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Abstract: Objective: The purpose of the present study was to analyze the associations between specific genetic markers and early disc degeneration (DD) or early disc degeneration progression (DDP) defined by magnetic resonance
imaging (MRI). Methods: We selected eleven of the most promising single nucleotide polymorphisms (SNP) and compared the distributions of these genetic markers between groups defined by MRI in a Danish adolescent population
(N=166) over a three-year follow-up period. Results: We observed a ten-fold higher annual incidence of endplate
changes than previously reported in adults. The gender difference in IL1A rs1800587 association with DD remained
significant and another association with DDP emerged in follow-up assessment. Among girls, the rs1800587 T-allele
was associated both with DD (OR 2.82 [95% CI 1.29–6.16]) and with DDP (OR 2.45 [95% CI 1.03–5.82]). Among
boys, the IL6 rs1800795 genotype G/C was protective in both DD (OR 0.26 [95% CI 0.09–0.72]) and DDP (OR 0.32
[95% CI 0.12–0.88]) with the IL6 rs1800797 genotype G/A was associated with a decreased likelihood of DD (OR
0.27 [95% CI 0.10–0.77]). Gender-genotype interactions were significant for polymorphisms in both IL1A and IL6.
Correction for multiple testing weakened the associations for IL6 polymorphisms. Conclusion: We conclude that gender specific effects in lumbar disc degeneration and its progression are possible. However, further evaluations in
larger populations are needed. Our results provide some support to the hypothesis that early disc degeneration is an
especially important phase in the cascade of degenerative disc disease.
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Introduction
For a long time, adolescent low back pain (LBP)
was considered a rare illness, normally indicating a severe disease. Epidemiological studies
have now shown that LBP is a common condition already during childhood, not to speak of
adolescence [1, 2], and that it has a negative
impact on the quality of life when untreated [3].
While the underlying reason for the pain is often
blurred, lumbar disc degeneration (DD) has
been shown to be one of the reasons for LBP

