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1. INTRODUCTION 
Diagnosis 

The term low back pain (LBP) is very 
broad and covers a large heterogeneous group 
of disorders. These cannot only be 
characterized by pain, but also by discomfort 
and/or stiffness. “LBP” probably covers 
several sub-groups with differing etiologies 
and prognoses, but since current knowledge 
does not allow us to determine the exact 
medical cause of LBP in most patients, ´non-
specific´ LBP is determined by exclusion. In 
fact, it has been estimated by some that a 
somatic cause is found in 10-20% of cases with 
LBP (1), whereas others find that as much as 
97% of LBP is called “non-specific” or 
“sprain/strain” (2). Thus, LBP refers to a set of 
symptoms or a syndrome rather than a 
diagnosis (3). Although low back trouble 
would be a more precise term, LBP (or non-
specific LBP) is the most commonly used term 
for non-specific trouble relating to the lower 
back. As it is also commonly used for indexing 
purposes, it will be used throughout this thesis.   

 
Prevalence 

Although 60-65% of the Nordic 
population experience LBP during their 
lifetime (4), only a small subset of these 
become chronic/recurrent LBP-sufferers (5-7). 
It has been concluded in American economic 
analyses that 60-70% of the total costs 
associated with LBP are related to this subset 
of individuals (8). According to Petersen et al., 
musculo-skeletal problems are the most 
common reason for long-term sick-leave in 
Denmark (24%) with permanent or recurring 
back trouble occurring in 10% of the Danish 
workforce (9). Despite the difference in social 
security coverage and reimbursement systems, 
similar figures have been reported from the 
United States (10). Obviously, there is a lot to 
gain for society as well as for the individual, if 
it were possible to identify, at an early stage, 
those with a high risk of chronicity/recurrency.  

To gain insight into disease 
development, it is necessary to understand the 
natural course of the disease. In a disorder with 
a highly variable course, such as LBP, this is 
difficult, and requires long-term follow-up as 
well as careful considerations of outcome 
measures. Available data on the natural history 
of LBP were found to be incomplete and 
confusing by Von Korff in 1994 (11) and 
unfortunately this has not improved much 
since. It still needs to be established what the 

chances are, that the pain will run a transient, 
recurrent or chronic course. 

Furthermore, most studies have 
centered on adults, but LBP seems to originate 
earlier in life than hitherto thought (12-14). A 
recent study among Danish twins found that by 
the age of 18 for girls and 20 for boys more 
than 50% had experienced at least one LBP-
episode (15), and another study found that LBP 
at age 18 significantly increased the risk of 
LBP at age 30 (16). This indicates that it is 
important to learn more about this condition in 
the young in order to implement primary 
preventive measures at an early age. 

  
Risk factors / risk groups 

In order to prevent long-lasting LBP it 
is not sufficient to identify risk factors. During 
the past decades, numerous factors, such as 
physical characteristics (17), psychological 
characteristics (18), lifestyle factors (19), 
employment (20-23), social factors (24,25) and 
genetic components (26), have been considered 
risk factors for developing LBP. Despite 
considerable research efforts, no clear picture 
has emerged. As proposed by Hartvigsen (27), 
this might be due to poor design of the studies 
(cross-sectional, lack of clear definitions of 
both LBP and the exposure), but it might also 
be due to more complicated relationships 
between outcome and exposure. Even though 
different factors are found to be dominant risk 
factors in different studies (24,28,29), they 
may all at the same time be complicating 
factors or confounders of varying importance. 
Some factors might enhance each other while 
some might suppress the effect of others. 
Furthermore, the same factor may have various 
influences on different body types, 
personalities, genetic make-up or subgroups of 
LBP. 

It is necessary to recognize the fact 
that potential risk factors affect people at an 
individual level, i.e. different people may react 
differently to a specific stimulus. Etiologic 
research has so far mainly focused on risk 
factors. To make prevention efficient, risk 
factors must be known, but risk groups must 
also be identified to target the prevention at the 
most needing group. 

To date, only few attempts have been 
made to describe the group which is most 
susceptible to LBP and which will respond 
with morbidity to external stressors. 
Epidemiological studies have mainly focused 
on adult populations and several attempts have 
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been made to predict recovery versus non-
recovery of LBP (24,28-30). Since these 
studies obviously focus on people who already 
are affected by LBP, this limits the scope to 
secondary prevention. Ideally, epidemiological 
studies of the development of LBP should be 
performed on large, young populations in order 
to assess the impact of a general inherent 
frailty on the development of LBP. Obviously, 
the older a population is, the more difficult it 
will be to detect the impact of possible inherent 
risk factors of LBP, as other causative or 
aggravating factors gradually will confuse the 
picture.  

In 1986, Frymoyer and Cats-Baril 
hypothesized that early identification of the 
individual at risk for LBP disability and 
selective rehabilitation of these individuals 
could be a more cost effective strategy than 
rehabilitation programs for all individuals. 
Further, they concluded that “far greater 
attention will have to be paid to disabling low 
back disease and its prevention, if the ominous 
socioeconomic impacts are to be reduced” 
(30). In 2003 we still lack the ability to detect 
the group with the strongest need for primary 
prevention. Also Frank et al. have questioned 
the practical value of the mere identification of 
risk factors: “Knowing that bricklayers have a 
relatively high risk for development of LBP 
.……. is of limited use in the development of 
effective interventions. Bricks still have to be 
laid……..” (5). However, if we were able to 
identify a group of youngsters with a low 
threshold for LBP, they should be advised not 
to become bricklayers, i.e. exposure to 
identified risk factors should be minimized in 
individuals belonging to the high-risk group. 
Furthermore, the problem of non-compliance 
to preventive programs would probably be 
reduced. Youngsters, knowing that they belong 
to a high-risk group, might be expected to be 
more motivated than the general adolescent 
population who rarely consider themselves as 
being frail. 
 
Frailty 

A group with a high risk of low back 
pain, might have a high a risk of other 
disorders as well. Due to some underlying 
disposition, physiological, genetic, social or 
otherwise, they may be generally susceptible to 
disease, i.e. they are more ‘frail’ than the 
average population.  

The concept of frailty was introduced 
in demographic research at the end of the 
1970s (31) as a non-observable, hidden 

susceptibility to death, and is mainly used in 
relation to aging populations. A full 
understanding of the concept of frailty may 
result from a description of how multiple 
systems intersect to produce frailty (32). The 
musculoskeletal system is considered to be an 
essential part of the development of such a 
frailty, and loss of leg strength has been noted 
to be the strongest single predictor for 
subsequent institutionalization, stronger than 
other physiological markers and disease 
diagnosis (33). In this way, a cycle of frailty is 
introduced in old people, where deficits in 
other systems can impair functions of the 
musculoskeletal system. Loss of movement 
capacity, in turn, frequently accelerates 
declines in other systems, which in turn feed 
back on the ability to move (34). Bortz even 
consider the musculoskeletal system to be the 
entrance pathway for frailty in the elderly (34). 

However, the notion that some people 
are more prone to diseases/disorders than 
others, is universal. Therefore, the concept of 
frailty might be expanded to include 
susceptibility to disease at all ages, rather than 
just susceptibility to death in the elderly. If 
musculoskeletal disorders co-exist with other 
disorders already in youth, an underlying 
common disposition might need to be 
explored, rather than considering the 
musculoskeletal system as a unique system, 
independent of other body functions, or as an 
entrance pathway for other disorders. 

 
 

2. AIMS 
The overall aims of the present Ph.D. project 
were: 

• To obtain a better understanding of the 
natural course of LBP. 

• To facilitate early identification of a 
population with a high risk of 
chronic/recurrent LBP. 
 
 

3. MATERIALS 
Two existing data bases were used for 

the present project: 
1) The Ebeltoft Project: This is a five-year 
randomized, controlled, prospective health 
promotion study, the main aim of which was to 
test the usefulness of health promotion 
delivered by general practitioners in health 
checks and in discussions with patients about 
health. Ebeltoft is a coastal town in Denmark 
and its population is similar to the Danish 
population as a whole. The only exception is 
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an overrepresentation of self-employed people 
(9% compared to 5% nationally). Nine general 
practitioners (GP) from four practices agreed 
to participate in the study and a random sample 
of 2,000 30-50 years old individuals was 
drawn from their patient populations. A total of 
1,370 (69%) persons participated in the study 
and they were randomized into three 
intervention groups. Participants in one group 
were given a health check and received written 
feedback from their GP. The same was done 
for the second group, who in addition were 
invited to a 45 minutes session with their GP to 
discuss preventive health. The third group 
served as a control group. A large 
questionnaire was mailed to all participants, 
covering issues of general health, including 
LBP, and other aspect of life. Repeat 
questionnaires were mailed out one and five 
years later (35). Of the 1,370 participants, 
1,309 (96%) answered the LBP-section at 
baseline, 1,198 (87%) in year one and 813 
(59%) in year five. The variables of interest for 
this Ph.D.-project were the cumulative life-
time incidence (life-time prevalence), the one-
year period prevalence and the number of days 
with LBP during the past year. The life-time 
LBP question was modeled on Biering-
Sørensen’s question on previous recurrence of 
LBP which has been tested for reproducibility 
(36), and which forms the basis for the 
Standardized Nordic back pain questionnaire 
(37). The one-year period prevalence question 
was tested at baseline in the Ebeltoft survey 
(4). The exact wording of the questions can be 
seen in Appendix 13.1, pp. 6-7. Analyses 
showed that the allocation to the intervention 
groups did not influence the course of LBP 
during the five-year study period, thus the 
whole sample was considered as one cohort for 
the investigation of the natural course of LBP 
(10.2). 
 
2) The Danish Twin Register: This is the most 
comprehensive population based twin register 
in the world, spanning a period of more than 
100 years. The twins of interest for this study 
were born from 1972 to 1982. They were 
identified and ascertained by means of the civil 
registration system and represents 95% of the 
twins born in that period. Zygosity diagnoses 
were based on questions of similarity and 
mistaken identity, which is a well-established 
method (38) and in sub-samples have shown a 
misclassification rate of less than five percent 
(39). The twins can be regarded as 

representative of the general population since 
they have previously been shown to have the 
same mortality rate (40) and the same 
prevalence of disease as the population as a 
whole, e.g. insulin dependent diabetes (41), 
hand eczema (42) and asthma and allergic 
rhinitis (43). With regard to LBP, the 30-40 
year old part of the cohort has the same one-
year prevalence as the Ebeltoft cohort (54% 
(95%CI: 53-55%) vs. 56% (95%CI: 53-59) in 
Ebeltoft). This is also comparable to previous 
studies of LBP in Nordic populations (4). In 
1994 a large questionnaire was send to those 
twins, who previously had agreed to participate 
in future studies (96%). The questionnaire 
contained questions relating to diseases, health 
and health-related behavior and the response 
rate for the 1972-1982 cohort was 84% 
(n=9,567). Of these, more than 98% answered 
the LBP-section. The LBP-questions were 
modeled on the Standardized Nordic 
questionnaire for the analysis of musculo-
skeletal symptoms. This has previously been 
tested and recommended (37) and covers the 
same variables as in the Ebeltoft project. The 
exact wording can be seen in Appendix 13.2, 
questions 19-22. 
 
 
4. METHODS IN BRIEF  
The natural course of LBP  

To explore the natural course of LBP, 
a systematic and critical review of the 
literature was done, based on articles retrieved 
from Medline and EMBASE using the 
comprehensive search strategy recommended 
by the Back Review Group of the Cochrane 
Collaboration (44). Articles had to be 
published from 1992 to 1999 and include at 
least one-year follow-up of LBP. Furthermore, 
only original articles with a sample size of 50 
or more, written in English or the Scandinavian 
languages, were included. Methodological 
quality of the articles was evaluated 
independently by two reviewers, and the 
results were analyzed in relation to outcome, 
nationality, age, gender, and previous history 
of LBP. 

In order to estimate the natural course 
of LBP in a Danish population, data from the 
Ebeltoft project, considered to be 
representative for the Danish middle-aged 
population, were analyzed for change in LBP-
status over time. The outcome variable used 
was number of days with LBP during the past 
year. On this basis, the cohort was divided into 
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three subgroups: no LBP, short-lasting LBP 
and long-lasting/recurrent LBP. The transition 
between these groups over a five-year period 
was investigated and prevalences, stability 
within groups, and transition probabilities 
between groups were reported. 
 
Comorbidity with LBP 

As a first step in identifying a frail 
sub-population with a high risk of LBP, a 
review of the literature relating to comorbidity 
with LBP was performed. Medline was 
searched for articles relating LBP to frailty, 
comorbidity or a number of individual 
disorders. A manual search was done through 
the authors’ personal archives relating to LBP, 
and reference lists were screened. Articles 
were included if they related LBP to at least 
one other physical disorder, but excluded if the 
prevalence of such disorders could not be 
compared to that of a control group or the 
general population. The retrieved articles were 
evaluated for quality and information relating 
to strength of associations and temporality was 
extracted. 

