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Do medical conditions predispose to the
development of chronic back pain? A
longitudinal co-twin control study of
middle-aged males with 11-year follow-up

Pradeep Suri1,2,3* , Edward J. Boyko1,4, Sean D. Rundell3, Nicholas L. Smith1,5,6 and Jack Goldberg1,5
Abstract

Background: Poor general health predicts the transition to chronic back pain (CBP), but the role of specific medical
conditions in the development of CBP is unclear. The study aim was to examine the association of medical
conditions with the development of CBP (“incident CBP”), while controlling for familial factors, including genetics.

Methods: This was a longitudinal co-twin control study conducted in a nationwide United States sample from the
Vietnam Era Twin Registry. The study sample included 3045 males without back problems at baseline, including 662
complete twin pairs, who were followed for 11 years. Baseline surveys inquired about self-reported medical
conditions (arthritis, diabetes, hypertension, and coronary artery disease [CAD]). A medical comorbidity score was
calculated based on the presence and/or treatment of 8 medical conditions. Covariates included age, race, and
education. At 11-year follow-up, participants reported ever having had CBP. Odds ratios (ORs) and 95% confidence
intervals (CI) were estimated when considering twins as individuals, and in matched-pair co-twin control analyses
adjusting for familial/genetic factors.

Results: Mean age at baseline was 51 years and 17% of participants developed CBP over the 11-year follow-up.
Arthritis was significantly associated with incident CBP in individual-level analysis (OR 1.8 [95% CI 1.4–2.2]), but not
within-pair analysis (OR 0.9 [95% CI 0.4–1.9]. CAD (OR 1.6 [95% CI 1.0–2.3]), hypertension (OR 1.3 [95% CI 1.0–1.5]),
and the medical comorbidity score (OR 1.2 [95%CI 1.1–2.2]) were significantly associated with incident CBP in
individual-level analyses; associations in within-pair analyses were of comparable magnitude, but not statistically
significant. Diabetes was not associated with incident CBP.

Conclusions: Arthritis, hypertension, CAD, and medical comorbidity score were associated with incident CBP in the
current study. However, the association between arthritis and incident CBP was confounded by familial factors. This
suggests that prevention or treatment of arthritis is unlikely to be useful for CBP prevention. Our findings cannot
exclude the possibility of causal associations between CAD, hypertension, and medical comorbidities and incident
CBP.
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Background
The symptom of back pain affects most adults at some
point in their lives [1], and causes more years lived with
disability than any other health condition worldwide [2].
The societal burden of back pain is driven by the minor-
ity of individuals who do not recover from a new back
pain episode, and who go on to develop ‘chronic’ back
pain (CBP) [3]. Accordingly, much research has attempted
to identify preventable conditions associated with the
development of CBP [4].
CBP is recognized as a complex condition best studied

and managed within the context of a biopsychosocial
framework, as opposed to a strictly biomedical model.
Psychological factors such as depression, anxiety, fear-
avoidance, catastrophizing, and self-efficacy have been
extensively studied as risk factors for CBP [5]. Much effort
has also been expended to identify specific spine-related
conditions linked to CBP [6–9]. Fewer studies, however,
have examined the role of medical conditions not involv-
ing the spine as risk factors for CBP. Poor general health
is a known risk factor for new (‘acute’) back pain [10] and
the acute-to-chronic back pain transition [4]. Specific
medical conditions might have particular importance as
risk factors for CBP, especially if such conditions have a
causal role in CBP, and if they can be prevented or treated.
Self-reported and clinically diagnosed arthritis and joint
problems predict CBP and poor back-related outcomes
[11–14]. Several proposed explanations for the link
between arthritis and CBP include that lower limb arth-
ritis leads to postural or biomechanical changes which
place increased stresses on the back [15]; that pain in the
back may originate from or reflect progression of arthritic
structures external to the spine (e.g. the hip joint) [16];
that an underlying propensity to generalized arthritis pre-
disposes to future arthritic involvement of the spinal
structures and consequent back pain; that self-reported
‘arthritis’ simply reflects an underlying susceptibility to
painful conditions such as back pain; and semantic issues
whereby some individuals do not distinguish between the
terms ‘arthritis’ and ‘back pain’ [15]. In addition, cardio-
vascular risk factors such as diabetes and hypertension
have been implicated in back pain and spinal disorders
through putative mechanisms involving lumbar arterial
atherosclerosis [17, 18]. Atherosclerotic lesions in branch-
ing arteries supplying the lumbar spine may cause
impaired nutrition to the vertebrae, intervertebral discs,
and nerve roots, leading to disc degeneration and conse-
quent back pain [18–22]. However, it is unclear whether
any of these medical conditions actually confer a greater
risk of CBP, or whether they are associated with CBP due
to other reasons. For instance, individual medical condi-
tions may simply serve as proxies for poor general health,
an idea supported by a recent study demonstrating that
the number of self-reported conditions predicted future
back pain in men [23]. Much of the research supporting a
relationship between medical conditions and CBP consists
of cross-sectional studies, which cannot identify temporal
sequence, and are particularly prone to confounding by
other factors [15, 17, 24–29]. Although there are many
possible sources of confounding which might underlie the
link between medical conditions and CBP, one important
explanation is shared underlying vulnerabilities, either
genetic or familial, which predispose to both medical
conditions and CBP. Observational study designs using
genetically informative samples may be used to examine
associations between medical conditions and CBP free of
confounding by these shared underlying vulnerabilities.
The aim of this study was to examine the association

