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Low back pain is one of the leading causes of disability. In Spain it affects
20.5 percent of the population over 15 years and is responsible for 12.5
percent of sick leave. In addition to the discomfort and suffering caused to
millions of people, its economic cost is estimated at 160 million euros. This
study, conducted on a sample of 1631 individuals registered as twins, seeks
to establish the relationship between the variables of physical activity,
Body Mass Index (BMI) and physical inactivity with the risk of having
suffered back pain at some point, as well as determine whether such a
relationship is maintained as genetic and environmental factors are shared.
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Lower back pain is one of the main causes of disability worldwidel'l and has an important impact on the physical, social,
psychological and economic spheres of people's lives?l. This impact also extends to their environment and society as a
whole. Based on a 2011-2012 National Health Survey, in Spain 20.5 percent of people older than 15 admit to have suffered
lower back pain during the last twelve months[®l, a proportion that seems to have stabilized in recent yearsl“l. Between the
years 2000 and 2004, this problem represented 12.5 percent of all lost work days and its average estimated cost per lost
work day during this period was more than 160 million Euros per year[l. On the other hand, although the rate of recovery is
75 percent after 6 weeks, frequent relapses occur (where 33 percent result in lost work days)[® 7. As a whole, given the
magnitude and the extent of its implications, the identification of the causes of this problem as well as the preventive and
effective rehabilitation strategies become especially relevant. However, the risk factors involved in lower back pain are not
fully defined!®! and currently, no decisive evidence exists regarding the efficiency of the preventive measures(®l.

Obesity as well as physical activity have been considered possible factors
affecting lower back pain, so the presence of obesity as well as lower physical
activity have been associated, although not conclusively, to an increased risk of

Both obesity and low levels of
physical activity have been
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linked, although inconclusively, developing this condition!'®'3], In turn, Body Mass Index (BMI) and physical

with an increase in the risk of activity are clearly related!"'8l and in fact, a relationship has been suggested

experiencing lumbar pain between the genetic ability to lose weight by exercising and the adherence to

regular exercisel'” or an interaction between low physical activity and the FTO

gene to increase the risk of obesity[2%l, Since obesity and physical activity are

modifiable factors, the nature of their association with lower back pain is especially of interest due to their role as possible
preventive alternatives?'! (references).

Obesity is considered a pandemic/??] and is a growing public health problem!Z3],
and also seems to be associated with different musculoskeletal disorders such as
lower back painl'®. However, its association with this problem continues to be
controversiall® 2% 2], For example, while some studies have demonstrated that
obesity increases the prevalence of chronicl'’> 261 and recurrent?] lower back

Several recent publications
report the significant
heritability of the phenotype,
and state that genetic makeup
accounts for between 30% and

o o .
67% of the '”d"V'dual dlffer.ences "] other studies have not been able to observe an association between them[?”-
observed in lumbar pain 291, On the other hand, in a study of twins with controlsi6], the positive
association between BMI and lower back pain that was found in the general

pain and a relationship has been identified between BMI and lower back painl'®

cohort analysis disappeared when identical or monozygotic twins with different body weights were studied, which suggests
that genetics could influence and confuse this relationship. Therefore the relationship between obesity and lower back pain
is still not clear(2> 301,

In turn, different studies have analyzed the relationship between physical activity and lower back pain with contradictory
resultsl’2 13. 211 and there is still no evidence regarding up to what point different types of physical activity may cause or
prevent this problem!3'], For example, while some studies associate intense physical activity with a low prevalence of lower
back pain[2" 32I; others have found that sedentary behavior as well as highly intense physical activity increases the risk!33l,

One of the possible explanations to this disparity in the results when associating
obesity and physical exercise with lower back pain may be found in the impact of
the genetic factors in these relationships. In reality, environmental as well as
can explain the real influence of genetic factors seem to be associated with the occurrence of lower back pain[24.
modifiable environmental Several recent publications note a significant heritability in this phenotypel?* 3*
factors on umbar pain 37, In accordance with these studies, the variations in our different genetic
constitution would explain between 30 percent and 67 percent of the individual

differences observed in lower back pain, where the effect of the genetic factor is greater in chronic and incapacitating

