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What's already known about this topic?
e The co-occurrence of low back pain (LBP) and depression is common, however
the nature of this association remains unclear.
What does this study add?
e The observed association between depression and LBP is dependent on the
method of assessment used for both conditions.
e The nature of the association is influenced by genetics and shared environmental
factors, highlighting the complexity of this relationship.
e People with higher levels of depression are at higher risk of developing LBP,
however this risk is small, presents only in more disabling cases of LBP, and is

not significant when genetics and early environmental factors are considered.



Abstract

Background: Although the co-occurrence of low back pain (LBP) and depression is
common, the nature of this association remains unclear. We aimed to investigate
whether symptoms of depression increase the risk of LBP, after adjusting for genetic

and environmental influences.

Methods: Baseline data of 1,607 twins from the Murcia Twin Registry (Spain) were
collected in 2009-2011 and follow-up data in 2013. Twins answered questions on
depression-related symptomatology and LBP. Only participants not reporting chronic
LBP at baseline were included. The association between symptoms of depression at
baseline and LBP at follow-up was investigated using logistic regression analysis
including the complete sample. Subsequent matched within pair case-control analyses
were performed with all complete dizygotic twin pairs discordant for LBP, followed by

monozygotic twins.

Results: In the total sample analysis, symptoms of depression did not significantly
increase the risk of chronic LBP (OR=1.40, 95%CI: 0.96-2.03), care seeking (OR=1.21,
95%CIl: 0.81-1.81), or activity limitation (OR=1.09, 95%CI: 0.69-1.72). State-
depression (participants’ symptoms at the moment of the interview) was significantly
associated with future care seeking (OR=1.06, 95%CI: 1.01-1.12), and activity
limitation (OR=1.07, 95%CI: 1.01-1.14). A significant association was found between
trait depression and activity limitation (OR=1.05, 95%CI: 1.01-1.10), but not for the
other LBP outcomes. No significant association was observed in any of the subsequent

case-control analyses.

Conclusions: The association between depression and LBP appears to be small and

likely to be confounded by genetic and early shared environment influences. Our results



highlight the important influence of the methods of assessment on estimating this

association.

Keywords: Low back pain; Depression; Case-control Twin study; Epidemiology; Risk

factor.



1. Introduction

The latest Global Burden of Diseases study has indicated LBP as the leading cause of
disability worldwide, where disability is assessed by years lived with disability (YLDs),
while depression is responsible for the second highest burden of all diseases globally
(Vos et al., 2012; Global Burden of Disease Study, 2015). These conditions commonly
co-exist (Sullivan et al., 1992; Bair et al., 2003; Edit et al., 2013) and the association
between them has been long discussed in the literature and clinical practice. In fact
recent studies have established a link between them with pooled results from a recent
systematic review showing that symptoms of depression increase the risk of future LBP
(Pinheiro et al., 2015b). However, genetic factors have substantial influences in the
development of both LBP (Nielsen et al., 2012; Ferreira et al., 2013) and depression
(Sullivan et al., 2000) as well as in the association between symptoms of depression or
anxiety and LBP (Reichborn-Kjennerud et al., 2002; Pinheiro et al., 2015a). None of the
studies included in this systematic review (Pinheiro et al., 2015b) controlled for the
effects of genetics or early shared environment on the relationship between depression

and LBP.

A co-twin, cross-sectional study conducted by our research group found that the
relationship between symptoms of depression and self-reported LBP disappears when
genetic and common environmental influences are accounted for (Pinheiro et al.,
2015a). This finding suggests that the proposed direct relationship between depression
and LBP might be, in fact, driven by factors influencing both conditions such as genetic
factors. Although the co-twin design allows for a better understanding of the nature of

the association between these variables, our study (Pinheiro et al., 2015a) did not allow



for a firm conclusion about the causal relationship between symptoms of depression and

LBP due to its cross-sectional design.

To fully understand the effect of symptoms of depression as a risk factor for LBP, a
comprehensive approach considering genetic and environmental factors is required.
Thus, the aim of this study was to investigate whether symptoms of depression increase
the risk of chronic LBP with the use of a prospective study design, adjusting for

important confounders including genetic factors.