of self-reported medical conditions with the develop-
ment of CBP, using a genetically informative longitudinal
co-twin control study design to account for confounding
due to familial factors, including genetics. Based on prior
literature, the self-reported medication conditions exam-
ined in this study included arthritis and cardiovascular
risk factors/conditions (diabetes, hypertension, and cor-
onary artery disease [CAD]).
Methods
Overview of the co-twin control design
A major challenge for observational research in CBP is
how to isolate the effects of specific risk factors by
controlling for relevant confounding factors. Most com-
monly this is done by multivariate statistical adjustment,
yet even with the most rigorous methods there remains
the potential for residual confounding due to unknown
or unmeasured factors. An alternative approach is to
design studies that may account for some of the un-
known or unmeasured confounding factors. One such
approach is to use the co-twin control design to examine
the relationship between a putative risk factor and CBP.
Contemporary approaches to the co-twin control design
permit comparing the association of a risk factor and
CBP using both ‘individual-level’ analyses (such as those
used in conventional studies of unrelated individuals),
with ‘within-pair’ analyses comparing twins to their
co-twins [30]. Within-pair analyses account for ‘familial
factors’, including both genetic factors and early life
experiences (also called ‘shared’ environmental factors),
which are common to both twins. Such within-pair ana-
lyses are matched for factors such as age and ethnicity,
as well as other factors which are not directly measured,
but which twins share. Since genetic predispositions and
early life experiences which influence different health
conditions are accounted for in the within-pair analyses,
associations between putative risk factors and CBP
which persist in within-pair analyses are less likely to be
explained by confounding due to genetic or shared
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environmental factors, and might be possibly modifiable
and therefore targets for intervention [31].

Study participants
This longitudinal co-twin control study was a secondary
analysis of existing data from the Vietnam Era Twin
(VET) Registry. The VET Registry was constructed from
military discharge records, and is a national sample of
male twin pairs from all United States (US) military
branches who were born between 1939 and 1957 and
who served on active duty during the Vietnam era
(1965–1975) [32]. The VET Registry was not compiled
based on specific diagnoses, health behaviors, or military
service characteristics aside from military discharge;
details of the Registry construction and zygosity as-
certainment process have been described previously
[33–35]. VET Registry members reside in all 50 US
states, and are comparable to older US males from
the general population with respect to income and
education; most obtain healthcare outside the Vet-
erans Affairs (VA) system [36].
In 1999–2000, VET Registry members were invited to

participate in an observational study of men’s health, the
‘Men’s Health Study’, which included a mailed survey
obtaining information regarding self-reported medical
conditions and health behaviors. Responses from this
survey formed the baseline assessment for the current
analysis. Between 2010 and 2012, VET Registry members
were invited to participate in an observational study of
PTSD among Veterans (VA Cooperative Studies Pro-
gram #569: The Course and Consequences of PTSD in
Vietnam Era Twins, or ‘CSP #569’). This included a
mailed survey obtaining information about mental and
physical health conditions. The current analysis included
VET Registry participants who participated in both the
Fig. 1 Flowchart of Study Participation
Men’s Health Study and CSP#569, 11 years later (Fig. 1).
Written informed consent was obtained from all VET
Registry members, and study procedures were approved
by the VA Puget Sound Institutional Review Board.

