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Prevalence of spine degeneration
diagnosis by type, age, gender,
and obesity using Medicare data

Chantal S. Parenteau, Edmund C. Lau, lan C. Campbell™ & Amy Courtney

Identifying the prevalence of degenerative spinal pathologies and relevant demographic risk

factors is important for understanding spine injury risk, prevention, treatment, and outcome, and

for distinguishing acute injuries from degenerative pathologies. Prevalence data in the literature

are often based on small-scale studies focused on a single type of pathology. This study evaluates

the prevalence of diagnosis of selected degenerative spinal pathology diagnoses using Medicare
insurance claim data in the context of published smaller-scale studies. In addition, the data are used
to evaluate whether the prevalence is affected by age, sex, diagnosed obesity, and the use of medical
imaging. The Medicare Claims 5% Limited Data Set was queried to identify diagnoses of degenerative
spinal pathologies. Unique patient diagnoses per year were further evaluated as a function of age,
gender, and obesity diagnosis. Participants were also stratified by coding for radiological imaging
accompanying each diagnosis. The overall prevalence of diagnosed spinal degenerative disease was
27.3% and increased with age. The prevalence of diagnosed disc disease was 2.7 times greater in those
with radiology. The results demonstrate that degenerative findings in the spine are common, and,
since asymptomatic individuals may not receive a diagnosis of degenerative conditions, this analysis
likely underestimates the general prevalence of these conditions.

The spine is the central supporting structure of the torso; it routes and protects the spinal cord while providing
for flexibility and shock absorption. In evaluating spine trauma, it is relevant to understand the prevalence of
degenerative spine pathologies. Spine degeneration affects both the mechanical properties and anatomic mor-
phology of the vertebrae, discs, and surrounding soft tissues. Such changes can affect the range of motion, load-
ing patterns, and tolerance to traumatic events involving loads substantially greater than those applied during
common activities. The sequelae of some degenerative pathologies may be misidentified as acute injuries if the
underlying process was not previously identified.

Types of spinal degenerative pathologies examined in this study include stenosis, spine curvatures (kypho-
sis, lordosis, and scoliosis), diffuse idiopathic skeletal hyperostosis (DISH), spondylitis, osteoporosis, and disc
degeneration. The prevalence of these pathologies was further evaluated based on age, sex, and obesity. With
more than a third of the total US population aged 65 or older?, and with the high prevalence of obesity?, it is
relevant to identify any association between these objective demographic factors and the prevalence of spine
degeneration. Additionally, it was also relevant to investigate whether radiology influences the rate of diagnosis
of conditions because of the possibility of incidental findings.

Stenosis refers to narrowing of the spinal canal or neural foramina. Stenosis can be congenital but is com-
monly degenerative in origin. It may be asymptomatic but is often associated with numbness or tingling.

Kyphosis, lordosis, and scoliosis are types of spine curvature. Kyphosis generally refers to a convex curvature
of the spine in the sagittal plane; a diagnosis typically refers to excessive kyphosis of the upper thoracic spine.
Scoliosis is curvature of the thoracic or lumbar spine in the coronal plane, whether toward the left (levoscoliosis)
or the right (dextroscoliosis). A diagnosis of lordosis typically refers to excessive concave curvature of the lumbar
spine in the sagittal plane.

Diftuse idiopathic skeletal hyperostosis (DISH) is a disorder characterized by excess bone formation and
continuous ossification of soft tissue structures along the anterior and lateral aspects of the spine, generally with
preservation of intervertebral disc height and apophyseal joints®. Other terms used to identify DISH include
ankylosing hyperostosis, Forestier disease, and Forestier-Rotes-Querol disease®*. DISH occurs most commonly
in the thoracolumbar spine. Ossification of the posterior longitudinal ligament (OPLL) is often linked to DISH,
more commonly in the cervical region.
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Spondylitis refers to inflammation of the joints of the spine. Inflammation may result when ligaments, ten-
dons, or joints of the spine are acutely injured. Inflammation of the spine may be associated with systemic
inflammatory diseases. One type of spondylitis with biomechanical significance is ankylosing spondylitis (AS),
also known as Bechterew’s disease, which can cause inflammation in the sacroiliac joints and in vertebrae and
spinal ligaments.

Osteoporosis results from a chronic imbalance between rates of bone resorption and bone deposition. A
decrease in bone mineral density of trabecular bone, such as in a vertebral body, results in disproportionately
larger reduction in load tolerance®.