2. Methods

2.1 Study design and sample

We conducted an observational longitudinal twin study investigating symptoms of
depression as a risk factor for the development of chronic LBP in adult twins from the
Murcia Twin Registry (MTR), which is a population-based Registry. For more
information about the recruitment and inclusion criteria see manuscripts published
elsewhere (Ordonana et al., 2006; Ordonana et al., 2013). The Research Ethics
Committee of the University of Murcia approved all registry and data collection
procedures involved in this study. The Helsinki Declaration, as well as applicable
institutional and governmental regulations concerning the ethical use of human

volunteers, were followed during all phases of this research.

2.2. Participants and Procedure
Data were collected between 2009 and 2011 (baseline) and 2013 (follow-up) for female,
male and opposite-sex twin pairs. Information on demographics and self-reported

health-related questionnaires were gathered. Trained assessors, blinded to the predictors



and outcomes of the study, collected all data using phone and face-to-face interviews.

All questionnaires were self-reported.

Inclusion criteria for this study were: answering the questionnaire at both baseline and
follow-up and being free of chronic LBP at baseline. We defined participants as being
free of chronic LBP based on the answers to the following question: “Have you ever
suffered from chronic LBP?” Those participants who answered “no” to this question at

baseline were considered as free of chronic LBP and were included in the analysis.

DNA was used to ascertain the zygosity in part of the sample (338 female twin pairs).
When a DNA test was not performed, a 12-item questionnaire focusing on the degree of
similarity and mistaken identity between twins was used. This questionnaire
corresponds well with DNA testing for determining zygosity and the agreement

between them is around 96% (Ordonana et al., 2013).

2.3. Measurements and Instruments

2.3.1. Outcomes

The three LBP measures collected at follow-up were the outcomes of this study: i)
presence of chronic LBP, ii) medical care-seeking associated with chronic LBP, and iii)
activity limitation associated with chronic LBP. All LBP outcomes were assessed
through a dichotomous self-reported question. The chronic LBP question was derived
from the Spanish National Health Survey (Ministerio de Sanidad Servicios Sociales e
Igualdad, 2012.) while the other questions were based on consensual recommendations
for the assessment of LBP in observational studies (de Vet et al., 2002; Dionne et al.,

2008). Participants were instructed to consider chronic LBP as pain in the lower back



area that lasted for at least six months (including recurrent episodes). Those participants
endorsing the question “Have you ever suffered from chronic LBP?” were considered as
cases for having chronic LBP. This question was followed by: “Did you seek medical
help because of this pain?” and “Was this pain bad enough to limit your usual activities
or change your daily routine for more than one day?” Those participants who answered
“yes” for these questions were considered as “cases” for medical care-seeking and for
activity limitation respectively, while those participants who answered “no” for each of
these questions, along with those who did not report chronic LBP in the first question,
were considered as the non-cases for medical care-seeking and activity limitation

outcomes.

2.3.2. Explanatory variables

Data on symptoms of depression were collected at baseline and were considered the
explanatory variables. Participants were requested to answer two instruments, resulting
in three different measures of symptoms of depression. Firstly, the Depression and
Anxiety domain of the EuroQol-5 dimension questionnaire (EQ-5D) was used to assess
symptoms of depression combined with anxiety (Szende and Williams, 2004).
Participants were instructed to select the option that best described themselves on that
day: i) “I am not anxious or depressed; ii) | am moderately anxious or depressed; iii) |
am extremely anxious or depressed”. Due to the small number of participants in the
extreme category, participants were divided into two groups: i) not depressed or

anxious; ii) moderately or extremely depressed or anxious.

The second instrument used to assess symptoms of depression was the Spanish version

of the State-Trait Depression Questionnaire (Spielberger et al., 2005). Only female twin



pairs answered this questionnaire. The State-Trait Depression Questionnaire is
comprised of two sub-scales - state depression and trait depression scales. The state
depression items refer to how participants felt “at the moment” of the interview, while
the trait depression items refer to how participants “generally” felt. Each of the sub-
scales is composed of 10 items with four-point scale answer options (1 to 4). The final
score for each sub-scale ranges from 10 to 40 (Spielberger et al., 2008). The continuous

scores for both state and trait depression were used in the analyses.

