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BACKGROUND: Diffuse idiopathic skeletal hyperostosis (DISH) is an incompletely defined disease process with no
known unifying pathophysiological mechanism.

OBJECTIVE: To our knowledge, no genetic studies have been performed in a North American population. To summarize
genetic findings from previous studies and to comprehensively test for these associations in a novel and diverse, multi-
institutional population.

METHODS: Cross-sectional, single nucleotide polymorphism (SNP) analysis was performed in 55 of 121 enrolled patients
with DISH. Baseline demographic data were available on 100 patients. Based on allele selection from previous studies and
related disease conditions, sequencing was performed on COL11A2, COL6A6, fibroblast growth factor 2 gene, LEMD3,
TGFB1, and TLR1 genes and compared with global haplotype rates.

RESULTS: Consistent with previous studies, older age (mean 71 years), male sex predominance (80%), a high frequency
of type 2 diabetes (54%), and renal disease (17%) were observed. Unique findings included high rates of tobacco use
(11% currently smoking, 55% former smoker), a higher predominance of cervical DISH (70%) relative to other locations
(30%), and an especially high rate of type 2 diabetes in patients with DISH and ossification of the posterior longitudinal
ligament (100%) relative to DISH alone (100% vs 47%, P < .001). Compared with global allele rates, we found higher rates
of SNPs in 5 of 9 tested genes (P < .05).

CONCLUSION: We identified 5 SNPs in patients with DISH that occurred more frequently than a global reference. We
also identified novel environmental associations. We hypothesize that DISH represents a heterogeneous condition with
both multiple genetic and environmental influences.
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ferred to as Forestier disease among over 27 other syn-
onyms,’ is a systemic condition that most notably results
in exuberant growth of flowing osteophytes along the anterior

portion of the vertebral column. This can result in dysphagia when

Diffuse idiopathic skeletal hyperostosis (DISH), also re-

ABBREVIATIONS: DISH, diffuse idiopathic skeletal hyperostosis; FGF2,
fibroblast growth factor 2 gene; OPLL, ossification of the posterior
longitudinal ligament; SNPs, single nucleotide polymorphisms; UTR,
untranslated region.
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occurring cervically and/or alterations in spinal biomechanics re-
sulting in increased vulnerability to traumatic injuries or accelerated
degenerative changes at unfused segments resulting in pain or nerve
impingement (Figure 1).

DISH prevalence has been studied in different global populations
and ranges between 2.9% and 42% depending on population ge-
netics, classification criteria, and possibly environmental influences.’
The pathophysiology is poorly understood, with varying evidence
suggesting genetic, metabolic, and/or signaling pathway aberrations,
without a known unifying mechanism.” It is suspected that the
genetic underpinning for DISH overlaps with morphologically
similar conditions such as ossification of the posterior longitudinal
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DISH GENETICS

FIGURE 1. Consequences of DISH. Three of the most common and severe clinical consequences are illustrated
through case examples from this study. A, and B, are from the same patient who developed dysphagia and
progressive myelopathy from spinal cord compression that ultimately required surgical intervention. C, and D,
show a patient with DISH who experienced an unstable 3-column hyperextension injury requiring surgical
intervention. DISH, diffuse idiopathic skeletal hyperostosis.

ligament (OPLL).”> Currendly, only 1 polymorphism has been
associated with DISH; however, this was limited to a sample number
of 3 patients with coexisting ossification of the OPLL.°

The absence of a known unifying mechanism for the genetic,
metabolic, and underpinnings for DISH may stem from the presence
of several different haplotypes resulting in a predisposition toward a
phenotypically similar disease state or a polygenic etiology.” Similarly,
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considerable variation in the radiographic morphology is observed
(Figure 2). Previous studies on genetics have been performed on
Portuguese, Czech, and Japanese populations, most of which have
been limited to single gene analysis or phenotypically homogenous
familial clusters.”” Our objective was to perform genetic suscepti-
bility testing in a novel and diverse patient population in the
United States with a predominance of cervical DISH.
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FIGURE 2. Phenotypic variability. Panel of 5 patients from our cohort highlighting the heterogeneity of cervical DISH. 3-dimensional reconstructed
computed tomography anterior-posterior and lateral views illustrate variabilizy in disease severity. Patient 1 demonstrates mild DISH with osteophyres
bridging from C4 to C6. Patient 2 has a discontinuous DISH pattern through the cervical spine with breaking at C5-6 resulting in esophageal
compression and dysphagia. Patient 3 shows a more laminar, continuous pattern. T1-weighted and T2-weighted MRI images demonstrate variability in
T2 hyperintensity of the ectopic bone mass. Patient 4 with DISH that is homogenous in intensity to native bone, whereas patient 5 has a remarkable
amount of T2 hyperintensity in the ectopic bone mass in comparison with patient 4 and the patient’s native bone. DISH, diffuse idiopathic skeletal