Assessment of medical conditions
The main medical conditions of interest for the current
study measured at study baseline during the Men’s
Health Study were arthritis, diabetes, hypertension, and
CAD (which was considered a proxy for general athero-
sclerosis [19–22]). At the baseline assessment, partici-
pants reported whether they had ever previously been
diagnosed with specific medical conditions, choosing
from a list of common conditions, including “arthritis of
any kind, or rheumatism”, “diabetes”, “hypertension or
high blood pressure”, “coronary heart disease”, “asthma”,
“chronic bronchitis”, “emphysema or chronic obstructive
pulmonary disease”, “gastroesophageal reflux disease or
reflux esophagitis”, “kidney disease”, or “liver disease”.
For each condition, participants also reported whether
they had received medical treatment for the condition in
the past year. Reported medical conditions were not
independently corroborated by other means. For the
purposes of the current study, the definitions of the
main medical conditions of interest were: arthritis de-
fined as self-report of prior diagnosis of “arthritis of any
kind, or rheumatism”, without specification as to the
type of arthritis, or the joints involved; diabetes defined
as self-report of prior diagnosis of “diabetes”, without
distinguishing type 1 diabetes from type 2 diabetes;
hypertension defined as self-report of “hypertension or
high blood pressure”; and CAD defined as self-report of
“coronary heart disease”.
Data on self-reported medical conditions were used to

generate an overall score reflecting the burden of major
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medical conditions (the ‘comorbidity score) in a manner
analogous to that used in the Self-Administered Comor-
bidity Questionnaire (SACQ), a validated self-report
measure for comorbidity burden that is commonly used
in orthopedic research [37]. The comorbidity score used
these medical diagnosis groups included in the SACQ:
heart disease, hypertension, lung disease, diabetes, ulcer/
stomach disease, kidney disease, liver disease, and arth-
ritis. For calculation of the comorbidity score, lung
disease was defined as a self-report of “asthma”, “chronic
bronchitis”, or “emphysema or chronic obstructive
pulmonary disease”, and ulcer/stomach disease was de-
fined as “gastroesophageal reflux disease or reflux
esophagitis”. Although typically part of the SACQ, back
pain was not included in our comorbidity score since it
was the outcome of interest, and information for three
other diagnosis groups from the SACQ (anemia, cancer,
and depression) were also not available as part of the
baseline assessment in the Men’s Health Study. Scoring
followed the same general practice as used in the SACQ:
individuals could receive up to a maximum of 2 comor-
bidity ‘points’ for each medical condition: 1 point for the
presence of the condition, and another point for having
received treatment for it in the past year. The number of
points were summed across all 8 conditions, for a pos-
sible range between 0 (lowest possible comorbidity bur-
den) to 16 (highest possible burden). This comorbidity
score differed from the SACQ in that the SACQ also
includes a 3rd item inquiring whether each condition
results in functional limitations, permitting up to 3 co-
morbidity points for each condition [37].
Development of Chronic back pain
At baseline, respondents reported whether or not they
had ever previously been told by a doctor that they had
‘back problems’, slipped or ruptured disk, or sciatica. In-
dividuals who reported having no prior back problems at
baseline constituted the study sample that was followed
longitudinally. At the follow-up assessment 11 years
later, respondents reported whether they had ever had
chronic back pain, without specification as to the loca-
tion or duration of their back pain. Those participants
without back problems at the study baseline, who went
on to report chronic back pain 11 years later, were clas-
sified as having developed CBP (‘incident CBP’).
Covariates
Adjustment variables and potential confounders in-
cluded participant age, race, and educational attainment.
Data obtained from military records classified race as
white vs. non-white. Participants reported educational
attainment as the highest grade/year of school com-
pleted, and the highest degrees obtained.
Statistical analysis and interpretation
We used statistical methods for co-twin control studies
[31] to examine associations between baseline medical con-
ditions and incident CBP in longitudinal analyses restricted
to individuals who did not report back problems at base-
line. First, we conducted multivariable-adjusted individual-
level analyses equivalent to that used in conventional stud-
ies of unrelated individuals, using generalized estimating
equations (GEE) to account for clustering by twin pair
when calculating odds ratios (ORs) and 95% confidence in-
tervals (CIs). In these analyses we adjusted for age, race,
and education, yielding effect estimates similar to those
yielded by any conventional epidemiology study. Due to the
interrelatedness of the different cardiovascular factors ex-
amined, and to avoid conditioning on intermediates along
theoretical causal pathways, only one medical condition at
a time was included in the multivariate models [38]. In a
separate analytic step of the individual-level analysis, we
also included the comorbidity score as an additional adjust-
ment variable. In each such model, the main medical condi-
tion of interest was excluded from calculation of the
comorbidity score so that medical conditions were not
‘counted’ twice; for instance, the model for the
arthritis-incident back pain association adjusted for the co-
morbidity score, but for the purpose of that specific model,
arthritis was not included in calculation of the comorbidity
score. Next, we conducted within-pair analyses comparing
twins to their co-twins using conditional logistic regression
analyses, in which only twin pairs who are discordant for
the CBP outcome are informative. These within-pair ana-
lyses account for familial factors (which include both gen-
etic and early ‘shared’ family environmental factors) as well
as unmeasured confounders due to the similarities within a
twin pair. The degree to which within-pair estimates differ
from individual-level estimates of association can be used
to infer whether familial factors are a source of confound-
ing [31]. If individual-level and within-pair associations are
of similar magnitude, this implies no confounding or min-
imal confounding due to familial factors (Fig. 2, Scenario
A). If, however, familial factors confound the association be-
tween a health-related factor and CBP then the magnitude
of association in within-pair analyses will typically be
closer to the null (ie, an OR of 1.0) than that observed in
the individual-level analyses (Fig. 2, Scenario B) [39]. The
analytic approach involved complete-case analysis. Small
sample sizes are common in longitudinal within-twin-pair
analyses using categorical outcomes, since only twin pairs
where both twins lack the outcome at baseline, and where
twins are discordant for the outcome at follow-up, are in-
formative. Thus, inferences regarding the strength of asso-
ciations must not only refer to statistical significance, but
also to the magnitude of point estimates and width of con-
fidence intervals (CIs). Due to sample size concerns, the
within-pair analyses were not stratified by twin zygosity
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(monozygotic vs. dizygotic); however, for completeness,
zygosity-stratified results are provided in Additional file 1.