Studies on twins, in which the
genetic factor can be controlled,

pathologies than in acute episodes(?4l. Likewise, we have observed that the genetic factors that affect this problem are
common to other related phenotypes such as the degeneration of the lumbar discl34. A large number of studies have been
conducted from a genetically informative point of view, which have researched further into the association of lower back
pain with socio-demographic factors, occupational workload, being dissatisfied with life and personality variables36: 38411,

In the same way, obesity as well as physical activity demonstrate genetic influences in the occurrence of lower back pain.
Studies of twins have consistently found a significant contribution of genetic factors in the changes in BMI and related
traits, in both sexes and in all ages. Currently a mean hereditability of BMI near 70 percent is estimated with a range based
on the sample between 50 percent and 90 percent!*2#4, This distribution remains constant in different countries and
cultures3 45 4l | jkewise, exercising also seems to have genetic influences!'® 47> 481 and in fact, a recently conducted
genome-wide association study (GWAS) concluded that physical exercise is probably influenced by multiple genes[*7],

Given the relevant contribution of genetic factors to the variance observed for lower back pain as well as obesity or
physical activity, the use of designs that allow controlling the effect of said factors is especially interesting. Studies using
twins where the genetic effect can be controlled may contribute to clarifying the relationships between these variables and
determine the real impact of modifiable environmental factors regarding lower back pain.

In this study, our aim was to study the relationship between BMI and different levels of physical activity with lower back
pain in a sample using twins. Particularly, the objective consisted in conducting a case-control study using twins with
differences regarding the studied condition. In other words, pairs where only one of the members is experiencing lower
back pain. Given the perfect pairing by gender, age and family environment, to which we add the control of the genetic
factors in the case of monozygotic twins, this type of study provides evident advantages for controlling confusing
variablesl*’! and determining the effect of the studied variables.

Material and method

Design, subjects and procedures

A cross-sectional study using a co-twin case-control design was carried out. The subjects were taken from the Registro de
Gemelos de Murcia / Murcia Twin Registry (RGM is the Spanish acronym). This is a population-based registry of twins
comprised of adults born from multiple births between 1940 and 1966, and residing in the Region of Murcia. The RGM is a
joint initiative lead by the University of Murcia and the Health Department of the Autonomous Community. Information
about the characteristics of the RGM and its development are described in another publication.[®® Participation in the
Registry is voluntary and subject to consent. The Registry procedures have been approved by the Ethics Committee of the
University of Murcia.



The data used in this study was obtained in 2013 through telephone interviews. The sample for this study includes a total of
1,613 individuals participating in the registry, which were grouped in different zygosity categories (Table 1). Women
represented 55.1% percent of the participants and the average age of the sample was 56.7 (SD: 7.1) years, without any
significant differences noted between genders.

Table 1. Characteristics of the sample, prevalence of lower back pain and BMI; by gender and total

General sample
n (percent) 725 (44.9) 888(55.1) 1,613 (100)
Age [mean, (DE)] 56.4 (6.9) 56.9 (7.3) 56.7 (7.1)

Zygosity (Subjects) [n, (percent)]

Mz 225 (31.0) 341 (38.4) 566 (35.0)
DZ (Same gender) 261 (36.0) 309 (34.8) 570 (35.4)
DZ-0G 239 (33.0) 238 (26.8) 477 (29.6)
Prevalence of lower back pain [n, (percent)] 211 (29.1) 323 (36.4) 534 (33.1)
BMI [media, (SD)] 27.8 (3.9) 26.6 (4.6) 27.2 (4.3)

Case-control

Discordant pairs for lower back pain MZM DZM MZF DZF DZ-0G
n (percent) 38 (36.5) 49 (41.9) 49 (31.9) 63 (45.0) 99 (46.9)
Age [mean, (SD)] 54.0 (6.0) 56.3(7.6) 55.6(6.8) 58.1(7.6) 57.5 (6.2)

BMI: Body Mass Index; SD: Standard Deviation; MZ: Monozygotic; DZ: Dizygotic; MZF: Monozygotic female; MZM:
Monozygotic male; DZF: Dizygotic female; DZM: Dizygotic male; DZ-OG: Dizygotic opposite gender.

