph in-
terpretation) from the department of Radiology of the
UMC Utrecht. DISH is classified following the presence
of ossification of at least four contiguous vertebrae; (rela-
tive) preservation of the intervertebral disc height; and the
absence of apophyseal joint bony ankylosis or sacroiliac
joint erosion.

Statistics

Normal distributed data were stated with means and
standard deviations, and categorical variables with
frequencies and percentages. Positive skewed data
were transformed using logarithmic transformation.
Differences between groups were analysed by calcu-
lating age- and sex-adjusted odds ratios (OR) with
95% CI.

Incidence rates per 1000 person-years were calcu-
lated. Regression modelling was performed in the pres-
ence of competing risks. To evaluate the effect of
covariates on each outcome, cause specific hazards
(CSH) models were used for the association between
DISH and MACE, individual MACE endpoints, and all-
cause mortality stated as hazard ratios (HR) and 95%
Cl. In subjects who are currently event-free, the regres-
sion coefficient of the CSH presents the relative effect
of DISH on the relative change in the rate of an event
of interest occurring. In addition, the subdistribution
hazard ratio model of Fine and Gray was used to esti-
mate the effect of DISH on the cumulative incidence
function for the different outcomes. Adjusted cumula-
tive incidence curves in the presence of competing
risks were estimated for each outcome. In the case of
multiple events in a patient, the first event was used in
the analyses. The proportional hazards assumption was
evaluated by the use of Schoenfeld residuals, which
was not violated. In addition to the crude analysis, two
models were used using a stepwise-adjusted approach
including confounder selection based upon literature
and etiologic considerations. In the second model,
adjustments were made for confounders age and sex
and a third model additionally adjusted for BMI, systol-
ic blood pressure, type 2 diabetes, packyears, eGFR,
non-high-density lipoprotein (HDL)-cholesterol and
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hsCRP. We performed exploratory analysis with hyper-
tension and hyperlipidaemia as covariates, instead of
systolic blood pressure and non-HDL cholesterol.
Furthermore, we explored whether age and a history of
vascular disease influenced the relation between DISH
and each outcome using interaction analyses for effect
modification. Missing covariate data, including BMI
(0.1%), non-HDL cholesterol (0.3%), systolic blood
pressure (0.1%), packyears (0.1%) and renal function
(0.3%) were imputed with single regression imputation
using the mice package [16]. Data analysis was per-
formed using R, version 3.6.3 (R Foundation for
Statistical Computing, Vienna, Austria). A P-value
<0.05 was considered to be statistically significant.

Results
Baseline characteristics

Of the 4624 patients in the current study, 435 (9.4%)
satisfied criteria for DISH. The population characteristics
for subjects with and without DISH are listed in Table 1.
Patients with DISH were older (65.7 vs 57.6years) and
more often male (86% vs 68%) compared with patients
without DISH. Moreover, DISH patients more often had
higher pulse pressure (64mmHg vs 58 mmHg), BMI
(28.6kg/m? vs 26.9kg/m?) and waist circumference
(102cm vs 94.9cm), and more hypertension (30.8% vs
24.3%), diabetes (31% vs 21%), and the metabolic syn-
drome (65.1% vs 52.8%). After adjusting for age and
sex, DISH was significantly associated with presence of
the metabolic syndrome: OR 1.76 (95% CI: 1.42, 2.18)
and the presence of diabetes: OR 1.54 (95% CI: 1.22,
1.93). Systolic blood pressure (per 1 mmHg), the pres-
ence of hypertension, and pulse pressure (per 1 mmHg)
were also significantly associated with DISH.

Events and incidence rates during follow-up

The median follow up was 8.7 (interquartile range: 5.0-
12.0) years, during which 864 (18.7%) patients died,
including 356 deaths attributable to a vascular cause. In
addition, 728 MACE, 173 cases of ischaemic stroke and
283 cases of myocardial infarction occurred during the
follow-up period. Incident rates for patients with and
without DISH on mortality, ischaemic stroke and myo-
cardial infarction are listed in Table 2. The cumulative in-
cidence functions for each different outcome between
the DISH and no DISH groups are displayed in
Supplementary Figs S1-S5, available at Rheumatology
online. In subdistribution hazard modelling, the presence
of DISH was associated with an increased incidence of
ischaemic stroke (HR 1.53; 95% CI: 1.00, 2.35), but not
with MACE (HR 0.97; 95% ClI: 0.78, 1.21), myocardial in-
farction (HR 0.89; 95% CI: 0.60, 1.33), vascular death
(HR 0.92; 95% CI: 0.68, 1.23) or all-cause mortality (HR
0.91; 95% CI: 0.75, 1.11) after full adjustments. A more
detailed description of subdistribution hazard models is
shown in Supplementary Table S2 and Supplementary
Fig. S6, available at Rheumatology online.
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TasLE 1 Baseline patient characteristics and logistic regression analysis of factors associated with diffuse idiopathic

skeletal hyperostosis

Variable

Age, mean (s.n.), years

Sex (male), %

BMI (kg/m?), mean (s.p.)