In search of a frail subgroup among 
adolescents, data from a cross-sectional survey 
of 12 to 22 year old twins from the Danish 
Twin Register were analyzed. Associations 
between disorders were calculated and patterns 
of comorbidity investigated. The twin data 
were analyzed for associations between LBP 
and various other disorders by means of 
logistic regression analysis to estimate 
associations. To divide the population into a 
frail and a non-frail group and estimate the size 
of these, a finite mixture model was fitted by 
the maximum likelihood principle as described 
by McLachlan (45), and factor analysis was 
performed to evaluate how well the model 
explained the observed data (46). Finally, the 
associations were tested in a twin control 
study, comparing twins in a matched case-
control design, to control confounding (47). 
 
LBP and birth-factors 

The results of the comorbidity study 
indicated the existence of a generally frail 
subgroup among teenagers, while others are 
more robust. The next step was to investigate if 
a possible susceptibility could be detected 
already at birth. For this purpose, data about 
LBP from the Twin Registry were combined 
with information regarding birth weight, birth 
length, gestational age and Apgar scores from 
The Danish Medical Birth Register. Possible 
associations between LBP in adolescence and 

birth characteristics were investigated by 
means of multiple logistic regression analysis 
and again a twin control study was conducted 
to control for various confounders.  
 
Heredity of LBP 

To investigate whether LBP-
susceptibility was present even before birth, 
the relative contribution of genes and 
environment on the development of LBP in 
adolescent twins was explored. Information 
about LBP, gender, age and zygosity was 
extracted from The Danish Twin Registry. 
Casewise concordance rates were estimated to 
test the null hypothesis that genetic factors do 
not influence the variance of a trait (48). 
Common odds ratios for MZ- and DZ-twins 
(comparing the odds for having LBP in twins 
with affected co-twins to those with unaffected 
co-twins) were calculated to determine if there 
was familial aggregation, and MZ and DZ odds 
ratios were compared in search of an 
underlying genetic influence (49). Finally, 
tetrachoric correlation coefficients as well as 
path analysis were performed to estimate the 
relative contribution of additive effects of 
genes, dominant effects of genes, common 
(shared) family environment and unique 
(within-family) environment (50). The 
differences between MZ and DZ tetrachoric 
correlation coefficients were used to supply 
evidence of absence/presence of genetic 
influence on the liability of LBP, and could 
also indicate the relative distribution of the 
variance components. In the path analysis, 
seven different liability models were fitted to 
data and the Akaike Information Criterion was 
used to determine the best-fitting model (51). 
All results were stratified for age to illustrate 
the variability between age groups. 
 
 
5. SUMMARY OF RESULTS 
The natural course of LBP 

The literature in the area is confusing 
due to a large heterogeneity, primarily in terms 
of outcome measures, cohorts and follow-up 
time. Furthermore, a clear definition of LBP is 
often lacking. Despite this heterogeneity, it is 
clear that LBP is not a self-limiting condition, 
and there is no evidence to support the popular 
claim that 90% of all LBP-patients become 
symptom-free within six weeks. Averaged over 
the investigated studies more than 60% 
experienced pain after one year, 16% were 
sick-listed after six months and the risk of LBP 
was doubled in case of previous episodes. This 
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indicates that LBP is a recurring condition, 
characterized by exacerbations and remissions, 
but rarely by complete resolve (10.1).  

The mutable nature of LBP is further 
illustrated by the findings from the Ebeltoft 
Project where LBP was found also to follow a 
pattern of periodic attacks and temporary 
remissions. Transition between short-term pain 
and long-term pain is frequent over the five 
year period investigated, whereas transition 
between long-term pain and no pain is rare 
(about 10% from long-term pain to no pain and 
vice versa). Twenty to twenty-six percent of 
the population report long-lasting LBP at a 
specific point in time, but only 10% of the 
population report long-lasting recurrent LBP at 
all three surveys. This implies, that although 
LBP is a common condition, which affects up 
to 70% of the Ebeltoft population during their 
lifetime, it does not just appear totally at 
random. When as much as 10% of the 
population are “stable chronics” this group 
should be identified, before they reach that 
stage (10.2).  

 
Comorbidity with LBP 

Twenty-three articles were identified 
in which LBP was related to other disorders. 
Positive associations were found between LBP 
and all other disorders investigated except 
diabetes, which, in two studies was found to be 
negatively associated with LBP. Both 
examiner-rated and self-rated general health 
were associated with LBP with odds ratios 
from 2.0 to 3.6 for reporting LBP in case of 
poor general health. This indicates either a 
causal relationship or that a common origin 
exists between LBP and other disorders, but 
since most studies are cross-sectional the 
nature of this relationship is unknown. All of 
the identified studies were based on adult 
populations. Thus, work-related factors, which 
are commonly held responsible for the 
development of LBP, could simultaneously be 
responsible for development of the other 
disorders as well, e.g. reduced vertebral blood 
flow might cause back pain and thus could link 
LBP with cardiovascular disease (52) (10.3). 

To explore whether the same pattern 
exists in youngsters who are less affected by 
the work-environment, a cohort of 12 to 22 
year old twins was investigated. We found 
odds ratios of 2.0 to 3.4 for reporting LBP in 
case of headache/migraine and 1.8 to 3.0 in 
case of asthma/asthma-symptoms, but no 
statistically significant association between 

LBP and atopic dermatitis/hay fever. However, 
subjects with atopic disease or hay fever in 
addition to any one of the other disorders had a 
statistically significant higher risk of also 
having LBP than those with only one known 
non-LBP-disorder. This implies that the same 
clustering of disorders, as is known from adult 
populations, also exists in an adolescent 
population. Thus, an underlying common 
frailty is present before entering the work-force 
full time (10.4). 

 
LBP and birth-factors 
 Since a possible underlying common 
frailty for LBP and other disorders is present 
already in adolescence and many diseases are 
associated with a low birth weight (53-55), we 
considered the possibility, that such a frailty is 
present/detectable already at birth. To 
investigate this, LBP-data from the same 
cohort as above were related to birth data: 
weight, length, ponderal index, gestational age 
and Apgar scores one and five minutes after 
birth. We found no associations between LBP 
in adolescence and length at birth, gestational 
age or Apgar scores. Surprisingly, we found a 
weak, but statistically significant, positive 
association between high birth weight and later 
LBP in boys. Also ponderal index was 
positively associated with LBP, but this was 
not statistically significant. These associations 
were not affected by anthropometric measures 
in adolescence. Thus, if a common 
origin/frailty exists for LBP and other 
disorders, we were unable to detect this at birth 
(10.5). 

 
Heredity of LBP 
 Both concordance rates and odds ratios 
showed significant genetic influence on the 
liability to develop low back pain. Also, 
tetrachoric correlation coefficients showed 
some genetic influence, but this was not 
statistically significant for all age groups. The 
biometric modeling demonstrated the shared 
environment to be a strong component in the 
youngest age group (12-15), but not after age 
15, and it also demonstrated some dominant 
genetic effects in the older age groups. As 
people grow older, the effect of the non-shared 
environment increases in relation to the genetic 
components and non-additive genetic effects 
become more evident, indicating an increasing 
degree of genetic interaction with age. Finally, 
age-adjusted heritability was estimated to 44% 
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(95%CI: 37-50%) for males and 40% (95% CI: 
34-46%) for females aged 16 to 41 (10.6).  
 
 
6. GENERAL DISCUSSION 

One of the strengths of our study is the 
age of the cohorts. Participants in the Ebeltoft 
study belong to the age group, where 
chronicity could be expected to be initiated, 
and is therefore an ideal age to study the 
natural course. Our participants from The 
Danish Twin Register are young and therefore 
relatively unaffected by the influences of adult 
life. The young twin cohort is also large 
enough to study comorbidity. Further, it 
requires large data bases to do the age-
stratified biometric modeling, and The Danish 
Twin Register is one of the few twin data bases 
world-wide where this is possible (39). 

The use of questionnaires designed to 
investigate several aspects of life in the general 
population (this was the case for both The 
Ebeltoft Project and The Twin Register) has 
the advantage, that the population is not self-
selected in terms of LBP. Previous work has 
shown that respondents to LBP surveys tend to 
differ from non-responders in their experience 
of LBP (56,57). However, participants in 
health surveys generally may be self-selected 
by their interest in health-related questions and 
characterized by a lower threshold for the 
recognition of health problems, including LBP 
(7). This might have been the case in the 
Ebeltoft study, where women were somewhat 
over-represented in the study population 
compared to the target population and the 
prevalence of LBP was higher among women 
than among men. Fortunately, such a possible 
over-reporting is unlikely to affect the analysis 
of transition patterns between LBP-groups, but 
should be considered, when interpreting 
prevalence data. In the twin study, the bias 
resulting from such a self-selection process is 
probably negligible due to the high response 
rate.  

In the area of back pain research, the 
consequences of back pain, such as sick leave, 
worker’s compensation or care seeking, are 
often investigated rather than the back pain 
itself (10.1). However, these variables depend 
on factors outside the scope of this project: 
type of work, national legislation 
/compensation laws and availability of care. 
For our purpose, self-reported non-specific 
LBP was investigated, since this is a 
comparable factor across occupations, gender 
and age. Furthermore, in our young population, 

absence from work and worker’s compensation 
is not relevant. Another positive aspect of 
using the pain-variable is that two of the LBP 
variables (LBP ever and LBP the past year) 
have been satisfactorily validated in previous 
studies (4,36) and are identical in the two 
surveys. However, the questions had not been 
specifically tested on children/adolescents. 
Nonetheless, there were no more illogical 
responses among the 12-22 year old 
participants in the twin study than among the 
30-50 year olds in the Ebeltoft study. The 
untested variable (number of days with LBP 
past year) showed a similar rate of illogical 
responses as the two previously tested. Thus, 
this variable can be considered as reliable as 
the other two. Further, a cumulative duration 
of more than seven days over the preceding 12 
months, has been shown to be associated with 
a set of severity criteria for LBP and a 
threshold of 30 cumulative days was associated 
with an even higher frequency of activity 
reduction or the use of medical consultations 
(7). This indicates that the duration of LBP can 
be a valid measure of severity. 

Psycho-social and social factors may 
also be important components of  general 
frailty but are not considered in the present 
project. Specifically, social class would be an 
interesting aspect, as this has been shown to be 
closely associated with the prevalence of LBP 
(58). In order to study this in the young part of 
the twin cohort, data should have been 
obtained from the parents. As the 
questionnaires were addressed to the twins 
themselves, this was beyond the possibilities of 
this survey. A previous study has shown 
psycho-social factors to be more important 
than physical parameters in the development of 
LBP in children and adolescents (59), and 
other studies have demonstrated significant 
associations between LBP in children and 
adolescents and time spent watching television 
(60,61), childhood psychological trauma (62), 
LBP among parents (63) and poor school 
performance (63). However, a longitudinal 
study in Finland found that psycho-social 
factors at age 13 are only minor predictors of 
LBP at age 37 (64). Thus, there is a need for 
further research in this area, and it would 
probably be of value to consider this in 
combination with physical factors to identify 
the most vulnerable group of young people. 

The previous literature relating to LBP 
leaves no doubt that LBP is a mutable problem 
with acute and chronic episodes blending into 
each other (10.1). Results from the Ebeltoft 
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project also demonstrate considerable variation 
in LBP over time. We found that 20% to 25% 
of the population reported LBP for more than 
30 days during the year in question, but less 
than half of those (10%) reported this at all 
three surveys (10.2). This is very close to the 
findings of Waxman (6) who found about 25% 
of an English population to be chronic at the 
time of survey, whereas only 14% were 
chronic both at baseline and three years later. 
The same pattern was seen in Switzerland, 
where 18% reported chronic LBP during a 
given survey year, but only 8% reported 
chronic LBP again after three years (3). Our 
proportions are surprisingly similar to those of 
the other two studies, considering that our 
definition of long-lasting LBP was >30 days 
with LBP during the past year, whereas the 
other two studies both defined chronicity as 
LBP for more than three months during the 
past year.  

These results can be viewed in two 
ways: The positive perspective is that 
“chronic” LBP is not necessarily chronic in the 
way the term is often perceived by patients: 
“ever-lasting”. The negative perspective is that 
there is after all about 10% of the adult 
population who experience long-lasting LBP 
over several years. This is not a negligible 
number and an effort must be made to prevent 
people from reaching that stage. 