Determining the zygosity

The zygosity was assessed by means of a 12-point questionnaire focused on specific anthropometric characteristics and the
physical similarity of the pair. This questionnaire was previously validated and its results properly correspond to the
zygosity determined by the DNA analysis, reaching a concordance above 95 percent[,

Instruments and measurements

The interview was based on an epidemiological type questionnaire that among other things included aspects related with
back pain, anthropometric data and physical activity. The prevalence of lower back pain was assessed by means of two
questions taken from the National Health Survey[®' asking if they have ever experienced lower back pain in their lives and
if they required medical attention. It was defined as presence of lower back pain at some time when a positive response
was given to both questions. On the other hand, the height and weight were provided by the subjects and the BMI was
calculated by dividing the body weight of the individuals in kilograms by the square of their height in meters. Regarding
physical activity, a questionnaire was used that was based on the International Physical Activity Questionnaire (IPAQ)P2!
which included measuring the frequency with which mild physical activity is practiced (i.e., walking for at least 10
continuous minutes), moderate (i.e., moderate physical activity for at least 10 minutes such as a relaxing swim or playing
golf) and intense physical activity (i.e., physical activity that causes rapid breathing or gasping for at least 10 minutes) as
well as time dedicated weekly to each one of these activities. Additionally, a sedentary lifestyle measurement was
considered, implemented as time spent sitting down during a workday. Measuring of the frequency of physical activity was
recorded as the number of times per week. The duration measurements were recorded in minutes and subsequently, given
their concentration around specific points corresponding to hours, they were transformed into 11 time groups (from less
than 1 hour up to more than 10 hours). In the case of sedentary lifestyle, the duration is grouped into four levels (less than
3 hours; between 3-6 hours; between 6-10 hours; more than 10 hours).

Statistical analysis

The analysis was carried out in two stages: analysis of the general sample and cases and controls study. All the variables,
except gender, were used as continuous variables. To analyze the general sample we studied the association between BMI
and the physical activity measurements (in other words, weekly frequency and duration of mild, moderate and intense
physical activity and sedentary lifestyle) and the prevalence of lower back pain, including all participants regardless of the
type of pair; if the pair was complete or incomplete, or the similarity of the lower back pain. Gender was included as a
possible confusion factor. The effects of the predictor variables were calculated using Generalized Estimation Equations
using a rough estimator. This method takes into account the structure that is dependent on family data so that all the
members of each family can be included in the study. Gender was considered a factor while all the rest of the predictors
were included as covariates.

Subsequently, for the purpose of controlling the possible confusing effect of the

The sample on which the study genetic factors and the family or shared environment, a case and controls study



was conducted included 1,613 was conducted using only pairs of twins of the same gender, complete and

individuals of different discordant for lower back pain (both twins had answered the questionnaire and
categories of zygosity, 55.1% of only one of them mentioned having experienced lower back pain on some
whom were female and the occasion), using the same statistical procedure. Gender and age were not taken
average age of whom was 56.7 into account since there was a perfect pairing in both variables. Additionally,
years separate studies were conducted for monozygotic (MZ) and dizygotic (DZ) pairs

of twins. In these types of designs, when the magnitude of the association

between two variables (for example BMI and lower back pain) sequentially
decreases between the analysis of the general sample (not adjusted for genetic factors or early shared environment) and
the case and control studies of DZ pairs (adjusted for early shared environment) and MZ pairs (adjusted for genetic factors
and shared environment), the relationship between the two variables would be indirect and mediated by confusion factors.
By the contrary, the maintaining of the association in the case-control studies would be a solid indicator of a possible direct
causal pathway!®l. The data analysis was carried out using statistical software SPPS v.19.

Results

Characteristics of the sample

Detailed information about the characteristics of the sample are listed in Table 1. The prevalence of lower back pain in the
total sample was 33.1 percent, with a greater presence in women (36.4 percent) than in men (29.1 percent). No significant
differences in the prevalence by zygosity was found (p<.05).

The mean BMI of the sample was 27.2 (SD: 4.3), being significantly higher in males (F: 26.4; p < .001). In this case, no
significant differences were observed by zygosity between individuals of the same gender.

The physical activity that is carried out is listed in Table 2. The average frequency of the mild activity was 3.7 times per
week and was practiced an average of 6.5 hours per week. The frequency of the moderate activity did not reach once per
week although those that practiced it, did so for 8.5 hours a week. Regarding intense physical activity, the frequency was
also less than once per week with an average duration of less than 7 hours. On a normal workday, the participants in the
study spent an average of 4.5 hours sitting down. In all cases except the frequency of engaging in mild physical activity,
which did not show any differences by gender, males presented significantly higher values of frequency [Moderate
(F: 33.3; p < .001); Intense (F: 110.1; p < .001)] as well as duration [Mild (F: 6.4; p < .01); Moderate (F: 26.6; p < .001);
Intense (F: 9.8; p < .01)]. Likewise, males spent more hours sitting down during a workday (F: 61.7; p < .001). Also in this
case we did not observe any significant differences by zygosity in individuals of the same gender except for a tendency in
males of mixed pairs to spend more time sitting down (F: 4.8; p < .01).