[4], especially among adolescents [5-7]. Furthermore, it has been suggested that in some
adults, LBP may be preceded by asymptomatic
lumbar changes, which are visible already in
youth [8].
Several twin studies have implicated heritability
in DD [9-11]. This has prompted a justified
search for specific causative genetic mutations
and associations [12], of which replications
have often failed. The problems experienced
when attempting to unravel the mystery of DD
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may be related to phenotyping [13] or the crosssectional nature of previous genetic studies. A
longitudinal setting for studies in this field has
been lacking for a long time. Interestingly, a
recent ten-year follow-up study suggests that
disc signal changes specifically in individuals
aged under 50 years is an important area for
the genetic research to focus on [14]. This fits
exactly into the scope of the present study.
The aim of this study was to analyze the associations between specific genetic markers and
DD or DD progression in adolescents. Our hypothesis was that gender specific associations
with DD seen earlier [15] would be refuted during the growth spurt of puberty. We selected
eleven of the most promising single nucleotide
polymorphisms (SNP) and compared the distributions of these genetic markers twice in a Danish adolescent population over a three-year follow-up period.
Materials and methods
Sampling and flow of study participants
The subjects for this study were a subgroup of a
Danish cohort of 771 children sampled for the
European Youth Heart Study (EYHS) in 1997
[16]. In 2001, the children who had previously
participated (N=589) and who were still living in
the same area (N=552) were invited to take
part in a magnetic resonance imaging (MRI)
study at the age of 12 to 14 [7]. In all, 439
(80% of the invited 552) children were scanned
at the baseline. The whole cohort (N=771) was
re-invited in 2003 and interviewed on average
2.7 (range 2.2 - 3.1) years after the MRI study
baseline [17]. As many as 443 individuals participated in the follow-up interview about back
pain and underwent new MRI scans (N=439)
within the same day. A total of 318 subjects
participated in both baseline and follow-up MRI.
Children of non-Caucasian ethnicity (n=29) were
excluded to increase the genetic homogeneity
of the study population at baseline. Written consent was obtained from both the subjects and
their parents, participation was voluntary, and
the ethics committee of the Vejle and Funen
counties, Denmark, approved the study protocol.
MRI protocol
We performed MRI using the same low-field
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0.2T MR unit that was used in the baseline
study (Magnetom Open Viva, Siemens AG, Erlangen, Germany). Axial and sagittal T2-weighted
turbo spin echo sequences were used to obtain
images of the lumbar spine as described elsewhere [7]. At follow-up, we changed settings for
the T2-weighted MRI (number of acquisitions
was 1 instead of 2), and also obtained the T1weighted sagittal sequence for other purposes.
Otherwise we used the same settings.
MRI reading and definitions
The same experienced radiologist as at baseline
(JSS) evaluated all the follow-up images. The
radiologist was blinded to the baseline MRI images and ratings and all health data of the subjects. We utilized the international nomenclature [18] for describing disc pathology in the
definitions. We graded the signal intensity
changes of the disc in sagittal sections on T2weighted images using a scale from 0 to 3,
where 0 = homogeneous hyper-intense (white),
1 = hyper-intense with visible intranuclear cleft
(white with a dark band in the equator plane of
the disc), 2 = intermediate signal intensity (all
colours between white and black), and 3 = hypo
-intense (dark disc without visible nuclear complex) [19] Changes in the disc contour were
described on a nominal scale: 0 = normal, 1=
focal protrusion, 2 = broad based protrusion, 3
= extrusion and 4 = sequestration [18, 20].
Bulges were rated separately. Defects in endplates were graded: 0 = normal endplates, 1 =
defects and 2 = large defects and Schmorl’s
nodes [21]. We analyzed annular tears (AT) including radial tears and high intensity zone
(HIZ) lesions according to the existing definition
[22, 23]. The detailed criteria for rating MRI at
baseline and follow up has previously been published and tested for reproducibility [7].
Lumbar DD was defined if there was either a
signal intensity change (grade 2 or 3) or a
change in disc contour (focal protrusion or a
more severe change) at one or more lumbar
levels. Those with normal signal intensity (grade
0 and 1), normal disc contour (grade 0 or
bulge), no annular tears, normal endplates and
no other pathology in MRI were classified as
subjects without DD. Subjects with intermediate
findings (N=13) were not considered eligible for
neither group and were thus excluded. More
details regarding the selection of subjects for
the baseline genetic study have been published
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Figure 1. A 15-year-old boy with lumbar disc degeneration progression. A=baseline MRI, disc signals and contour
normal, defined as subject without DD B=follow-up MRI, disc signal decrease and a new herniation at L4/L5, defined
as subject with DD and DDP.

elsewhere [15].
Of the baseline genetic study subjects (N=220,
66 with DD and 154 without), a total of 166
participated in the follow-up. Children both with
and without DD at follow-up were defined, and
the follow-up status was compared to the baseline DD status. We indentified different patterns
(eg. no lumbar DD – lumbar DD, no lumbar DD
– no lumbar DD, no lumbar DD – not eligible,
lumbar DD – no lumbar DD and lumbar DD –
lumbar DD). Because some of the patterns
seemed strange (lumbar DD to no lumbar DD)
and because there was 2.7 years between the
radiologist ratings, we compared baseline and
follow-up images in 2011 to ensure correct classification of children with and without DD. All
other patterns expect for no lumbar DD – no
lumbar DD (N=78) were re-evaluated in joint
consensus sessions by two of the authors (PK
and PE) using the software OsiriX v.3.9.1 32-bit
(Pixmeo SARL, Geneva, Switzerland). We evaluated sagittal MRI images from both time points
simultaneously side-by-side while axial images
were used to confirm herniations, bulges, HIZ
lesions, annular tears or unclear signal
changes. Previous MRI ratings (JSS) were avail-
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able during the sessions. No more than 25 sets
of images were analyzed per day to minimize
the fatigue effect.
Progression was defined separately among the
same individuals (N=166). Progression in DD
status was defined if a subject had either a
worsened or new decrease in disc signal intensity, a new bulge or a herniation, new endplate
change, or a new Modic change at one or multiple lumbar levels, compared to baseline (Figure
1). We also rated significant new annular tears
(AT) and significant high intensity zone lesions
(HIZ) as progression (DDP). Individuals without
these findings or the same degenerative findings as at baseline were considered nonprogressive (no-DDP).
Image sets without unequivocal ratings in lumbar DD or progression after joint sessions (PK
and PE) were re-evaluated and confirmed by
JSS in 2011.
Genetic analyses
Previously identified genetic risk factors for disc
degeneration were analyzed from genomic DNA
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Table 1. Analyzed polymorphisms
Gene
COL9A3
COL11A2
IL1A
IL1B
IL6
IL6
IL6
IL6
IL6
VDR
VDR
aPolymorphisms