In the search of the sub-group with a 
high susceptibility to LBP, we found, in our 
data, LBP to be closely related to asthma and 
headache, and with a high degree of clustering 
between disorders, also including atopic 
disease. Diabetes, rheumatoid arthritis, asthma, 
atopic disease and headache were the disorders 
available from the questionnaire. However, the 
prevalence of diabetes and rheumatoid arthritis 
was too low to perform any meaningful 
statistical analyses. Headache is not generally 
regarded as a childhood phenomenon, but the 
prevalence in the young twins is surprisingly 
high. Since headache/migraine, asthma/atopic 
disease and low back pain are three groups of 
disorders, which are usually considered to be 
of very different etiology, and running 
independent courses, the clustering is even 
more interesting. Other disorders, known to 
have a high prevalence in childhood, i.e. ear 
infections and upper respiratory tract 
infections, would be very interesting to include 
in a comorbidity-study of young populations. 
Unfortunately we did not have the opportunity 
to investigate associations with other disorders 

in order to estimate just how many disorders 
are involved in this pattern of clustering in 
young populations. Results from adult 
populations indicate that it includes almost all 
aspects of health (10.3). Such associations are 
some times sought explained by confounders 
related to adult life, with the workplace as the 
prime suspect (65,66). However, when we find 
the same pattern in our young population, such 
explanations are not satisfying and we must 
search for an underlying common cause, such 
as general frailty. 

In the literature many types of 
morbidity are linked to low birthweight (54), 
however this was not the case for LBP in our 
population. No previous studies about the 
relationship between LBP and birthweight or 
other birth factors were found. Since we did 
not find any associations with other birth 
factors either, a possible predisposition for 
LBP cannot be detected at birth in our data.  

There seems to be a significant genetic 
component in the liability to develop LBP, 
which is most pronounced in the younger 
years, and with a non-additive genetic 
component in the adult population. Such a 
genetic component has previously been 
demonstrated for degenerative disc disease 
(67-69), for sciatica (70), for LBP of functional 
importance for work (26), and for self-reported 
non-specific LBP in the older cohort of The 
Danish Twin Register (71). The increasing 
influence of non-shared environment with age 
was also indicated in other studies (52), but to 
our knowledge, biometric modeling of the 
liability to LBP has not been attempted 
previously and thus the existence of non-
additive components in the liability to LBP has 
so far been undetected. Path analysis has been 
done for the liability of degenerative disc 
disease. An AE model, including additive 
genetic effects and individual environment, 
while ignoring dominant genetic effects and 
shared environment, was found to have the 
best fit. However, the analyses were not 
stratified for age, so a possible dominant effect 
in certain age groups might have been 
overlooked (67). 

The diseases associated with LBP both 
in the present study (10.4) and in the previous 
literature (10.3) have also been shown to be 
genetically determined to various degrees. A 
significant genetic component in the etiology 
of asthma has been demonstrated in the same 
population from The Danish Twin Register as 
used in the present study (43). Such a genetic 



10 The natural cource of low back pain and early identification of high-risk populations 
 
 
determination was suggested as early as 1954 
(73). Also atopic disease (74,75), migraine 
(76-78) and cardiovascular diseases (79) have 
been shown to be genetically determined. It 
remains to be established, whether there is a 
common genetic predisposition for these 
disorders, including LBP. 

The search for an adolescent high-risk 
group introduces a new perspective to LBP-
prevention. By early identification of a high-
risk population, selective primary prevention 
can be implemented. Preventive measures, 
therefore, should not only consist of the 
traditional approach, exercise, ergonomic 
advice etc., but also counseling with respect to 
choice of career, with previously identified risk 
factors in mind. 
 
 
7. GENERAL CONCLUSIONS 

LBP is a common and usually benign 
disorder, which is characterized by 
exacerbations and remissions. However, about 
10% of the adult Danish population develops 
chronic or frequently recurring LBP over 
several years. Therefore, an effort must be 
made to identify a high-risk population early in 
order to implement selective primary 
preventive measures. 

LBP is associated with the presence of 
other disorders in both adults and adolescents, 
thus, these associations cannot be explained 
merely by external factors in adult life, but 
probably have, at least partly, a common origin 
based on an inherent frailty. We could not 
predict future LBP by birth factors, although 
birth weight often is associated with other 
diseases, but the liability to develop LBP 
seems to have a genetic component. It is 
possible that it is the individuals with a strong 
genetic disposition for LBP, who develop 
chronic/recurrent LBP in adulthood. If such an 
underlying genetic predisposition exists, the 

recurring pattern of LBP is a logical 
consequence. This predisposition might also 
indicate a general frailty making individuals 
more prone to other disorders as well, which 
would explain the associations between LBP 
and other disorders.  

Follow-up studies of young popula- 
tions are needed to confirm the existence of a 
high-risk group. 
 
 
8. PERSPECTIVES 

It remains to be established, what 
happens to our teenage population as they 
leave home and enter the workforce. By 
following the twins into adulthood, we can 
establish whether early-onset LBP lead to 
chronic/long-lasting LBP in adulthood. 
Furthermore, we can follow the frail subgroup, 
as established through the finite mixture 
model, to determine whether teenagers with 
poor general health are more prone to serious 
LBP in adulthood than their fit contemporaries. 
Hence, two hypotheses are tested:  

• LBP in adolescence predicts persistent 
LBP in adulthood, and 

• Teenagers with poor general health are 
more prone to persistent LBP in 
adulthood than their fit 
contemporaries.  

If both of these hypotheses are true, we will be 
able to identify a group of teenagers with an 
increased risk of persistent/recurrent LBP. 
Intensive education about low back function 
and other preventive measures can then be 
targeted at this group, and they can be advised 
to avoid the high-risk occupations. Thus, by 
implementing preventive measures, including 
career counseling, before the problems arise, it 
might be possible to prevent chronic 
LBP/disability later in life. 
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ABSTRACT  
Study design: A systematic and critical 
literature review. 
Objectives: To investigate the long-term 
course of incident and prevalent cases of low 
back pain. 
Summary of Background Data: It is often 
claimed that up to 90% of low back pain-
episodes resolves spontaneously within a 
month. However, the literature in this area is 
confusing due to considerable variations 
regarding the exact definitions of low back 
pain as well as recovery. Therefore, the claim – 
attractive as it might be to some – may not 
reflect reality.  
Methods: A comprehensive search of the topic 
was carried out utilizing both Medline and 
EMBASE databases. The Cochrane Library 
and the Danish Article Base were also 
screened. Journal articles following the course 
of low back pain without any known 
intervention were included, regardless of study 
type. However, the population had to be 
representative of the general patient population 
and a follow-up of at least 12 months was a 
requirement. Data was extracted independently 
by two reviewers using a standard check list. 
The included articles were also independently 
assessed for quality by the same two reviewers 
before they were studied in relation to the 
course of low back pain using various 
definitions of recovery. 
Results: Thirty-six articles were included. The 
mean reported proportion of patients who a) 
still experienced pain after 12 months is 62% 
(range 42-75), b) were sick-listed 6 months 
after inclusion into the study is 16% (range 3-
40), c) experienced relapses of pain was 60% 
(range 44-78), or d) had relapses of work 
absence was 33% (range 26-44). The mean 
reported prevalence of LBP in cases with 
previous episodes was 56% (range 14-93) vs. 
22% (range 7-39) for those without a prior 
history of LBP. The risk of LBP was 
consistently about twice as high for those with 
a history of LBP. 
Conclusions: Despite the methodological 
variations and the lack of comparable 
definitions, the overall picture is that LBP does 
not resolve itself when ignored. Future 
research should include subgroup analyses and 
strive for a consensus regarding the precise 
definitions of LBP. 
 
Key words: low back pain, natural course, 
prognosis, review, recovery. 

Running title: The course of LBP-review 
 
 
INTRODUCTION: 

The natural history of a disease relates 
to its development in the absence of clinical 
intervention, whereas the clinical course is 
defined as the development subsequent to 
diagnosis and the initiation of treatment. 
Obviously, without a thorough understanding 
of the natural history of a disease, the 
background for evaluating the clinical course is 
lacking, and therapeutic interventions cannot 
be assessed in a rational manner. In fact, 
inadequate understanding of the course of a 
disease can lead to false conclusions about the 
need for, as well as the benefit of, therapeutic 
interventions. 

Presently, the literature in the area is 
confusing and inconclusive. The most obvious 
reason for this confusion is the lack of 
distinction between outcome parameters. For 
example, one study, which seems to be partly 
responsible for the widely accepted belief that 
90% of LBP-patients recover within a month, 
in fact showed that 90% LBP-patients stopped 
consulting their medical practitioner within a 
month [15]. Furthermore, Waddell has been 
cited for postulating, that 80-90% of LBP-
attacks resolve within 6 weeks [9], but in fact 
he refers to return to work – not cessation of 
pain [43]. Another study that has had an 
impact on the spontaneous recovery-belief, 
also studied return to work and found that 
approximately 75% of sick listed LBP-patients 
returned to work within a month [2]. However, 
return to work provides an incomplete picture 
of the natural course of LBP, because chronic 
pain patients may “move” in and out of 
employment, return to work at physically less 
demanding jobs, or reduce their workload [18]. 
In contrast, Croft et al. demonstrated that 75% 
of LBP-patients from general practice still 
experienced pain one year later [19]. 
Obviously, return to work or cessation of 
medical consultations does not necessarily 
correlate with the cessation of symptoms. 
Although the various outcome measures (pain, 
disability, sick leave and medical 
consultations) are related, they should not be 
considered interchangeable [14]. 

Additionally, the choice of cohort 
represents a problem when studying the natural 
course of a disease. In classical 
epidemiological study designs (such as cross-
sectional or longitudinal surveys) the cohort is  
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made up of prevalent cases, including subjects 
at different stages of the disease, which results 
in an “apples-and-pears-cohort”. 

The present confusion may also be 
partly explained by a lack of distinction 
between the short-term and long-term 
prognosis. LBP is characterized by variation 
and change, rather than absolute recovery [42]. 
Thus, concentration on the short-term 
development might present the condition as 
cured, whereas long-term follow-up may 
reveal a more recurrent scenario. Therefore, 
this review will concentrate on the long-term 
course of LBP. 

Although this area has been 
extensively studied, it remains difficult to gain 
a clear overview. Therefore, we conducted a 
systematic critical review of the        
epidemiological literature to improve our 
understanding of the natural course of LBP 
and, in particular, to investigate whether there 
is evidence to support the popular claim of 80-
90% spontaneous recovery within a month. 
 
 
METHOD: 
Search strategy: 
The literature search was modified from the 
comprehensive search strategy recommended 
by the Back Review Group of the Cochrane 
Collaboration [38]:  
 
1) The MEDLINE database was searched 

from the beginning of the database (1992 
via PubMed) to June 1999. The decision 
to use the more easily accessible database 
from 1992 was made, because the study-
quality was presumed to be better in the 
1990’s and the up-to-date literature more 
relevant. The search combined the terms 
“low back pain” (MeSH)/ “back pain” 
(free text)/ “low back” (free text) with 
one or more of the following free text 
words: “epidemiology”, “natural history”, 
“natural course”, “prospective”, 
“longitudinal”, “follow-up” or 
“prognos*” or the MeSH terms: 
“prognosis” or “survival analysis”. An 
additional Medline search specifically for 
randomized controlled trials (RCTs) did 
not reveal additional relevant studies. 

 
2) A similar search, modified as necessary, 

was run in EMBASE (the terms 
“prognosis” and “survival analysis” were 
not included here). 

 

3) The Cochrane Library was screened for 
reviews on the topic. 

4) Relevant systematic reviews and their 
references were screened. 

5) Den Danske Artikelbase (The Danish 
Article Base) was searched for low back 
pain/back pain. 

 
Article selection was based on 1948 titles, and 
abstracts were screened for suitability by the 
first author. In addition to epidemiological 
studies, randomized controlled trials were 
included if they contained a control group that 
received only sham treatment or treatment 
from a general practitioner. In studies where 
there was a statistically significant difference 
in treatment results for the intervention as 
compared to the control group, only data from 
the control group was considered. Otherwise 
all relevant data was included. Eighty-four  
articles were found and screened for inclusion 
and exclusion criteria. 

 
Criteria for consideration: 
The inclusion criteria were: 
• Original journal articles from the Western 

World (Europe, North America, Australia 
and New Zealand). 

• Articles written in English, Danish, 
Norwegian or Swedish. 

• Original studies. 
• A sample size of 50 or more (in the case of 

RCTs this applies to the control group) 
was arbitrarily chosen. 

• Follow-up period of at least 12 months. 
 
The exclusion criteria were: 
• Articles relating to chronic LBP (absence 

from work for a minimum of 6 months), 
because this is usually considered one of 
the possible end-points of back pain and 
because a population of this type is not 
representative of the general population. 

• Studies based on a specific population 
such as a specific occupational group or 
pregnant women. 

• Studies of LBP due to acute injury. 
This selection procedure identified 36 

articles to be included in this review. 
 