Results
Among 3045 participants who reported no prior history
of back problems at baseline (Fig. 1), the mean age was
50.5 years. The cumulative incidence of CBP over
Table 1 Characteristics of the Longitudinal Study Sample*

Characteristics Incid

No (n

Sociodemographics

Age (mean ± standard deviation) 50.6 ±

Race (%)

White 2322

Non-white 90 (3

Educational attainment

Did not graduate high school 55 (2

High school graduate 494 (

Some college/vocational schoola 1016

Completed college or further studyb 744 (

Medical Comorbidities

Arthritis 331 (

Diabetes 112 (

Hypertension 508 (

Coronary Artery Disease (CAD) 95 (3

Overall Comorbidity Burden

Medical comorbidity score, range 0–18 (median [IQR]) 0 [0–

*p-values reflect clustering by twinship
aIncluding some college without completion, or having completed vocational schoo
battended and/or completed graduate school
11-year follow-up was 17.2% (95% CI 15.9–18.6). Those
with incident CBP were younger, and had lower levels of
education compared with participants without incident
CBP (Table 1). Participants with incident CBP were sig-
nificantly more likely than those without to report arth-
ritis, hypertension, and CAD, and have a higher medical
comorbidity score. From among the longitudinal sample
ent Chronic Back Pain Over 11-Year Follow-up

= 2418) Yes (n = 502) p value*

3.0 50.0 ± 3.1 < 0.001

(96.3%) 481 (96.0%) 0.75

.7%) 20 (4.0%)

.4%) 22 (4.6%) 0.01

21.4%) 110 (23.1%)

(44.0%) 215 (45.2%)

32.2%) 129 (27.1%)

13.7%) 111 (22.2%) < 0.001

4.6%) 30 (6.0%) 0.22

21.1%) 127 (25.5%) 0.03

.9%) 30 (6.0%) 0.03

2] 1 [0–2] < 0.001

l, technical school, or a 2-year college degree
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of 2920 participants, there were only 250 twins (125
pairs) without back problems at baseline and who were
discordant for incident CBP over 11-year follow-up and
thus informative in the within-pair analyses.