dbSNPa

Risk alleleb

Sample call rate

Minor allele frequency

rs61734651
(C52T)
rs1799907
(IVS6-4A>T)
rs1800587
(C-889T)
rs1143634
(C3954T)
rs1800797
(G-597A)
rs1800796
(G-572C)
rs1800795
(G-174C)
rs13306435
(T15A)
rs2069849
(132 C>T)
rs2228570
(T2C)
rs731236
(T352C)

T

1.000

0.09

T

0.958

0.36

T

0.982

0.34

T

0.994

0.29

G

0.988

0.49

G

0.988

0.05

G

0.994

0.50

A

1.000

0.01

T

0.994

0.04

T

0.946

0.37

C

0.988

0.40

as they appear in NCBI SNP data and (prior literature). bA priori genetic model was dominant.

extracted from stored whole blood. The genotyping details have been published previously [15].
We included eleven previously identified candidate SNPs in the analysis (Table 1).
Statistical analysis
We performed statistical analyses of the followup data were parallel to baseline [15], with the
exception of dependent variables that were DD
yes/no, DDP yes/no. We used a later version of
SAS (V9.2). The potential deviation from the
Hardy-Weinberg equilibrium (HWE) was tested
using the chi-square test. The Mann-Whitney Utest was used in the analysis of the association
between weight, height and DD status. Allele
and genotype frequencies were compared between children with and without DD using the
chi-square test. Haplotypes were first estimated
by SNPStats [24] and then statistically reconstructed from population genotype data using
the PHASE program with the Markov-chain
method for haplotype assignments [25]. Association between DD/DDP and single SNP markers or haplotypes were analyzed using logistic
regression analyses. Crude and adjusted ORs
and their 95% confidence intervals (CIs) were
calculated using the SNPStats and SAS. The
dependent variable was DD/DDP phenotype
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(presence or absence of DD/DDP) and independent variables were genotype, allele carriage or haplotypes. In candidate gene association studies, the questions are more specific
than in whole genome association studies.
Therefore, in the setting of existing a priori hypotheses, multiple testing was accounted only
for genes with multiple SNPs. Bonferroni-Holm
method was used for multiple testing corrections [26].
Results
Clinical results at follow-up
Out of 220 individuals included at baseline a
total of 166 (75%) were available for the analyses at the follow-up. Of these 166 subjects,
57.8% (N=96) were defined as subjects without
DD while 34.3% (N=57) had DD. Subjects with
intermediate findings (N=13) were not eligible
for either group. Unexpectedly, follow-up improvement in MRI findings was seen in 12 individuals classified as subjects with DD at baseline. After consensus session and re-evaluation
by the radiologist (JSS), eight individuals were
rated as subjects without DD, and three subjects with intermediate findings were not eligible
for either group (Figure 2). Subjects with DD
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Figure 2. Transitions of study subjects between groups. Abbreviations: DD=subjects with lumbar
disc degeneration, nDD=subjects
without lumbar disc degeneration,
nElig=subjects with other specific
MRI findings, DDP=progression of
lumbar disc degeneration,
nDDP=no progression of lumbar
disc degeneration. *Additional
definition of phenotype
(DDP+nDPP=DD+nDD+nElig at
follow up). Dash line indicates
illogical pathways, in which subjects were re-evaluated thrice.