METHODS

Institutional review board approval was obtained from both collab-
orating institutions (Henry Ford Health—#10912 and University of
Alabama—#150708005). Written consent was obtained when appro-
priate. During a study period from 2016 to 2022, retrospective chart
review, whole blood collection, and genetic analysis were performed.

Patients with DISH were defined as having extensive flowing os-
teophytes on the anterior aspect of the vertebral column with relative
intervertebral disk preservation. Diagnosis was made based on com-
puted tomography scan and/or MRI, with agreement between a ra-
diologist and a member of the research team. Patient demographic data
were collected by retrospective chart review (Table 1). Patients were
contacted for blood donation consent and to complete incomplete data.
No patients were excluded; however, whole blood collection and
complete demographic data acquisition were not possible on all patients

(Figure 3).
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DNA Isolation

Whole blood samples were stored in ethylenediaminetetraacetic acid
at —80°C. Total DNA was isolated from frozen whole blood using
DNeasy Blood & Tissue Kits (QIAGEN) adapted from the manufac-
turer’s protocol. DNA was concentrated, and purity was confirmed using
a Nanodrop Spectrometer.

Single Nucleotide Polymorphism Genotyping

Single nucleotide polymorphism (SNP) variants were detected by real-
time polymerase chain reaction using TagMan SNP Genotyping Assay
(Thermo Fisher Scientific). One allele was labeled with FAM dye, and the
other was labeled with VIC fluorescent dye. Thermal cycling DNA was
performed on the Bio-Rad CFX-96 real-time system using the following
protocol: enzyme activation at 95.0°C for 10 minutes followed by a
denaturing step of 95.0°C for 0:15 seconds, terminating in an anneal/
extended step 60.0°C for 1:00 minutes for 40 cycles.
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TABLE 1. Demographics
Variable n (%) or
(mean + std dev) DISH (N = 100) Mi
Age® 716 £ 124
Female 20 (20%) 51%
Ethnicity: Black 28 (28%)
White 69 (69%)
Other 3 (3%)
BMI 304 +£11.8
Smoking: current 11 (11%)
Former 54 (55%)
Never 33 (34%)
Diabetes 54 (54%) 12.3%
Renal dz. 17 (17%) 3.2%
Autoimmune dz. 4 (4%)
History of radiation 11 (11%)
Family history 0
DISH location
C 70%
T 7%
Multiple 23%
Cervical OPLL 92 (15%)

BMI, body mass index; C, cervical; DISH, diffuse idiopathic skeletal hyperostosis; dz.,
disease; MI, Michigan; OPLL, ossification of the posterior longitudinal ligament; T,
thoracic.

?Age was taken at the time of data collection in 2019.

Demographic data showing the baseline characteristics of the patient population.
Rates of female sex, diabetes, and renal disease in the general Michigan population are
provided for comparison.

