
Evidence of an Inherited Predisposition for Cervical Spondylotic
Myelopathy

Alpesh A. Patel, MD1, William Ryan Spiker, MD1, Michael Daubs, MD1, Darrel S. Brodke,
MD1, and Lisa A. Cannon-Albright, PhD2,3

1 Department of Orthopaedics University of Utah School of Medicine Salt Lake City, UT
2 Division of Genetic Epidemiology, Department of Internal Medicine University of Utah School of
Medicine Salt Lake City, UT
3 George E. Wallen Department of Veterans Affairs Medical Center, Salt Lake City, Utah

Abstract
Study Design—A retrospective population based study cross referencing a genealogic database
of over 2 million Utah residents with 10 years of clinical diagnosis data from a large tertiary
hospital.

Objective—The objective of this study is to determine the presence or absence of an inherited
predisposition to the development of cervical spondylotic myelopathy (CSM).

Summary of Background Data—A genetic predisposition for the development of cervical
spondylosis has been discussed in the literature with low quality evidence. Families with a high
incidence of disease or early onset disease in monozygotic twins have both been reported.
However, these suggestions of an inherited predisposition for disease have never been rigorously
studied. The purpose of this study is to determine a genetic predisposition among patients
diagnosed with cervical spondylotic myelopathy.

Methods—The Utah Population Database (UPDB) combines health and genealogic data on over
2 million Utah residents. ICD-9 codes were used to identify 486 patients in the database with a
diagnosis of cervical spondylosis with myelopathy (ICD9 code 721.1). The hypothesis of
excessive familial clustering was tested using the Genealogical Index of Familiality (GIF) and
Relative risks (RR) in relatives were estimated by comparing rates of disease in relatives with
rates estimated in the relatives of 5 matched controls for each case. This methodology has been
previously reported and validated for other disease conditions but not for cervical spondylotic
myelopathy.

Results—The GIF analysis for patients with CSM showed significant excess relatedness for
disease (p<0.001). Relative risks were significantly elevated in both first- (RR=5.21, CI=2.1-13.2,
p<0.001) and third-degree relatives (RR=1.95, CI=1.04-3.7, p<0.05).

Conclusions—Excess relatedness of cases and significantly elevated relative risks to both close
and distant relatives supports an inherited predisposition to cervical spondylosis with myelopathy.

Level of Evidence—III
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Introduction
Cervical spondylosis with myelopathy (CSM) is the most commonly acquired cause of
spinal cord dysfunction in patients aged greater than 55 years1. Although the symptoms of
CSM are most commonly attributed to stenosis from degenerative changes in the spine,
individuals with significant spondylotic cord compression may have no symptoms.
Furthermore, previous studies have suggested a multifactorial etiology including
biochemical changes in the components of the intervertebral disc, bony osteophyte
formation, and variable tolerances of spinal cord ischemia2. These other factors, rooted in
patient genetics, may contribute to symptomatic rather than asymptomatic disease. A genetic
predisposition to the development of degenerative diseases of the cervical spine has been
widely speculated 3, 4, 5, 6, 7 but no study to date has shown familial clustering of cervical
spondylotic myelopathy on a population based, multigenerational level.

The Utah Population Database (UPDB) is a computerized genealogy of the Utah founding
pioneers and their descendents. This database was linked to the University of Utah Health
Sciences Center (UUHSC) data warehouse, a resource that contains diagnosis and
procedural data on over 1 million patients treated at the University of Utah hospital system.
The resultant research tool is a unique resource and has been previously used to evaluate
familial clustering in other disease processes8,9,10.

The purpose of this study is to define the familial clustering of cervical spondylotic
myelopathy in a large population-based, multigenerational study. We tested the hypothesis
of an inherited predisposition using two methods: relative risk in relatives and the
Genealogical Index of Familiality.

Materials and Methods
UPDB Data

The Utah Population Data Base is a computerized genealogy of the Utah pioneers and their
modern day descendants11 and represents approximately 2.3 million individuals linked into
pedigrees from 3 to 11 generations. This genealogy data has been linked to over 1 million
patients seen at the University of Utah Hospital and Clinics since 1993. Specific
International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes are
available for each patient. Selection of the appropriate code (721.1) allowed identification of
individuals who had been diagnosed with CSM. To allow investigation of familial patterns,
only individuals with 3 or more generations of genealogy data were included.