were on average 5 cm taller that those without
DD (p=0.008; Table 2). They also tended to
weigh more than subjects without DD (Table 2).
DDP was seen in 33.8% of the boys (N=25/74)
and in 17.4% (N=16/92) of the girls. Out of subjects with DDP (N=41), it was defined based on
a decrease in disc signal intensity in 15.7%
(N=26), a new or clearly worsened endplate
change in 15.1% (N=25), a new disc herniation
in 7.2% (N=12), a new AT in 2.4% (N=4), a new
bulge in 1.8% (N=3), and a new HIZ in 1.2%
(N=2). DDP definition was based on one change
in 36.6% (N=15), two changes in 51.2% (N=21)
and three changes in 12.2% (N=5) of the DDP
subjects. Multiple level DDP was present in
56.1% (N=23) of the subjects while the two lowest levels (L4/L5 and L5/S1) were the most
often affected (68.3%, N=28).
Genetic associations at follow-up
The genotyping of the selected polymorphisms
produced good average sample call rates
(0.985) and we were able to genotype all the
selected SNPs (Table 1). All the genotype frequencies analyzed were in the Hardy-Weinberg
equilibrium. Among girls, the T-allele of IL1A
rs1800587 was associated in additive manner
with both DD (OR 2.82 [95% CI 1.29–6.16] in
the additive genotype model, p=0.0064) and
with DDP (OR 2.45 [95% CI 1.03–5.82] in the
additive genotype model, p=0.037). Gender-
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genotype interaction was significant; the p-value
of test for interaction in the trend was 0.024
(Figure 3). Among boys, the IL6 rs1800797
genotype G/A was associated with a decreased
likelihood of DD (OR 0.27 [0.10–0.77],
p=0.012, in the over-dominant genotype
model). IL6 rs1800795 genotype G/C was similarly protective in both DD (OR 0.26 [95% CI
0.09–0.72], p=0.0079, in the co-dominant
genotype model) and DDP (OR 0.32 [95% CI
0.12–0.88], p=0.024, in the over-dominant
genotype model) among boys. Gender-genotype
interactions were also significant for IL6 polymorphisms; the p-value for test of interaction in
the trend was 0.017 (DD) in rs1800797 (Figure
3) and 0.023, 0.043 (DD, DDP, respectively) in
rs1800795. However, after correction for multiple testing the associations with the IL6 polymorphisms were significant only in overdominant genotype model. We observed no statistically significant associations between the
other SNPs or haplotypes and DD or DDP.
Discussion
To the authors’ knowledge, this is the first report of associations between genetic markers
and lumbar disc degeneration progression in
adolescence.
In this study we observed DDP in 24.7% and DD
in 34.3% of the subjects at the follow-up. Of
those with DD at baseline, the degenerative
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Table 2. Prevalence of MRI findings and characteristics among subjects with DD and without DD at baseline (BL) and follow-up (FU).
MRI findings

Grading

Subjects with
DD at BL
(N=66)
N%
0 (0)
63 (95)
3 (5)

Subjects without DD at BL
(N=154)
N%
154 (100)
0 (0)
0 (0)

Subjects with
DD at FU
(N=57)
N%
4 (7)
48 (84)
5 (9)

Subjects without DD at FU
(N=96)
N%
96 (100)
0 (0)
0 (0)

Signal changes*

Normal (grade 0 and 1)
Intermediate (2)
Hypointense (3)

Disc Contour*

Normal (0)
Bulging (1)
Broadbased protrusion
(2)
Focal protrusion (3)
Extrusion (4)
Sequestration (5)

40 (61)
20 (30)
5 (8)

