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Abstract

Objective

To investigate the chronic low back pain and coronary heart disease relationship, after

adjusting for relevant confounders, including genetics.

Methods

In a cross-sectional design, 2148 twins were recruited from the Murcia Twin Registry,

Spain. The exposure was chronic LBP and the outcomes were myocardial infarction and

other coronary heart diseases—lifetime and in the last 2 years–based on standardized

health-related questionnaires. First, logistic regression analysis investigated associations

of the total sample followed by a matched co-twin control analyses, with all complete twin

pairs discordant for chronic LBP utilised, separated for zygosity—dizygotic (DZ) and mono-

zygotic (MZ) pairs, which adjusted for shared familial factors, including genetics.

Results

Chronic LBP pain is associated with lifetime myocardial infarction [odds ratio (OR) = 2.69,

95% confidence interval (CI) = 1.35–5.36], other coronary heart diseases over a lifetime

(OR = 2.58, 95% CI: 1.69–3.93) and in the last two years (OR = 2.19, 95% CI: 1.33–3.60),

while there was a borderline association with myocardial infarction in the last 2 years (OR =
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2.64, 95% CI: 0.98–7.12). Although the magnitude of the association remained or increased

in the co-twin control analyses, none reached statistical significance.

Conclusion

Chronic LBP is associated with a higher prevalence of myocardial infarction and coronary

heart disease. It is possible that this association remains even when controlling for genetics

and early shared environment, although this should be investigated with larger samples of

twins discordant for LBP.

Introduction
The 2013 global burden of disease study identified low back pain (LBP) as the greatest contrib-
utor to disability worldwide [1]. The lifetime, annual, and point prevalence rates of LBP have
been reported as 38.9%, 38.0%, and 18.3% respectively [2]. Most cases of LBP appear to follow
a chronic-episodic course, significantly impacting the health care system, individuals, and fam-
ilies [3]. In the United States, health care costs amongst those with back pain have steadily
increased, with the total indirect and direct costs estimated to be greater than $100 billion
annually [4].

A number of health related co-morbidities have been found to be associated with LBP [5],
including cardiovascular disease. Regarded as the number one cause of death worldwide [6],
cardiovascular disease is responsible for almost 4.1 million deaths per year in Europe [7].
Approximately 1.8 million of these deaths have been attributed to coronary heart disease (also
known as ischemic heart disease), which is the most common cause of cardiovascular disease.
In the United States cardiovascular disease has an annual health care cost of approximately
$475 billion [8], representing 17% of overall national health expenditure. Whilst a steady
decline in the mortality rates has been reported [9], the burden remains high with one in every
six deaths attributed to coronary heart disease in the United States in 2009 [10].

The evidence regarding the association between LBP and coronary heart disease is conflic-
tive, with a number of studies showing a relationship with back pain severity [11] and mortality
rate due to coronary heart disease [12, 13], while others show no association between these spe-
cific disease entities [14, 15]. Recent studies have found that the prevalence of coronary heart
disease is highest among individuals with spinal pain (concurrent LBP and neck pain) as
opposed to LBP alone [16, 17]. Furthermore, chronic musculoskeletal [18–20] and wide spread
pain have also been associated with coronary heart disease [21–23].

An alternate way of unravelling the conflictive relationship between LBP and coronary
heart disease is to investigate the influence of genetics and the early shared environment on the
relationship between these diseases. This is in light of the overall heritability contribution to
LBP, estimated to be as high as 67% [24], and heritability estimates for death from coronary
heart disease have been estimated as 57% for males and 38% for females [25]. The implementa-
tion of a co-twin control study design, where one twin has the condition while the other co-
twin does not, allows for controlling and eliminating the effects of genetic and early environ-
mental influences on the LBP and co-morbidities [26, 27], such as coronary heart disease. The
purpose of the present cross-sectional study is to investigate whether chronic LBP is associated
with the prevalence of coronary heart disease, including myocardial infarction after adjusting
for genetic and early environmental influences, using a co-twin control design.
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Materials and Methods

Study sample and data collection
The study sample of this cross-sectional study originated from the Murcia Twin Registry
(MTR) in Spain and comprised of identical monozygotic (MZ) and non-identical dizygotic
(DZ) twins born in multiple births between 1940 and 1966. A complete description of recruit-
ment methods and waves of data collection implemented by the MTR are provided elsewhere
[28]. Briefly, baseline data collection on health-related (self-reported) information for the cur-
rent study took place via standardized questionnaires between 2009 and 2011, for opposite sex,
male-male, and female-female twin pairs—followed for 2, 3 and 4 years respectively. Data col-
lection took place by way of telephone or face-to-face interviews.