Data extraction: 
All included articles were reviewed for 

relevant information using a standard check-
list. This was done independently by two 
reviewers (LH and CL-Y) and disagreement 
was resolved by consensus. Data on study 
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populations, study design and outcome 
measures (pain, sick-leave, disability, 
recurrences and consultations) were noted and 
finally, information was retrieved in relation to 
nationality, age and gender. The result is 
shown in Appendix 1. 

  
Quality assessment: 

All the studies were independently 
assessed for methodological quality as it 
relates to natural history by two reviewers (LH 
and CL-Y) using a standard check-list. Where 
disagreement occurred, the matter was 
discussed and consensus reached. No existing 
standard criteria list was found suitable, since 
following the course of an event does not 
require the same method as a randomized 
controlled trial. In contrast to cause-effect  
research in which internal validity is of utmost 
importance, representativeness and 
generalization are more important in 
descriptive epidemiological studies [3]. A list 
of specific criteria was adapted from Von 
Korff [42] to suit the requirements of the 
subject, including both descriptive (external 
validity) and methodological (internal validity) 
criteria. Thus, the general quality of the studies 
was not assessed, but only quality as it relates 
to natural history, and the assigned quality 
score does not necessarily reflect the quality of 
the study as a whole. The six criteria for 
obtaining a maximum score are listed in 
Appendix 2. Based on these, a percentage 
quality score was calculated and assigned to 
each study. The results are presented in 
Appendix 1 and the full quality assessment can 
be obtained from the authors. 

 
 Analysis: 

It is possible that the results differ in 
relation to the definition of recovery, in such a 
way that the consequences of LBP (e.g. 
medical consultations and absence from work) 
would result in a seemingly quicker recovery 
than actual symptoms. Therefore, the various 
outcomes, such as sick-leave, recurrence of 
sick-leave, consultations, disability, pain and 
recurrence of pain, were studied separately. 
Furthermore, as sick-leave and consultations 
may depend on legislation, which varies  
between countries, national differences in 
relation to sick-leave were also analyzed. We 
also attempted to investigate the course of LBP 
as it relates to age, gender, and a previous 
history of LBP. 
 

RESULTS: 
Thirty-six articles fulfilled our 

inclusion criteria. Information regarding these 
is presented in Appendix 1. Studies are listed 
in alphabetical order according to the name of 
the first author. 
 
Quality of data: 

The overall quality was generally 
good, but the following concerns are 
noteworthy: 1) In 42% (13/31) of the relevant 
articles, comparison of responders and non-
responders was missing. 2) The exact 
anatomical demarcation of LBP was not 
defined in 33% (12/36) of the studies. 3) In 8% 
(3/36) of the studies, data had not been 
collected in the preferred manner, i.e. sick-
leave data from administrative sources and 
symptom data from interviews or 
questionnaires. All other criteria were fulfilled, 
and no studies scored below 67%. It was 
therefore decided not to exclude any of the 
studies on basis of the quality assessment. 
 
Number and type of studies: 

The 36 included studies were 
published from 1981 to 1999 (October). Only 4 
studies were published in the 1980s 
[1,2,27,37]. Six studies were RCTs 
[6,16,17,25,34,35], five were retrospective 
observational studies [2,19,20,21,46], and the 
remaining 25 were prospective observational 
studies. No difference in outcome was noted 
between these three types of design.  

 
Study populations: 

The majority of studies had a 
population size between 100 and 500 with a  
range of 62 [32] to 89,190 [20]. The exact 
numbers can be seen in Appendix 1. 

Study populations were drawn from 
several sources: the army [10], schools 
[4,21,29,32], the general population [28,30], 
workers receiving compensation 
[1,2,20,25,27,35,37] and clinical populations 
[5-9,12,13,16,17,19,22-
24,31,33,34,36,39,40,44-46]. 

There were two inception cohorts 
[28,44] (first onset of disease) and the rest  
were either consecutive (included as they 
appear at the study site) or prevalent (all cases 
with LBP at a certain point in time) cases. 
With only two inception studies, it is not 
possible to determine, whether the results from 
such cohorts differ from those of other types. 
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Description of LBP: 

The gluteal folds were commonly 
defined as the lower border in the definition of 
LBP [16,17,22-24,28,31,36,45] whereas the 
upper border varied from the scapula [45] to 
the first lumbar vertebra [28]. In several 
studies the only description provided was 
”back pain” or ”low back pain”. Patients with  
radiating pain were specifically excluded in 
only one study [17]. In 14 studies [2,5,6,16,20-
23,27,34,35,37,39,46] both patients with and 
without leg pain were included and in the 

remaining 21 studies there was no mention of 
radiating pain at all.  

The duration of symptoms at baseline 
was mentioned in only one third of the studies 
[6,7,8,16,17,19,25,31,33,34,39,44,45]. Because 
of this lack of homogeneity in relation to LBP-
definitions, time of inception and follow-up 
periods, it is difficult to compare results and to 
reach definitive conclusions. This 
heterogeneity is illustrated in Table 1a-b. 

 

 
 
TABLE 1a.: The spread of LBP-definitions and length of follow-up. The numbers in the 
 table are reference numbers 
Definition of             Length of 
LBP                           follow-up 

1 
week 

2  
wks 

1 
mths 

2 
mths 

3 
mths 

4 
mths 

6 
mths 

8 
mths 

1 
year 

18 
mths 

22 
mths 

2 
years 

3 
years 

4 
years 

≥5 
years 

Back pain 
 

  12,1
3, 
40 

   7    7 12,13    

Low back pain 
 

8  8,33  8  33  4,8,2
9,33 

  4,8 4,34 4 4,25, 
30 

Pain bt. scapulae and gluteal folds 
 

    45    45       

Pain bt. T12 and gluteal folds  
 

 17 17      17       

Pain bt. T12 and gluteal  
folds or radiating there from 

 16 16,2
2, 
23,2
4 

22,2
3, 
24 

22,2
3, 
24 

 22,2
3, 
24 

 16,2
2, 
23,2
4 

      

Pain bt. L1 and gluteal folds 
 

      28  28 28      

LBP with/without radiation 
 

 6 20,3
4 

20 6,20, 
34 

39 20,3
5 

39 6,20, 
34,3
5,39 

  46    

Back and/or leg/sciatic pain 
 

  5  5    5,27, 
37 

  37    

Any back related problems 
 

              10 

Pain bt. 12th rib and gluteal folds 
 

36    36    31,3
6 

      

Generalized pain including the 
lower back 

9    9    9       

Pain below T6 
 

      44  44       

Pain or discomfort in the lower 
part of the spine 

              21 

MS complaints in the lumbar or 
lumbosacral region 

        1   1 1   

Pain, ache, stiffness or fatigue in  
the lower back w/wo radiation 

 2 2    2         

Back, hip and/or leg pain         19 
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TABLE 1b: The spread of LBP-definition and duration of symptoms at baseline.  
The numbers in the table are reference numbers 
Definition                    Duration of  
of LBP                        symptoms   
                                       

Undefined > 24 
hrs 

< 1 
wk 

>1 
wk 

<10days <2  
wks 

<3 
wks 

4-12 
wks 

6-10 
wks 

<10 
wks 

<3 
mths 

>3 
mths 

Back pain 
 

12,13,40         7   

Low back pain 
 

4,29,30,34   8  33  25     

Pain bt. scapulae and gluteal folds 
 

    45        

Pain bt. T12 and gluteal folds  
 

          17  

Pain bt. T12 and gluteal folds or 
radiating there from 
 

22,23,24      16      

Pain bt. L1 and gluteal folds 
 

28            

LBP with/without radiation 
 

20,35,46     34     6 39 

Back and/or leg/sciatic pain 
 

5,27,37            

Any back related problems 
 

10            

Pain bt. 12th rib and gluteal folds 
 

36 31           

Generalized pain including the 
lower back 
 

9            

Pain below T6 
 

        44    

Pain or discomfort in the lower 
part of the spine 
 

21            

Musculoskeletal complaints in the 
lumbar or lumbosacral region 
 

1            

Pain, ache, stiffness or fatigue in 
the lower back w/wo radiation 
 

2            

Back, hip and/or leg pain 
 

  19          

 

Outcome measures: 
In 9 studies the only outcome 

measure was ‘pain’ [4,5,10,21,28,29,30,31,32], 
another three (two of them authored by the 
same group and based on the same sample 
[12,13]) measured only ‘disability’ [7,12,13] 
and in 7 studies ’return to work’ was the only 
outcome measure [1,2,17,19,20,25,45]. In the 
remaining 17 studies, different combinations of 
‘pain’, ‘disability’, ‘sick-leave’, and/or 
‘consultations’ were reported. In addition, the 
duration of episodes was analyzed in four of 
the studies [19,23,24,45].  

The definitions of decreased pain 
varied greatly (from ”completely better” [5] to 
”no longer disabling LBP” [36]). Figure 1 
illustrates the course of LBP over time as 
measured by pain. It was not possible to 
compare disability rates over time due to the 
large variety of ways in which disability was 
reported.  

Figure 2 shows the occurrence of 
recurrences. As with pain, the definitions of 
recurrence were difficult to compare, since 
most authors failed to define what constituted a 
recurrence. Furthermore, it should be noted, 
that in this context, there is no distinction 
between recurrences and entirely new 
episodes. Nevertheless, in a large number of 
studies, previous LBP was found to be an 
important prognostic factor for the 
development of a new episode  
[4,9,10,16,21,27-30,32,33,36,37]. Figure 3 
shows the risk of having LBP at follow-up in 
individuals with LBP at baseline and in those 
without LBP at baseline.  

In five studies [6,9,27,37,39] 
consultations were recorded. Two of these 
were based on the same population made up of 
sick-listed industrial workers [27,37] and the 
others from medical practitioners’ practices. 
Not surprisingly, the sick-listed workers 
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seemed to consult more (49% the first year and 
32% the second year) than the consecutive 
office patients (8% [9], 40% [6] and 42% [39] 
in the first year). The results from these four 
studies indicated a high degree of persistence 
or recurrence. 

Figure 4 illustrates the natural course 
of LBP in relation to sick-leave. This is based 
on two Norwegian, one Swedish, one Danish 
and one Dutch study [2,20,33,35,45]. The 

Norwegian studies demonstrated the highest 
persisting absence [20,35]. Looking at the 
amount of absence-recurrences in figure 2, 
Norway also had the highest amount of 
recurrences within a year [20], but this finding 
is questionable, since Indahl et al. reported all 
registered absences regardless of diagnosis. 
Otherwise no difference between countries was 
detected.

 
 
Fig. 1. Percentage of people with LBP at baseline who report pain at follow-up (95% CI).  
The time of follow-up is indicated on the x-axis. The reference numbers are listed with the 
various outcome measures in parentheses.  
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Fig. 2.  Period prevalence of recurrence in people with LBP at baseline (95% CI). The  
time of follow-up is indicated on the x-axis. Each bar represents one study with the  
country of origin and reference number shown at the top.  
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Fig. 3. Previous LBP as a predictor for current LBP (95% CI). The reference numbers  
are indicated below the bars.  
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Fig. 4. Percentage of people with LBP at baseline who report absence from work at  
follow-up (95% CI). The time of follow-up is indicated on the x-axis and the country  
of origin shown next to the estimate together with the reference number. Please note  
that only 43% of the Danish cohort was sick-listed at index, whereas all subjects were  
sick-listed initially in the other studies. 
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Age and gender:  

Most populations consisted of people 
of working age, but three populations consisted 
of children or adolescents [4,29,32]. The latter 
showed a steady increase in the point 
prevalence of LBP from about 3% around age 
10 to 13% at age 15. Apart from these, the age-
specific prevalence of LBP was reported in 
only two studies: 26% at age 30 [10] and 19% 
at age 38 [21]. 

There were no major differences of 
results between studies involving 
predominantly male subjects [1,2,10,27,30,37] 
and those with a mixed population. However, 
the results are very widespread, so differences 
could well be hidden within the general 
variation 
 
Summary of results: 

The reviewed studies were not 
sufficiently homogeneous to make meta-
analyses possible. Ranges of study estimates 
are therefore employed to illustrate the extent 
of persistent or recurring symptoms of LBP.  

 
 
 

 
 Forty-two to 75% of subjects still 

experience pain after 12 months 
(Fig.1) and 3-40% are still sick-
listed 6 months  

 after inclusion in a study (Fig. 4). 
 
  Forty-four to 78% of subjects 

experience relapses of pain, and for 
relapses of work absence the 
estimates range between 26-44%, 
with one out-lier of 74%, 
confounded by lack of diagnosis 
(Fig. 2).  