Waist circumference (cm), mean (s.n.)

Diabetes, %

Glucose (mmol/L), mean (s.p.)

HbA1c (%), mean (s.p.)

eGFR (mL/min/1.73m?), mean (s.p.)

Pulse pressure (mmHg), mean (s.p.)

Systolic blood pressure (mmHg),
mean (s.D.)

Hypertension, %2

HDL-cholesterol (mmol/L), mean (s.p.)

Non-HDL cholesterol (mmol/L),
mean (s.D.)

Hyperlipidemia, %2

hsCRP (mg/L), mean (s.0.)°

Metabolic syndrome, %2

Smoking (current vs former), %%

Packyears, mean (s.pn.)

Drinking (current vs former), %2

History of vascular disease, %?

Total group

(n = 4624)

58.4 (11.2)
69.6%
27.1 (4.5)
95.6 (13.0)
21.8%
6.4 (1.9)
6.0 (1.1)
78 (19)
58.2 (15)
141 (22)

24.9%
1.25 (0.38)
3.66 (1.30)

42.2%
1.25(0.78)
53.9%
73.1%
17.5(19.5)
80.4%
71.4%

DISH group
(n =435)

65.7 (7.8)
85.5%
28.6 (4.5)
102.0 (12.1)
31.0%
670&
1(1.0)
73(18)
64 (16)
146 (22)

30.8%
1.20 (0.36)
3.64 (1.57)

38.4%
1.29 (0.76)
65.1%
77.2%
18.6 (19.9)
85.7%
78.0%

No DISH
group (n =4189)

57.6(11.2)
68%
26.9 (4.5)
94.9 (13.0)
21.0%
6.3(1.9)
(1.1)
79(19)
(19)
141 (21)

24.3%
1.25(0.38)
3.7(1.27)

42.7%
1.25(0.78)
52.8%
72.7%
17.4(19.4)
79.9%
70.6%

Age and sex

adjusted OR
(95% CI)

3(2.0,2.6)°
2.86(2.17, 3.85)
1.12(1.09, 1.15)
1.04 (1.03, 1.05)
1.54 (1.22, 1.93)
1.10(1.04, 1.15)
1.15(1.02, 1.28)
1.00 (0.99, 1.01)
1.01(1.00, 1.02)
1.01 (1.00, 1.01)

1.43 (1.14, 1.79)
0.71 (0.51, 0.96)
1.16 (1.07, 1.26)

0.84, 1.55)
0.51, 0.87)

Age and sex
adjusted
P-value

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.01
0.14
<0.001
0.002

0.002
0.03
<0.001

0.16
0.68
<0.001
0.83
0.27
0.42

0.002

3Percentages were calculated after excluding missing cases from the denominator. °Log-transformed. °Age per 10years. Data
are displayed using number (percentage) for categorical variables, and mean (s.0.) for normally continuous data. HDL: high
density lipoprotein; hsCRP: high sensitivity CRP; OR: odds ratio.

TaBLE 2 Incidence rates between DISH and no DISH group for different outcomes

All-cause mortality

Sum person-years

No. of cases

Incidence rate per 1000 person-years
MACE

Sum person-years

No. of cases

Incidence rate per 1000 person-years
Myocardial infarction

Sum person-years

No. of cases

Incidence rate per 1000 person-years
Ischemic stroke

Sum person-years

No. of cases

Incidence rate per 1000 person-years
Vascular death

Sum person-years

No. of cases

Incidence rate per 1000 person-years

Total group (n = 4624)

40372
864
21.4

37955
728
19.2

38767
283
7.3

39355
173
4.4

40372
356
8.8

DISH group (n = 435)

3812
113
290.6

3569
92
25.8

3672
29
7.9

3684
27
7.3

3812
50
13.1

no DISH group (n =4189)

36559
751
20.5

34387
636
18.5

35094
254
7.2

35672
146
4.0

36559
306
8.4

MACE: major adverse cardiovascular events.