Ethics statement
MTR participants were contacted through postal letter invitation, which contained information
regarding the objectives of the registry and study information. Twins were later contacted by
telephone, with oral informed consent obtained prior to any data collection taking place. Simi-
larly, written informed consent was obtained when participants were involved in face-to-face
interviews. All MTR procedures, including informed consent and data collection for this study,
was approved by the Murcia University Ethical Committee. National regulations regarding
personal data protection were followed, as were applicable institutional and governmental reg-
ulations concerning the ethical use of human volunteers.

Zygosity assessment
In 338 twin pairs, zygosity identification was carried out by DNA testing utilising a Short Tan-
dem Repeats (STR) approach based on 14 autosomal loci plus amelogenin gender determina-
tion. When this was not possible, a 12-item questionnaire, focusing on the degree of
resemblance and mistaken identity was used. This questionnaire has an agreement with DNA
testing in approximately 96% of cases corresponding with zygosity [28].

Assessment of exposure: LBP
The main exposure investigated in this study was participants’ reports of chronic LBP. Partici-
pants who answered ‘yes’ to the following question: “have you ever suffered from chronic LBP”
were considered cases. This question originated from the Spanish National Health Survey [29],
with chronic LBP defined and explained to participants as the presence of pain in the lower
back area that lasted at least six months or longer (including recurrent episodes).

Assessment of outcomes: coronary heart related diseases
The outcome of interest was symptoms of coronary heart related diseases, where participants
were asked the following questions: (i) “have you ever suffered a myocardial infarction?” (ii)
“have you ever suffered from other coronary heart diseases?” (iii) “have you suffered a myocar-
dial infarction in the last 2 years?” and (iv)“have you suffered from other coronary heart disease
in the last 2 years?” Participants who answered ‘yes’ confirmed that a medical doctor had diag-
nosed myocardial infarction or coronary heart disease and were then considered as cases for
the specific outcome.
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Assessment of potential confounders
Given their known association with LBP and coronary heart disease, we investigated smoking
status, engagement in physical activity and body mass index (BMI) as potential baseline con-
founders. Participants were asked about smoking habits, with answers dichotomised as ex/
never smoker or current/occasional smoker. Physical activity was examined by participants’
engagement in leisure physical activity and was based on four options: i) “I do not practice
exercise. My leisure time is mostly sedentary (reading, watching TV, movies etc)”; ii) “Some
sport or physical activity occasionally (walking, gardening, soft gym, light efforts etc)”; iii)
“Regular physical activity several times a month (tennis, jogging, swimming, cycling, team
sports etc)”; iv) “Physical training several times a week”. Responses to the physical activity vari-
able were dichotomised into sedentary/no physical activity engagement in recreational physical
activity or mild/moderate/vigorous physical activity engagement. BMI was calculated by divid-
ing the individuals’ body weight in kilograms by the square of their height in meters and was
used as a continuous variable. Smoking status and leisure physical activity questions originated
from the Spanish National Health Survey questionnaire [29].

Descriptive analyses were conducted for all included variables. The exposure variable was
chronic LBP and the outcomes included “myocardial infarction at anytime”, “myocardial
infarction in the last 2 years”, “other coronary heart diseases” and “other coronary heart dis-
eases in the last 2 years”.

The data was analysed in two stages: (i) total sample analysis; and (ii.a) co-twin control anal-
ysis for DZ twins followed by (ii.b) co-twin control analysis for MZ twins. Multivariate regres-
sion models were adjusted by smoking, physical activity, BMI, as well as age and gender where
relevant (e.g. age and gender were omitted from the co-twin control analysis for MZ twins).
Estimated associations were presented as odds ratios (OR) with 95% confidence intervals (CI).
Statistical significance was set at p<0.05 for all multivariate models, with STATA 12 statistical
software (StataCorp LP, College Station, TX, version 12.0) used for data analysis. We inter-
preted results based on the magnitude and plausibility of the associations, as well as the confi-
dence intervals, rather than exclusively on p-values.

