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Abstract
Background  Degenerative cervical myelopathy (DCM) is a poorly recognised form of spinal cord injury which arises when 
degenerative changes in the cervical spine injure the spinal cord. Timely surgical intervention is critical to preventing dis-
ability. Despite this, DCM is frequently undiagnosed, and may be misconstrued as normal ageing. For a disease associated 
with age, we hypothesised that the elderly may represent an underdiagnosed population. This study aimed to evaluate this 
hypothesis by comparing age-stratified estimates of DCM prevalence based on spinal cord compression (SCC) data with 
hospital-diagnosed prevalence in the UK.
Methods  We queried the UK Hospital Episode Statistics database for admissions with a primary diagnosis of DCM. Age-
stratified incidence rates were calculated and extrapolated to prevalence by adjusting population-level life expectancy to the 
standardised mortality ratio of DCM. We compared these figures to estimates of DCM prevalence based on the published 
conversion rate of asymptomatic SCC to DCM.
Results  The mean prevalence of DCM across all age groups was 0.19% (0.17, 0.21), with a peak prevalence of 0.42% at age 
50–54 years. This contrasts with estimates from SCC data which suggest a mean prevalence of 2.22% (0.436, 2.68) and a 
peak prevalence of 4.16% at age > 79 years.
Conclusions  To our knowledge, this is the first study to estimate the age-stratified prevalence of DCM and estimate under-
diagnosis. There is a substantial difference between estimates of DCM prevalence derived from SCC data and UK hospital 
activity data. This is greatest amongst elderly populations, indicating a potential health inequality.
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Introduction

Degenerative cervical myelopathy (DCM) is a progres-
sive neurological condition which occurs when degenera-
tive changes of the cervical spine, such as disc prolapse, 

osteophyte formation or ligament thickening, stress and 
injure the spinal cord [1]. This can lead to a variety of symp-
toms throughout the body [2, 3]. Initially, these are often 
mild or subclinical, but with time progress in severity and 
number. Loss of dexterity and numbness, imbalance, falls, 
and pain are the focus of current clinical measurement tools 
[4].

Diagnosing DCM has proven difficult, with most patients 
facing years of worsening symptoms before the condition is 
recognised [5]. This has consequences for treatment and out-
comes [6]. Surgery to remove the mechanical stress on the 
spinal cord is currently the only disease modifying therapy. 
Although not required in all circumstances, with a period 
of watchful waiting an option in mild and stable forms of 
the disease, for those requiring surgery, its effectiveness is 
dependent on length of prior symptoms [7]. Today, there-
fore, disability from DCM is high, with ~ 40% left unable to 
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return to work and ~ 50% dependent on others [6]. In a study 
comparing quality of life amongst chronic disease, people 
with DCM [8] had amongst the worst quality-of-life scores 
[9]. Consequently, facilitating early diagnosis and timely 
treatment are critical priorities.

Whilst delays exist, extrapolations from natural history 
studies have suggested that most patients will never get a 
diagnosis. These studies have conducted longitudinal fol-
low-up on individuals with asymptomatic spinal cord com-
pression (SCC), a common finding on magnetic resonance 
imaging (MRI) which leads to the development of DCM 
in a subset of people. A meta-analysis of these studies has 
estimated the population prevalence of DCM at 2.3% [10], 
which starkly contrasts known epidemiology [11]. Identify-
ing groups with prominent underdiagnosis would facilitate 
aims to offer timely surgery.

Radiologically, the occurrence of degenerative spinal 
changes, and so the prevalence of radiologically-defined 
SCC, increases with age [12]. Logic would therefore sug-
gest so too would the occurrence of DCM. However, this has 
not so far not been demonstrated in the literature. In a recent 
report for Myelopathy.org, a DCM charity, hospital admis-
sion in England and Wales peaked at age 70 before falling 
in older age groups [13].

Given our ageing population, and the recognition that 
DCM severity is associated with age [14], the possibility 
of underdiagnosis represents an important uncertainty [15]. 
The age-stratified prevalence of DCM in the UK has not 
been previously characterised. This study aimed to evalu-
ate this by comparing estimated population prevalence from 
SCC data with hospital-diagnosed prevalence in the UK, 
stratifying prevalence by age. Underdiagnosis would be one 
explanation for any discrepancy between these figures. We 
hypothesised that discrepancies between these two measures 
would be more common in older age groups.