2870

https://academic.oup.com/rheumatology



Cardiovascular events in DISH

TasLe 3 DISH and risk of mortality and cardiovascular events

Model MACE All-cause mortality Vascular death Ischaemic Stroke Myocardial infarction

HR (95% CI) HR (95% ClI)

HR (95% CI)

HR (95% ClI) HR (95% ClI)

TotalDISH 1 1.38(1.11,1.71)
group 2 1.00(0.80, 1.26)
3 0.99(0.79, 1.24)

1.41(1.16, 1.72)
0.91(0.74, 1.11)
0.94 (0.77,1.16)

1.54 (1.14, 2.01)
0.93 (0.68, 1.26)
0.94 (0.68, 1.27)

1.81(1.21,2.74)
1.50 (0.99, 2.29)
1.55(1.01, 2.38)"

1.09 (0.74, 1.59)
0.93 (0.63, 1.38)
0.89 (0.59, 1.31)

Model 1: DISH crude. Model 2: adjusted for age and sex. Model 3: adjusted for age, sex, body mass index, systolic blood
pressure, diabetes, non-HDL cholesterol, packyears, renal function, and log-transformed hsCRP. *P < 0.05. HR: hazard

ratio; MACE: major adverse cardiovascular event.

DISH in relation to mortality and cardiovascular
events

Cause-specific cox regression analyses for the total
DISH group in relation to all-cause mortality, vascular
and non-vascular death, and cardiovascular outcomes
are listed in Table 3 and Fig. 1. In crude analysis, the
presence of DISH was significantly associated with
MACE (HR 1.38; 95% CI: 1.11, 1.71), all-cause mortality
(HR 1.41; 95% CI: 1.16, 1.72), vascular death (HR 1.54;
95% CI: 1.14, 2.01) and ischaemic stroke (HR 1.81;
95% CI: 1.21, 2.74), but not with myocardial infarction
(HR 1.09; 95% ClI: 0.74-1.59).

These relations became attenuated after adjusting for
confounders age, sex and cardiovascular risk factors, for
MACE (HR 0.99; 95% CI: 0.79, 1.24), all-cause mortality
(HR 0.94; 95% ClI: 0.77, 1.16), vascular death (HR 0.94;
95% CI: 0.68, 1.27), and myocardial infarction (HR 0.89;
95% CI: 0.59, 1.31). The presence of DISH was independ-
ently associated with ischaemic stroke (HR 1.55; 95% ClI:
1.01, 2.38). These results did not change after exploratory
analysis with hypertension and hyperlipidaemia (data not
shown). Likewise, the relation between DISH and ischae-
mic stroke was unaffected by the inclusion of a history of
vascular disease (P-interaction = 0.93) or age (P-
interaction = 0.30) in the final model.

Discussion

In this prospective cohort study, the presence of DISH
was associated with an increased incidence of ischae-
mic stroke. Furthermore, we found that the presence of
DISH was associated with a 55% increased rate of is-
chaemic stroke, which remained after correcting for age,
sex and cardiovascular risk factors. No other independ-
ent relations were found for MACE, all-cause mortality,
vascular death or myocardial infarction.

No study has previously assessed the relation be-
tween DISH and MACE. Other outcomes have been
reported in a small retrospective study by Glick et al.
[10] who found an association between DISH and myo-
cardial infarction, but not with stroke, all-cause mortality
and vascular death, which were solely adjusted for
obesity, diabetes and dyslipidaemia. Furthermore, their
study had a limited sample size and a patient population
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without history of cardiovascular disease and which was
largely female.

While the exact pathophysiology of DISH remains un-
determined, various mechanisms have been hypothesized
to contribute to the development of DISH including hyper-
insulinemia and inflammation [2, 17]. Recently, Mader
et al. [6] reviewed the evidence of the involvement of in-
flammation in the pathogenesis of DISH. Local inflamma-
tion in entheses, which can be either primary or
secondary to metabolic derangements, may contribute to
bone formation in DISH. Previous research has shown
that elevated levels of hsCRP, a marker of inflammation,
are associated with increased risk for cardiovascular dis-
ease [18]. Increased inflammation is known to facilitate
the development of atherosclerosis, leading to increased
mortality, morbidity and cardiovascular events in various
rheumatologic disorders [19-23].

Patients with DISH have significantly more cardiovas-
cular risk factors and coronary artery calcifications [2,
7]. Yet, we did not find an association between DISH
and myocardial infarction in our cohort. Increased cal-
cium scores are strong independent predictors for future
cardiovascular events, irrespective of present cardiovas-
cular risk factors [24]. The relation between DISH and
coronary artery calcifications seems to be more com-
plex than initially thought. The role of calcification forma-
tion in coronary artery disease is not fully elucidated,
but a possible reason is that calcifications may limit pla-
que growth and rupture and are in essence a positive
healing effect in the coronaries [25]. Nonetheless, a sat-
isfactory explanation for this (dis)association in relation
to DISH is yet to be found.