Allelic discrimination was determined by instrument software Bio-Rad
CFX manager determined by FAM and VIC labeling of alleles. SNP
variants were selected based on literature review for relevant SNPs related
to DISH and OPLL susceptibility (Figure 4). SNPs of interest included
152071025, 15200963433, 151476217, r1s3747676, 15201930700,
rs2241716, rs145135062, rs145135062, 15200212492, and rs1800469.
The following cell DNA samples were obtained from the National In-
stitute of General Medical Sciences Human Genetic Cell Repository at
the Coriell Institute for Medical Research: HG01058, HG00551,
HGO00553, HG00554, HG00640, HG00637, HG01377, HG00115,
NA19681, and NA19670. These samples were used as positive and
negative controls for SNP genotyping (Supplemental Table 1, hecp://links.
lww.com/NEU/DG677, Supplemental Table 2, http://links.lww.com/
NEU/DG78, Supplemental Table 3, heep://links.lww.com/NEU/
D679). Each individual SNP was input into National Center for Bio-
technology Information 1000 Genome Browser to find its corresponding
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FIGURE 3. Patient accountability. A flow diagram representing the
number of patients enrolled, the number with available demographic data,
and the number with sequencing data.

control. See supplemental tables (Supplemental Table 1, htp://links.
Iww.com/NEU/D677, Supplemental Table 2, http://links.lww.com/
NEU/D678, Supplemental Table 3, http://links.Iww.com/NEU/
D679) for detailed SNP genotyping probe description with assay ID
and accompanying positive and negative controls. Global reference for
allelic frequency was obtained from http://www.ensembl.org.

Osteophyte Measurement

Osteophyte width was approximated by measuring the maximum
osteophyte extension perpendicular to a line drawn along the anterior
extent of 2 disk spaces.

Statistics

For this retrospective study, xz tests, 2 sample #tests, and Wilcoxon
2 sample tests were used to compare demographic and comorbidity
information for patients with DISH with and without presence of
cervical OPLL. For the continuous variables, Shapiro-Wilk tests for
normality were performed, and if significant, the nonparametric
Wilcoxon tests were used to compare the 2 groups. Similar analyses were
performed to assess differences between patients with DISH with and
without genetic testing. The Fisher exact test was performed to assess
the associations of DISH with genetic haplotypes using global fre-
quencies as the references. Among the patients with DISH with genetic
results available, Fisher exact tests were also performed to test for as-
sociations between OPLL and the genetic test results. All testing was
performed at the 0.05 level. Statistical analyses were performed using

SAS version 9.4.
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FIGURE 4. Known DISH/OPLL associations. This figure summarizes previously hypothesized associations with
DISH and the related condition, ossification of the posterior longitudinal ligament. These previously explored
genetic associations are comprehensively reviewed in our study in a novel North American population. One possible
mechanism illustrated here is the interaction of ectopic mineralization using altered collagen regulation providing a
nidus for heterotopic ossification through altered osteoblast/osteoclast activity. Red lines indicate factors that are
protective against DISH: RSPO and LEMD3 have been proposed protective. FGF2 has diverse functions including
repair after injury by promotion of angiogenesis. While there is no known unifying mechanism for DISH pre-
disposition, this figure best approximates what can be found in the existing body of peer-reviewed literature. DISH,
diffuse idiopathic skeletal hyperostosis; FGF2, fibroblast growth factor 2 gene; GH, growth hormone; OPLL,

ossification of the posterior longitudinal ligamens.

RESULTS

Population Characteristics

Patient demographics are summarized in Table 1, and a
Michigan population disease prevalence® is provided for compar-
ison. Consistent with prior literature, patients with DISH are older
(mean 71.6 + 12.4 years), predominantly men (80%), and have a
high rate of coexisting diabetes (54%, none with type 1 diabetes).
Considering the mean and standard deviation of the patients’ ages,
most of the women in the study were presumably postmenopausal;
however, this was not specifically asked. There were low rates of
autoimmune disease (4%), moderate rates of renal disease (17%),
and no patients with a known family history. Patients self-identified
as White (69%), Black (28%), and Other (3%).

Of 121 patients, 91 had information regarding the presence of
cervical OPLL: 14 (15%) had coexisting OPLL and 77 (85%) did
not. Interestingly, all 14 of the patients with DISH with coexisting
OPLL had diabetes, whereas 45% of the patients with DISH
alone had diabetes (P < .001). No other comparisons reached
statistical significance (Table 2).