Degeneration of intervertebral discs is a common finding in the spine”® and may include pathologies such
as disc bulges, disc herniations, osteophyte formation, loss of disc height, and disc desiccation. Osteophytes, or
bone spurs, often protrude from the edges of vertebral endplates and sometimes bridge the intervertebral disc
space. Osteophytes develop in response to alterations in localized pressure.

Medicare insurance claims represent a large database that can provide insight into the prevalence of spine
degeneration and associated demographic factors. The objective of this study is to assess the prevalence of specific
diagnoses pertaining to spinal degeneration as a function of age, sex, and obesity, as well as an investigation of
the influence of radiological imaging on the rate of diagnosis of such conditions. The results are discussed in
comparison to published research pertaining to the prevalence of specific diagnoses.

Results

The Medicare Claims 5% Limited Data Set (LDS) represents about 1.6-1.8 million individuals per calendar year. It
included 21,771,202 person-years, with 12,162,068 female and 9,609,134 male person-years, where a person-year
is defined as a single Medicare enrollee per calendar year. Table 1 shows the total number of enrollee-years by
sex and spine degeneration diagnosis and prevalence by age group. More than one-third of cumulative enrollees
were in the 65-69 age group, irrespective of sex. The most prevalent diagnosis overall was disc disease, and DISH
was least common. Online Appendices 2-9 provide additional data.

Figure 1 shows the prevalence of spine degeneration diagnoses by age group, sex, and type. The yearly preva-
lence of spine degeneration was 27.3 +1.7% overall (mean + standard deviation among years). It was greater
in females than in males at 34.7 + 1.9% versus 18.1 + 1.8%. Overall, the prevalence was 4.5+ 0.6% for stenosis,
0.11+0.12% for spine curvature, 0.017 £0.014% for DISH, 0.17 +£0.20% for spondylitis, 12.2 +0.9% for disc
degeneration, 8.9 +1.0% for osteoporosis, and 1.4+ 0.6% for other spine degeneration.

Figure 2 shows the prevalence of degenerative spine diagnoses by calendar year, type, and sex. In general,
the prevalence of each pathology increased with calendar year. Overall, the prevalence increased from 24.2% in
2005 to 30.1% in 2017. There was negligible increase observed for osteoporosis or disc degeneration. The trends
in increasing prevalence by year were similar for males and females. The prevalence of all diagnoses evaluated
were consistently higher for females than for males except for DISH.

Figure 3 shows the prevalence of spine degeneration type for enrollees coded as obese and those not coded
as obese. The prevalence of spine disease was greater with obesity for all spine disease types, except osteoporosis.
The increase was greatest for DISH, irrespective of age group. Overall, the prevalence ratio of degenerative spine
pathologies for obese versus non-obese enrollees was 2.19 for stenosis, 2.21 for spine curvature, 3.75 for DISH,
3.32 for spondylitis, 1.84 for disc degeneration, 0.94 for osteoporosis, and 2.34 for other spine pathologies. Online
Appendix 10 reports the number of enrollees by spine degeneration type, age group, sex, and obesity coding.

Figure 4 compares the prevalence of degenerative spine diagnoses in the overall sample and in the sub-sample
with radiology. Online Appendix 11 shows the number of enrollees with a history of spine radiology broken out
by spine degeneration type and age group. The prevalence of diagnosed disc disease was 2.7x greater in those with
radiology. The prevalence of diagnosed spondylitis and osteoporosis were similar in the overall group compared
to the subgroup with radiology.

Discussion

In this study, diagnostic codes were used to identify the prevalence of degenerative spinal pathologies and differ-
ences based on age, sex, and obesity from Medicare data. A strength of this analysis is the large volume of data.
More than 20 million person-years were evaluated; more than 8 million had diagnoses of spine degeneration.
Prior studies generally investigated much smaller groups and focused on one spinal pathology, sometimes in
the context of risk factors or common comorbidities. Additionally, most prior studies rely on data collected at
a single institution, and depending on the local population could be skewed by factors such as demographics,
economics, or predominant types of occupations. The Medicare Claims 5% LDS is advantageous not just because
of its absolute size, but also because it represents the elderly U.S. population from all geographic areas and the full
range of socioeconomic backgrounds. Online Appendix 12 provides a more extensive summary of literature data.