Medical conditions and incident CBP over 11-year follow-up
Self-reported arthritis was significantly associated with
incident CBP in multivariable-adjusted individual-level
analyses (OR 1.8 [95% CI 1.4–2.3]; p < 0.001), and
further adjustment for comorbidity score resulted in a
slight decrease (OR 1.7) in the magnitude of this associ-
ation (Table 2). However, the association was notably
attenuated and no longer significant in the within-pair
analysis (OR 0.9 [95% CI 0.4–1.8]; p = 0.72).
Diabetes was not significantly associated with inci-

dent CBP in individual-level nor within-pair analyses
(Table 2). Hypertension was significantly associated with
incident CBP in multivariable-adjusted individual-level
analyses (OR 1.3 [95% CI 1.0–1.5]; p = 0.04); the magni-
tude of this association was slightly smaller and not statis-
tically significant after further adjustment for comorbidity
score (OR 1.2 [95% CI 0.9–1.5]; p = 0.14). Although the
magnitude of the hypertension-CBP association was
slightly larger in within-pair analysis, the confidence inter-
vals were wider and the results not statistically significant
(OR 1.3 [95% CI 0.6–2.6]; p = 0.48). CAD was significantly
associated with incident CBP in multivariate-adjusted
individual-level analyses (OR 1.6 [95% CI 1.0–2.3]; p =
0.05)); the magnitude of this association was slightly
smaller and not statistically significant after further
Table 2 Incidence of Chronic Back Pain over 11-year Follow-up

Risk Factor Individual-level analysisa Individ
(also a

OR (95% CI) p-value OR (95

Arthritis n = 2770 n=274

1.8 (1.4–2.2) < 0.001 1.7 (1

Diabetes n = 2776 n = 27

1.2 (0.8–1.9) 0.33 1.2 (0.8

Hypertension n = 2770 n = 27

1.3 (1.0–1.5) 0.04 1.2 (0.9

Coronary Artery
Disease (CAD)

n = 2771 n = 27

1.6 (1.0–2.3) 0.05 1.5 (0.9

Overall Comorbidity
Burden

Medical comorbidity
score

n = 2740 –

1.2 (1.1–2.3) < 0.001 –

Associations between medical conditions and incident chronic back pain, in those w
Items in bold are statistically significant at p < 0.05
Sample sizes indicate # of individuals with complete data for these variables, and w
aModels adjusting for age, race, education
bModels adjusting for age, race, education, and comorbidity score
cModel adjusting for age, race, education, and comorbidity score (arthritis not inclu
dModel adjusting for age, race, education, and comorbidity score (diabetes, hyperte
adjustment for comorbidity score (OR 1.5 [95% CI 0.9–
2.3]; p = 0.09). Within-pair analyses yielded wide confi-
dence intervals and associations that were not statistically
significant, although associations were of comparable
magnitude (OR 2.0 [95% CI 0.5–8.0]; p = 0.33) to the
individual-level analyses. Further adjustment of the
within-pair analyses in Table 2 of specific medical condi-
tions for comorbidity score showed no material differ-
ences (data not shown).
The medical comorbidity score was significantly asso-

ciated with incident CBP in multivariate-adjusted
individual-level analyses (Table 2) (OR 1.2 per comor-
bidity point [95% CI 1.1–2.3]; p < 0.001). The magnitude
of this association was slightly smaller in within-pair
analyses (OR 1.1 per comorbidity point [95% CI 0.9–
1.4]; p = 0.32) and not statistically significant.
Within-pair analyses stratified by zygosity were not

materially different from the main within-pair analyses, al-
though confidence intervals generally were wider due to
the smaller sample sizes involved (see Additional file 1).