152 (99)
1 (1)
0 (0)

37 (65)
16 (28)
3 (5)

96 (100)
0 (0)
0 (0)

1 (5)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)

1 (2)
0 (0
0 (0)

0 (0)
0 (0)
0 (0)

Normal

55 (83)

153 (99)

37 (65)

0 (0)

5 (8)
6 (9)

1 (1)
0 (0)

15 (26)
5 (9)

0 (0)
0 (0)

13 (20)

0 (0)

10 (18)

0 (0)

0 (0)
2 (3)

0 (0)
0 (0)

55 (96)
2 (4)

0 (0)
0 (0)

N%
30 (45)
36 (55)

N%
73 (47)
81 (53)

N%
30 (53)
27 (47)

N%
36 (38)
60 (62)

Endplate
changes*

Defects (1)
Large Defects (2)
Annular Tears
Modic changes

Normal (0)
Grade 1 (1)

Characteristics
Gender

Age (Years)
Heighta (cm)
Weight (kg)
BMI (kg/m2)

Boys
Girls

Mean
13.1
162
51
19.5

SD
0.4
7.7
8.5
2.3

Mean
13.1
159a
49c
19.2

SD
0.4
7.3
8.7
2.8

Mean
15.7
173
63
20.9

SD
0.3
9.3
10.4
2.7

Mean
15.7
168b
59
20.8

SD
0.3
7.9
9.1
2.6

*Prevalence rates are given by the worst grade at one or more of the five lumbar levels. a p=0.029, b p=0.008, c p=0.042 (MannWhitney U-test).

changes progressed in every second subject
(51%) during the follow-up period (Figure 2).
Decrease in disc signal intensity was the prominent marker of progression (seen in 15.7% of
the subjects) while deterioration in endplates
was nearly as common (in 15.1%). New disc
herniations were less common (in 7.2%) and
annular tears, bulges and HIZ lesions were relatively rare (in 1-2%). Previous longitudinal studies among adults have reported annual progression of degenerative changes in ca. 5-10% of
subjects [27, 28]. Annual DDP in the present
study was similar, as it was seen in 9.1% of the
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subjects. Progression in disc signal changes has
been reported in 9-24% of individuals after
three-to-five year follow-ups [27, 29], which is in
line with our findings (15.7% in 2.7 years). A
study on adult Finnish male twins [30] reported
that new annular tears or HIZ lesions were relatively rare, as they were present in ca. 3-5% of
subjects after a five-year follow-up (compared to
our 1-2% in three years). The same study reported that new endplate defects were also
quite rare, as annual incidence of reported progression in endplate irregularities was only ca.
0.4% [30]. In our study, the annual incidence of
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Figure 3. Interaction analyses results with covariate gender. Gender-genotype interaction; p-value of test for interaction in the trend.