Table 2. Frequency and duration of mild, moderate and intense physical activity and time sitting down during a normal
work day. Total and by gender

Walking (Times/week) 716 3.7 (4.3) 883 3.7 (3.6) 1,599 3.7 (3.9)
Walking (Hours/week) 471 7.2 (9.5) 553 5.9 (5.1) 1,024 6.5 (7.5)
Moderate activity (Times/week) 699 0.7 (1.8) 883 0.3 (1.2) 1,582 0.5 (1.5)
Moderate activity (Hours/week) 109 11.5 (12.0) 70 3.7 (5.1) 179 8.5 (10.6)
Intense activity (Times/week) 708 1.2 (2.2) 882 0.3 (1.1) 1,590 0.7 (1.7)
Intense activity (Hours/week) 218 7.6 (9.2) 84 4.2 (5.9) 302 6.7 (8.6)
Time spent sitting down (Hours/day) 710 5.2 (3.3) 871 4.0 (2.5) 1,581 4.5 (2.9)

Analysis of the general sample

Table 3 lists the results obtained in the analysis of the general sample as it
relates to the object being studied. As was expected, gender showed a relevant
association with lower back pain. Age on the other hand did not have any effect
on this condition in the total sample. Therefore, the analyses conducted
afterwards were adjusted by gender. In the case of the total sample, a high BMI,
low frequencies of moderate and intense physical activity and a sedentary
lifestyle showed to be significantly associated to a higher risk of suffering lower
back pain. The duration of the activity did not have any effect on lower back
pain regardless of the type of activity that was carried out.

Differentiated analyses by
gender showed that the risk of
experiencing lumbar pain was
greated at a lower age in men,
while the opposite was true for
women

Table 3. Analysis of the general sample (Total and by gender). Estimate of the effect on lower back pain and
confidence interval 95 percent for demographic, anthropometric (BMI) and physical activity variables.



Gender
General sample
Age
General sample
Men
Women
BMI
General sample
Men
Women
Walking (Times/week)
General sample
Men
Women
Walking (Minutes/week)
General sample
Men
Women
Moderate activity (Times/week)
General sample
Men
Women
Moderate activity (Minutes/week)
General sample
Men
Women
Intense activity (Times/week)
General sample
Men
Women
Intense activity (Minutes/week)
General sample
Men
Women
Time spent sitting down (Per day)
General sample
Men

Women

1,605

1,605
722
888

1,482
705
777

1,593
713
880

1,019
468

1,576
696
880

179
109
70

1,584
705
879

301
217
84

1,575
707
868

0.367

-0.037

0.023

0.030

0.008

0.038

-0.018
-0.018

-0.019

-0.023
-0.042

0.006

-0.078
-0.085
-0.062

-0.036
-0.049

-0.157

-0.073
-0.065

-0.083

-0.021
-0.013

-0.010

0.160
0.230
0.051

0.148, 0.585

-0.02, 0.02
-0.06, -0.01

0.01, 0.04

0.00, 0.06
-0.03, 0.05

0.01, 0.07

-0.05, 0.01
-0.06, 0.02

-0.06, 0.02

-0.07, 0.02
-0.11, 0.02
-0.05, 0.07

-0.15, -0.01
-0.19, 0.02
-0.17, 0.05

-0.15, 0.08
-0.19, 0.09

-0.47, 0.16

-0.14, -0.01
-0.15, 0.02

-0.22, 0.06

-0.10, 0.06
-0.09, 0.11

-0.01, 0.01

0.02, 0.30
0.04, 0.42
-0.15, 0.26

0.001

0.990
0.002

0.021

0.027
0.707

0.037

0.203
0.400

0.370

0.296
0.185
0.850

0.045
0.114

0.268

0.525
0.491

0.330

0.044
0.122

0.239

0.625
0.800

0.255

0.026
0.016
0.628

Note: The models of the total sample are adjusted by gender. The models for the samples of men and women are adjusted

by age.