When comparing diabetic (mean = 8.8, SD = 4.7, median = 8,
quartile range = 5, 12) vs nondiabetic (mean = 8.1, SD = 3.6,
median = 8, IQR = 5, 10) patients with DISH, there was no dif-
ference in maximum osteophyte width (P = .686).
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Patients with genetic results were compared with the group
where DNA samples were not collected (Supplemental Table 1,
htep://links.Iww.com/NEU/DG677, Supplemental Table 2,
heep://links.Iww.com/NEU/D678, Supplemental Table 3,
hetp://links.lww.com/NEU/D679). The genetic testing group
had higher rates of Black patients (41% vs 21%, P = .035) and a
different distribution of smoking status (21% current, 59% former
and 21% never vs 6% current, 53% former, and 41% never, P =
.033) (Supplemental Table 1, http://links.lww.com/NEU/D677,
Supplemental Table 2, heep://links.lww.com/NEU/DG678, Sup-
plemental Table 3, hetp://links.lww.com/NEU/D679). The rea-
sons for these differences are unclear; however, many of the samples
were obtained from hospitalized patients. Therefore, the differences
may relate to a patient’s likelihood of hospitalization or willingness
to consent. No differences were observed between patients with and
without genetic testing for age, sex, body mass index, renal disease,
autoimmune disease, diabetes, and history of radiation.

Genetic Testing Results

When compared with global haplotype frequencies (Table 3),
there were higher rates of SNPs in COLGAG (rs200963433,
P <.001), fibroblast growth factor 2 gene (FGF2) (rs3747676,
P=.039), LEMD?3 (rs201930700, P < .001), TGFBI1 (rs2241716,
P=.002),and TLR1 (rs145135062, P < .001). Differences did not
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TABLE 2. Comparing Patients With and Without OPLL
Variable Response No OPLL (N = 77) OPLL (N = 14) P value
Age Mean + Std Dev 716 £ 125 732 £ 96 .653
Sex Female 16 (21%) 3 (21%) 956
Ethnicity Black 22 (29%) 4 (29%) 751
White 52 (68%) 10 (71%)
Other 3 (4%) 0 (0%)
Race Non-Black 55 (71%) 10 (71%) >.99
Black 22 (29%) 4 (29%)
BMI Mean = std dev 29.6 £ 120 296 £5.0 470
Median (IQR) 27.9 (24, 33) 32 (24, 34)
Smoking Current 10 (13%) 0 (0%) 354
Former 43 (57%) 9 (64%)
Never 23 (30%) 5 (36%)
Renal disease 13 (17%) 3 (21%) 681
Autoimmune disease 2 (3%) 1 (7%) 381
Diabetes 35 (45%) 14 (100%) <.001
History of radiation 8 (10%) 3 (21%) 244

BMI, body mass index; DISH, diffuse idiopathic skeletal hyperostosis; OPLL, ossification of the posterior longitudinal ligament.
Comparison between patients with DISH alone vs patients with DISH and OPLL. An important finding is that 100% of patients with DISH and OPLL also had diabetes.

reach statistical significance for COL11A2 (rs2071025, P = .083),
FGF2 (151476217, P=.521), TGFBI (151800469, P = .093), and
TLRI (rs200212492, P = .237).

Of the 34 patients with genetic testing and demographic in-
formation, 5 (17%) had OPLL. In contrast to a previous study,® no
differences were observed between the DISH alone vs patients with
DISH and OPLL for any of the genetic test results (Supplemental
Table 1, hcep://links.lww.com/NEU/DG677, Supplemental
Table 2, http://links.lww.com/NEU/D678, Supplemental
Table 3, http://links.lww.com/NEU/D679). No differences in
haplotypes were observed when comparing diabetic vs nondi-
abetic patients with DISH, P > .05 (range 0.196->0.99).

DISCUSSION

Clinical Attributes

DISH is a poorly defined and incompletely understood con-
dition with limited studies restricted to genetically homogenous
populations. Owing to a commonly asymptomatic occurrence,
lack of pathophysiological understanding, slow progression, and
variable phenotypical patterns, there is a lack of consensus on the
diagnostic criteria for DISH.! The most frequently used defini-
tion is the radiographic presence of flowing ossification along the

NEUROSURGERY

anterior aspect of the vertebral column, relative intervertebral disk
preservation and the absence of apophyseal ankylosis and in-
flammatory changes of the sacroiliac joint."? Others have further
attempted to differentiate DISH from ankylosing spondylitis,
stating that the presence of HLA B27 is an exclusion criterion for
DISH; however, this concept has been challenged because the 2
conditions may at times coexist.'? Patients with DISH often have
abundant ossification throughout the body and not limited to the
spine; however, the role of peripheral enthesopathies in the di-
agnosis and pathogenesis is uncertain.