Discussion
This study found that among medical conditions exam-
ined in individual-level analyses, self-reported arthritis,
CAD, hypertension, and a medical comorbidity score
were significantly associated with incident CBP at
11-year follow-up, consistent with some prior reports.
The associations of specific medical conditions with inci-
dent CBP were, to a small degree, accounted for by gen-
eral comorbidity burden as measured by the medical
ual-level analysis
djusting for comorbidity score)b

Within-pair analysis

% CI) p-value OR (95% CI) p-value

5c n = 248 (124 pairs)

.3–2.2) < 0.001 0.9 (0.4–1.8) 0.72

48d n = 248 (124 pairs)

–1.9) 0.46 0.7 (0.2–2.4) 0.53

45d n = 248 (124 pairs)

–1.5) 0.14 1.3 (0.6–2.6) 0.48

44d n = 248 (124 pairs)

–2.3) 0.09 2.0 (0.5–8.0) 0.33

n = 240 (120 pairs)

– 1.1 (0.9–1.4) 0.32

ithout physician-assessed back problems at baseline *

ithin-pair analyses are restricted to pairs with complete data for all variables

ded in calculation of comorbidity score)
nsion, and CAD not included in calculation of comorbidity score)
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comorbidity score. Co-twin control analyses indicated
that the arthritis-CBP association was confounded by
familial predispositions underlying both conditions, ar-
guing against a causal link. However, the results of other
co-twin control analyses could not exclude the possibil-
ity that there is some effect of CAD and hypertension,
and medical comorbidities in general, on the develop-
ment of CBP.
Variables predictive of a health condition are not

necessarily causal [40]. Self-reported arthritis and joint
problems predict CBP and poor back-related outcomes
in clinical studies [11–13]. Although some have pro-
posed a ‘knee-spine syndrome’ whereby lower limb arth-
ritis or joint problems lead to biomechanical alterations
in activities such as ambulation, which then lead to back
pain [15], many other explanations exist aside from a
causal link [29]. Our individual-level analysis results are
consistent with prior studies of the arthritis-back pain
relationship, showing that self-reported arthritis is asso-
ciated with a substantially greater likelihood of develop-
ing CBP over 11-year follow-up (OR point estimate =
1.8). Thus, self-reported arthritis may have value as a
marker for individuals who are more likely to experience
CBP in the future. Although adjustment for other
medical comorbidities had minimal effect on the
arthritis-incident CBP association, there was no mean-
ingful association between arthritis and incident CBP
(OR 0.9) in the within-pair analyses that reflect adjust-
ment for familial confounding. Strong inferences cannot
be made based on the within-pair analyses due to the
small sample sizes and wide confidence intervals
involved, however, this overall pattern of results suggests
a role of shared genetic factors in the arthritis-CBP rela-
tionship, and argues against arthritis being an actual
determinant of future CBP. The role of shared genetics
in the arthritis-CBP relationship is supported by the
recent results of a large-scale genetic association study
involving more than 158,000 individuals, which found
large-magnitude genetic correlations (0.63) between
self-reported CBP and self-reported osteoarthritis [41].
Research has shown that cardiovascular disease and re-

lated risk factors (abdominal aortic atherosclerosis in par-
ticular) are associated with disc degeneration and back pain
[19, 20, 22], prompting speculation that treatment of car-
diovascular risk factors/conditions might also help to pre-
vent CBP or minimize its impact [22, 42–44]. Results from
our individual-level analyses of hypertension and CAD are
consistent with earlier reports that these conditions are as-
sociated with future back pain or spine-related symptoms
[18, 22]. These associations were slightly smaller when
adjusting for the comorbidity score, indicating that a small
component of these associations might be due to hyperten-
sion and CAD reflecting manifestations of poor general
health (and CBP might also reflect another aspect of
general health). However, although the within-pair analyses
for hypertension and CAD were limited by imprecision, the
comparable magnitude estimates of association as com-
pared to the individual-level analyses argue against shared
underlying predispositions to cardiovascular risk factors/
conditions and back pain as a complete explanation for
why cardiovascular factors predict future back pain [42].
These findings leave open the possibility that there is a
causal effect of hypertension, CAD, and/or general medical
comorbidity on the development of CBP.
Our finding that diabetes is not associated with fu-