The review identified 486 patients who had at least 3 generations of genealogy data and at
least one diagnosis of CSM (ICD-9 721.1). Two different statistical analyses, the relative
risk of disease and Genealogic Index of Familiality, were performed on genetic relationships
represented between all CSM patients. For both of these analyses of familial clustering, we
compared the observed results among cases to expected results for the Utah population,
requiring the identification and analysis of appropriately matched controls. While there is an
attempt to link all patients treated at the UUHSC to the Utah genealogical data, and most of
them do link, not all patient data could be made accessible for this analysis due to the
confidential nature of the information. Instead, a set of patients representing approximately
20% of all UUHSC hospital patients were randomly selected for use as controls. To allow
appropriate matching for characteristics that may influence the quality and quantity of
genealogical data or record-linking success, multiple cohorts for such characteristics
(gender, 5 year birth year range and birth place (Utah or not)) were created. The control set
of patients represent 20% of each defined cohort and have at least three generations of
genealogy data.
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Genealogical Index of Familiality (GIF)—The GIF analysis identifies the degree of
relatedness among all cases. It is based on a null hypothesis of no excess familial clustering
(or relatedness) among all cases with the diagnosis of interest. The average relatedness of
the set of CSM cases was calculated by measuring the pairwise genetic distance between all
pairs of cases. The pairwise genetic distance is estimated using the Malecot coefficient of
kinship, or the probability that the two individuals share the same allele inherited from a
common ancestor at a given locus12. The significance of the hypothesis test is calculated
empirically. The same measure of average pairwise relatedness is calculated for all possible
pairs among a set of randomly selected, matched controls and this process is repeated 1000
times. The significance is measured as the number of times the control relatedness exceeded
the case relatedness. The overall GIF statistic tests for excess relatedness between pairs of
cases. The distance GIF test statistic is calculated similarly, but ignores relationships closer
than third degree. The distance GIF test statistic thus avoids the confounding variables of
environmental, infectious and other exposures that are often common in close relatives and
tests for evidence of a genetic contribution to observed familial clustering.

Relative Risks (RR) in Relatives—Estimation of relative risks for a diagnosis among
the relatives of cases provides more traditional evidence of a genetic contribution to disease.
Excess risk in first-degree relatives may indicate evidence of a genetic contribution, but may
also be indicative of a shared physical environment. Excess risks in second- and third-degree
relatives, therefore, more strongly support a genetic contribution to disease. Relative risks in
first-degree relatives were estimated by counting the number of cases among all first-degree
relatives of cases (without duplication), and among all first-degree relatives of 5 randomly
selected sets of matched hospital controls. The same methodology was applied to determine
second- and third-degree relative risks. For each degree of relative, the significance of the
alternative hypothesis RR≥ 1.0 is calculated as a Fisher's exact test, 95% confidence
intervals are defined as described in Agresti13.

No patient identifiers were used in this study and all analysis of genetic relationships
between affected individuals was non-identifiable. This study was approved by both the
University of Utah institutional review board and the oversight body for the Utah Population
Database.

Results
GIF Test for Excess Relatedness

To test the null hypothesis of no significant excess relatedness among the CSM cases, the
GIF statistic was calculated for the 486 CSM patients and 1,000 sets of matched controls.
Each control group has 486 patients, one randomly selected matched control for each case.
Table 1 includes the number of cases, the average relatedness of cases (Case Overall GIF),
the average relatedness of 1000 matched control analyses (mean Control GIF), the p value
for the Overall GIF test of all relationships, and the p-value for the Distant GIF test, which
only considers relationships beyond second-degree.

The overall GIF test revealed a significant excess of relationships between cases when
compared to controls (p<0.001); this supports the hypothesis of excess familial clustering.
The Distance GIF test (p=0.291) did not show a statistically significant excess of distant
relationships among CSM patients.