The thoracic spine is more commonly affected than the cervical
spine,'" with resultant symptoms rarely occurring before the age
40 years.'”'? However, in our population we found a higher
prevalence of cervical DISH (70%, Table 1) than previously
reported. The reason for this discrepancy compared with prior
literature is unclear but may be related to the acquisition of data
from neurosurgical departments to which patients have been
referred for treatment at both institutions.

Mechanical compression of the esophagus by anterior osteo-
phytes can result in dysphagia (Figure 1), in some cases requiring
gastrostomy tube placement. Anecdotally, when many of the
patients in this study were interviewed, they reported dysphagia.
Resection of symptomatic osteophytes is considered a morbid
procedure with often ungratifying results.

VOLUME 93 | NUMBER 2 | AUGUST 2023 | 353

© Congress of Neurological Surgeons 2023. Unauthorized reproduction of this article is prohibited.


http://links.lww.com/NEU/D677
http://links.lww.com/NEU/D678
http://links.lww.com/NEU/D679

ZERVOS ET AL

TABLE 3. Genotype and Allelic Distribution

Gene symbol SNP Genotype DISH n (%) Global n (%) P Consequence

COL11A2 rs2071025 AlG 20 (36.4) 1055 (42) .083 Variable base on genomic location
G|G 6 (10.9) 477 (19)
AA 29 (52.7) 972 (39)

COL6A6 rs200963433 qr 7 (12.7) 4 (0.2) <.001 Missense variant
C|C 48 (87.3) 2500 (99.8)
TT 0 0

FGF2 rs1476217 AlC 27 (49.1) 1208 (48) 521 37 UTR variant
AJA 18 (32.7) 692 (28)
c|c 10 (18.2) 604 (24)

FGF2 rs3747676 T|C 30 (54.5) 945 (38) .039 37 UTR variant
TT 19 (34.5) 1159 (46)
C|C 6 (11.0) 400 (16)

LEMD3 rs201930700 qr 6 (11.2) 0 <.001 Missense variant
C|C 48 (88.8) 251188 (100)
TT 0 0

TFGB1 rs2241716 qr 1(1.8) 460 (18) .002 Intron variant
C|C 54 (98.2) 1985 (79)
1T 0 59 (2)

TGFB1 rs1800469 G|A 18 (32.7) 1075 (43) .093 Intron variant
AJA 6 (11.0) 384 (15)
G|G 31 (56.3) 1045 (42)

TLR1 rs145135062 T|C 2 (3.6) 6 (0.2) <.001 Missense variant
TT 53 (96.4) 2498 (99.8)
c|c 0 0

TLR1T rs200212492 AlG 2 (3.6) 217 (1) 237 Missense variant
AJA 53 (96.4) 2503 (99)
G|G 0 0

DISH, diffuse idiopathic skeletal hyperostosis; FGF2, fibroblast growth factor 2 gene; SNP, single nucleotide polymorphism; UTR, untranslated region.
Compares the allelic frequencies between patients with DISH in this study and globally observed frequencies. SNP consequences have been noted to result in a range of genomic
consequences as denoted in the table. Comparison data and consequences are provided by http://www.ensembl.org.

In earlier stages, abnormal biomechanical movement of the
cervical spine results in chronic neck pain. Distraction extension
injuries result in a transverse shift of the fractured segment with an
increased risk of neurological compromise because of lack of dis-
sipation seen in a normal spine (Figure 1)."" No surgical inter-
vention to reverse the autofusion process has been described. There
are no medical therapies or disease-modifying pharmacother-
apeutics with known efficacy.
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Pathogenesis

