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Abstract Aggregation of low back symptoms in families
of children with low back pain (LBP) has been described.
However, this may be due to genetic factors or common
exposure to environmental factors. The aim of this study
was to evaluate the relative contribution of genetic and
environmental factors to childhood LBP by comparing the
pairwise similarity of LBP in pairs of monozygotic (MZ)
and dizygotic (DZ) twin children. Data was collected from
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1995 to 1998 from a national sample of Finnish 11-year-old
twins born between 1984 and 1987. This study sample
constituted of 1,790 twin pairs: 610 MZ pairs, 598 same-sex
DZ pairs, 582 opposite-sex DZ pairs. LBP pain was deter-
mined by using a validated pain questionnaire designed to
assess musculoskeletal pains during the preceding
3 months. The outcome measure, LBP, was considered in
three categories: none, once a month and at least once a
week. Twin similarity in the report of LBP was quantified by
correlations. Variance components for genetic and envi-
ronmental factors were estimated by using biometric
structural equation modelling techniques. The prevalence of
LBP at least once a month was 15.7%, and at least once a
week was 6.6%. The prevalence of frequent LBP in boys
was significantly higher than that in girls (P = 0.04). In both
genders, there were no differences in LBP reporting by
zygosity (P > 0.2). There were no statistically significant
differences between polychoric correlations in male MZ and
DZ pairs and between polychoric correlations in female MZ
and DZ pairs, suggesting little genetic influence. Results
obtained from the best-fitting genetic model suggests that, of
the total variance in LBP, 41% (95% CI 34-48) could be
attributed to shared environmental factors within families;
and 59% (52-66) to unique (unshared) environmental fac-
tors. Our results suggest that genetic factors play, at most, a
minor role in LBP in children; instead, symptoms seem to be
related to a mixture of shared and unshared environmental
factors. This study underscore the need for further high-
quality research, preferably prospective studies, to identify
important modifiable risk factors in order to guide inter-
ventions that may prevent LBP in childhood.
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Introduction

In school surveys, the prevalence of self-reported low back
pain (LBP), using a 3-month to 1-year recall period, ranges
from 6 to 16% in 10-12 olds [27, 30] and from 12 to 67%
in older adolescents [1, 33]. A significant proportion of
these children will eventually experience pain conse-
quences in the form of activity limitations, health care
consultations and school absenteeism [27, 37]. Previous
long-term follow-up studies have found that children with
LBP are at an increased risk of having back pain in adult
life compared to their peers with no back pain [7, 14, 17].
This has shifted the focus of research in the direction of
studying determinants of these symptoms in children and
young adolescents, which will ultimately improve our
knowledge of the aetiology of adulthood LBP.

A number of studies have examined the role of familial
factors in the aetiology of LBP in children. Aggregation of
low back symptoms in families of children with LBP has
been described [2, 34]. However, this may be due to
genetic factors, shared exposure to environmental factors
or possibly due to the role of parents as “models” for their
children’s reporting or expression of pain. There is also
growing evidence that psychological and psychosocial
factors play an important role in the aetiology of childhood
LBP [2, 19]. Hence, other possible explanations for this
familial correlation might be related to the psychosocial
distress and disturbance to the family function secondary to
parental LBP.

Most previous studies focusing on the genetic contri-
bution in development of LBP have been conducted in
adult populations. Some studies have primarily investi-
gated the genetic role in the pathophysiology of
intervertebral disc degeneration [4, 35]. Degenerative disc
pathology is believed to be an intermediate finding in the
causal pathway of LBP in some, but not all, cases of LBP.
Other studies have examined the genetic contribution on
non-specific LBP by comparing concordance rates for LBP
in twins with different zygosity. Bengtsson and Thorson [6]
studied twins, aged 1547, and found a strong relationship
between genetic factors and LBP with functional limita-
tions. Genetic predisposition of LBP in adults has also been
demonstrated by other studies [5, 15, 26]. Studying
younger twins, Hestbaek et al. [16] documented a consi-
derable genetic contribution on lifetime prevalence LBP in
those aged 15-41 years, but a similar genetic influence was
not evident in twins aged 12-15 years. This finding sug-
gests that genetic factors start to play a role in LBP only
after middle adolescence, but age of onset of LBP was not
evaluated in this large Danish study. Thus, a classical twin
study of LBP in preadolescents is needed to formally
evaluate the role of genetic factors at a younger age than
previously studied.

The aim of this study is to evaluate the contribution of
genetic factors to childhood LBP, by comparing the pair-
wise similarity of LBP in pairs of monozygotic (MZ) and
dizygotic (DZ) twin children aged 11 years.