The GIF statistic represents a sum of average pairwise distances by genetic relationship. In
order to determine which genetic relationships cases differ from controls, we have displayed
the distribution of the GIF statistic for different pairs of genetic relationships observed for
cases (and for controls) in Figure 1. The X-axis represents the genetic distance (or
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relationship) between the pairs of individuals (1= parent/offspring, 2=siblings/grandparent/
grandchild, 3=avunculars, 4=first cousins, etc…) for cases and controls. The Y-axis reveals
the value of the GIF statistic that was contributed for each genetic distance. Figure 1 shows
that most of the excess relatedness of CSM in cases compared to controls was observed for
close relationships, which explains the finding of significant excess familial clustering
(p<0.001). Although an excess relatedness of cases extends to genetic distance = 6 (second
cousins), the Distant GIF test did not detect a significant excess of relationships beyond
second degree (genetic distance = 3).

Relative Risks
The estimated Relative Risks for CSM in first-, second- and third-degree relatives of
patients with CSM are shown in Table 2. The table shows the number of affected relatives of
cases and of controls observed, the total number of relatives of cases and controls
considered, the estimated relative risk (RR), the significance of the Fisher's Exact Test for
the 2×2 table of cases versus controls, and the 95% confidence interval for the RR estimate.
The relative risk of developing CSM was significantly elevated in both first- and third-
degree relatives of affected individuals, with no cases found among second-degree relatives.
The lack of cases among second-degree relatives is not surprising given the narrow time
range (13 years) of our hospital diagnosis data. Second-degree relatives are usually of a
different generation and thus unlikely to be diagnosed with the same disease as their
younger or older family member in a short time period. The relative risk results are in
agreement with the GIF analysis and strongly support a genetic contribution to the
development of CSM.

Discussion
Previous reports have suggested a familial predisposition to cervical spondylotic myelopathy
but have failed to prove this relationship with a large population based study. The results of
this study support a heritable predisposition to CSM, proving an excess relatedness of cases
and significantly elevated relative risks for both close and distant relatives in the Utah
genealogical database.

The possibility of a genetic contribution to the development of CSM was first published in
1969 by Bull et al3. The authors evaluated several hundred cervical spine radiographs in an
attempt to understand cervical spondylosis, noting a higher prevalence of CSM among both
monozygous and dizygous twins. They concluded that approximately 75% of monozygotic
twins and 25% of dizygotic twins had radiographs that were the “same”. Another study by
Sambrook et al6 evaluated the cervical and lumbar spine MRI's of 172 monozygotic and 154
dizygotic twins. Adjusting for age, weight, smoking, occupational manual labor and
exercise, the authors concluded that heritability accounted for 73% of all MRI findings and
79% of findings among patients with severe disease. Although these, and other studies like
them, suggest a genetic contribution, twin studies suffer from several inherent weaknesses.
Twins nearly universally share similar environmental risk factors such as diet and activity
level that cannot be adjusted for. Further, twin studies usually have a very small number of
patients with the disease of interest, limiting statistical power.

With building interest in the genetic contribution to cervical spondylotic myelopathy,
several authors have published case reports of families with curiously high incidences of
disease. Yoo et al.7 published a report in 1998 of similar cases of multilevel cervical
spondylosis with myelopathy requiring surgical intervention in a woman and both of her two
sons. The authors implied that this may represent an extreme case of a genetic influence
seen in all cases of CSM or it may denote the presence of a separate entity called familial
cervical spondylosis. In 2007, Mukerjii et. Al14 published a case report of identical twins
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with cervical myelopathy at a young age requiring curative surgery. They offered this
example as evidence of a genetic contribution to the development of cervical spondylotic
myelopathy. While these case reports have highlighted the potential genetic contributions to
CSM, the present study extends this conclusion more generally using objective measures in
a large population.

To our knowledge, the literature has been absent of a population-based study to determine
the genetic influence on cervical spondylosis with myelopathy. This study provides strong
evidence to support a genetic basis for disease as they avoid the recall and ascertainment
bias usually present in clinical studies. The methodology utilized in this study has previously
been used to demonstrate a familial predisposition to breast cancer15, asthma10, and rotator
cuff disease8, among other phenotypes. Identification and study of the extended high-risk
pedigrees represented in the UPDB has led to the identification of individual genes
associated with a disease process (ex: BRCA1 in breast and ovarian cancer16). Our study
solidifies early suggestions of a genetic predisposition for CSM, should promote further
research into the possible causes of the observed heritable predisposition for disease, and has
identified a resource of Utah high risk pedigrees that can be used to test and understand
candidate genes.