Given the important effect of gender, we decided to carry out this same analysis independently for men and women. In this
case, age showed to have a significant effect, although in the opposite direction for each gender. Thus, a younger age
increased the risk of suffering lower back pain in males while for women, the risk increases, as they get older. For this
reason the rest of the predictor variables were adjusted for age. The subsequent analyses limited the effect of a sedentary

lifestyle in men and BMI in women.



Case and control study

A total of 199 complete and discordant pairs of twins were studied in the case and control studies. As would be expected,
the discordance occurred with less frequency in MZ pairs of twins (Table 1). The conducted analyses showed that none of
the variables that had shown to have an effect on the general sample had a significant effect when the sample was
analyzed as a pair (Table 4). Regardless of the sub-sample that was used, the BMI as well as the variables of physical
activity or sedentary lifestyle lost their statistical significance.

Table 4. Case-control study. Main effects of the covariates with a significant influence in the analysis of the general
sample

Discordant pairs (n = 199)

BMI 0.027 1 0.870
Moderate activity (Times/Week) 0.533 1 0.466
Intense activity (Times/Week) 0.007 1 0.932
Time spent sitting down (Per day) 0.308 1 0.579

Discordant Dz pairs (n = 112)

BMI 0.563 1 0.453
Moderate activity (Times/Week) 0.103 1 0.749
Intense activity (Times/Week) 0.081 1 0.776
Time spent sitting down (Per day) 0.183 1 0.669

Discordant MZ pairs (n = 87)

BMI 1.71 1 0.191
Moderate activity (Times/Week) 0.612 1 0.434
Intense activity (Times/Week) 0.200 1 0.655
Time spent sitting down (Per day) 1.63 1 0.202

Male Discordant pairs (n = 87)

Time spent sitting down (Per day) 0.018 1 0.892
Male DZ discordant pairs (n = 49)

Time spent sitting down (Per day) 0.019 1 0.892
Male MZ discordant pairs (n = 39)

Time spent sitting down (Per day) 0.101 1 0.750
Female discordant pairs (n = 112)

BMI 0.014 1 0.906
Female discordant DZ pairs (n = 63)

BMI 0.535 1 0.464
Female discordant MZ pairs (n = 49)

BMI 1.19 1 0.273

Discussion

The object of this study was to analyze, in a genetically informative model, the possible relationship between
anthropometric variables (BMI), physical activity (mild, moderate and intense) and a sedentary lifestyle, with the risk of
having suffered lower back pain on some occasion. This way we expected to determine if an association existed between
these variables and if said association was maintained after the genetic and shared environmental factors were controlled.

The results indicated that relationships exist between the considered predictor variables and the risk of suffering lower
back pain. Thus, a higher BMI, spending hours sitting down and engaging in moderate or intense physical activity with less
frequency are related with a greater risk of suffering lower back pain. On the other hand, the analyses also suggest that all
these relationships are mitigated by genetic and shared environmental factors. None of the associations found in the
analysis of the general sample maintained the significance in the case-control study, where the pairing of twins controls the
effect of said factors. These results are in consonance with a prior study which also found a positive association between
BMI and lower back pain in the general cohort analysis; this association disappeared when the case-control study was



conducted using MZ twins, which suggests that genetic factors could affect and confuse this relationship!2¢] Similarly, the
inconsistency of the results found with respect to the association that exists between a sedentary lifestyle and physical
activity (moderate as well as intense) with lower back pain suggest that this association is not direct; instead, it is affected
by other factors.

This study also provides other results worth mentioning. This way we have found
a higher prevalence of lower back pain in women than in males, which is normal
in the literaturel®® 33-3¢] byt also, we have found a different pattern as far as the
influences of predictor variables by gender. This way while in women the BMI
was related with the risk of suffering lower back pain, in males this risk was
associated with a sedentary lifestyle and a very low frequency of engaging in
physical activity. Moreover, age also seemed to have a differentiated impact.
While older age entailed an increased risk in women, in males it had the
opposite effect. Until now, different explanations have been offered for this
higher prevalence of lower back pain in women but the reason for this is still not clear. Some authors have suggested that
women may be more prone to report feeling painl“?l, feeling pain for longer periodst?], seeking medical attention more
oftenl®], or are more prone to suffering pain[®® 3 than males. Our data suggests another possible explanation. It is possible
that males and females represent specific sub-groups of patients with lower back pain and which, due to their body
constitution and lifestyles, require a differentiated analysis, at least in this age group. For example, the distribution of
body fat is different in adult women and men, where being overweight could cause a greater impact in some people than in
others. On the other hand, the type of job and the intensity with which a sport is practiced also differ by genders, which
could explain part of the differences that are found.