Methods

Estimated prevalence: UK hospital data

To estimate the prevalence of DCM in the United Kingdom 
(UK), we analysed the Hospital Episode Statistics (HES) 
database. This is made up of several datasets, detailing all 
admissions, accident and emergency attendances, and out-
patient appointments at National Health Service (NHS) hos-
pitals in England [16]. However, only the Hospital Admitted 
Patient Care Activity dataset, detailing admissions, provides 
data stratified by both diagnostic code and age [17].

The dataset was searched for all years for which age-strat-
ified data were available, from 2012–2013 to 2018–2019. 
The ICD-10 codes most compatible with the definition of 
DCM were M47.1, M50.0, M99.3, M99.4, and M99.5. The 

‘primary diagnosis’ values were used, aiming to select for 
patients in hospital specifically for DCM, rather than with 
DCM.

Within the dataset, age-stratified values are provided 
for ‘Finished Consultant Episodes’ (FCEs), which reflect a 
patient’s hospital admission under a single lead consultant. 
Thus, the number of FCEs (and subsequent calculations) 
may differ from the number of admissions, since a single 
admission may change lead consultant. For the years and 
ICD-10 codes queried, there was a total of 35,078 FCEs and 
28,517 admissions for DCM.

Cases of DCM were totalled by age group and year. Age-
stratified incidence rates (per 100,000 person years) were 
calculated using the published population data for England 
available from the Office for National Statistics (ONS) [18].

We modelled prevalence as P = ID where I = the esti-
mated incidence rate and D is the mean duration of disease. 
This was performed by 5-year age strata. Since the underly-
ing disease process of DCM is incurable, the duration of 
disease was taken to be equal to age-specific life expectancy. 
This was calculated by adjusting age-specific population-
level life expectancy from the Office for National Statistics 
(ONS) [19] to the Standardised Mortality Ratio (SMR) of 
1.18 in DCM [20], using established life-table techniques 
[21, 22]. Full details of these calculations are available in 
the supplementary material.

Estimated prevalence: extrapolation from spinal 
cord compression data

We next estimated prevalence of DCM based on published 
data on the age-stratified prevalence of SCC and rates of 
conversion from SCC to DCM.

In the absence of a UK-based study, we used the age-
stratified prevalence of SCC from a high-quality 2012 cross-
sectional study of a healthy population in Japan [12] using 
MRI-defined markers.

A recent meta-analysis which included the above study 
estimated the pooled prevalence of both SCC and DCM 
[10]. Since SCC is necessary but not sufficient for DCM, 
this allows calculation of a ‘conversion rate’, the proportion 
of people with SCC who also have DCM. The meta-analysis 
estimated the pooled conversion rate from all studies identi-
fied, and also provided the possible upper and lower bounds 
of the conversion rate from individual studies. We used this 
information to estimate upper and lower bounds of DCM 
prevalence as well as an estimate based on the meta-analysed 
rate of conversion.

Comparing prevalence estimates

Estimates were reformatted into standardised age groups, 
to allow graphical, numerical, and statistical comparison. 
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95% confidence intervals for the observed prevalence were 
calculated according to standard methodology [23].

Investigating mismatch between prevalence 
estimates

To investigate the possibility of a cohort effect accounting 
for the difference between our two prevalence estimates, 
cohort graphs were produced [24]. These investigate whether 
the ‘birth cohort’ (i.e., year of birth) affects prevalence inde-
pendently of age. To produce these, the mid-point of age for 
each age group in the data was subtracted from the year of 
survey to calculate the year of birth. Year of birth was then 
plotted against age and prevalence.

To investigate the possibility of case ascertainment bias 
due to the use of inpatient-only hospital data, a preliminary 
analysis of outpatient attendances was also conducted. Using 
the HES outpatients dataset [25], we calculated the total 
number of attendances for DCM, using the same years and 
ICD-10 codes as for the inpatient analysis. Age stratification 
of outpatient attendances was not possible as this informa-
tion is not publicly available. Mean incidence of outpatient 
attendances was then calculated using the same ONS popu-
lation data as for the inpatient analysis. Since data on the age 
of attendees were not available, life expectancy and outpa-
tient DCM prevalence could not be calculated.

Data analysis and presentation

All data analysis was performed using R version 3.6.1 [26]. 
All data and R scripts are available as supplementary materi-
als. Data are presented as mean (± Standard Deviation) or 
as calculated prevalence or incidence with [95% Confidence 
Interval].

Results

Estimated DCM prevalence: UK hospital data

The number of FCEs, and the calculated incidence and prev-
alence of DCM are shown in Fig. 1. Values from 2012 are 
highlighted to facilitate comparison, since this is the closest 
year to the SCC data from which estimated DCM prevalence 
is derived.