Methods
The study population

FinnTwinli2 is a population-based sample of twins born in
Finland during 1983-1987. All twins were identified
through Finland’s Central Population Registry, yielding
comprehensive and unbiased sample [21, 22]. Data on pain
items were collected from four of the five nationwide birth
cohorts because the relevant items were not included in the
first year of data collection. From 1995 to 1998, a total of
2,487 Finnish families with twins born between 1984 and
1987 were sent an initial questionnaire on the twins’
zygosity, childhood development and medical history.
Approximately 85% of these families responded, and their
children were mailed another personal questionnaire during
the late autumn of each year. Each twin received a separate
questionnaire with a return envelope with prepaid postage.
The response rate among twins was 96% (4,034 individual
responses). Eighty-eight individuals had to be dropped
from analyses because their co-twins had not replied or the
questionnaire response of at least one co-twin was not
usable, thus leaving 3,946 responses from 1,973 pairs. The
twins’ median age when completing the baseline ques-
tionnaire was 11.4 years, with 95% of the twins’ age at
response falling between ages 10.9 and 11.9 years.

Evaluation of zygosity

Zygosity was determined using a well-validated question-
naire completed by both co-twins [13, 36]. Because these
twins were younger than in previous studies of the Finnish
Twin Cohort, classification was supplemented by parental
response to items developed for zygosity classification. In
addition, confirmation of zygosity in some pairs was
assessed by comparisons of school photographs and addi-
tional information obtained from twins’ mothers. Definitive
zygosity diagnosis of a small group (5%) of same-sex twins
awaits genotyping, and these twins were excluded from
analyses reported here.

Assessment of LBP

The questions on musculoskeletal pain were taken from a
questionnaire developed by Mikkelsson et al. [27]. The
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brief test-retest reliability of the questions in detecting
those who have pain at least once a week has been found to
be satisfactory [Cohen’s Kappa (k) = 0.9]. The concurrent
validity of the questionnaire compared with interviews has
also been studied; the observed agreement of results with
the pain questionnaire with the interview technique was
86% and k was 0.67 [27].

This questionnaire evaluated musculoskeletal pain
symptoms (including LBP) during the previous 3 months.
LBP was classified according to pain frequency (seldom or
never, once a month, once a week, more than once a week,
almost daily). The body area concerned was indicated on a
figure placed next to the question to help the child recog-
nize the named area. The lower back area shown in the
picture included the lumbar and sacral regions of the back.

Definition of LBP

Children were categorised as having LBP if they have self-
reported pain in their lower back, according to the fre-
quency with which they have reported their pain: (a) once
per month (monthly LBP), (b) once per week to almost
daily (weekly LBP).

Statistical methods

Comparisons of twin similarity were limited to pairs with
confirmed zygosity, with complete data from both co-twins
in each pair (n = 1,790 pairs). Sample sizes for these
comparisons were 610 MZ pairs, 598 same-sex DZ pairs,
and 582 opposite-sex DZ twin pairs.

To estimate genetic and environmental contributions to
LBP, biometric modelling was used. The basic model is
one in which the individual’s deviation from the population
mean is assumed to result from both genetic and environ-
mental effects. Genetic effects may be due to additive
genetic effects (i.e. the allele-specific average effects at a
locus, summed over all relevant loci) or non-additive
effects (due to interactions within a locus or between loci).
Environmental effects can be further divided into shared
and non-shared effects. In terms of variability, the corre-
sponding phenotypic variance is assumed to result from
genetic and environmental variances. Data from twins can
be used to model and estimate these variance components.

Under the current study design of twins reared together,
it is possible to model four separate parameters: an additive
genetic (A) component, non-additive effects (D), and
shared (C) and non-shared (E) environmental components.
The influence of these components on the phenotype is
given by parameters (h, d, ¢ and e) that are equivalent to
the standardized regression coefficients of the phenotype
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on the corresponding variance component (A, D, C and E,
respectively). The square of these parameters is an estimate
of the proportion of variance due to each component. One
can fit models based on the different combinations of these
parameters: AE, ACE, ADE, and CE, but effects due to
dominance and shared environmental effects cannot be
simultaneously modelled with data limited to that from
twins reared together [28] Because we had data on twins of
both sexes and opposite-sex twin pairs, additional
hypotheses regarding gender-specific effects could be
tested.