 
 The point prevalence rates of LBP 

in persons with one or more 
previous episodes of LBP, range 
from 14% to 93%, whereas the 
corresponding rates for those 
without a prior history of LBP are 
7% to 39%, with the risk of LBP 
being consistently about twice as 
high for those with a history of LBP 
(Fig. 3).  
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DISCUSSION: 

When interpreting the results of this 
review, the selection process must be kept in 
mind. Including only articles written in the 
English and Scandinavian languages might 
introduce some bias. It has been proposed that 
positive results from non-English speaking 
countries are more likely to be published in 
English and negative results in the authors’ 
native language [38]. However, in this case, we 
do not believe this to be a serious problem, as 
negative or positive results are not defined in 
descriptive studies, and in the RCTs only 
control groups were studied for the purpose of 
this review. On the other hand, there might be 
national differences in pain perception, 
reimbursement policy etc. This means that the 
results from this review may not be 
transferable to countries outside the English 
and Scandinavian language regions. 

Disability pension, worker’s 
compensation and absence from work all 
depend on legislation, and also care seeking is 
influenced by the system of payment. 
Therefore, national differences in legislation 
and amount of reimbursement/sickness benefit 
must be considered before comparing results 
between countries. With regard to sick-leave, 
the figures from Norwegian studies are higher 
than the others. This could very well be related 
to the fact that Norway has a very generous 
reimbursement system. However, due to the 
different study-populations and the various 
ways to measure outcome, this is not certain to 
be a result of national differences – whether 
legislative, cultural or otherwise, but might be 
attributable to differences in study design. 
There were no Norwegian studies reporting 
persistence of symptoms, hence it was not 
possible to determine whether such figures 
would be correspondingly high compared to 
other countries. 

Additionally, the type of work and 
whether the person must return to the same 
function and/or hours, obviously has a large 
influence on the length of sick-leave. This 
aspect is nevertheless most often ignored [18]. 
It could be argued that return to work is merely 
a manifestation of adaptation, resignation 
and/or monetary necessity.  

With these arguments in mind, pain 
and disability may be more suitable parameters 
– at least for the individual, although not 
necessarily for society. Although they may not 
be sufficiently objective, an individual's 
perception of his own pain and functional 

ability is of paramount importance for the 
problem's impact on the quality of daily life 
and should not be ignored. These are also 
measures recommended by Deyo et al. in an 
effort to promote the standardization of 
outcome: pain, function, well-being, disability 
and satisfaction with care [11]. With regard to 
pain and disability, no national differences 
were detected. 

Recurrences, rate ratios, or the risk of 
developing LBP in case of previous LBP, are 
measures that clearly illustrate the recurring 
pattern of LBP and thereby questions the usual 
interpretation of ”recovery” as it relates to 
LBP.  

The choice of cohort also requires 
careful considerations as it may limit 
generalizability. Obviously, the optimal 
method to study the natural course of LBP 
would be to study the general population in a 
lifelong prospective study. As this is 
impossible, prospective study cohorts most 
often consist of consecutive cases from clinical 
settings who are followed for a limited period 
of time. When studying clinical populations, 
some selection bias cannot be avoided, as care-
seeking in itself and the choice of provider 
constitute a selection process. This must be 
considered when extrapolating results to the 
general population. Among others, Bourghouts 
et al. [3] consider an inception cohort (included 
at onset of first episode) to be of optimal value 
when studying the course of a disease. 
However in the case of LBP, bearing in mind 
the early onset of LBP [26] this might cause 
bias if adult cases are selected, because those 
most prone to chronicity will be excluded, as 
some of them may have had problems since 
childhood. The results of von Korff and 
Saunders [41] did not indicate that recent onset 
of symptoms was an important prognostic 
variable. Therefore, except for studies 
including young populations, cohorts made up 
of prevalent or consecutive cases might 
provide a better picture of the diversity of the 
problem, but great care must be taken to record 
and analyze the differences of the individuals’ 
LBP (such as previous LBP, duration of 
present period, disability, anatomical extent of 
LBP and intensity of pain). 

It would be useful to divide LBP-
patients into subgroups in relation to 
symptoms, which might follow different 
patterns of recovery. In particular, the presence 
or absence of leg pain have been reported to be 
an important prognostic factor  
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[27,30,36,37,45] and also the duration of 
symptoms at baseline seems to influence the 
course of LBP [22,27,37,46].  Nevertheless, 
the magnitude and duration of symptoms are 
poorly defined in the majority of studies. Only 
four studies [16,17,31,45] describe both the 
anatomical demarcation of pain and the 
duration of pain at baseline, and they do so in 
very different ways.  
Therefore, it is not possible, presently, to 
analyse data as they relate to symptomatic 
subgroups.  

The only sub-categorization of 
subjects that this material allows, relates to 
age. Here the high point prevalence of LBP in 
children is noteworthy, especially considering 
the high risk of recurrence. Mikkelson [29] and 
Salminen [32] showed that 52% and 93% of 
teenage subjects respectively have LBP at 
follow up in case of LBP at baseline as 
compared to 12% and 39% of those who did 
not have LBP at baseline (Fig. 3), and Burton 
[4] found that the proportion of children with 
LBP, who reported their trouble to be 
recurrent, rose from 44% at age 11 to 59% at 
age 15. 
 
Recommendations for future studies: 
 

• Provide a clear definition of LBP. 
• Where possible, provide subsets of 

data for various LBP-subgroups 

(regarding duration of LBP, leg pain 
etc.). 

• Where relevant, report clearly what 
constitutes a ”recurrence”. 

• If possible, report raw data. 
• Where relevant, discuss limitations 

regarding the choice of outcome 
measures as well as the chosen cohort. 

 
 
CONCLUSION: 

Due to the methodological variations 
and the lack of clear definitions in the included 
articles, no firm conclusions regarding the 
natural course of LBP can be reached. 
However, despite the large heterogeneity, the 
overall picture is clearly that LBP is not a self-
limiting condition. There is no evidence 
supporting the claim that 80-90% of LBP-
patients become pain-free within a month. 

Unfortunately, it was not possible to 
study the outcome of various types of LBP 
from the retrieved material, but it is strongly 
recommended that researchers emphasize this. 
For this purpose, it is essential first to reach a 
consensus regarding the definition of LBP as 
this will allow subgroup analysis. Furthermore, 
a greater degree of homogeneity of outcome 
measures is warranted. If such homogeneity is 
not reached we will continue to gather bits and 
pieces of scattered evidence, and overall 
conclusions will not be firmly founded. 
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Appendix 1: Data-extraction from the 36 included articles. 
1.author, 
year and 
qual. score 

Design and 
Cohort 

Description 
of sample 

Age & 
gender 

Sample size 
& resp. rate 

Time & type 
of follow-up 

Description 
of LBP 

Outcome 
measures 

Results Reviewers’ 
comments 

Abenhaim, 
1988 
Canada 
100% 
[1] 
 

Prospective, 
consecutive 
cases 

Representativ
e sample of all 
workers 
compensated 
for back pain 
in 1981 

Working 
age 
(50% bt. 
25 and 
44)  
84,3% 
male 

1641 
Response rate 
not applicable 

1,2 and 3 
years as 
recorded in 
Quebec 
Workers 
Compensation 
Board 

Musculo-
skeletal 
complaints 
in the 
lumbar or 
lumbosacral 
region 

Sick-leave 37.1% had 
recurrences of 
absence from 
work. 
Average # of 
episodes: 2.65 
over 3 years 

 

Anderson, 
1983 
Sweden 
100% 
[2] 
 

Retrospectiv
e, 
consecutive 
cases 

Randomly 
selected from 
the census 
register in big 
city in 
Sweden 

40-47, 
all male 

940 
Response rate 
not applicable 

All LBP-
absences 
recorded at 
the Public 
Health 
Insurance 
Office from 
1955 to 1976 

Pain, ache, 
stiffness or 
fatigue in 
the lower 
back w/wo 
leg pain 

Sick-leave Still absent at: 
12 days:50%, 
1 month: 
~25% 
6 months: 
~5% 

 

Burton, 
1996 
UK 
83% 
[4] 

Prospective, 
prevalent 
cases 

Entire intake 
class of 1985 
in a mixed-
gender school 

Mean 
age: 
11,7 at 
index. 
~ 50% 
male 

216 at index, 
147 year 5 
due to normal 
movement 
from the area 
and absence 
from school 
on the day of 
questioning 

Years 1 and 2 
by interviews, 
years 3, 4 and 
5 by 
questionnaire 

LBP,  
other than 
occasional 
twinge 

Pain Recurrent 
LBP of 96 
pos. at index: 
year 1: 44% 
year 5: 59% 
Point 
prevalence: 
11 y.o.a.: 
3.2% 
12    -    : 
3.9% 
13    -    : 
6.4% 
14    -    : 
10.0% 
15    -    : 
12.9% 

Transition in 
pain status not 
reported 

Burton, 
1991 
UK 
83% 
[5] 
 

Prospective, 
consecutive 
cases 

Sequential 
LBP patients 
attending an 
orthopedic 
out-patient 
practice and a 
GP 

Mean 
age: 
41.8. 
54% 
male 

109/87 
(82%) (with 
full data set) 

1 mth, 3 mths 
and 1 year by 
questionnaire 
or office visit 

Back and/or 
lower limb 
pain 

Pain 
(”complet
ely better” 
or 
”steadily 
improving
”) 

”better”/ 
”not”(n) 
1 mth: 9/90 
3 mths:20/67 
1 year:29/59 
”improving”/”
not”(n) 
1 mth: 45/53 
3 mths: 55/32 
1 year: 53/36 

 

Burton, 
1999 
UK 
100% 
[6] 
 

Prospective, 
consecutive 
cases 
RCT 

Patients 
consulting 6 
GP or 
osteopathic 
offices for 
LBP of less 
than 3 months 
duration 

Mean 
age 
(SD): 
44.7 
(12.2) 
45% 
male 

Index: 
162/188 
(86%) 
Follow-up: 
126/162 
(78%) 

2 weeks, 3 
mths and 1 
year by postal 
questionnaire 

Acute or 
recurrent 
LBP w/wo 
leg pain 

Pain 
 
 
 
 
 
 
 
Disability 
 

Reduction in 
pain after 1 
year, mean 
(SD): “pain at 
worst”: 
68.7(18.5)→5
0.8(27.8 
“pain at best”: 
15.6(18.7) 
→10.6(17.8) 
Reduction in 
Roland 
Disability: 
~10.4→~4.4 

The control 
group might 
have been 
influenced by 
the “control 
booklet” 
which seems 
to reinforce 
fear-
avoidance 

Carey, 
1999 
USA 
67% 
[7] 
 

Prospective, 
consecutive 
cases 

Sequential 
patients in 
208 primary 
care practices 

Mean 
age: 
41.7 
49% 
male 

1645  
Follow-
up:754/ 921 
(free of pain 
after 3 mths) 
(82%) 

6 and 22 
months by 
telephone 
interviews 

Back pain 
less than 10 
weeks 

Disability 56% free of 
functional 
LBP after 3 
mths. 
54% had 
recurrences 
from 6 to 22 
months. 
1.49% 
seeking 
disability after 
22 months. 
Roland-
Morris at 22 
mths (0-23): 
2.9-3.9 
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Cherkin, 
1998 
USA 
67% 
[8] 
 

Prospective, 
consecutive 
cases 

Patients 
consulting for 
LBP in two 
GP-clinics 
and who still 
had pain 7 
days later 

20-64 
52% 
male 

Index: 
493/714,  
(69%) 
Follow-up: 
55/66 
(83%) 

1, 4 and 12 
weeks and 1 
and 2 years by 
telephone 
interviews 

Low back 
pain >7 days 

Pain 
(”bother-
someness”
), 
disability 

”Bothersomen
ess” (0-10): 
1week: ~4,  
4 weeks: ~3.2,  
12 weeks: 
~3.2,  
1 year: ~2.7,  
2 years: ~2.4 
Roland 
Disability (0-
24): Index: 
~11.6, 1week: 
~7.6, 4 weeks: 
~5.0, 12 
weeks: ~4.5, 1 
year:~4.8,  
2 years: ~4.6 

 

Croft, 1998 
UK 
 (Study 
sample 
drawn from 
the same 
population 
as 31 and 
36) 
100% 
[9] 
 

Prospective, 
consecutive 
cases 

Consulting 
two GP 
practices for a 
new episode 
of LBP (no 
LBP the 
previous 3 
months). 

18-75 
41% 
male 

Medical 
records: 463 
Interviews: 
170/218 
(77%) 

1 week, 3 and 
12 months by 
interviews and 
review of 
medical 
records over 
the year 

Generalized 
pain that 
included 
pain in the 
lower back 

Pain and 
disability  
 
 
 
 
 
 
 
Consultati
ons 

Recovery: 
1 week: 2% 
3 months: 
21% 
12    -     : 
25% 
Recovery with 
initial pain 
and 
disability:18%
. 
Recovery with 
initial pain or 
disability: 
44% 
Consultations: 
3 months: 
40% 
12    -     : 8% 

Selection bias 
may have 
resulted in 
slight 
underestimati
on of 
recovery.  
This is 
accounted for 
in the text. 