The age group with the greatest number of FCEs was 
65–69 years (mean 590 ± 42.4 FCEs/year). However, peak 
incidence occurred in the 75–79 year age group (mean 
27.9 ± 1.89 FCEs/100,000 population/year). Using SMR-
adjusted life expectancy as the estimate of disease duration 
in each age group, peak prevalence occurred in those aged 
50–54 years with a prevalence of 0.42% [0.41, 0.44]. The 

mean prevalence across all age groups was 0.19% (± 0.016). 
Age-stratified prevalence values are shown in Table 1.

Estimated DCM prevalence: SCC prevalence data

The previously reported age-stratified prevalence of SCC 
[12] is shown in Fig. 2A, and the predicted prevalence of 
DCM in Fig. 2B. In panel B, column height corresponds to 
estimates generated from the pooled conversion rate of SCC 
to DCM, whilst error bars correspond to the upper and lower 
bounds of the conversion rate.

The age group with the highest estimated prevalence of 
DCM using this method was those aged over > 79 years 
(4.16% using meta-analysed estimate, 5.03% upper, 0.82% 
lower). Prevalence rose with age group (Fig. 2). The mean 
prevalence across all age groups was 2.22% (2.68% upper, 
0.436% lower).

Comparing prevalence estimates

Estimates of DCM prevalence using both methods are shown 
in Table 2 and plotted in Fig. 3. The upper and lower bounds 
of these estimates overlap only in the 50–59 age group.

Cohort analysis

One potential explanation for the age-dependent difference 
in estimated prevalence of DCM using these two methods is 
a cohort effect. We explored this hypothesis by generating 
plots of prevalence against age, year of survey, and cohort/
year of birth, as shown in Fig. 4.

Prevalence is strongly affected by age (panel A), and there 
is relatively little variation by year of survey (panel B). The 
relationship between age and prevalence is affected by birth 
cohort: in panel C, lines representing different birth cohorts 
spanning the same age groups are not parallel, whilst in 
panel D, gradients of the lines representing prevalence vs 
year of birth within a single age group are non-zero. Because 
the years of survey (2012–2019) are narrow compared to the 
years of birth (1925–2019), many age groups do not have 
overlapping cohorts, making assessment of a cohort effect 
specifically in the > 75 age group difficult.

Outpatient analysis

Another potential explanation for the mismatch between 
prevalence estimates is case ascertainment bias due to the 
inpatient-only nature of the HES database. To explore this, 
we conducted a preliminary analysis of outpatient data [25], 
for which age stratification is not publicly available.

The mean incidence of outpatient attendances with 
an ICD-10 code corresponding to DCM was 1.19 
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attendances/100,000 population/year. This compares to a 
mean inpatient incidence of 11.3 FCEs/100,000 population/
year.

Discussion

In this study, we provided the first estimates of the age-
stratified prevalence of DCM using two data sources—UK 
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Fig. 1   Estimated DCM prevalence using Hospital Episode Statis-
tics (HES) data. In each panel, the data from 2012 are highlighted 
as black lines, with other years shown as grey lines for comparison. 

Epidemiological parameters are shown on the vertical axis, with age 
group on the horizontal axis
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hospital admissions (HES) data, and published spinal cord 
compression (SCC) prevalence data. There was a mismatch 
in estimates using these two measures, with estimates from 
HES data lower than those from SCC data in all age groups 
other than 50–59 years (Table 2, Fig. 3). This mismatch is 
particularly pronounced in the oldest age group, > 79 years.

A mismatch exists between prevalence estimates

A number of explanations could account for the generalised 
mismatch between prevalence estimates.

First, SCC-derived DCM prevalence may represent an 
overestimation of true prevalence. This could occur if the 
conversion rate from SCC to DCM used in this study is 
greater than the rate in the UK population. However, this 
conversion rate is derived from a high-quality meta-analysis 
[10], which includes data from ten different countries across 
three continents, making the conversion rate an unlikely 
source of inaccuracy. Overestimation could also occur if the 
SCC prevalence used in this study, measured in a Japanese 
population, is higher than the SCC prevalence in the UK 
population on which the hospital data are based. However, 
the same meta-analysis found that the prevalence of SCC 
was in fact higher in American/European populations than 

Table 1   Estimated age-stratified prevalence of degenerative cervical 
myelopathy (DCM) using hospital episode statistics (HES) data for 
2012–2019

Age (years) Estimated DCM prevalence using HES 
data (% population)