ture CBP largely fits in the context of prior longitu-
dinal studies. One such study of diabetes’ association
with future back pain also yielded a null association
[45]. However, other studies examining the association
of diabetes with the future occurrence of other
spine-related phenotypes such as physician-diagnosed
lumbar disc herniation and general musculoskeletal
pain (including back pain) have found positive associ-
ations [22, 44]. Thus, the association of diabetes with
musculoskeletal pain may be driven by non-back loca-
tions, or may pertain only to certain subsets of people
with back pain.
To our knowledge, this is the first longitudinal

co-twin control study of back pain in a US sample.
Co-twin control studies are often performed to
sharpen our understanding of why two phenotypes,
such as CBP and arthritis, might be associated. In our
application of the co-twin control approach we ob-
served that shared familial factors, including genetic
factors, may underlie the association of arthritis and
CBP. Support for shared genetic influences on CBP
and arthritis come from other recent work by our
group: a genome-wide meta-analysis of CBP identified
and replicated a variant in the gene SOX5, previously
implicated in osteoarthritis [46–48], that was a signifi-
cant predictor of CBP [49]. Future genetic studies may
benefit from harnessing knowledge regarding genetic in-
fluences on CBP shared with other musculoskeletal phe-
notypes, such as arthritis. For instance, multivariate
genome-wide association studies, in which genetic associ-
ations with several traits are analyzed together, have ad-
vantages in statistical power over univariate analyses of
each trait separately, in some instances [50].
Our study had limitations with regards to the defi-

nitions used for the predictor and outcome variables
of interest. Similar to most prior longitudinal studies
showing relationships between medical conditions and
back pain [22, 23, 44], our study relied entirely on
self-report. For instance, ‘arthritis’ in the current study
may have reflected either osteoarthritis or inflamma-
tory arthritis in the major lower extremity joints (i.e.
hip or knee), or the hand joints, or elsewhere. Simi-
larly, ‘diabetes’ in the current study may reflect either
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type 1 or type 2 diabetes. We expect that these self-report
definitions used in our study reflect the influence of the
most prevalent underlying conditions, such that the ‘arth-
ritis’ variable mainly reflects the most commonly symp-
tomatic arthritic conditions affecting older adults (knee
osteoarthritis, hip osteoarthritis, and hand osteoarthritis),
the ‘diabetes’ variable is largely informed by those with
type 2 diabetes, and soforth. Although these definitions
might have resulted in misclassification of medical condi-
tions, it is reassuring that our findings in the
individual-level analyses (which did not adjust for familial
confounding) generally showed associations consistent
with prior work [11–14, 18, 23], arguing against differen-
tial misclassification due to self-report. Our longitudinal
sample was restricted to individuals with no prior back
problems diagnosed by a doctor at baseline. Since back
pain is a symptom, which does not require a clinician as-
sessment per se, clinician-diagnosed back problems may
be an imperfect proxy for back pain. Additionally, we ap-
plied a different back pain definition at follow-up to assess
incident CBP, which did not specify a minimum duration
of pain needed to constitute ‘chronic’ or the particular lo-
cation in the back where pain was experienced (thoracic
or lumbar). However, given the high agreement between
general back pain questions and lumbar-specific questions
[51], and that thoracic pain without concurrent lumbar
pain is less common [52], it is likely that our results are
driven by lumbar-location pain [36]. Another limitation of
this study was that the within-pair analyses conducted
were limited by a small number of discordant twin pairs.
Future co-twin control studies may consider evaluating
these medical risk factors across multiple twin samples to
produce larger samples of discordant pairs. Last, partici-
pants in the current study included male veterans only,
due to the male-only composition of the VET Registry.
These results may not be generalizable to women. More-
over, study participants were healthy and fit at the time of
their military service two decades prior and may be more
active than the general population. It is therefore unclear
whether our study findings related to medical conditions-
many of which are associated with physical activity levels-
would extend to a more sedentary population.

Conclusions
Arthritis, hypertension, CAD, and medical comorbidity
score were associated with incident CBP in the current
study. However, the association between arthritis and in-
cident CBP was no longer present after accounting for
confounding by familial factors common to both condi-
tions. This suggests that prevention or treatment of arth-
ritis is unlikely to be useful for prevention of CBP. Our
findings cannot exclude the possibility of causal associa-
tions between CAD, hypertension, and medical comor-
bidities and incident CBP.
Additional file

Additional file 1: Table S1. Incidence of Chronic Back Pain over 11-year
Follow-up: Associations between medical conditions and incident chronic
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