The etiology and pathogenesis of DISH is yet to be fully
understood.” Multiple hypotheses exist based on metabolic
characteristics of cohorts,'#'® familial clustering of early pro-
gression,'>!” canine studies on breeds with a high rate of DISH'®
and studies on OPLL, a seemingly related condition.” These
associations drive the search for a unifying genetic underpinning
as summarized in Figure 4.
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Metabolic risk factors have also been linked to the development
of DISH. These include obesity, high waist-to-hip circumference
ratio, dyslipidemia, hypertension, glucose intolerance, type 2 di-
abetes, hyperuricemia, hyperinsulinemia, and elevated IGF-1 and
growth hormone levels.!*1%19-22 Consistent with previous studies,
we did observe 51% of patients having coexisting diabetes and
separately, 17% had renal disease. A novel finding in our study
cohort was that 100% of patients with DISH and OPLL had
diabetes, strengthening the hypothesized metabolic association.

Another proposed mechanism is that the DISH phenotype may
result from dysregulation of systemic factors related to bone turnover
in an inflammatory state.”” This proposed mechanism may explain
associations with elevated IGF1 and low levels of Dickkopf-1, an
inhibitor of the Wnt/f-catenin—mediated osteoblastogenesis pathway
that has been associated with DISH.?* However, the universality of
this association has been challenged,25 and further studies are needed
to validate these findings.”> A proinflammatory state resulting in the
formation of DISH is an attractive hypothesis because it may lead to
the possibility of a therapeutic target.

Associations of DISH with metabolic aberrations have been
found. These include hyperinsulinemia,'® reduced pyrophosphate
breakdown,?® dyslipidemia,”> hyperuricemia,”? increased vitamin
A levels,?? and elevated IGE-1 and growth hormone levels. 19 These
aberrations are substantiated by the association with obesity, high
waist-to-hip circumference ratio, hypertension, glucose intolerance,
and type 2 diabetes.”>” The genetic and environmental influences
on these observations are uncertain, with advanced age as a sig-
nificant confounder without any prior robust case-control studies to
limit this interaction.

Changes in signaling pathways may be the unifying links between
genetic aberrations and metabolic and inflammatory derangements.
Proposed mediators include upregulation of osteoblastic differenti-
ation by growth hormone/IGF-1, Wnt-f catenin, TGF-f, platelet-
derived growth factor subunit BB, PGI2, fibroblast growth factor,
and ET1; chondrogenesis by hyperinsulinemia; promotion of
mesenchymal cell differentiation by BMP2; and polymorphisms in
structural proteins encoded by genes such as COLG6A1.>*"%8
However, further confirmatory studies are needed. In our cohort,
rates of SNPs within several separate regulatory genes that were higher
than a global reference supported a hypothesized polygenic etiology.

Genetics

The strongest prior evidence for the genetic inheritance of
DISH comes from familial clustering, despite the fact we did not
see this in our patient population. In other studies, 103 indi-
viduals from 12 unrelated families in the Azores revealed an as-
sociated pyrophosphate arthropathy with coexisting peripheral
and axial enthesopathic calcifications that was inherited in an
autosomal dominant fashion.!” However, a whole-genome, mi-
crosatellite, linkage analysis followed by “identity-by-state/iden-
tity-by-descent” genetic analysis in a cohort of 92 individuals from
12 pedigrees with early onset DISH did not reveal—or confirm—
an associated haplotype.” This study did identify SNPs within
RSPO4 and LEMD3 genes, as possibly possessing a small
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TABLE 4. Tested Genes and Source Literature

Gene Known association Reference

COL11A2, COL6A6, OPLL susceptibility gene 30

COL9A1

FGF2 OPLL susceptibility gene 6

TGF p1 Insulin-dependent 28
chondrogenesis

RSPO4 and LEMD3 DISH protective gene 7

TLR1 OPLL susceptibility gene 30

FGF, fibroblast growth factor; FGF2, fibroblast growth factor 2 gene; OPLL, ossification
of the posterior longitudinal ligament.

PubMed search results for peer-reviewed literature of known genetic associations with
DISH and OPLL are summarized.

protective role.” They hypothesize that a haplotype reducing Wnt
activation would potentially protect against new bone formation.