Various demographic and comorbid factors are associated with spinal degeneration®'. By definition, degen-
erative changes develop over time; increased prevalence of degenerative spine pathology with age is there-
fore expected and is well documented”®!?. Increasing age has been specifically associated with increased spine
curvature'*™', stenosis'*>™, endplate sclerosis, disc degeneration’, osteophyte formation, DISH, AS, and reduced
bone mineral density!'”!®,

With the exception of DISH, the analysis consistently indicates a higher prevalence of degenerative spine
diagnoses in females compared to males. One possible factor is the higher prevalence of osteoporosis in older
females compared to males. Looker et al. (2017) reported that 11.6% of females and 3.6% of males age 50+ had
osteoporosis of the lumbar spine'. The gap between sexes age 65+ was even larger in the Medicare data. Middle-
aged and older women are more susceptible to osteoporosis than men and younger women because of a peri-
menopausal increase in the rate of bone resorption.
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All Females Males All Females | Males
Age groups Total person-years
n 21,771,202 12,162,068 | 9,609,134
Freq. 65-69 37.2% 34.4% 40.7%
70-74 20.9% 20.0% 22.1%
75-79 16.3% 16.3% 16.2%
80-84 12.5% 13.4% 11.4%
85+ 13.1% 15.9% 9.7%
w/any spine degeneration w/stenosis
n 5,956,687 4,223,190 1,744,872 | 992,521 601,050 391,471
65-69 27.0% 26.0% 29.5% 26.0% 24.9% 27.7%
70-74 22.5% 21.9% 24.0% 23.0% 22.3% 24.0%
75-79 20.0% 19.9% 20.2% 20.9% 20.8% 21.1%
80-84 16.0% 16.5% 14.9% 16.5% 17.1% 15.7%
85+ 14.5% 15.8% 11.4% 13.6% 15.0% 11.5%
w/spine curvature w/DISH
n 25,813 18,802 7,011 3,896 1,607 2,289
65-69 25.3% 23.8% 29.1% 32.2% 33.7% 31.2%
70-74 21.7% 21.3% 22.8% 24.0% 22.9% 24.8%
75-79 19.6% 19.6% 19.8% 20.4% 19.5% 20.9%
80-84 16.1% 16.6% 14.7% 14.0% 14.8% 13.4%
85+ 17.4% 18.7% 13.7% 9.4% 9.1% 9.7%
w/spondylitis w/disc degeneration
n 39,478 21,694 17,784 2,653,433 1,636,634 | 1,016,799
65-69 33.9% 33.1% 34.9% 30.3% 29.3% 32.0%
70-74 24.4% 23.7% 25.2% 23.6% 22.9% 24.6%
75-79 18.5% 18.4% 18.6% 19.5% 19.4% 19.7%
80-84 12.8% 13.1% 12.5% 14.6% 15.1% 13.8%
85+ 10.4% 11.7% 8.7% 12.0% 13.3% 10.0%
w/osteoporosis w/other
n 1,935,767 1,731,451 204,316 320,217 219,379 100,838
65-69 22.5% 22.8% 20.2% 29.2% 28.8% 30.2%
70-74 20.5% 20.5% 20.7% 24.1% 23.5% 25.4%
75-79 20.2% 20.1% 21.2% 20.1% 20.0% 20.3%
80-84 18.0% 17.8% 19.1% 14.6% 14.8% 14.1%
85+ 18.8% 18.8% 18.7% 12.0% 12.9% 10.1%

Table 1. Cumulative number and frequency of enrollees in person-years by spine degeneration type, age
group, and sex.

In the present study, the prevalence of diagnosed spine degeneration was higher in obese individuals; some of
the increased prevalence over time may be associated with increased prevalence of obesity in the United States?.
It is likely that some enrollees who were obese were not coded as such, which would have reduced the strength
of the observed association between obesity and the respective degenerative spinal diagnosis.

The prevalence of degenerative spine diagnoses was generally higher in individuals who underwent spine
imaging procedures compared to those who did not. While no restriction was placed on the medical reason for
ordering spine imaging, these patients do not represent a random sample of those over 65 because radiology was
ordered for some reason. It is notable that spine imaging is not part of routine annual health checks.

In this study, we only analyzed individuals aged 65 and older, the age at which most U.S. legal residents
become eligible for coverage. While the nuances of eligibility for Medicare and how coverage works for indi-
viduals with additional private health insurance are beyond the scope of this work, broadly speaking, the vast
majority individuals over this age in the U.S. will have their medical claims submitted to Medicare. The Medicare
program is almost universal among elderly citizens in the U.S. It provides both inpatient and outpatient services
and is nationwide in geographic coverage. Thus, healthcare service claims derived from the Medicare system
broadly represents a wide spectrum of the US elderly population. Healthcare service and diagnosis derived from
Medicare data can therefore correctly reflect the prevalence of conditions, including spine pathologies, among
this population. Although some individuals below the age of 65 are also covered by Medicare, we have excluded
them from this study because the reasons that one might qualify for Medicare below the age of 65 typically involve
receiving Social Security Disability Insurance, which would bias the population of these individuals.
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Figure 1. Spine degeneration diagnosis prevalence by age group and sex.
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Figure 2. Spine degeneration diagnosis prevalence by type, calendar year, and sex. Pearson’s Correlation
coefficients and p values are indicated.
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Figure 3. Spine degeneration diagnosis prevalence by type, age, and obesity coding.
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The Medicare data suggest a very low prevalence of 0.017 +£0.014% for DISH overall. The prevalence was
0.008% in 2005 and 0.049% in 2017, possibly reflecting increased use of medical imaging and/or recognition of
the pathology. Prevalences reported in studies focused on DISH are much higher and vary from 4% to as high
as 35% in individuals older than 70**°-2%, Whatever the reason for the discrepancy, there are likely many times
more individuals in the population with undiagnosed DISH than with diagnoses.