For trichotomous variables (No, monthly and weekly
LBP), polychoric correlations among twin pairs were
computed. In computing polychoric correlations, it is
assumed that the distribution of the underlying liability to
the trait was continuous and normal, with two thresholds
depicting the categorization of subjects. The underlying
liability model for bivariate normality in all pairs could not
be rejected (P = 0.09), suggesting that a single, continuous
measure of liability to back pain frequency accounts ade-
quately for the data.

Some central assumptions of twin analyses were tested.
These tests provide evidence of the assumption that first
and second twins, twins of both zygosities, and male and
female twins all represent the same population. In this
analysis, the distributions of back pain frequency were
studied using the method of maximum likelihood estima-
tion for raw data observations. An initial fully saturated
model, in which all the distributions for the first and second
twins in all zygosity-sex groups were free to vary was
compared to successively more constrained models by
likelihood ratio tests. The distributions were first set equal
for first- and second-born co-twins and then set equal for
MZ and DZ pairs, and finally equal to be the same in males
and females. If significant differences are not found, it can
be concluded that birth order, zygosity and sex differences,
respectively, are not of major importance. We also tested
whether the correlations differed for male and female MZ
twin pairs, and, similarly, whether correlations differed
among male DZ, female DZ and opposite-sex DZ pairs.

To evaluate the role of genetic and environmental fac-
tors, model fitting based on the observed three by three
contingency tables was conducted, using scripts available
at the Genomeutwin-project Mx-library (http://www.psy.
vu.nl/mxbib/). Chi-square goodness-of-fit statistics were
used to assess how well a model fit the data. The superi-
ority of alternative, hierarchically nested models was
assessed by the difference in chi-square values of the
models, which value is distributed as chi-square with
degrees of freedom equal to the difference in degrees of
freedom of the models to be compared. This was done to
compare models where different components of variance
have been specified. Based on the best model, variance
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components were computed and 95% confidence intervals
estimated. Three by three contingency tables were used
rather than raw data fitting in order to obtain the confidence
intervals.

Results

Out of 3,580 individual twins, 1,717 girls and 1,863 boys,
who had responded to the question about LBP, 563 chil-
dren (15.7%, 95% CI 14.5-16.9) reported LBP in a “once a
month” frequency during the previous 3 months, while 240
children (6.7%, 95% CI 5.9-7.5) reported LBP in a fre-
quency of “at least once a week” during the same recall
duration. The prevalence of weekly LBP in boys was sig-
nificantly higher than that in girls (P = 0.04). However,
there were no differences in LBP reporting within genders
by zygosity or order within pairs (Table 1), with P values
>0.2 in both genders.

Table 2 shows pairwise distribution of LBP polychoric
correlations of liability to LBP according to sex and
zygosity. The polychoric correlations were almost identical
in male MZ and DZ pairs. On the other hand, the poly-
choric correlation in female MZ pairs was higher than that
in female DZ pairs. This might indicate that the genetic
influence on LBP in females may be different than that in
males. However, we found no statistically significant dif-
ference between correlations for male DZ, female DZ and
opposite sex-pairs (P = 0.37) indicating that there is
probably no sex-specific genetic variation.

Table 3 shows steps of our genetic analysis. Model fit-
ting began by estimating parameters that indicate the
relative strength of genetic and environmental influences.
The first model was a full-sex differences model (ACE) in
which estimates for h, ¢ and e are allowed to differ in
magnitude between boys and girls, and the possibility of
sex-specific genetic variance was allowed for. However,
there was no evidence for sex-specific genetic variance
(which would be observed as a significantly lower corre-
lation in opposite-sex twin pairs compared with like-sex

Table 1 Frequency of low back pain (LBP) among twin individuals
by sex and zygosity

Sex/zygosity Frequency of LBP, N (%)

No. Monthly ~ Weekly  Total
Monozygotic females 472 (79.5) 83 (14.0) 39 (6.6) 594
Monozygotic males 463 (74.0) 107 (17.1) 56 (9.0) 626
Dizygotic females 442 (81.6) 72 (13.3) 28(5.2) 542
Dizygotic males 484 (74.0) 117 (17.9) 53 (8.1) 654
Opposite sex dizygotic 916 (78.7) 184 (15.8) 64 (5.5) 1,164
Total 2,777 (77.6) 563 (15.7) 240 (6.7) 3,580

DZ pairs). Moreover, the parameter estimates for males
and females could be set equal without a significant loss in
fit [Chi-square change was 2.93 (2 df), and P = 0.40]. This
was the model against which we tested other models with
fewer components of variance. The AE model fitted sig-
nificantly (P = 0.01) worse than a CE model when
compared to the ACE model with equal effects in boys and
girls. The estimate for the genetic component, A (point
estimate in the ACE models for a® was less than 10%) was
also minor and non-significant. The CE model that is
equally large in boys and girls fits the data well (i.e. the
model that included only shared and unshared environ-
mental effects). Using the simplest model of no familial
effects (i.e. E only) led to a significant deterioration of
model fit, and therefore the CE model was chosen as the
best fitting model. Results obtained from the final model
showed that 59% (95% CI 52-66) of the variance in lia-
bility to LBP could be attributed to non-shared
environmental factors, while 41% (34—48) of that variance
could be attributed to shared environmental effects.