2.3.3.. Potential Confounders

Data on age, sex, sleep quality, body mass index, engagement in leisure physical
activity, and smoking were collected at baseline and considered as possible confounding
variables. Participants’ subjective sleep quality was assessed using the Spanish version
of the Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989; Royuela Rico and
Macias Fernandez, 1997) and the dichotomous score was used for analysis, based on the
total score cut off point of 5, with a score greater than 5 indicating poor sleep quality
(Buysse et al., 1989). Participants were required to choose the option that best described
their engagement in leisure physical activity: 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”. Engagement in leisure
physical activity was dichotomized into two categories: i) no physical activity; ii) low,
moderate or vigorous physical activity. In regards to smoking habits, participants were

divided into two categories: i) ex or never smoker; ii) current smoker. Smoking and
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physical activity questions were based on the Spanish National Health Survey

questionnaire (Ministerio de Sanidad Servicios Sociales e Igualdad, 2012.).

2.4. Data Analysis

Descriptive statistics were used to characterize the sample, which was comprised of
twins who participated in both data waves and did not report chronic LBP at baseline.
The outcome variables investigated were chronic LBP, medical care-seeking associated
with chronic LBP, and activity limitation associated with chronic LBP at follow-up.
Explanatory variables were the three measures of symptoms of depression that were
collected at baseline: symptoms of depression and anxiety, state depression, and trait
depression. Potential confounders considered were age, sex, sleep quality, engagement
in leisure physical activity, and smoking. As twins were followed up for different
periods of time the total sample analyses were adjusted for follow-up length. Both twins
within a pair were followed for the same period of time, therefore the within-pair case-
control analyses were not adjusted for follow-up length. We analyzed the association
between each depression measure and each LBP outcome in two stages, total sample

analysis and within-pair twin case-control analysis, by means of logistic regressions.

2.4.1. Total sample analysis

In the total sample analysis all participants, regardless of zygosity and concordance for
LBP measures, were included. Therefore, twins were analyzed as individuals rather than
pairs. The association between each depression measure and each LBP outcome was
investigated using logistic regression analysis. We used a robust estimator for all total
sample analyses to account for possible non-independence of data (vce function on

STATA). All total sample analyses were adjusted for age and sex. To select other
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confounding variables that should be included in each of the multivariable models, we
conducted univariate logistic regression analyses investigating the association between
sleep quality, engagement in leisure physical activity, or smoking and both the
explanatory (depression related) and outcome (LBP related) variables. When a p-value
< 0.20 for the association between the co-variable and both the explanatory and
outcome variables was identified, this co-variable was considered a confounding
variable and was included in the pertinent multivariate regression model. The co-
variables included in the multivariate model for the total sample analysis were retained

in all analytical phases, with all models generating comparable results for each outcome.

2.4.2. Within pair twin case-control analysis
In the within pair twin case-control analysis only complete twin pairs (i.e., data
available for both twins) who were discordant for the LBP outcome (e.g. one twin

reported chronic LBP while the co-twin did not) were included.

Twins were analyzed as matched pairs rather than individuals. These analyses were
performed to investigate the association between depression measures and chronic LBP,
adjusting for genetics and shared environment. The within-pair twin case-control
analyses were adjusted for the same variables included in the total sample analysis
(except age), with sex being included when appropriate only (e.g. DZ analyses).
Conditional logistic regression was used to perform all within pair twin case-control
analyses. Initially, only DZ twin pairs were included in the within pair twin case-control

analysis. Subsequently, the analysis was performed for MZ twin pairs.
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The levels of adjustment for confounders increase in each analytical phase, from total
sample analysis to MZ only case-control analysis. In the total sample analysis, the
adjustment of variables is derived from the data, while in the within pair twin case-
control analysis adjustment for genetic and environment factors is also employed, in
addition to data-driven confounders. DZ twins share approximately 50% of their genes,
while MZ share approximately 100%, with both DZ and MZ twins considered to share
100% of the so-called common or shared environment. Therefore, the MZ model
provides the most adjusted and therefore precise estimation of risks. In theory, if the
magnitude of the association between two variables increases or remains significant and
relevant across the analytical phases, this is consistent with a possible causal
relationship, as the estimates become more direct and filtered throughout the analytical
phases. However, if the magnitude of the association decreases or disappears, this is
indicative of this association being confounded by other factors such as genetics (Figure
1) (Everitt and Howell, 2005).