The prevalence was highest for disc degeneration (12.2+0.9%). These values are lower than those reported
in the literature (Online Appendix 12). For example, Boden et al. (1990) indicated that 80% of asymptomatic
patients 60 years and older had cervical disc degeneration®. In our study, those who had radiological imaging
had considerably higher prevalence of diagnosed degenerative disc disease (33.2% vs 12.2% overall).

The prevalence was 4.5+ 0.6% for spinal stenosis and increased to 9.1% in the sub-sample with imaging (10.9%
in females and 13.6% in males). In the literature, prevalence of stenosis is often reported in the cervical and
lumbar spine (Online Appendix 12). Shim et al. (2009) reported a prevalence of 4% to 9% in the cervical spine
based on cadaveric data”®. Wang et al. (2019) reported a prevalence in individuals age 74 and older of 38.6%%".
Yabuki et al. (2013) estimated a prevalence of 5.7% for stenosis in the lumbar spine®®. The prevalence of acquired
stenosis in the lumbar spine has been reported to increase with age and body mass index?**. Kalichman et al.
(2009) reported that lumbar stenosis prevalence was similar for asymptomatic and symptomatic individuals®.

The prevalence of spine degeneration was second highest for osteoporosis (8.9 +1.0%). The prevalence of
osteoporosis was higher in females than males (14.3% vs. 2.1%). Looker et al. (2017) reported that 8% of adults
over 50 had osteoporosis'. This is consistent with our overall analysis and may be somewhat lower because of the
inclusion of people between age 50 and 65. They also reported a higher prevalence in females (11.6%) compared
to males (3.6%). Other studies have reported higher prevalences for certain demographics (Online Appendix 12).

The prevalence of degenerative spine diagnoses also increased over time from 24.2% in 2005 to 30.1% in 2017
and was greatest for DISH. There was no increase observed for osteoporosis or disc degeneration. Increased use of
medical imaging may help explain the increased prevalence of degenerative spine diagnoses over time. Imaging
studies allow the identification of spine degeneration in asymptomatic individuals as well as incidental findings in
individuals with unrelated complaints. Since radiology is a primary diagnostic tool for most degenerative spinal
pathologies, these are likely underreported in the Medicare database for those without spine imaging. Ishimoto
et al. (2012) compared the prevalence of lumbar stenosis using imaging and symptoms-related data collected
during a series of physical activities*'. Results indicated that prevalence was 8.23x greater in the imaging sample
than in the self-reported sample (76.5% vs. 9.3%).

A marked increase in the prevalence of diagnosis of spine curvature, DISH, and spondylitis is observed start-
ing around 2015 and subsequently continuing to increase year upon year. While not certain, it seems unlikely
that the true prevalence of these degenerative conditions suddenly increased. Instead, the data may be explained
by increased awareness of spinal degenerative pathologies, increased use of diagnostic radiology, increased
prevalence of obesity, the increasing specificity of ICD-10 coding, or even possibly changes in reimbursement
procedures. Of note, individuals with radiological imaging were actually less likely to be diagnosed with DISH
than those without, so increased use of diagnostic radiology cannot explain this phenomenon. Similarly, although
the switch from ICD-9 to ICD-10 coding occurred around the time of this increase, diagnoses of DISH con-
tinue to increase year-on-year after 2015, suggesting that this phenomenon is not purely an artifact of the new
diagnostic coding.

Differences between literature and Medicare data may be related to the criteria used to identify spine degen-
eration. For example, stenosis is often assessed using the Torg-Pavlov ratio®*-*. Spine curvature is quantified
using metrics like the Cobb angle. DISH is generally diagnosed using ResnicK’s criteria (Online Appendix 12)°.
We cannot verify that these criteria were consistently applied for all diagnoses in the Medicare database.