Total sample analysis
All participants were included in the total sample cross-sectional analyses, using complete or
incomplete twin pairs regardless of twin concordance status. In these analyses, genetics and
early shared environmental factors are not accounted for. Unconditional multivariate logistic
regression models were used based on the sandwich or Huber-White variance estimator, which
adjusts estimated standard errors to account for data dependence between twins in a pair and
provides statistical tests that are robust to model assumptions.

Within-pair case-control analysis
To control for the influence of genetic and early shared environmental factors, separate co-
twin control analyses were conducted for DZ and MZ pairs. A co-twin control analysis was
performed using conditional logistic regression, with only complete and discordant twin pairs
e.g. one twin reported chronic LBP but not the co-twin. Variables adjusted for in the total sam-
ple were retained and used for the co-twin control analysis, excluding irrelevant variables (e.g.
age and gender in MZ models). This procedure allows for a comparison of models across all
analytical stages (from total sample to MZ twins). These sequential analytical steps gradually
eliminate genetic and familial confounding, allowing for a more direct estimate of the relation-
ship between variables. In theory, when the association between two variables increases (or
remains) in sequence, from the total sample analysis (no adjustment for genetics or early
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shared environment) to a DZ co-twin control analysis (adjustment for early shared environ-
ment and approximately 50% of genetics), and then to a MZ co-twin control analysis (adjust-
ment for early shared environment and approximately 100% of genetics), the relationship
between the two variables is more direct and possibly consistent with a causal link or path.
Alternatively, if the association between the two variables decreases, then confounding (total or
partial) may be present, influencing the initially observed relationship.

Results

Characteristics of the sample
A total of 2,148 participants formed the study sample for the cross-sectional analysis (Tables 1
and 2). Briefly, the mean age of all participants was 53.7 (SD = 7.3) years, with male partici-
pants making up 45% of the study sample. Participants who suffered a myocardial infarction
or other coronary heart diseases (lifetime and in the in the last 2 years) were more likely to be
older, suffer chronic LBP, male (only for myocardial infarction—lifetime and last 2 years), and
heavier (BMI).

Chronic LBP and myocardial infarction
For the outcome of ‘lifetime myocardial infarction’, the variables age, gender, smoking, leisure
physical activity and BMI were entered into the multivariate model for the total sample

Table 1. Baseline characteristics of participants for ‘myocardial infarction’ lifetime and in the last two years.

Variables Yes MI
lifetime

No MI
lifetime

Yes MI
last 2
years

No MI
last 2
years

Total

n Mean ± SD
or %

n Mean ± SD
or %

n Mean ± SD
or %

n Mean ± SD
or %

n Mean ± SD
or %

Age (years) 38 58.4±7.7 2111 53.6±7.3 17 57.1±7.6 2131 53.6±7.3 2148 53.7±7.3

Gender–
Male

28 73.7% 945 44.8% 9 52.9% 964 45.2% 973 45.3%

Gender—
Female

10 26.3% 1166 55.2% 8 47.1% 1167 54.8% 1176 54.7%

MZ Male 7 18.4% 281 13.3% 3 17.7% 285 13.4% 288 13.4%

MZ Female 5 13.2% 412 19.5% 4 23.5% 412 19.3% 417 19.4%

DZ Male 8 21.1% 354 16.8% 4 23.5% 358 16.8% 362 16.9%

DZ Female 3 7.9% 404 19.1% 3 17.7% 404 19.0% 407 19.0%

DZ
opposite

15 39.5% 660 31.3% 3 17.7% 672 31.5% 675 31.4%

Chronic
LBP*

17 44.7% 677 32.1% 9 52.9% 685 32.2% 694 32.3%

Smoker¥ 15 39.5% 880 41.9% 6 35.3% 888 41.9% 895 41.8%

Physical
activity£

21 55.3% 1144 54.4% 9 52.9% 1156 54.4% 1165 54.4%

BMI^ 37 28.8±4.0 2055 27.4±4.5 17 29.6±4.4 2074 27.4±4.5 2092 27.4±4.5

*indicate chronic low back pain of at least 6 months duration;
¥ indicate current smokers;
£indicate engagement in leisure physical activity;