The primary limitation of our study is the use of ICD-9 data to identify cases of interest.
These codes are dependent upon individual clinicians and accuracy may vary depending
upon physician experience and specialization. The use of diagnostic codes prohibited
analysis of disease severity or response to treatment. Any affected individual without an
appropriate ICD-9 code, who was diagnosed before 1993, was diagnosed at another facility,
or was not represented in the Utah genealogy was not included in this study. Such censoring
applies across the data source uniformly to relatives of both cases and controls and thus
should not affect the overall results, except to lower our power to identify genetic influence.
The population of Utah has been shown to be genetically similar to the U.S. and to the
Northern European population from which of the Utah founders came17. Therefore the
results of this study should be generalizable to the U.S and Northern European populations.

In conclusion, cervical spondylosis with myelopathy likely has a multifactorial etiology
including contributions from age dependent degeneration, mechanical stress, biochemical
factors and genetics. This study supports a genetic basis to symptomatic CSM. This study
has also allowed identification of high-risk CSM pedigrees in the UPDB that can be studied
to identify genes responsible for this predisposition. Identification of the specific genetic
products responsible for disease may help in the development of potential biologic
interventions to prevent and/or treat cervical spondylotic myelopathy.
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Figure 1. Contribution to the Genealogical Index of Familiality Statistic by Genetic Distance
Comparison of Genealogical Index of Familiality (GIF) contribution to genetic distance
reveals and increased risk of cervical spondlylotic disease in the relatives of affected
individuals

Patel et al. Page 7

Spine (Phila Pa 1976). Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Patel et al. Page 8

TA
B

LE
 1

G
en

ea
lo

gi
ci

al
 In

de
x 

of
 F

am
ili

al
ity

 (G
IF

) t
es

t o
f e

xc
es

s r
el

at
ed

ne
ss

 fo
r 

48
6 

in
di

vi
du

al
s d

ia
gn

os
ed

 w
ith

 C
er

vi
ca

l S
po

nd
yl

os
is

 w
ith

 M
ye

lo
pa

th
y

D
ia

gn
os

is
N

C
as

e 
O

ve
ra

ll 
G

IF
M

ea
n 

C
on

tr
ol

 G
IF

O
ve

ra
ll 

G
IF

 e
m

pi
ri

ca
l p

 v
al

ue
D

is
ta

nc
e 

G
IF

 e
m

pi
ri

ca
l p

 v
al

ue

C
er

vi
ca

l S
po

nd
yl

os
is

 w
ith

 M
ye

lo
pa

th
y

48
6

3.
74

2.
75

<0
.0

01
0.

29
1

Spine (Phila Pa 1976). Author manuscript; available in PMC 2013 January 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Patel et al. Page 9

TA
B

LE
 2

R
el

at
iv

e 
ri

sk
s (

R
R

) i
n 

re
la

tiv
es

 o
f i

nd
iv

id
ua

ls
 C

er
vi

ca
l S

po
nd

yl
os

is
 w

ith
 M

ye
lo

pa
th

y

R
el

at
iv

e
# 

af
fe

ct
ed

 C
as

e/
co

nt
ro

ls
# 

re
la

tiv
es

 C
as

e/
co

nt
ro

ls
R

R
P 

va
lu

e
C

on
fid

en
ce

 In
te

rv
al

Fi
rs

t
9/

9
38

27
 / 

20
02

9
5.

21
0.

00
09

2.
07

 –
 1

3.
1

Se
co

nd
0/

21
11

37
1/

60
86

9
0

0.
07

--
-

Th
ird

13
/3

6
27

75
9 

/ 1
50

10
5

1.
95

0.
04

1.
04

 - 
3.

7

R
R

- r
el

at
iv

e 
ris

k;
 C

I –
 c

on
fid

en
ce

 in
te

rv
al

Spine (Phila Pa 1976). Author manuscript; available in PMC 2013 January 1.