Genomic analysis of patients with DISH has produced in-
consistent results possibly reflecting the presence of multiple
susceptibility haplotypes. In Japan, nucleotide variants in the
collagen 6A1 gene were associated with DISH; however, this was
not seen in Czech patients.” In a Korean cohort, polymorphisms
in the FGF2 were associated with DISH.® These polymorphisms
are located in noncoding regions, suggesting a minor effect on
DISH susceptibility.” However, the results from our study did not
confirm this prior finding.

OPLL is a related condition that has been more extensively
studied in a Japanese population where it is a common cause of
compressive myelopathy. SNPs in several different loci of the
COLGAL gene have been robustly established as susceptibility
polymorphisms in OPLL.”” COL6A1 encodes type VI collagen a
chain that might serve as an extracellular scaffold for osteoblasts or
chondrocytes that subsequently proceed to membranous or en-
dochondral ossification.” Further studies showed that SNPs of
intron 32 of the COL6A1 gene were found in Japanese patients
with DISH who did not have coexisting OPLL.>® However, this
mutation was not found in Czech patients.S Overall, variation in
over 30 different genes and micro-RNA profiles have been es-
tablished in association with OPLL, most notably in genes en-
coding interleukin, retinoic X, and toll-like receptors, transforming
growth factor f, nucleotide pyrophosphatase, and bone morpho-
genic protein.’”

In our study, we looked for previously tested metabolic and
genetic hypotheses in a novel population (Table 4). This is the first
study to assess for a broad array of previously hypothesized alleles
in a diverse, North American population.

Limitations

A major limitation in this study is the lack of a control group of
patients without the presence of DISH for comparison. Instead,
we used the global allele rates as a comparison, which might also

VOLUME 93 | NUMBER 2 | AUGUST 2023 | 355

© Congress of Neurological Surgeons 2023. Unauthorized reproduction of this article is prohibited.



ZERVOS ET AL

include patients in the control population that have DISH, de-
pending on the disease prevalence. The use of a global control is
additionally problematic due to population heterogeneity, re-
gional variation, and methodology differences in the groups that
submitted data to create a global database.

Another limitation is that we were unable to obtain samples
from all patients enrolled in the study, and most of the samples
were obtained from hospitalized patients, which may lead to
sample bias. When the demographics of patients with genetic
testing were compared with those without testing, there were
significant differences in race and smoking status. These issues
likely limit the generalizability of these results.

CONCLUSION

This study highlights the need for a better definition and un-
derstanding of DISH. Ideally, this would include a genetically based
classification system and/or a better radiographic definition. Our
results support the hypothesis that DISH has either a polygenic
predisposition or multiple distinct genotypic haplotypes converging
to produce a similar phenotype. Strong evidence exists to support a
component of environmental influence, especially in diabetic pa-
tients. The high rates of diabetes, especially in patients with DISH
and OPLL, raise questions, such as what are the possible effects of
medication vs the importance of insulin as a growth promoter? To
fully address this issue, and better understand whether diabetes is an
environmental promotor rather than a confounding variable, a
study comparing patients with and without DISH as well as look at
patients with isolated OPLL would be needed. The high prevalence
of postmenopausal women and older men raises the question of an
unidentified hormonal influence.

The genetic results of our study support the need for a globally
coordinated consortium with the use of whole-genome se-
quencing. This would also help guide translational research that
could help to pin down discrete and pharmacologically targetable
pathophysiological mechanisms. There are currently no targeted
treatments for ectopic bone formation related to the SNPs sug-
gested by this study. The goal of further research would be to
develop mouse knockdown models of suspected genes to better
understand their function. Ultimately, further understanding of
the pathogenesis of DISH may be translated into improved early
diagnosis and treatment of this condition.
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Supplemental Table 1. Comparing patients included and not included in genetic
testing. Patients included with DNA available for testing were compared with
patients where samples were not available. Notable differences between the groups
include race and smoking status.

Supplemental Table 2. Associations between OPLL and genetic results. A pre-
vious publication suggested that there is a unique FGF 2 allele that occurs more
frequently in patients with DISH and OPLL vs DISH alone.® Our results did not
corroborate this finding.

Supplemental Table 3. SNP sequence data and control IDs. Information needed
to replicate the results from this study is provided for reference.
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