Discussion

We conducted a classical twin study and found that 59% of
the risk to LBP in children at age 11 could be attributed to
unshared environmental factors, while 41% of that risk
could be attributed to shared environmental effects,
emphasising that genetic factors are not of importance at
this young age. The estimates had quite tight confidence
intervals suggesting that the estimation is accurate.

There are three main assumptions underlying twin
studies that require consideration. The first one, which is
the equal environments assumption, states that the envi-
ronmental factors which contribute to risk for a disorder are
equally correlated between MZ and DZ twin pairs. This
assumption has at times received criticism [20, 32], on the
basis of the suggestion that many environmental factors are
more often shared by MZ twins than DZ twins [23, 25].
However, many of these supposed environmental factors
are also influenced by genetic factors, which would make
MZ twins more similar a priori. Moreover, violation of this
assumption leads to inflation of heritability estimates rather
than underestimation of genetic influences [24]. In our
study, the genetic contribution was not significant, so such
violation, if it exists, did not comprise an important threat
to the validity of the inferences we have drawn. The second
assumption underlying twin studies is that twins are
representative of the general population, which is pre-
dominately composed of non-twins (singletons). Twins
experience a more adverse intrauterine environment, and
the experience of being brought up as a twin may be
unusual in some respects. This might limit extrapolation of
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Table 2 Pairwise distribution

of Low back pain (LBP) LBP twin 1 LBP in twin 2, N (% of total FMZ twins)

frequency by sex and zygosity No. Monthly Weekly Total
Monozygotic females (FMZ)
No 206 (69.4) 20 (6.7) 8 (2.7) 234
Monthly 22 (7.4) 16 (5.4) 2 (0.7) 40
Weekly 10 (3.7) 7(24) 6 (2.0) 23
Total 238 43 16 297
Polychoric correlation = 0.58 (95% CI 0.43-0.73)
LBP in twin 2, N (% of total MMZ twins)
Monozygotic males (MMZ)
No 188 (60.1) 29 (9.3) 18 (5.8) 235
Monthly 28 (9.0) 19 (6.1) 5 (1.6) 52
Weekly 12 (3.8) 7(2.2) 7(2.2) 26
Total 228 55 30 313
Polychoric correlation = 0.41 (95% CI 0.25-0.57)
LBP in twin 2, N (% of total FDZ twins)
Dizygotic females (FDZ)
No 189 (9.7) 28 (10.3) 5(1.8) 222
Monthly 20 (7.4) 10 (3.7) 3 (1.1) 33
Weekly 11 4.1) 1(04) 4 (1.5) 16
Total 220 39 12 271
Polychoric correlation = 0.40 (95% CI 0.19-0.61)
LBP in twin 2, N (% of total MDZ twins)
Dizygotic males (MDZ)
No 194 (59.3) 37 (11.3) 11 (3.4) 242
Monthly 35 (10.7) 16 (4.9) 9 (2.8) 60
Weekly 13 (4.0) 4(1.2) 8 (24 25
Total 242 57 28 327
Polychoric correlation = 0.40 (95% CI 0.24-0.56)
LBP in female twins, N (% of total OSDZ twins)
Dizygotic Opposite sex (OSDZ)
No 375 (64.4) 65 (11.2) 18 (3.1) 458
Monthly 68 (11.7) 18 (3.1) 6 (1.0) 92
Weekly 15 (2.6) 9 (1.5) 8 (1.4) 32
Total 458 92 32 582

Polychoric correlation = 0.32 (95% CI 0.18-0.46)

results of twin studies. However, twins do not appear to
differ markedly from singletons for most types of charac-
teristics [10, 31]. In addition, the prevalence of weekly
LBP in this 11-year-old twin population (6.6%) is very
similar to that found in a representative sample of Finnish
schoolchildren aged 10-12 (6.4%) [27]. Accordingly, we
have no reason to believe that our results would not gen-
eralise to singletons. The third essential assumption for
analysing twin data states that both MZ and DZ twins come
from the same base population; hence, the prevalence of
the trait being studied should not vary by twin type. This
assumption is well satisfied by our data, as there were no
significant differences in LBP prevalence by zygosity in
either gender.