The fact that lumbar pain is
influenced by genetic factors
suggests that individual
characteristics should be
considered in research and
interventions in order to resolve
it

Another relevant question is one related with the effect that physical activity
and a sedentary lifestyle have on lower back pain. In our study, although a
protective effect seemed to exist between the frequency of moderate and
intense physical activity and lower back pain, this association was not strong
enough for it to be maintained in the analysis by gender. As mentioned above, it
did not have a significant effect in the case-control study. On the other hand,
the number of hours per week engaged in physical activity was irrelevant. In the
case of a sedentary lifestyle, the risk of suffering lower back pain increased as
the person spent more hours sitting down during the day but only in males. This condition implies a complex and possibly
reciprocal relationship between physical activity and lower back pain with non-generalized effects and important changes
based on the characteristics of the subject. This would also explain the results found by other authors. For example, De la
Cruz et al.”!l] found that the total amount of normal physical activity does not seem to have an effect on back pain.
However, subjects that had experienced back pain during the past 12 months, had more frequently engaged in a low or
moderate activity pattern. Other authors found that intense physical activity had a preventive effect32], while others found
that a sedentary lifestyle as well as intense activity were associated with the risk of developing lower back pain33l. In other
words, the literature provides contradictory evidence regarding what type and degree of physical activity may cause or
prevent lower back painl3'l, which is consistent with the noted explanatory model, according to which different types and
degrees of activity would have different effects based on the characteristics of the individual. Worth adding to this is that
the discrepancies can also be a result of the different definitions and categories used for lower back pain as well as for
physical activity.

Men and women can represent
specific subgroups of lumbar
pain patients that require
different analyses due to their
physical characteristics and
lifestyles

This study presents certain limitations that must be taken into account when interpreting the results. First of all, the
definition used for lower back pain is basic and does not include information about the different degrees, frequencies of
appearance, origin of the episode or functional impact, which could contribute to grouping cases with different
characteristics in the same category. On the other hand, the information obtained regarding lower back pain as well as the
predictors that were taken into account were self-reported. It is known that the frequency as well as the duration of the
physical activity as well as the weight and height can be over-estimated (e.g. height) or under-estimated (e.g. weight)33
60], Additionally, our study uses a cross-sectional model that limits the possibility of identifying the causal relationships
between variables3], This design prevents accurately determining if for example, the sedentary lifestyle is what causes a
higher risk for suffering lower back pain or if it is the presence of this pain what generates a higher possibility of spending
more time sitting down. Any of these interpretations would be plausible in light of the current literaturel®!-%3, However, we
believe that our study provides valuable information for understanding the individual differences regarding the prevalence
of lower back pain, with important practical implications for preventing and rehabilitating this condition.

In summary, while the literature provides many different strategies for handling cases after an episode of lower back
painl® 63 it offers a limited evidence regarding the strategies for preventing these episodes from occurring. Given the
important impact of lower back pain on the individual and on their environment, its functional effects and the
consequences it has on peoples jobs and income, having information available on preventive strategies and rehabilitation is
especially relevant. The current lack of clear evidence regarding the effectiveness of these type of interventions may be
attributed to a certain lack of knowledge on the causal factors that are responsible for lower back painl®l. The conclusions
of this study, although far from answering the questions that exist, may contribute to gaining a more in depth knowledge of
these aspects. Thus, our results suggest a greater relevance of the frequency of physical activity than the duration of the
activity, provides information on the role of moderate or intense physical activity and points to the avoidance of a



sedentary lifestyle and excess weight as areas that should be further explored due to their potential for preventing lower
back pain. Also, our study suggests the need to take the individual (e.g. age) as well as group (e.g. gender) characteristics
into account instead of assuming that any strategy and with any intensity should have the same preventive or rehabilitating
impact on all persons. Finally, our study also suggests that we should take into account the role played by genetic factors
on the analyzed associations. The fact that lower back pain as well as BMI or engaging in physical activity are influenced by
these types of factors leads us to consider the weight of individual characteristics and the interest in conducting further
research on personalized interventions.
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