Darre, 1999 
Denmark 
83% 
[10] 
 

Prospective, 
prevalent 
cases 

Military 
recruits 

~18 
y.o.a. at 
index, 
all male 

784/1058 (37 
with LBP at 
index) 
(74%) 

Index and 12 
years later 
by 
questionnaire 

Any back-
related 
problems 

Pain % at follow-
up with the 
same status at 
index:: 
Never LBP: 
72/356 (20%) 
LBP once: 
17/66 (26%) 
LBP 
occasionally: 
92/284 (32%) 
LBP 
constantly: 
6/11 (55%) 
Lifetime 
prev:73% 
annual inc.: 
53% 
point prev: 
26% 
 

 

Dionne, 
1995 
USA 
(same 
population 
as 13 and 
40) 
83% 
[12] 

Prospective, 
consecutive 
cases 

Consulters for 
LBP with one 
of HMO’s 
primary care 
physicians 

Mean 
age 
(SD): 
46.6 
(14.2) 
47% 
male 

Index: 
1213/1685 
(72%) 
Follow-up: 
1009/1213 
(83%) 

1month, 1 and 
2 years 
by interview 

Back pain Disability Mean Roland 
Morris: 
At index: 
34.40 
After 1 year: 
25.20 
After 2 years: 
22.44 

 

Dionne, 
1997 
USA 
(same 
population 
as 12 and 
40) 
67% 
[13] 

Prospective, 
consecutive 
cases 

Consulters for 
LBP with one 
of HMO’s 
primary care 
physicians 

18-75 
mixed 
gender 

Index: 
1213/1685 
(72%) 
Follow-up: 
1024/1213 
(84%) 

4-6 weeks and 
2 years by 
telephone 
interview. 

Back pain Disability Roland-
Morris >50: 
At index: 
~32% 
After  2 years: 
~20% 

 

Faas,  1993 
The 
Netherland
s 

Prospective, 
consecutive 
cases, RCT 

Patients from 
40 GP 
practices in 
Holland.  

16-65, 
41-47% 
male. 

Index: 
473/525 
(90%), 
follow-up: 

2 weeks, 4 
weeks and 12 
months by 
GP,  monthly 

T12 to 
gluteal 
folds,<3 
mths. 

Pain 
recurrence
s 

78% had at 
least 1 
recurrence. 
Mean # of 
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(Study 
sample 
drawn from 
the same 
population 
as 17) 
100%  
[16] 

413/473 
(87%) divided 
into 3 groups 

questionnaire 
in between 

recurrences: 
1.6 

Faas, 1995 
The 
Netherland
s 
(Study 
sample 
drawn from 
the same 
population 
as 16) 
100% 
[17] 

Prospective, 
assumingly 
consecutive 
cases 
RCT 

Working 
patients from 
40 GP 
practices in 
Holland. (At 
index 64% 
were sick-
listed) 

16-65,  
34% 
male 

322/363 
(89%), 
control: 
108/119 
(90%) 

2 weeks, 
4weeks and 
12 months by 
GP, monthly 
questionnaire 
in between 

T12 to 
gluteal 
folds, <3 
weeks, no 
radiation 

Sick-leave Control 
group: 
Absence at 
least one day: 
1 mth: 61%,  
2-3 mths: 
27%,  
4-12 mths: 
31% 

All absences 
included, 
unknown how 
many of these 
are back-
related 

Greenough, 
1993 
Australia 
83% 
[19] 

Retrospectiv
e, 
consecutive 
cases 

Pts referred to 
an orthopedic 
surgeon with 
LBP with 
specific cause 
of onset 

18-65, 
49% 
male 

287/300 
(96%) 

Interview by 
author at 
different 
times. Median 
follow up: 47-
56 months (4 
groups) 

Back, hip 
and/or leg 
pain, <1 
week. 

Sick-leave 
 

Months off 
work (median 
(range)): 
Compensation
:  
male: 12 
(0.25-84) 
female: 15 (0-
132) 
No 
compensation: 
male:0.25 (0-
180) 
female: 0.5 
(0-22) 

Various 
follow-up 
times 

Hagen, 
1998 
Norway 
100% 
[20] 

Retrospectiv
e, prevalent 
cases 

Cases 
identified 
from National 
Medical 
Insurance files 
in Norway 

16-66, 
mixed 
gender 

89.190 
Response rate 
not applicable 

All LBP 
absences 
registered in 
the National 
Insurance 
Administratio
n 1995 and 
1966 

ICPC codes 
L02, L03, 
L84, L86 
(LBP w/wo 
radiation) 

Sick-leave Still absent at 
1 months: 
~65% 
3 months: 
~30% 
6 months 
~15% 
In one year:  
1 absence: 
74% 
2 absences: 
19% 
>2 absences: 
7% 

In Norway 
there is 100% 
sickness 
benefit from 
1st day to 12 
months. 

Harreby, 
1996 
Denmark 
100% 
[21] 

Retrospectiv
e, 
prevalent 
cases 

All 14-year-
old pupils in a 
Danish town 
in 1965 

46%  
male 

Index: 640 
Traced: 578 
Response: 481 
(83%) 

History of 
LBP and x-
rays at 14 
y.o.a. and 
questionnaire 
at 38 y.o.a. 

Pain or 
discomfort 
in the lower 
part of the 
spine 

Pain  Point 
prevalence: 
19%. 
90% of 
subjects with 
history of 
LBP in 1965 
had LBP 
during the 
year prior to 
questioning 

 

Hoogen 
van den, 
1997 
The 
Netherland
s 
(same study 
as 23 and 
24) 
100% 
[22] 

Prospective, 
consecutive 
cases 

Consulting for 
LBP in 11 GP 
practices in 
Amsterdam 
over 2 years 

>16 
y.o.a. 
mixed 
gender 

Index: 
443/603 
(73%).  
Follow-up: 
269/443 
(61%) 

Monthly 
questionnaires 
for 12 months 
(incl. LBP-
diary) 

T12 to 
gluteal folds 
or radiating 
there from 

Pain  
 
 
 
 
 
 
Disability 

Pain intensity 
(0-50) for 
acute cases: 
index: 25, 4 
weeks: 5, 3 
mths:0, 6 
mths:0, and 
for subacute 
cases: 
index:21, 4 
weeks: 5, 3 
mths: 7, 6 
mths: 5 
Daily 
functioning 
(0-7) for acute 
cases: index: 
3, 4 weeks: 1, 
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3 mths: 0, 6 
mths: 0, and 
for subacute 
cases: index: 
2, 4 weeks: 1, 
3 mths: 1, 6 
mths: 0 

Hoogen 
van den,  
1997 
The 
Netherland
s 
(same study 
as 22 and 
24) 
100% 
[23] 

Prospective, 
consecutive 
cases 

Consulting for 
LBP in 11 GP 
practices in 
Amsterdam 
over 2 years 

>16 
y.o.a. 
mixed 
gender 

Index: 
443/603 
(73%). 
Follow-up: 
269/443 
(61%) 

Monthly 
questionnaires 
for 12 months 
(incl. LBP-
diary) 

T12 to 
gluteal folds 
or radiating 
there from 

Pain  
 
 
 
 
 
 
Recurrenc
es 

LBP from 
index episode 
at 4 weeks: 
70%, 8 weeks: 
48%, 12 
weeks: 35%,  
1 year: 10%.  
Median time 
of recovery 
from index 
episode: 7 
weeks  
76% 
experienced 
recurrences. 
 

Dropouts 
younger and 
less severe 
cases. 
 
 

Hoogen 
van den, 
1998 
The 
Netherland
s 
(same study 
as 22 and 
23) 
100% 
[24] 

Prospective, 
consecutive 
cases 

Consulting for 
LBP in 11 GP 
practices in 
Amsterdam 
over 2 years, 
median 
duration 10 
days 

>16 
y.o.a. 
mixed 
gender 

Index: 
443/603 
(73%).  
Follow-up: 
269/443 
(61%) 

Monthly 
questionnaires 
for 12 months 
(incl. LBP-
diary) 

T12 to 
gluteal folds 
or radiating 
there from 

Pain 
Recurrenc
es 

same as [23] 
and 
median 
duration of 
relapse: 3 
weeks 
 
 
 
 
 

 

Indahl, 
1998 
Norway 
83% 
[25] 

Prospective, 
consecutive 
cases, RCT 

All patients in 
a county 
expected to 
take >8 weeks 
sick-leave 

18-65, 
61% 
male 

Control 
group: 244 
Response rate 
not applicable 

5 years, data 
from 
insurance files 

LBP of 4-12 
weeks 

Sick-leave 65% returned 
to work, 34% 
on long-term 
disability, 
74% had 
recurrences 

 

Lloyd, 
1983 
UK 
(Study 
sample 
drawn from 
the same 
population 
as 37) 
67% 
[27] 

Prospective, 
consecutive 
cases 

Sick-listed 
from three 
industries in 
Northern 
England. 

18-65, 
97% 
male 

Index: 936, 
Follow-up: 
682/790 
(86%) 

1 year after 
return to work 
or cessation of 
treatment by 
postal 
questionnaire 

Back- or 
sciatic pain 

Pain 
sick-leave 
consultati
ons 

30% free of 
pain, 
49% sought 
treatment, 
43% had 
absences, 
12% received 
hospital care. 

Mainly blue 
collar 
workers. 

Mannion, 
1996 
UK 
100% 
[28] 

Prospective, 
inception 
cohort 

Healthcare 
workers 
without 
previous 
”serious LBP” 

18-39, 
92% 
female 

370-
400/403,(92-
99%) 

6, 12 and 18 
mths by 
questionnaire 

L1 to gluteal 
folds 

Pain ~47% pain 
free 
consistently, 
~75% pain 
free at 6 mths. 

 

Mikkelson, 
1997 
Finland 
67% 
[29] 

Prospective, 
prevalent 
cases 

All pupils 
from 3rd and 
5th grade in 
Finnish town 

9 or 11, 
mixed 
gender 

Index: 
1756/2116, 
(83%). 
Follow-up: 
1628/1756, 
(93%) 

1 year by 
questionnaire 
in class 

Low back 
pain 

Pain  
 

No LBP in 
1995: 12% 
with LBP in 
1996; LBP in 
1995: 52% 
LBP in 1996. 
34% LBP in 
1995  
persisted in 
1996 

 

Müller, 
1999 
Denmark 
67% 
[30] 

Prospective, 
prevalent 
cases 

All 
inhabitants in 
a Danish 
county born in 
1928,1938 
and 1948, 
except the 36 
persons on 
disability 
pension in 
1993 

45, 55 
and 65 
in 1993, 
mixed 
gender 

538/621 
(87%) 

Questionnaire 
in 1978. 
Postal 
questionnaire 
in 1993 for 
LBP previous 
year and LBP 
past 7 years 

Low back 
trouble . 

Pain OR (95% CI) 
in case of 
LBP in 1978: 
2.59(1.35-
4.98) for LBP 
past year,  
and 2.71(1.74-
4.21) for LBP 
previous 7 
years 
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Papageorgi
ou, 1996 
UK 
(Study 
sample 
drawn from 
the same 
population 
as 9 and 
36) 
100% 
[31] 

Prospective, 
prevalent 
cases 

Patients at 
two GP 
practices in 
South 
Manchester, 
who had not 
consulted for 
LBP the 
previous 
month 

18-75 
42% 
male 

1540/2606 
(59%) 

12 months, 
questionnaire 
to people who 
had not 
consulted for 
LBP. 

12th rib to 
gluteal fold: 
any ache or 
pain >24 
hrs. 

Pain  
(past and 
present) 

OR for 
developing 
LBP in case 
of previous 
LBP: 2.2-5.6. 
31% reported 
LBP during 
the year 

 

Salminen, 
1995 
Finland 
83% 
[32] 

Prospective, 
consecutive 
cases 

1503 8th grade 
pupils from 
Finland. 
Follow-up on 
40 with LBP 
at index and 
40 matched 
controls 

14 at 
baseline. 
47% 
male 

62/80 (78%) 
(31 matched 
pairs) 

3 years by 
questionnaire 

LBP Pain LBP during 
the 3 years 
follow-up in 
case of LBP at 
index: 93% 
versus 39% 
for the rest. 
Prevalence of 
continuous or 
recurrent LBP 
at index: 7.8% 

 

Schiøtz-
Christensen
,  
1999 
Denmark 
83% 
[33] 

Prospective, 
consecutive 
cases 

Consulting 
130 GPs in a 
Danish county 

18-60, 
62% 
male 

503/524 
(96%) 

1, 6 and 12 
months by 
postal 
questionnaire 

Low back 
pain, <2 
weeks 

Pain/disab
ility 
(functiona
l or 
complete 
recovery) 
 
 
 
 
 
 
Sick-leave 

Not 
functionally 
recovered at: 
index: 57%, 1 
mth: 16%,  
6 mths: 9%,  
12 mths:8% 
Not 
completely 
recovered at: 
index: 100%, 
1 mth: 59%,  
6 mths: 56%,  
12 mths: 46% 
Sick-listed at: 
index: 43%, 1 
mth:3%,  
6 mths: 3%,  
12 mths: 2%. 