<Figure 1 about here>

All analyses were conducted using STATA version 13. Results from regression models
were presented using OR and 95% confidence interval (95%CIl). The significance level

was set at 0.05.

3. Results

3.1. Study sample

Of the 1,607 participants with data available at both baseline and follow-up, a total of
1,098 twins did not report chronic LBP at baseline and formed the basis for this

analysis. Participants’ age ranged from 43 to 71 years and 52.6% were men. The
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incidence of chronic LBP during the follow-up period was 22.3%, 205 participants
(18.7%) sought care for their LBP, and 171 participants (15.6%) had their activities
limited because of their LBP. Overall, the prevalence of symptoms of depression at
study entry, regardless of the measure used, was similar across participants with and
without LBP. Twins with LBP reported worse sleep quality, engaged less in physical
activity and were less likely to smoke (Table 1).

<Table 1 about here>

3.2. Chronic LBP

In the total sample analysis, symptoms of depression and anxiety at baseline did not
significantly increase the risk of chronic LBP (OR = 1.40, 95%CIl: 0.96 to 2.03) (Table
2). This risk presented a trend towards increasing in the DZ case-control analysis (OR =
2.15, 95%CI: 0.97 to 4.77), although this estimate was not statistically significant.
When the analysis was conducted separately for MZ case-control pairs, no risk of
chronic LBP was identified (OR = 1.00, 95%CI: 0.06 to 15.99).

<Table 2 about here>

Both measures of state and trait depression, available exclusively for women, did not
increase the risk of chronic LBP in the total sample analyses (OR = 1.05, 95%CI: 0.99
to 1.11 and OR = 1.03, 95%CI: 0.99 to 1.08, respectively) (Table 2). The magnitude of
the association did not change and remained non-significant in the DZ case-control
analyses for both measures (OR = 1.05, 95%CI: 0.88 to 1.25 for state and OR = 1.01,
95%CIl: 0.87 to 1.16 for trait-depression). In the MZ case-control analysis the

association between state and trait depression and chronic LBP was similar to the
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previous phases (OR =1.01, 95%CI: 0.76 to 1.34 and OR = 1.28, 95%CIl: 0.84 to 1.96,
respectively) (Figure 2).

<Figure 2 about here>
3.3. Medical care-seeking associated with chronic LBP
In the total sample analysis, only state depression at baseline increased the risk of
women seeking medical care for their chronic LBP (OR = 1.06, 95%CI: 1.01 to 1.12)
(Table 3). No association was found for symptoms of depression (OR =1.21, 95%ClI:
0.81 - 1.81) or trait depression (OR = 1.04, 95%Cl: 0.99 - 1.09) (Table 3). No sub-
sequent case-control analysis was statistically significant. The magnitude of the
association for symptoms of depression and state depression did not change
substantially in the MZ phase (OR = 1.33, 95%CI: 0.07 to 25.91 and OR = 1.09,
95%CIl: 0.80 to 1.50, respectively) (Figure 3).