^ indicate body mass index;

SD = standard deviation; LBP = low back pain; MZ = monozygotic; DZ = dizygotic

doi:10.1371/journal.pone.0155194.t001
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analysis. Chronic LBP was associated with a higher prevalence of myocardial infarction for the
total sample (n = 2075, OR: 2.69, 95% CI: 1.35 to 5.33, p = 0.005) (Table 3). For the co-twin
control analysis, a total of 344 pairs of twins were discordant for chronic LBP, including 230
DZ and 114 MZ pairs. Gender (except for MZ twins), smoking, leisure physical activity and
BMI were considered confounding variables and entered into the multivariate analysis. An
increase in the magnitude of the association was observed when the analyses were separated
for DZ (OR: 5.32, 95% CI: 0.55 to 51.48, p = 0.149) and MZ twins (OR: 2.76, 95% CI: 0.28 to
26.96, p = 0.382), although none of these were statistically significant (Fig 1).

Chronic LBP and myocardial infarction in the last two years
For the outcome of ‘myocardial infarction in the last two years’, the variables age, gender,
smoking, leisure physical activity, and BMI were entered into the multivariate model for the
total sample analysis. There is a borderline association between chronic LBP and suffering/
experiencing a myocardial infarction in the last two years for the total sample (n = 2074),
although it did not reach statistical significance (OR: 2.64, 95% CI: 0.98 to 7.12, p = 0.055)
(Table 3). For the co-twin control analysis, a total of 344 pairs of twins were discordant for
chronic LBP, with 230 pairs being DZ and 114 MZ. Gender (except for MZ twins), smoking,

Table 2. Baseline characteristics of participants for ‘other coronary heart diseases’ lifetime and in the last two years.

Variables Yes CHD
lifetime

No CHD
lifetime

Yes CHD
last 2
years

No CHD
last 2
years

Total

n Mean ± SD
or %

n Mean ± SD
or %

n Mean ± SD
or %

n Mean ± SD
or %

n Mean ± SD
or %

Age (years) 115 58.9±7.2 2032 53.4±7.2 79 58.8±7.4 2067 53.5±7.3 2147 53.7±7.3

Gender–
Male

57 49.6% 916 45.1% 36 45.6% 936 45.3% 973 45.3%

Gender—
Female

58 50.4% 1116 54.9% 43 54.4% 1131 54.7% 1174 54.7%

MZ Male 10 8.7% 278 13.7% 7 8.9% 281 13.6% 288 13.4%

MZ Female 18 15.7% 398 19.6% 14 17.7% 402 19.5% 416 19.4%

DZ Male 25 21.7% 337 16.6% 15 19.0% 346 16.7% 362 16.9%

DZ Female 16 13.9% 390 19.1% 14 17.7% 392 19.0% 406 18.9%

DZ
opposite

46 40.0% 629 31.0% 29 36.7% 646 31.3% 675 31.4%

Chronic
LBP*

59 48.7% 638 31.4% 38 48.1% 656 31.8% 694 32.4%

Smoker¥ 32 27.8% 861 42.6% 19 24.1% 874 42.5% 893 41.8%

Physical
activity£

64 55.7% 1100 54.3% 42 53.2% 1121 54.4% 1164 54.4%

BMI^ 110 28.4±4.9 1980 27.4±4.5 76 28.7±5.2 2013 27.4±4.5 2090 27.4±4.5

⁺indicates other coronary heart diseases diagnosed by doctor including: arrhythmia, pacemaker, angina, mitral stenosis, auricular fibrillation, pericarditis,

coronary insufficiency, tachycardia, coronary valve disease, murmur, bypass, rheumatic myocarditis, cardiac arrest during labour, prolapse mitral valve,

right bundle branch block and acute coronary syndrome;

*indicate chronic low back pain of at least 6 months duration;
¥ indicate current smokers;
£indicate engagement in leisure physical activity;

^ indicate body mass index;

SD = standard deviation; LBP = low back pain; MZ = monozygotic; DZ = dizygotic

doi:10.1371/journal.pone.0155194.t002
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Table 3. Total sample analysis and co-twin control analyses for myocardial infarction lifetime and in
the last 2 years.