Lower bound of 95% CI Upper bound 
of 95% CI

0–4 0.00016 0.0026
5–9 0.0031 0.0081
10–14 0.0038 0.0094
15–19 0.003 0.0077
20–24 0.012 0.019
25–29 0.038 0.049
30–34 0.096 0.11
35–39 0.18 0.21
40–44 0.33 0.35
45–49 0.4 0.43
50–54 0.41 0.44
55–59 0.4 0.43
60–64 0.36 0.39
65–69 0.33 0.36
70–74 0.33 0.35
75–79 0.27 0.29
80–84 0.2 0.21
85–89 0.11 0.13
Above 90 0.033 0.04
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Fig. 2   Estimated DCM prevalence using SCC data. Panel A Previ-
ously published prevalence estimates of SCC reproduced using data 
from [12]. Panel B Estimated DCM prevalence, as a product of SCC 
prevalence and the published rate of co-occurrence of SCC with 
DCM from [10]. Column height indicates the meta-analysed conver-
sion rate, and error bars indicate the upper and lower bounds of this 
conversion rate

Table 2   Comparison of DCM prevalence estimates using hospital-
derived and SCC-derived data

Age Hospital-derived prevalence
(± 95% CI)

SCC-derived prevalence
(upper and lower bounds)

 < 50 0.112 (0.120, 0.106) 1.088 (1.314, 0.213)
50–59 0.419 (0.432, 0.406) 1.412 (1.705, 0.277)
60–69 0.360 (0.372, 0.349) 2.090 (2.524, 0.410)
70–79 0.310 (0.320, 0.300) 2.359 (2.848, 0.463)
 > 79 0.120 (0.126, 0.114) 4.162 (5.025, 0.816)
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Asian populations [10], suggesting that the SCC-derived 
prevalence may in fact be an underestimate. Hence, overesti-
mation of the SCC-derived prevalence is unlikely to explain 
the observed mismatch.

Second, hospital-derived prevalence could represent an 
underestimation of true prevalence. This might have several 
causes. For instance, ICD-10 coding has a poor sensitivity 
for DCM [27]—hence, a number of DCM cases are likely to 
have been missed. However, the ICD-10 codes used in this 
study are considered to provide the best possible balance of 
sensitivity against specificity [15]. Inaccuracy in the hos-
pital-derived prevalence estimate could also arise from the 
inherent assumptions of steady-state populations and aver-
age duration of disease when extrapolating from incidence to 
prevalence, although this is standard methodology for calcu-
lating prevalence [22, 28]. Hospital-derived prevalence may 
actually be an overestimate, since the calculations are based 
on FCEs rather than admissions, and a single admission may 
have more than one FCE.

Another potential cause for underestimation in the hos-
pital-derived prevalence is case ascertainment bias. These 
prevalence estimates are based solely on hospital admissions 

primarily due to DCM, for instance, for surgical manage-
ment or in those with severe and emergent symptoms. This 
is likely a specific but poorly sensitive metric to use in esti-
mating population prevalence, although it may be of benefit 
to those involved in the planning and delivery of surgical 
services. By contrast, prevalence derived from studies which 
recruit healthy volunteers for an MRI scan to detect SCC and 
neurological exam to detect DCM [12] yielded, as expected, 
higher estimates of DCM prevalence.

One interpretation of this mismatch is therefore that this 
latter metric is capturing DCM patients with a milder phe-
notype, or who are perhaps not undergoing or being offered 
surgical treatment of their DCM and hence would only be 
captured using community-based metrics [29]. If our esti-
mate of prevalence using HES data is primarily reflecting 
surgical management of DCM, then this may also explain 
the differing trends of prevalence by age (Fig. 3) as rates of 
surgery are higher in those who are still of working age [30], 
despite older DCM patients having more severe disease [14].

However, case ascertainment bias due to our inpatient-
only analysis is unlikely to fully explain the mismatch—pre-
liminary analysis of outpatient data showed that the mean 

Fig. 3   Comparing DCM 
prevalence estimates. Estimates 
derived from the conversion 
rate of SCC to DCM are shown 
in light grey, with error bars 
indicating the upper and lower 
bounds of this conversion rate. 
Estimates derived from HES 
data are shown in dark grey, 
with error bars indicating 95% 
confidence intervals
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incidence of outpatient attendances for DCM was just over 
a tenth the incidence of inpatient FCEs. Hence, even add-
ing outpatient attendances, the mismatch remains. Previous 
estimation of DCM prevalence using primary care data has 
also yielded an overall prevalence of 0.04% [29], a fifth of 
our estimate. Although the HES database does not include 
primary care data, the diagnosis of DCM requires secondary 
care assessment [5], so this is unlikely to be a substantial 
source of case ascertainment bias.