<Table 3 about here>

<Figure 3 about here>

3.4 Activity limitation associated with chronic LBP

Both state and trait depression were statistically associated with future activity

limitation associated with chronic LBP in the total sample analysis (OR = 1.07, 95%CI:

1.01to 1.14 and OR = 1.05, 95%CI: 1.01 to 1.10, respectively) (Table 4). No

statistically significant association was found for symptoms of depression (OR = 1.09,

95%CI: 0.69 to 1.72). No subsequent analysis was statistically significant (Figure 4).
<Table 4 about here>

<Figure 4 about here>

4. Discussion and conclusions
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The aim of this longitudinal co-twin study was to investigate whether symptoms of
depression increase the risk for chronic LBP and to examine the influences of genetics
and early shared environmental factors in this postulated association. Our results
suggest that the relationship between depression and LBP is small and likely to be
influenced by the definition used for both conditions and whether genetic and early
environmental factors are considered in the case-control analysis. The presence of
symptoms of depression or anxiety does not appear to increase the risk of LBP in the
future, regardless of whether LBP is sufficiently severe for people to seek medical care
or reduce their routine activities. However, higher levels of current depressive
symptomatology (state depression) and dispositional or trait depression appear to be
associated with future care seeking for LBP. Dispositional or trait depression appears to
also increase the risk of limiting their activity because of LBP. Trait depression refers to
how participants generally feel (Spielberger et al., 2005). This measure is more likely to
capture symptoms of depression as a feature throughout life as opposed to the other

measures of depression that refer only to the current and possibly temporary symptoms.

The results of this study are consistent with the findings of our previous cross-sectional
co-twin study in which the same analytical phases were used (Pinheiro et al., 2015a).
However, the current results for state and trait depression are different from the previous
investigation, where we previously found no association between these variables and
LBP. Possible reasons for this discrepancy include the cross-sectional nature of the
previous investigation, and the selection of subjects which excluded those with a longer
history of LBP (Pinheiro et al., 2015a). Additionally, the present study investigated
other LBP outcomes, in addition to chronic LBP, including medical care seeking and

activity limitation associated with LBP, and the statistically significant associations of
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the current study were found for these variables only. This is especially important as the
insights on the relationship between LBP and depression might be different depending
on the depression and LBP phenotypes. In previous longitudinal studies this relationship
was only observed in participants with more severe, persistent and limiting LBP (Croft
etal., 1995; Carroll et al., 2004; Hartvigsen et al., 2006; Makris et al., 2014), which is
consistent with the findings of the present study and do not contradict the previous one

(Pinheiro et al., 2015a) either.

The results of this study provide a different interpretation to previous studies that have
identified an increased risk of LBP in people with symptoms of depression (Mannion et
al., 1996; Muramatsu et al., 1997; Adams et al., 1999; Carroll et al., 2004; Larson et al.,
2004; Currie and Wang, 2005; Hartvigsen et al., 2006; Patten et al., 2008; Docking et
al., 2011; Makris et al., 2014). The effect size we observed in the total sample analysis
for symptoms of depression and anxiety and chronic LBP (OR = 1.40) was similar to
other non-twin studies published in the field (Pinheiro et al., 2015b). However, with our
twin data, no association was observed in the within-pair case-control analysis,
particularly in MZ twins. The MZ within-pair twin case-control analysis generates the
most precise estimates of association between two variables, as twins are matched for
genetic and familial confounders (MacGregor et al., 2000). Therefore, the fact that the
association between depression and LBP disappeared in the MZ case-control analysis
suggests that genetics and early shared environment factors confound this association.
We argue that the previous increase in risk of LBP identified in non-twin studies (with
similar estimates to our total sample approach) could possibly be confounded by these
factors. However, we emphasize that this hypothesis needs to be tested in future studies,

due to the small numbers in the MZ analyses observed in the current study.
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Although LBP and symptoms of depression are conditions likely to present
concurrently, based on the results of this study, particularly the interpretation of
statistical significance and generated confidence intervals, a direct causal link between
these conditions seems to be unlikely. Based on the results of the current study we
cannot rule out that the association between LBP and depression could be the result of
an interaction of factors instead of linear direct causation paths (Bair et al., 2003). The
suggested lack of a causal relationship between depression and LBP might assist in the
understanding of the limited effects of interventions targeting depression in patients
presenting with co-morbid symptoms of depression and LBP to improve LBP related
outcomes, such as use of antidepressants. Unfortunately, these treatments have proved
to be ineffective with a recent Cochrane systematic review showing that there is no clear
evidence that antidepressants are more effective than placebo in the management of
patients with chronic LBP and comorbid depression (Urquhart et al., 2008). However,
clinicians should not disregard the importance of diagnosing symptoms of depression in
patients with LBP. Especially in primary care settings, depression is often overlooked
due to physical complaints (Panzarino, 1998) and the neglect of managing symptoms of
depression leads to worse outcomes for patients with increases in mortality rates,

morbidity, and management costs (Panzarino, 1998).