Myocardial infarction—lifetime OR (95% CI) P-value

Total sample analysis (n = 2075)

Chronic LBP 2.69 (1.35–5.33)a 0.005

Co-twin control–DZ only (n = 230 pairs)

Chronic LBP 5.32 (0.55–51.48)b 0.149

Co-twin control–MZ only (n = 114 pairs)

Chronic LBP 2.76 (0.28–26.96)c 0.382

Myocardial infarction—last 2 years OR (95% CI) P-value

Total sample analysis (n = 2074)

Chronic LBP 2.64 (0.98–7.12)a 0.055

Co-twin control–DZ only (n = 230 pairs)

Chronic LBP 3.34 (0.27–40.68)b 0.345

Co-twin control–MZ only (n = 114 pairs)

Chronic LBP 1.83 (0.16–20.49)c 0.623

aAdjusted for: age, gender, smoking, leisure physical activity and body mass index
bAdjusted for: gender, smoking, leisure physical activity and body mass index
cAdjusted for: smoking, leisure physical activity and body mass index

doi:10.1371/journal.pone.0155194.t003

Fig 1. Odds ratios and 95%CIs frommultivariate models for the relationship between chronic LBP andmyocardial infarction
—lifetime.

doi:10.1371/journal.pone.0155194.g001
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leisure physical activity and BMI were considered confounding variables and entered into the
multivariate analysis. An increase (not statistically significant) in the association with chronic
LBP was observed for DZ (OR: 3.34, 95% CI: 0.27 to 40.68, p = 0.345) but not for MZ twins
(OR: 1.83, 95% CI: 0.16 to 20.49, p = 0.623) (Fig 2).

Chronic LBP and other coronary heart diseases
For the outcome of ‘other lifetime coronary heart diseases’, the variables age, gender, smoking,
leisure physical activity and BMI were entered into the multivariate model for the total sample
analysis. Chronic LBP was associated with a higher prevalence of other lifetime coronary heart
diseases for the total sample (n = 2073, OR = 2.58, 95% CI: 1.69 to 3.93, p<0.001) (Table 4).
For the co-twin control analysis, a total of 344 pairs of twins were discordant for chronic LBP,
with 230 pairs being DZ and 114 MZ. Gender (except for MZ twins), smoking, leisure physical
activity and BMI were considered confounding variables and entered into the multivariate
analysis. An increase in the magnitude of the association was observed for MZ twins, although
none of these analyses reached statistical significance (DZ: OR: 1.91, 95% CI: 0.80 to 4.61,
p = 0.147, MZ: OR: 3.75, 95% CI: 0.79 to 17.83, p = 0.097) (Fig 3).

Fig 2. Odds ratios and 95%CIs frommultivariate models for the relationship between chronic LBP andmyocardial infarction
—last 2 years.

doi:10.1371/journal.pone.0155194.g002
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Table 4. Total sample analysis and co-twin control analyses for other coronary heart diseases lifetime
and in the last 2 years.

Other coronary heart diseases—lifetime OR (95% CI) P-value

Total sample analysis (n = 2073)

Chronic LBP 2.58 (1.69–3.93)a <0.001

Co-twin control–DZ only (n = 230 pairs)

Chronic LBP 1.91 (0.80–4.61)b 0.147

Co-twin control–MZ only (n = 114 pairs)

Chronic LBP 3.75 (0.79–17.83)c 0.097

Other coronary heart diseases—last 2 years OR (95% CI) P-value

Total sample analysis (n = 2073)

Chronic LBP 2.19 (1.33–3.60)a 0.002

Co-twin control–DZ only (n = 230 pairs)

Chronic LBP 1.48 (0.59–3.69)b 0.402

Co-twin control–MZ only (n = 114 pairs)

Chronic LBP 2.75 (0.54–13.85)c 0.219

aAdjusted for: age, gender, smoking, leisure physical activity and body mass index
bAdjusted for: gender, smoking, leisure physical activity and body mass index
cAdjusted for: smoking, leisure physical activity and body mass index

doi:10.1371/journal.pone.0155194.t004

Fig 3. Odds ratios and 95%CIs frommultivariate models for the relationship between chronic LBP and other coronary
heart diseases—lifetime.