@ Springer

This study has a number of strengths. It is based on a
large and representative sample of Finnish twins aged
11 years. Zygosity was ascertained by the twins and their
parents’ reporting of physical similarity. Both twin and
parental ratings of zygosity have been previously validated
against DNA markers [9, 11, 12]. We have also used a
questionnaire with acceptable validity and reliability to
evaluate LBP. Recall difficulties with respect to pain
experience was kept to a minimum by limiting recall per-
iod to the previous three months only with an easily
memorized starting point “since the summer”. The main
limitation of the study is that it relied on self-report of
frequency LBP, and the intensity of pain and its impact on
the children’s daily activities were not evaluated.
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Table 3 Genetic modelling analysis for low back pain (LBP)

Model v df AIC 7 df P-value
I ACEm, ACE{, sex diff 39.98 31 —22.02 - - -
1I ACEm, ACEf, no sex diff 39.98 32 —24.02 0.00 2 1.00
11T ACE equal in boys and girls 4291 34 —25.09 2.93 3 0.40
v AE?* 49.53 35 —20.47 6.61 1 0.01
\% CE* 44.52 33 —25.48 1.57 1 0.21
VI E* 152.88 36 80.88 89.97 2 <0.001

Prevalences were allowed to be different in boys and girls

Model (I) specifies A, C and E effects in boys that are allowed to differ in size from the A, C and E effects in girls, with sex-specific genetic

effects
Model (II) is Model I without any sex-specific genetic effects

Model (III) specified A, C, and E effects of equal size for girls and boys,

Models IV, V and VI are compared to model III: ACE model equal in boys and girls

Best fitting model in bold—fewest components without causing significant deterioration in 3> goodness-of-fit statistic

A additive genetic, C common environmental, £ unique environmental, A/C akaike information criterion = Xz x df

* Compared to ACE model equal in boys and girls

Therefore, our survey most likely has detected symptoms
that are, on average, milder than those seen in clinical
settings. For that reason, our results should be interpreted
with caution as the relative contributory role of genetic and
environmental factors might be different in children with
severe LBP and seeking health care. Our study does not
exclude the possibility that for a minor fraction of LBP
cases, genetic mutations and variants may account for
familial transmission of LBP.

In the current study, boys reported experiencing more
LBP than did girls. These results, although reported by
others [8, 29], are not in accordance with the majority of
previous studies, which document a higher prevalence of
subjectively experienced LBP among females [3, 18].
Differences in case-definitions used might be a possible
explanation for such inconsistency, but also subtle differ-
ences in age and nature of the study samples.

Our study demonstrated that genetic factors seem to
play, at most, a very minor role in LBP in children at
age 11 years. To our knowledge, there are no directly
comparable studies in the literature on the role of
heredity on LBP in such young age. Nevertheless, our
results concur with results of Hestbaek et al. [16] who
demonstrated a minor genetic influence on the aetiology
of LBP in adolescents aged 12-15. The genetic predis-
position to health problems might vary considerably with
age. This might be the case with LBP, as almost all twin
studies conducted on adults have shown an important
genetic influence on adulthood LBP [5, 6, 15, 16, 26],
and that such influence shows a linear trend, especially
in males, from age 16-18 till age 33-41 with an overall
age-adjusted heritability estimate of 40% in females and
44% in males [16].

The contribution of non-shared environmental factors
was slightly more than that of shared environmental fac-
tors. The shared environment consists of the family
environment and shared influences of school, neighbour-
hood, social class, etc., whereas the non-shared
environment includes factors that are unique for each
member of a twin pair (i.e. not shared by family members,
such as an injury suffered by a twin). Our results suggest
that both types of environmental exposures contribute to
the risk of LBP. A variety of potential environmental risk
factors for childhood LBP have been investigated in pre-
vious studies. These include anthropometric, mechanical,
lifestyle, behavioural, psychological and psychosocial
factors. In their review article on that topic, Jones and
Macfarlane pointed out that current evidence favours a
possible link with psychological and psychosocial factors,
while inconsistent results have been reported with respect
to the predictive role of other factors [18], so the evidence
is still limited and not conclusive.

In summary, our data from a large number of male and
female twin children suggests that genetic factors play, at
most, a minor role in LBP in children; instead, these
symptoms can be explained by a mixture of shared and
unique environmental factors. Results of the current study
underscore the need for further high-quality research,
preferably prospective studies, to identify important mod-
ifiable risk factors to guide interventions that may prevent
LBP in childhood.
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