This study has several strengths such as the use of a longitudinal design, several
measures of LBP, and a case-control twin analytical approach. However, some
limitations should be discussed. Firstly, the LBP measures used to classify participants
as free of LBP at baseline assessed chronic LBP and therefore it is likely that

participants with a history of acute LBP (e.g. LBP lasting for less than 6 months) could
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be included in the analysis. This might have influenced the results, since a previous
history of LBP is a risk factor for developing a new episode in the future (Stanton et al.,
2008). We only had data available for state and trait depression for women, which limits
the generalizability of the findings of this study. Data on symptoms of depression could
include an anxiety component due to the characteristic of the instrument. Additionally,
our measure of depression assessed symptoms of depression and not depression
diagnosed by a health professional, although previous investigations have demonstrated
the validity of screening questionnaires when compared to the gold standard to diagnose
depression (Choi et al., 2014). Lastly, the sample sizes for the case-control analyses
were overall small. Therefore, the results of this study should be interpreted with

caution.

In conclusion, our results suggest that the relationship between symptoms of depression
and LBP is small and dependent on the definition used for both conditions. Symptoms
of depression or anxiety do not increase the risk of future LBP, regardless of the LBP
outcome measure used. A higher score in the more specific state and trait depression
scales, increases the risk of more disabling LBP (medical care seeking and activity
limitation), but not overall LBP. Additionally, the results of the current study do not
suggest a possible causal link between depression and LBP given that no association
was found when genetic and early environmental factors are controlled for, and even
when the association was observed in the total sample analysis (with no adjustment for

genetics) the observed magnitude was small.

Additional studies are needed to confirm the results of the present investigation in a

larger sample and in populations with different cultural and genetic backgrounds.



19

Specifically, future investigations should consider genetic and common environment
confounding factors when possible. Common factors influencing both LBP and
depression, preferably modifiable factors, should also be investigated in future research
so that treatment and preventative strategies could be designed for these common health
problems. Interaction of risk factors should also be considered in the investigation of the
depression-LBP link, as it has been shown that depression interacts with other variables
such as obesity, and potentially alters people’s risk of developing health conditions. For
instance, the risk of developing asthma is higher for people with depression and obesity
than for those only with depression (Brumpton et al., 2013). Additionally, the ability to
differentiate phenotypes of LBP in the future, as well as depression, may show different
aspects of these conditions. The need for these studies highlights the complexity of what
was previously thought to be a simple, direct relationship between depression and

chronic LBP.
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Figure captions

Figure 1. Sequence of analytical stages from the total sample to the within-pair twin
case-control analyses.

An increase in the association from the total sample to the MZ within-pair twin case-
control analyses (panel a) is indicative of an association consistent with causation, while
a decrease (panel b) is consistent with genetics or early environment confounding the
relationship. A stable and non-changed association (not depicted) is indicative of
genetics or early environment not having a significant effect in the relationship. MZ =

Monozygotic; DZ = Dizygotic.

Figure 2. Results from multivariate models for the relationship between all depression
measures and chronic low back pain for all analytical phases.

MZ = Monozygotic; DZ = Dizygotic; OR = Odds Ratio; Cl = Confidence Interval.

Figure 3. Results from multivariate models for the relationship between all depression
measures and medical care-seeking associated with chronic low back pain for all
analytical phases.

MZ = Monozygotic; DZ = Dizygotic; OR = Odds Ratio; Cl = Confidence Interval.

Figure 4. Results from multivariate models for the relationship between all depression
measures and activity limitation associated with chronic low back pain for all analytical
phases.

MZ = Monozygotic; DZ = Dizygotic; OR = Odds Ratio; Cl = Confidence Interval.