doi:10.1371/journal.pone.0155194.g003
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Chronic LBP and other coronary heart diseases in the last two years
For the outcome of ‘other coronary heart diseases in the last 2 years’, the variables age, gender,
smoking, leisure physical activity, and BMI were entered into the multivariate model for the
total sample analysis. Chronic LBP was associated with a higher prevalence of other heart dis-
eases in the last two years for the total sample (n = 2073, OR: 2.19, 95% CI: 1.33 to 3.60,
p = 0.002) (Table 4). For the co-twin control analysis, a total of 344 pairs of twins were discor-
dant for chronic LBP, with 230 pairs being DZ and 114 MZ. Gender (except for MZ twins),
smoking, leisure physical activity and BMI were considered confounding variables and entered
into the multivariate analysis. The magnitude of the association increased for MZ twins,
although none of these analyses reached statistical significance (DZ: OR: 1.48, 95% CI: 0.59 to
3.69, p = 0.402, MZ: OR: 2.75, 95% CI: 0.54 to 13.85, p = 0.219) (Fig 4).

Discussion
The results from our cross-sectional analyses showed an association between chronic LBP and
lifetime myocardial infarction and a borderline association for myocardial infarction in the last
two years. Similarly, there was a relationship between chronic LBP and other coronary heart
diseases, both at lifetime and in the last two years, when twins were considered part of the total
sample. Further analytical steps, which partially or fully controls for genetics and early shared

Fig 4. Odds ratios and 95%CIs frommultivariate models for the relationship between chronic LBP and other coronary heart
diseases—last 2 years.

doi:10.1371/journal.pone.0155194.g004
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environment, showed an overall pattern of increase in the magnitude of the association
between LBP and coronary heart related diseases, although no statistically significant relation-
ship was observed.

The magnitude of the OR for MZ twins (were highest levels of adjustment are achieved) in
the prevalence analysis suggests that although this association is no longer significant, we
should not assume that genetics and the early shared environment are confounding the associ-
ation between chronic LBP, myocardial infarction and other coronary heart diseases. Although
the cross-sectional nature of our study limits the possibility of identifying causal relationships,
the co-twin control design provides some insight, suggesting the possibility that the association
is not completely due to genetics and familial factors and that the loss of significance could
reflect a decrease of power due to the reduction in sample size when using discordant pairs and
the low prevalence of the outcome. This interpretation is based on the magnitude of the OR in
the MZ analysis and plausibility of the effects of LBP on other coronary heart diseases (includ-
ing myocardial infarction), rather than a narrowed inspection of p-values, which is known to
be of limited clinical interpretation and problematic [30].

There are a number of (non-twin) cross-sectional studies that have investigated the relation-
ship between LBP and coronary heart disease. Overall our results are in general agreement,
including a study which found an association between chronic spinal pain and the prevalence
of coronary heart disease in adults 18 years or older (OR: 1.3, 95%CI: 1.0 to 1.7) [18]. The pres-
ence of severe back pain was significantly associated with the prevalence of cardiovascular dis-
ease and myocardial infarction in elderly women (OR: 3.0, 95% CI: 2.0 to 4.6) [11]. General
chronic musculoskeletal pain is also associated with higher prevalence estimates of cardiovas-
cular disease in people over 65 years (OR: 1.8, 95%CI: 1.45 to 2.30) [19], and myocardial infarc-
tion (OR: 2.47, 95%CI: 1.43 to 4.28) [20].

Differences in our study compared to previous studies might be due to variations in study
design, such as the definition of our exposure, study samples and outcome measures employed.
For example, our study focused on chronic LBP of at least 6 months duration whereas others
measured chronic back pain in the last 12 months [11, 18] or chronic musculoskeletal pain
either on the day of the survey [19] or in the last month [20]. A feature of our study is the
implementation of a co-twin control design, which allowed the evaluation of genetic and
shared familial confounding. Whilst our results might have been affected by power and need to
be interpreted with a degree of caution, this method to our knowledge has not been imple-
mented in previous cross-sectional studies of chronic LBP and coronary heart related diseases,
therefore providing new insights in this field. Future research should consider high-quality lon-
gitudinal designs to explore causal paths, along with larger sample sizes, for example, combin-
ing twin data from different datasets in order to evaluate a larger number of discordant twins
on a global scale. The International Network of Twin Registries may be a potential source in
this regard, as it promotes international collaboration for twin research [31] and its utilisation
may provide more precise estimates and solid conclusions on familial confounding, including
genetics across societies.