Having explored the above explanations, we are left with 
the possibility that the prevalence mismatch represents 
underdiagnosis across the population. Awareness of DCM 
amongst both patients and healthcare professionals is also 
poor [31], which may lead to delayed diagnosis [6]. This 
interpretation is also supported by our finding of a widening 
diagnostic gap with age, discussed below.

Hospitalised DCM prevalence declines in older age 
groups

In addition to the generalised mismatch between prevalence 
estimates, we found differing trends in prevalence in older 
age groups. SCC-derived estimates showed increasing prev-
alence in the oldest age groups, whilst HES-derived esti-
mates showed decreasing prevalence (Table 2, Fig. 3). This 

potentially separate phenomenon also has several possible 
explanations.

First, older patients may be less likely to be hospitalised 
for DCM, and instead may be living with DCM and thus 
absent from our estimates using these metrics. Hospital 
admissions for a different problem, where the patient also 
has DCM, would not be included in the observed prevalence 
values, since these are based on primary hospital diagnosis. 
Reduced hospital admissions for DCM in older age groups 
could represent a health inequality—older DCM patients 
may be considered ‘not suitable for surgery’ due to the pres-
ence of comorbidities or frailty. However, such an inequality 
would be against management guidance for DCM [7], and 
hence is unlikely to provide a full explanation.

Second, low hospital prevalence in older age groups may 
reflect a cohort effect, i.e., an effect of year of birth that is 
independent of age. Hypothetically, those age > 75 at the 
time of these HES data may have had limited access to MRI 
investigation as younger adults, since MRI scans were not 
in routine use in the NHS until the 1980s [32], meaning that 
potentially fewer cases were picked up. To investigate this 
hypothesis, we generated cohort graphs using the available 
data (Fig. 4). Different birth cohorts have different observed 
prevalence over the same age ranges, but the narrow range 
of years for which HES data is available and the potential 
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Fig. 4   Estimated DCM prevalence by age, year, age group, and of birth. Estimates use HES data from 2012–2019
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impact of case ascertainment bias already described means 
that this hypothesis can be neither confirmed nor refuted. 
Data from a wider time period and more sensitive measures 
of case ascertainment would be required to fully explore this 
hypothesis. However, on an empirical level, a cohort effect 
is unlikely to fully account for the differing trends—as a 
progressive disease, even cases which were not picked up 
initially should have been detected later.

Third, the conversion rate from SCC to DCM may be 
negatively affected by age. SCC-derived prevalence is based 
on a non-stratified conversion rate, since age-stratified con-
version rates from SCC to DCM are not available in the 
literature. Thus, the discrepancy between our two metrics 
could reflect a false assumption that this rate of conversion 
or diagnosis is static across age bands. Whilst possible, this 
explanation seems unlikely—if anything, the conversion rate 
is likely to be positively affected by age, given the increased 
vulnerability of the spinal cord [33] and greater severity of 
degenerative changes [14] with age.

Finally, underdiagnosis in older age groups may explain 
the differing trends in prevalence. The signs and symptoms 
of DCM are non-specific [34] and may be mistaken for ‘get-
ting older’ [1]. For instance, a case–control study of patients 
presenting with hip fracture found that 18% had previously 
undiagnosed DCM [35]. Physical findings may also be 
masked by comorbidities such as diabetic neuropathy [36], 
which become more common with age. Thus, underdiagno-
sis may act as a unifying explanation for both the decline in 
hospitalised DCM prevalence, and the generalised mismatch 
between estimates.

Access to timely diagnosis and surgery is critical 
in DCM

If underdiagnosis is even partially responsible for both the 
generalised prevalence mismatch and the apparent decline 
in older age groups, this has potentially serious implications. 
Delayed diagnosis leads to greater disability [6], so timely 
access to diagnosis is critically important. Furthermore, our 
results suggest that underdiagnosis may be more likely in 
older age groups. Older patients still gain meaningful ben-
efit from surgery [14], which should therefore be performed 
in cases of moderate and severe DCM [7] regardless of 
age. Thus, the potential impact of underdiagnosis on both 
health system utilisation and patient quality of life is highly 
relevant.

Conclusion

In this study, we showed a mismatch between the estimated 
prevalence of DCM on the basis of spinal cord compression 
rates, and the estimated prevalence in UK hospitals. This 
mismatch is greater in older age groups. Whilst the cause 
of the mismatch remains unanswered, underdiagnosis is a 
highly plausible explanation. Given that surgery remains 
beneficial in these age groups, this should be urgently 
addressed.
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