Osteoporosis is well-documented to result in reduced load tolerance of affected bones. Vertebral ossification
stiffens the spine and may redistribute loadbearing to other regions. Spine curvature results in asymmetric load-
ing of vertebrae that can accelerate degenerative changes due to repetitive loading®. Degeneration of interver-
tebral discs or spine curvature also alters the pressure distribution on the associated vertebrae and stimulates
the formation of osteophytes®*?’.

Associations between spine degeneration and traumatic spine injury have been documented. For example,
Viano et al. (2019) and Davis et al. (2019) reported that the presence of spinal degeneration was associated with
spinal fracture-dislocation and spinal cord injury in rear-impact motor vehicle crashes with characteristics such
that these injuries were unexpected®®?. Spine ossification can result in serious sequelae, including quadriplegia
and atlantoaxial subluxation®**!. Stenosis can increase the risk of neurological injuries in traumatic events*2. Stud-
ies indicate that the risk of vertebral fractures is also associated with stenosis**~**, kyphosis'**¢, and DISH?*3%%7.
Fused segments resulting from DISH, AS, or other ossification can become brittle and more prone to fracture
in relatively minor trauma®.

Yoganandan et al. (1989) tested spines with and without spine degeneration and reported lower biomechanical
tolerance with degeneration®. A complication of decreased load tolerance in the spine is increased prevalence
of vertebral fractures. Vertebral fracture has been reported to be the most common fragility fracture, yet it is
often unrecognized and therefore underdiagnosed®. The risk of vertebral fractures is associated with a number
of degenerative diagnoses, especially osteoporosis (Online Appendix 12).

The Medicare data and literature reviewed in the present study indicate that degenerative spine pathology
is common, and that prevalence increases with age and obesity. The results indicate that degenerative spine
pathologies may not be diagnosed prior to medical imaging studies being performed. The first medical evaluation
to identify a degenerative spine disorder may come after a traumatic event that results in a fracture when one
might not otherwise be expected. For less prevalent diagnoses like DISH and AS, the increased risk of fracture
should inform medical providers evaluating patients with vertebral fracture resulting from relatively low trauma.
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Materials and methods

The Medicare Claims 5% limited data set (LDS) was queried on a yearly basis to identify enrollees with selected
spine pathologies using ICD-9 and ICD-10 codes. The data set includes Medicare fee-for-service beneficiar-
ies enrolled from January 1, 2005 to December 31, 2017. The LDS comprises a 5% random national sample of
Medicare enrollees and provides their associated physician service claims. Individuals younger than 65 years of
age were excluded.

The prevalence of specific diagnoses were calculated based upon ICD-9 and ICD-10 codes corresponding
to each of seven categories of degenerative spine pathologies. SAS Software version 9.4 was used to query the
sample. The total number of enrollees included in the 5% LDS was determined for each year, as well as each
individual’s age and sex. The number diagnosed with degenerative spinal pathologies was quantified, categorized
as: stenosis; spine curvature; DISH; spondylitis; disc degeneration; osteoporosis; and other pathologies. ICD-9
codes were used from 2005 to the end of September 2015, and ICD-10 codes were used for from October 1,
2015 and onward. The specific ICD-9 or ICD-10 codes are presented in Online Appendix 1, Table A1-1. Trends
in diagnoses over time were evaluated using Pearson’s correlation coefficient.

Regardless of the number of medical records for a particular individual, each enrollee in the 5% LDS sample
was summarized by the presence or absence of a diagnosis each calendar year. Medical billing codes were used to
identify concurrent spine degeneration and obesity diagnoses each year. Both primary and secondary diagnoses
were considered to identify each condition. The 5% LDS typically follows the same individuals for multiple years
until their death. Because the 5% LDS is provided on an annual basis and because individual enrollees may be
included in multiple years, data were summarized as “person-years.” Prevalence of each spine degeneration
diagnosis was determined by dividing the number of enrollees diagnosed with that disorder by the total number
of enrollees in the sample.

For sub-group analysis, data was divided into the following age groups: 65-69, 70-74, 75-79, 80-84 and
85+ years old. The data was also grouped by enrollees who had concurrent coding for obesity (Table A1-1). A
subsample of individuals with spine degeneration and who received spine radiology (X-ray, CT scans, or MR
imaging) was also identified (Table A1-2). There was no restriction on the medical reason for the imaging being
ordered. The prevalence of spine degeneration in those with both recorded diagnoses and spine imaging was
compared to the overall results.

Data availability

The Medicare 5% LDS is available from the U.S. Government at https://www.cms.gov/Research-Statistics-Data-
and-Systems/Files-for-Order/LimitedDataSets, and all relevant analyses are summarized in tables in the Online
Appendices.
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