 

Seferlis, 
1998 
Sweden 
100% 
[34] 

Prospective, 
consecutive 
cases, 
RCT 

Consecutive 
patients 
referred to 
orthopedic 
dept. 

19-64, 
53% 
male 

123/180 
(68%) 

1,3 and 12 
months by 
questionnaire 

LBP w/wo 
sciatica, 
sick-leave 
<2 weeks 

Pain 
 
 
 
Sick-leave 
recurrence
s 

Pain intensity 
(1-11): index: 
5.1, 1 mth: 
4.6, 3 mths: 
3.5,  
12 mths: 2.5 
No 
recurrences 
(of sick-
leave): 64 %,  
two or more 
recurrences: 
11%. 

 

Strøm, 
1997 
Norway 
83% 
[35] 

Prospective, 
consecutive 
cases 
RCT 

Consecutive 
cases of sick-
leave > 8 
weeks in a 
Norwegian 
community 

19-66, 
44% 
male 

131/186 
(70%), 
control: 77/95 
(81%) 

6 and 12 
mths. By 
supervised 
questionnaire. 
Sick-leave by 
administrative 
data 

Back pain 
w/wo 
radiation 

Pain 
 
 
Sick-leave 

Pain (1-6): 
index: 3.0, 6 
mths: 2.9,  
12 mths: 2.9. 
Still absent at 
6 mths: ~40%,  
12 mths 
~25%. 

 

Thomas, 
1999 
UK 
(Study 
sample 
drawn from 
the same 
population 
as 9  and 
31) 
100% 
[36] 

Prospective, 
consecutive 
cases 

Consulters for 
LBP during 
18 months at 
two GP’s 

18-75, 
41% 
male 

Index: 
246/442 
Follow-up: 
180/246 
(73%) 

1 week, 3 and 
12 months by 
interviews 

12th rib to 
gluteal folds 

Pain & 
disability 
 

Disabling 
LBP at: 
1week: 73%,  
3mths: 48%,  
12 mths: 42%, 
persistent (all 
3): 34% 
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Troup, 
1981 
UK 
(Study 
sample 
drawn from 
the same 
population 
as 27) 
67% 
[37] 

Prospective, 
consecutive 
cases 

Sick-listed 
from three 
industries in 
Northern 
England. 

18-70, 
97% 
male. 

Year 1: 
503/802 
(87%), year 2: 
177/221 
(80%) 

1 year after 
return to work 
or cessation of 
treatment by 
postal 
questionnaire 

Back and 
sciatic pain 

Sick-leave 
 
Consultati
ons 

Absences 1st 
year: 44%, 2nd 
year: 31%. 
Further 
treatment 1st 
year: 49%,  
2nd year: 32% 

Mainly blue 
collar 
workers. 

Van 
Tulder, 
1998 
NL 
83% 
[39] 

Prospective, 
prevalent 
cases 
 

Patients from 
26 GP-
practices in 
The 
Netherlands 

20-60, 
51% 
male 

Index: 
368/524 
(70%) 
Follow-up: ? 

4, 8 and 12 
mths by postal 
questionnaire 

ICPC codes 
L03 and 
L86. 
Current 
symptoms 
>3 mths. 

Pain and 
disability 
 

Complaints at 
0 follow-ups: 
6%, at 1 
follow-up: 
15%, at 2 
follow-ups: 
23%, at all 3 
follow-ups: 
57%. 
LBP 
continuously: 
10% 

 

Von Korff, 
1993 
USA 
(Same 
study 
sample as 
12 and 13) 
67% 
[40] 

Prospective, 
Consecutive 
cases, 

Cross-section 
of back pain 
patients seen 
in primary 
care in the 
Seattle area 

18-74 
47% 
male 

Index: 
1213/1685 
(70%) 
Follow-up: 
1128/1213 
(94%) 

One year by 
interview 

Back pain Pain/ 
disability 
combined 

At 1-year-
follow-up: BP 
previous mth: 
Recent onset 
pts (rop): 69% 
Prevalent 
patients (pp): 
82% 
Pain free 
prev.6 mths: 
rop: 21%, 
pp:12% 
BP>30 days 
prev. 6 mths:  
rop: 26%. pp: 
46% 
Poor/fair 
outcome: 
rop: 24%, pp: 
36% 

Outcome 
based on 
recall of the 
past 6 months. 
Not 
comparable to 
studies of pain 
at time of 
interview. 

Wahlgren, 
1997 
USA 
83% 
[44] 

Prospective,  
inception 
cohort 

Patients at a 
Naval medical 
center 

18-50,  
all male 

Index:138/146
, 
(95%) 
12mths: 
76/138, 
(55%) 

6 and 12 mths 
by interview 
and 
orthopedic 
examination 

Below T6 
on a daily 
basis 6-10 
weeks. No 
prior 
episodes of 
daily pain 

Pain 
 
Disability  

Pain 6/12 
mths: 
78%/72%. 
Disability 
6/12 mths: 
26%/14%. 
No 
participants 
worsened 
from index to 
12 mths 

 

Weide van 
der, 1999 
The 
Netherland
s 
83% 
[45] 

Prospective, 
consecutive 
cases 
 

Patients at 8 
occupational 
health 
services 

Mean 
age: 39. 
33% 
male 

120 
index: 117 
3 mths:110 
12 mths: 108 
(90%) 

3 and 12 
months by 
questionnaire. 

Pain bt. 
scapulae 
and gluteal 
folds. 
Sick-leave 
<10 days 

Sick-leave 50% return to 
work < 8 
weeks and 
75% < 18 
weeks. 
Median time 
to return to 
work: 56 days 

 

Zufferey, 
1998 
Switzerland 
83% 
[46] 

Retrospectiv
e, 
consecutive 
cases 

All patients at 
a 
rheumatology 
dept. at 
Geneva 
Hospital in 
1993 with 
LBP 

28-62 
40% 
male 

80/99 
(81%) 

2 years by 
telephone 
interview 

LBP w/wo 
radiation not 
due to 
specific 
cause 

Pain 
(duration 
and 
frequency 
of 
symptoms
) and sick-
leave 

28% of 
chronic and 
70% of 
patients with 
acute LBP 
had 
substantial 
relief. 
45/76 applied 
for disability 
pension 

Intervention 
unknown (no 
control) 
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Appendix 2:  

 
QUALITY ASSESSMENT FORM (Adapted from Von Korff 1994 [42]) 

      
1. Was the source of the cases sufficiently described? 1 point 
 
2. Was a minimum set of information describing the enrolled cohort obtained  
      (at least age and gender)? 1 point 
 
3. Was there a definition of LBP including at least an anatomical border or a  
       recording of the presence or non-presence of radiating pain? 1 point 
 
4. Was the data obtained from interviews/questionnaires for pain and from  
      administrative data for sick-leave/consultations and disability pension? 1 point 
 
5. Were follow-up rates clearly reported? 1 point 
 
6. Was information presented assessing differences between responders and  
      non-responders both  at baseline and at follow-up?                                             1 point 
 

Maximum score: 6 points = 100% 
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ABSTRACT: 
Objectives: To investigate the course of low 
back pain (LBP) in a general population over 
five years. 
Design: Prospective population based survey 
by postal questionnaires in 1991, 1992 and 
1996.  
Setting: The municipal of Ebeltoft, Denmark. 
Subjects: 2000 people aged 30-50 years, 
representative of the Danish population. 
Main outcome measure: Number of days with 
low back pain during the past year. 
Results: 1370 were recruited of whom 813 
(59%) were followed for five years. The 
responders could be divided into three groups 
with regard to LBP: no pain, short-term pain 
and long-lasting/recurring pain. Transition 
between groups was common, but movements 
between no pain and long-lasting/recurring 
pain were rare. Approximately one third of the 
study subjects remained in the same category 
throughout all three surveys. At the time of 
each survey, 20%-26% of the population 
reported long-lasting/recurrent LBP but only 
10% of the population reported long-
lasting/recurrent LBP at all three surveys. 
Conclusions: Low back pain should not be 
considered transient, and therefore neglected, 
since the condition rarely seems to be self-
limiting but merely presenting with periodic 
attacks and temporary remissions. On the other 
hand, ”chronicity” should not be defined solely 
by the duration of symptoms. 

 
Key words: low back pain, prognosis, natural 
history, natural course, prospective, follow-up 
Running title: The course of LBP – Ebeltoft 
 
INTRODUCTION: 

The natural history of a disease relates 
to its development in the absence of clinical 
intervention, whereas the clinical course is 
defined as the development subsequent to 
diagnosis and initiation of treatment (1). 
Obviously, without understanding the natural 
history, the background for evaluation of the 
clinical course is lacking, and therapeutic 
interventions cannot be assessed in a rational 
manner. In fact, inadequate understanding of 
the course of a disease can lead to false 
conclusions about the need for and the benefits 
of therapeutic interventions. Furthermore, in 
conditions characterised by variation and 
change rather than by predictability and 
stability,  the traditional categorisation of 

acute, subacute or chronic may not be 
appropriate. A definition based solely on the 
duration of symptoms relies on the assumption 
that the disease in question has a linear course 
(2).  

There is now convincing evidence that 
low back pain (LBP) is often a chronic 
condition characterised by a fluctuating pattern 
rather than a self-limiting course (1, 3, 4). This 
view is supported by clinical studies showing 
that 36-76% of LBP-patients had recurrences 
within a year (5-10), and other studies, where 
previous LBP is shown to be an important 
predictor for LBP (11-16). Hence, it might be 
questionable, whether it is suitable that clinical 
guidelines for treatment of LBP base their 
recommendations mainly on the duration of 
present symptoms. 

Most often in epidemiological studies 
prevalence rates of LBP are reported at 
different intervals in time but without analyses 
of transition between groups. Cedrashi et al. 
(2) found that 18% of a small population 
sample (n=252) could be labelled as having 
chronic LBP at baseline and 19% three years 
later when using the standard definition of 
chronicity (17, 18) based on a duration of 
symptoms of >3 months. However, chronicity 
was  present both times in only 8% of the study 
subjects. These results indicate that a certain 
proportion of the general population suffers 
from ”chronic” LBP at any point in time, but 
that this ”chronic proportion” does not consist 
of the same individuals over time. Also 
Waxman et al. (19) in a large study (n=1455), 
report a change in chronicity in individuals 
over a three year period, with 52% of LBP-
sufferers reporting chronic LBP at either 
survey, but only 36% at both. 

This possible transition in pain status 
deserves further attention in the attempt to 
better understand the natural history of LBP. 
Although there exists some work about 
transition in pain status in the field of general 
pain (20), the two studies mentioned above (2, 
19) are, to our knowledge, the only ones 
investigating the transition in LBP-status. In 
both these studies LBP-status was measured at 
two points in time over a three year period. 
The aim of the present study was to investigate 
the transition in LBP-status over a five-year 
period in a population-based sample. This was 
achieved by following the LBP-status, defined 
by the total duration of symptoms during the 
past year, at three points in time over a five-
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year period. In particular, we investigated the 
distribution of LBP-subgroups as well as the 
stability within and transition between 
subgroups. 
 
 
METHOD: 
Baseline data: 

In 1991, a total of 2000 people were 
invited to partake in a prospective, population-
based survey by postal questionnaires about 
health, life-style and psycho-social factors. 
Responders were randomised into three groups 
– one control group and two intervention 
groups. The intervention consisted of health 
checks and health talks. Follow-up surveys 
were undertaken one and five years later. The 
study group consisted of randomly selected 
men and women living in the municipal of 
Ebeltoft, Denmark, aged 30 to 50 years. They 
were found to be representative of the Danish 
target population, except for some small 
discrepancies between the proportion of 
salaried and self-employed people (with a 
higher proportion of self-employed people in 
the study sample). Data records were 
considered satisfactory, since data check of the 
base-line data revealed an error rate of less 
than 0.1%. The survey is described in detail 
elsewhere (21).  

The main question of interest for this 
paper was: “How many days during the past 
year have you had problems with the lower 
part of your back? 0 days, 1-7 days, 8-30 days, 
more than 30 days but not daily, or daily”. The 
group with daily pain was too small for 
reasonable analyses, therefore the two groups 
‘more than 30 days but not daily’ and ‘daily’ 
were combined into one group: ‘more than 30 
days’. Furthermore, the question ”Have you 
had any problems with the lower part of your 
back within the previous year?” was used for 
validation. 
 