While myocardial infarction is predominantly caused
by unstable plaques in the coronaries, the aetiology of
ischaemic stroke is more heterogeneous. Ischaemic
stroke can be caused by large-artery atherosclerosis,
large-artery stiffening, small-vessel disease, or cardi-
oembolisms [26]. DISH has been previously linked with
middle cerebral artery calcification in a small retrospect-
ive study [9], supporting the association in our study,
though the exact relation between DISH and small-
vessel disease is not known. In the intracranial vessels it
is postulated that the role of calcifications may differ
from the coronary bed. People prone to bone formation
may form these calcifications more easily. Intracranial
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Fie. 1 Unadjusted and adjusted cause-specific hazard ratios for each outcome of interest

MACE

HR (95% ClI)

Model 1 —— 1.38 (1.11-1.71)

Model 2 — — 1.00 (0.80 - 1.26)

Model 3 —e— 0.99 (0.79- 1.24)
All-cause Mortality

Model 1 —— 1.41(1.16-1.72)

Model 2 —e 0.91(0.74-1.11)

Model 3 —e— 0.94 (0.77 - 1.16)
Vascular Death

Model 1 —— 1.54 (1.14 - 2.01)

Model 2 —_ 0.93 (0.68 - 1.26)

Model 3 _ { 0.94 (0.68-1.27)
Ischemic Stroke

Model 1 F & i 1.81 (1.21-2.74)

Model 2 % i 1.50 (0.99 - 2.29)

Model 3 I & { 1.55(1.01-2.38)
Myocardial Infarction

Model 1 —r—A 1.09 (0.74 - 1.59)

Model 2 ———— 0.93(0.63-1.38)

Model 3 ———i 0.89 (0.59 - 1.31)

0 1 2 3

Model 1: diffuse idiopathic skeletal hyperostosis crude. Model 2: adjusted for age and sex. Model 3: adjusted for
age, sex, body mass index, systolic blood pressure, diabetes, non-HDL cholesterol, packyears, renal function and
log-transformed hsCRP. HR: hazard ratio; MACE: major adverse cardiovascular events.

calcifications are common and may result in higher pul-
satility, which may be detrimental for ‘soft organs’ such
as the brain [27].

The association of stroke in DISH patients can perhaps
be (partly) explained by the link between DISH and arter-
ial wall stiffness and vessel pulsatility. Vascular calcifica-
tion in the ascending aorta, intracranial or extracranial
carotid arteries may directly increase arterial stiffness
[28], and determinants of arterial stiffness, including pulse
pressure, systolic blood pressure and renal function are
strong independent predictors for cardiovascular events,
including stroke [29, 30]. In population-based cohorts,
systolic blood pressure was significantly higher for sub-
jects with DISH [31], which was also the case in our co-
hort. DISH subjects also had higher pulse pressure
compared with non-DISH subjects.

Both DISH and cardiovascular disease share common
traditional cardiovascular risk factors including older age,
male sex, obesity, hypertension and diabetes mellitus.

As research on this subject is still emerging and in
an early phase, cardiovascular disease remains often
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underdiagnosed in patients with DISH. It is important to
recognize that patients with DISH seem to be a group
at risk for developing stroke.

We acknowledge that our patient population is one
more prone to developing DISH as well as cardiovascu-
lar events. Whether the relation between DISH and is-
chaemic stroke would hold true in patient samples
derived from the other populations, including lower risk
patients, warrants further investigation.

Strengths and limitations

Major strengths of the current study include, firstly, the
prospective cohort design and large patient population
with long and complete follow-up. Secondly, the as-
sessment of endpoints was well documented, which
reduced the chance of subjective end point assess-
ment. Thirdly, the extensive and accurate documenta-
tion of cardiovascular risk factors made it possible to
assess the independent relations between DISH and
mortality and cardiovascular events.

https://academic.oup.com/rheumatology



Nevertheless, some limitations of our study should
also be noted. The inclusion of patients using chest
radiographs within three months might have increased
the selection of patients with a recent (cardiovascular)
event, which may have resulted in increased incident
rates. Secondly, as it has been established that DISH is
a progressive disease [32], another limitation is that ear-
lier (but still active and progressive) forms of DISH may
not fulfil the Resnick criteria yet, which might lead to an
underestimation of some associations, as DISH was not
re-assessed during follow-up or at the time of the occur-
rence of an event. Future studies into the development
of cardiovascular disease in relation to progression of
DISH may be warranted. Finally, DISH may lead to back
pain [2], which could potentially impact the usage of
(over the counter) NSAID. Depending on the type of
NSAID, various cardiovascular adverse effects have
been associated with NSAIDs, including myocardial in-
farction [33]. As this was not documented in our study
at baseline, we were not able to include NSAID usage in
our analyses.

Conclusion

In this first prospective cohort study, which to our
knowledge is among the largest study on cardiovascu-
lar events and mortality in DISH, we found that DISH
was independently related to increased incidences
and rates of ischaemic stroke, but not with MACE,
myocardial infarction, vascular death and all-cause
mortality.
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