Given the prevalence of coronary heart disease related to chronic LBP, it is important to
consider a number of potential mechanisms underlying this possible relationship. Physiologi-
cally, an unhealthy lifestyle adopted due to pain can have a considerable impact on a number
of co-morbidities, including coronary heart disease. This seems plausible, given the level of dis-
ability and subsequent inactivity associated with LBP [32]. Furthermore, general ‘stress’, ele-
vated cortisol levels [33], sympathetic-parasympathetic imbalances [34] and the presence of
central sensitization (i.e., pro-inflammatory cytokines) [35] has been found to be associated
with cardiovascular disease and musculoskeletal pain [36]. Psychologically, pain can affect
mental health status, triggering symptoms of depression and/or anxiety [37]. Whether the
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physiological and/or psychological dysfunctions that accompany chronic LBP are cause or
effect of this condition, cardiovascular diseases are also associated with these mechanisms [23].
Another potential mechanism which may partially explain this relationship is the presence of
atherosclerosis (i.e., atheromatous lesions of lumbar arteries) in the abdominal aorta in people
with low back pain [38]. Atherosclerosis limits blood supply and nutritional exchange to the
lumbar intervertebral discs, promoting the risk of disc degeneration [39]. Moreover, a high
BMI accelerates aortic stiffness, and may act as a preceding lesion prior to aortic plaque forma-
tion [40]. Clinicians should therefore be encouraged to routinely monitor individuals with a
history of LBP and support them in adopting healthier lifestyle choices [23].

A major strength of our study, in particular, was a discordant co-twin control analysis on a
population-based sample of twins. However, whilst discordant MZ twin pairs allow genetics
and the early shared environment to be controlled for, there is the possibility of bias through
'non-measured' or ‘non-shared’ variables that differ between members of a MZ pair, which
may act as residual confounders, for example occupation exposure. Despite our sample data
being obtained via rigorous interviews, the quality of self-reported chronic LBP, myocardial
infarction and other coronary heart diseases was based on health-related questionnaires, which
could be interpreted differently by different responders, and this may be seen as a limitation,
despite the moderate to good agreement between self-report and medical record data for myo-
cardial infarction [41]. There may have also been participants with chronic LBP excluded as
they were not diagnosed with coronary heart-related disease by a medical doctor but may have
subclinical coronary heart disease (i.e., the presence of some but not all criteria to achieve a
diagnosis), such as a family history of cardiovascular disease [42].

The screening questionnaire provided no information on the severity or duration of chronic
LBP, only addressing a single time point, hence it is not known whether people with a history of
chronic LBP either recovered, had intermittent or continuous symptoms. In addition, partici-
pants may have experienced an episode of LBP during their lifetime and may be subjected to
‘recall bias’, particularly if the pain experience occurred some time ago. However, there is a recur-
rent, fluctuating course associated with LBP [43] i.e., acute-on-chronic episodes, which frequently
affects a high percentage of individuals in the working population over a long period [44]. Fur-
thermore, additional analysis showed that the prevalence of chronic LBP in our study was similar
to the prevalence of LBP reported in the last 2 years—in the same cohort (e.g. lifetime myocardial
infarction: 44.7% vs. 42.1%, lifetime coronary heart disease: 48.7% vs. 43.9%). More comprehen-
sive measures in the future may assist, for example, not only for LBP but also in the identification
of risk factors for the future onset (or transition to) chronic widespread pain among chronic LBP
patients [45]. Prevalence of coronary heart disease may also be due to residual confounding, with
chronic pain patients frequently experiencing unmeasured confounders such as symptoms of
anxiety or depression [46]–the latter strongly associated with cardiovascular disease [47]. More-
over, our study did not account for hypertension, lipid levels and medication use such as non-ste-
roidal anti-inflammatory drugs, which may increase risk of cardiovascular disease [48].

Conclusion
In summary, chronic LBP is associated with an increased prevalence of lifetime myocardial
infarction and other coronary heart diseases. The observed relationship could be independent of
familial confounding, including genetics, although this needs to be confirmed in further studies.
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