new endplate findings was over ten-fold higher
(5.6%) than the earlier observation in adults.
This might be partly explained by differences in
MRI definitions. Also the Scheuermann’s disease can cause endplate irregularities during
adolescence. However, based on the low annual
incidence of endplate changes in later life, the
authors of the previous study suggested that
endplate changes might develop primarily before middle adulthood [30]. Endplate irregularities are quite common in later life, as they have
been reported in 6-30% of adults [30, 31]. Interestingly, a slow “recovery” in the endplate
changes has been also seen before [30]. It may
be that the differences in phenotypes of endplate changes in previous studies as well as
possible differences in healing capacity of endplate changes in adolescence vs. later in life lie
behind the intricate interplay. However, our findings support the recently risen perception that
early disc degeneration should be taken under a
more careful observation [8, 32].
The IL1A rs1800587 T-allele has been associated previously with disc bulges and Modic
changes in occupational cohort of men [33].
Based on animal studies it is also known that IL1 is the dominant cartilage-destructive cytokine
[34]. Furthermore, the IL1α has been shown to
inhibit proteoglycan synthesis in the interverbral
discs in a rabbit model [35] and is bioactive
already as a precursor unlike that of IL1β [36].
The IL1A rs1800587 T-allele has been previously shown to act as a marker for another polymorphism (+4845 G > T) resulting to capability
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of higher level of cellular release of IL-1α [37].
Our results are in line with the earlier findings
with the exception of gender difference, which is
a novel finding.
The pleiotropic cytokine IL6 is one of the most
important mediators of inflammatory reactions
[38] and it has also been reported that IL-6 is
produced at the site of lumbar disc herniation
[39]. The IL6 promoter polymorphisms have
been previously associated with sciatica [40].
Reports of protective effects of heterozygotes of
either IL6 rs1800797 or 1800795 in DD or
DDP are not available. However, based on recent research, the effects of IL6 promoter polymorphisms on gene expression are likely to be
more complex than what has been initially expected [38]. Interestingly, a recent in vitro study
using blood cells from prepubescent children
reported gender differences in IL6 production
[41]. However, it is to be noted that correction
for multiple testing weakened the associations
for the IL6 polymorphisms in this study.
Could the negative replications in genetic studies with DD [12] be partly explained by gender?
In osteoporosis and osteoarthritis the genderspecificity of the effects of genetic variants is
well recognized [42, 43]. In sciatica, the prevalence in men has long been known to be 1.5–3
times higher compared to women [44]. This has
been conventionally explained by the fact that
men tend to work in more physically demanding
occupations. However, in childhood and adolescence the situation might even be vice versa, at

Int J Mol Epidemiol Genet 2012:3(3):195-204

Association with IL1A and early DD

least when it comes to LBP, as girls have been
reported to have higher prevalence of pain [45].
Similarly, gender differences in LBP reporting
were seen in a study with partly same population as in the present study [17]. These dissimilarities on the other hand have been suggested
to be due to hormonal differences and the onset of menstruation-related pains in girls [46].
The effects of body height and weight on LBP
have been reviewed and discussed previously
[47, 48], however, their association with adolescent DD observed in this study is yet another
interesting finding.
Strengths of the present study include the longitudinal setting, which has not been used previously in a candidate gene study neither on adolescent DD nor on DDP. The early disc degeneration is likely to be important for the later
status of the disc. Early changes are associated
with spinal deformities and endplate changes
that may predispose the intervertebral disc to
further degeneration via impaired spinal biomechanical function [6, 49-51]. The young spine is
also highly vulnerable to trauma especially during the growth spurt [52]. The disc signal decrease as well as disc herniations have been
recently found to be valid phenotypes to investigate the genetic component of DD progression
[14]. Furthermore, the endplate changes, that
were relatively prominent in the present study,
have been often suspected to be the initiating
event of DD [53]. Schmorl’s nodes, that were
included in our definition of endplate changes,
have been also earlier found to be strongly genetically determined and shown to associate
with disc degeneration [31]. Sample size is limited in our study. However, it is to be noted that
we have included more subjects than majority
of the previous studies focusing on disc degeneration progression [27-30]. Follow-up improvement in MRI findings was seen in eight individuals classified as subjects with DD at baseline.
This phenomenon has been seen before in
adults [14, 30] and is likely not a source of significant bias. The present study has a unique
approach to the topic as, in addition to DD, we
analyzed associations between genetic markers
and DDP. After all, a large amount of individuals
develop some degenerative changes with age
but all do not develop symptoms. We assume
that individuals with DDP at the follow-up assessment might be the ones that develop symptomatic degenerative disease in the future [5,
6]. Many individuals in this study had multiple
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markers of DDP, which is often the case when
evaluating patients in the clinical world. The
present results emphasize the importance of
further investigations on early disc degeneration.
We observed unexpected gender-specific genetic associations in adolescent lumbar disc
degeneration and progression of degenerative
lumbar changes as well as high incidence of
new endplate changes. While the present study
has limitations, we conclude that possible gender effects should be better acknowledged in
genetic studies of lumbar DD.
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