Validation: 

The quality of data records for follow-
up was considered satisfactory since there was 
double data entry in year 1 (21), and data from 
year 5 were electronically read by Teleform, 
which has shown an error rate comparable with 
double manual entry for choice fields (22). 

The LBP questions were modelled on 
Biering-Sørensen’s questions on occurrence of 
LBP in a previous survey (23) and have been 
tested for reproducibility (24). The test-retest 
agreement of prevalence estimates of LBP for 

the base-line data of the present study has been 
calculated in a previous report, showing  total 
agreement between two LBP-variables 
(lifetime incidence and one-year period 
prevalence) in 83% of cases, possibly 
acceptable responses in a further 13% (i.e. yes-
no) and definitely unacceptable replies (no-
yes) in 4% of the responses (25). Another 
validation procedure was performed in the 
present study by comparing the two variables: 
”Have you had any problems with the lower 
part of your back within the previous year?” 
and ”How many days during the past year have 
you had problems with the lower part of your 
back?” for participants in year 1 (reported in 
the results section).  

 
Data analysis: 

Baseline responders were examined 
for representativeness in relation to the original 
sample with regard to age and gender. Non-
responders in year 1 and 5 were examined with 
regard to gender, age, and LBP at baseline. 
Furthermore, it was tested whether the 
intervention had an effect on LBP. This was 
done by calculating the differences in LBP-
category between year 0 and year 1 and 
between year 0 and year 5 and compare the 
distribution of change between study groups. 
Pearson’s χ2-test was used to test the null-
hypothesis that there was no association 
between change in LBP and intervention-
group. 

The data-set was analysed for 
associations between LBP and a) age, b) 
gender and c) ’gender given age’. Pearson’s 
χ2-test was used to test the null-hypothesis that 
there was no association  
between LBP and gender and/or age. The 
distribution between LBP-subgroups (number 
of days with LBP the past year) was presented 
as prevalence rates reported with 95% 
confidence intervals. 

Stability within the LBP-subgroups 
was investigated to determine the proportion of 
persons remaining in the same category 
throughout the three surveys. Transition 
probabilities were calculated as proportions 
moving from one subgroup to another over a 
one-year period and over a five-year period. 
Furthermore, the movements of people with 
LBP >30 days at baseline were analysed 
separately and presented graphically. 

Post hoc analysis: To compensate for 
missing information, a ”maximum/minimum” 
scenario was applied in the analysis of 
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stability. This was done by defining all non-
responders in years 1 and 5 as still belonging 
to the same group as at baseline: ”maximum”, 
or assuming that none of the non-responders 
remained in the same category: ”minimum”. 
 
 
RESULTS: 
Description of sample: 

Of the 2000 selected subjects, 1370 
(69%) participated in the study at base-line. 
Twenty-one were excluded due to conflicting 
answers. A further 40 did not answer the 
question about number of LBP-days at 
baseline, leaving 1309 for this analysis. The 
response rates at baseline, year 1 and year 5 as 
well as the characteristics of the sample are 
shown in Table 1. The change in LBP-status 
from year 0 to year 1, and from year 0 to year 
5, was not significantly different between the 
three randomised groups. (p=0.2412 and 
p=0.5775, respectively). Thus the three 
different groups could be considered as one 
group. 
 
Validation:  
The comparison between the two LBP-
variables for year 1 showed an unacceptable 
response (’LBP the previous year’ / ’LBP for 0 
days the previous year’ or ’no LBP the 
previous year’ / ’LBP for more than 0 days the 
previous year’) in only 1% (15/1245) of cases. 
 
Representativeness:  

The 1309 included persons were found 
to be representative of the original sample with 
regard to age (p=0.30) but not with regard to 
gender because of a statistically significant 
overrepresentation of females (53% vs.51%, 

p=0.002). The non-responders in year 1 were 
not found to be biased by neither gender nor 
age, whereas non-responders in year 5 were 
found to be biased for gender with somewhat 
fewer female participants than expected (51% 
vs. 53% at baseline, p=0.007), but not for age. 

Responders and non-responders at 
follow-up were almost evenly distributed 
between LBP-subgroups at baseline. Subjects 
with no pain at baseline had a slightly higher 
response rate (statistically non-significant) than 
those with pain for more than 30 days in both 
year 1 (91% and 88% respectively, p>0.2) and 
year 5 (62% and 58% respectively, p>0.2). 

 
LBP-reporting: 
Distribution between subgroups:  

The number of days with LBP during 
the past year is seen in Table 2 and the 
distribution of the different subgroups of LBP 
in Table 3. As seen, almost half of all the 
participants were asymptomatic, whereas the 
rest were distributed between the different 
subgroups of LBP. Thus 36% (95% CI: 33%-
40%) of the persons with any extent of pain in 
year 0, had pain for more than 30 days. The 
corresponding figures for years 1 and 5 are 
39% (95% CI: 35%-42%) and 39% (95% CI: 
35%-43%) respectively. As seen in Table 3, 
the proportion of participant with a larger 
number of LBP-days increased significantly in 
year 5. 

There were no statistically significant 
differences in the occurrence of LBP between 
age groups in the three surveys, but a slight, 
statistically significant, overrepresentation of 
women in the group with pain >30 days in 
years 1 and 5 (data not shown). 

 
 
 
Table 1: Response rate, distribution of age at baseline, and gender distribution  
at baseline and follow-up. 
 
 
Year 0 1 5 
Response rate to LBP 1309/1370 (96%) 1198/1370 (87%) 813/1370 (59%) 
Female 689 (53%) 635 (53%) 418 (51%) 
Male 620 (47%) 563 (47%) 395 (49%) 
30-35 264 (20%) 253 (21%) 169 (21%) 
36-40 336 (26%) 298 (25%) 197 (24%) 
41-45 324 (25%) 301 (25%) 203 (25%) 
46-50 385 (29%) 346 (29%) 244 (30%) 
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Table 2: Distribution of answers over time: LBP-days year 0 vs. LBP-days year 1 vs. LBP-days year 5. (? = no answer)  
N LBP-days year 5 
LBP-days 
year 0 

LBP-days year 
1 

0 1-7 8-30 >30 ? total 

 
0 175 52 23 31 138 419 
1-7 13 11 8 3 17 52 
8-30 1 5 7 3 11 27 
>30 0 1 2 6 12 21 

0 
n=571 

? 7 2 1 2 40 52 
0 26 23 10 5 24 88 
1-7 10 30 16 9 40 105 
8-30 2 14 13 12 15 56 
>30 1 1 2 6 9 19 

1-7 
n=297 

? 5 6 2 3 13 29 
 
 

0 8 4 6 5 18 41 
1-7 6 5 6 8 12 37 
8-30 2 1 13 5 25 46 
>30 2 3 6 15 9 35 

8-30 
n=174 

? 1 1 4 2 7 15 
 

0 7 4 3 6 15 35 
1-7 0 2 4 3 8 17 
8-30 0 1 4 8 16 29 
>30 6 9 16 76 47 154 

>30 
n=267 

? 1 1 3 0 27 32 
 
Total 273 176 149 208 503 1309 
 
 

Table 3:  LBP-status in year 0,1 and 5 in percent (95%CI) 

LBP-days  year 0 year 1 year 5 
0 44% (41-46%) 49% (46-52%) 34% (31-37%) 
1-7 23% (20-25%) 18% (16-20%) 22% (19-25%) 
8-30 13% (12-15%) 13% (11-15%) 18% (16-21%) 
>30 20% (18-23%) 20% (17-22%) 26% (23-29%) 
Total (n) 100% (1309) 100% (1198) 100% (813) 
 
 
 
 
 
Movements between groups:  

Table 4 shows the stability within the 
LBP-groups throughout the three surveys. The 
extremes  (0 or >30 days) are the most stable 
groups with respectively 45% 
(minimum/maximum: 31%-63%) and 39% 
(minimum/maximum: 28%-56%) remaining in 
the same category versus 13% 
(minimum/maximum:10%-33%) and 10% 
(minimum/maximum: 7%-30%) respectively 
for the middle groups (1-7 and 8-30 days). The 
groups with LBP 1-7 days and LBP 8-30 days 
have similar patterns but differ from the two 
extreme groups. If these two subgroups are 
grouped together, their stability increases to 
28% (minimum/maximum: 21%-47%), which 
approximates the level of the two outer groups. 
This indicates that there are basically three  

 
 
 
 
population groups: never pain, short-
lasting/rarelyrecurring pain, and long-
lasting/recurring pain. Therefore, for ease of 
interpretation in further analyses, the  
subgroupclassification will be ’0 days’, ’1-30 
days’, and ’>30 days’. 

There is a large fluctuation between 
groups, but movements between extremes are 
rare - only 9% (14/154) with LBP for >30 days 
in year 0 had no pain in year 5, and only 13% 
(45/353) without LBP in year 0 had LBP for 
>30 days in year 5. Transition probabilities 
between groups are shown in Figs. 1a-b. Here 
it is also oblivious, that the middle-group 
account for most of the fluctuation. 
Furthermore, by comparing 1a and 1b, it is 
noted (as reflected in Table 3), that the 
probability for progression of LBP is higher 
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over five years than over one, and that the 
corresponding probability for improvement or 
remaining symptom-free decreases. 
Throughout all three surveys, 10% of the 
whole sample (76/765) had pain for >30 days, 

13% (98/765) had pain 1-30 days and 23% 
(175/765) were pain free. The transition of 
people with LBP >30 days in year 0 is 
illustrated in Fig.2.

 
 
 
 
 
 
Table 4: Transition analysis showing the number of persons remaining in the same LBP- 
group through the surveys. The number in brackets show ”no answer”, and column 4 and 6 
 shows the ’minimum/maximum’ scenario, where the ”no answer” are, respectively, exclud- 
ed from or included in the group to which they previously belonged. 

LBP-days year 0 year 1 (‘?’) % in same group  
year 0 and 1 

year 5 (‘?‘ year 1 
and year 5) 

% in same group 
 year 0, 1 and 5 

0 571 419  (52) 81% 
min/max:73%-82% 

175  (185) 45% 
min/max:31%-63% 

1-30 
 

471 244 (44) 57% 
min/max:42%-61% 

98 (125) 28% 
min/max:21%-47% 

>30 267 154  (32) 66% 
min/max:58%-70% 

76  (74) 39% 
min/max:28%-56% 

Total 1309 817  (128) 69% 
min/max:62%-72% 

349  (384) 38% 
min/max:26%-56% 

 
 
 
 
 
 
Figure 1a: Transition probabilities for  Figure 1b: Transition probabilities for  
movements between  movements between 
LBP-groups from year 0 to year 1. LBP-groups from year 0 to year 5. 
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Figure 2: Transition of people with >30 days of LBP at baseline with valid answers  throughout all three surveys (n=149). 
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Key messages: 
• The population can be divided into 

three almost equally large groups with 
regard to LBP: no pain, short-term 
pain and long-lasting/recurring pain. 

 
• Transition between groups is common, 

but movements between no pain and 
long-lasting/recurring pain are rare. 

 
• Approximately one third of the study 

subjects remain in the same category 
throughout all three surveys. 

 
• At the time of each survey, 20%-26% 

of the population report long-
lasting/recurrent LBP but only 10% of 
the population report long-
lasting/recurrent LBP at all three 
surveys. 

 
 
DISCUSSION: 

Obviously, studying the true natural 
history of LBP over a five-year period is not 
possible. It is not feasible to keep people away 
from all kinds of treatment, e.g. exercise or 
massage, for such a long period of time. 
However, this study represents an alternative. 
We did not study the natural history in the 
absence of intervention, but since the 
intervention of the study did not influence 

LBP-status, we assumed that we were able to 
describe the course of LBP in a Danish 
normal-behaving population.  

The results from this population-based 
study show that there is a large fluctuation 
between LBP-groups, with only approximately 
one third of the study subjects remaining in the 
same LBP-category throughout all three 
surveys. 

These results support the view of LBP 
as a condition characterised by variation and 
change (1, 3, 4) rather than a disease entity 
with a well-defined temporal delimitation. It 
rarely seems to be self-limiting, but rather 
presenting with periodic remissions. These 
results are also in accordance with the high 
recurrence rate reported in the epidemiological 
literature (5-10), but disagree with the common 
notion that the majority of LBP-attacks are 
benign and self-limiting (26, 27) and that it 
therefore can be ignored. In fact, it indicates 
that the recommendations in various clinical 
guidelines must be reconsidered with regard to 
the division of patients into acute, sub-acute or 
chronic. Presently, these guidelines 
recommend different types of treatment for 
LBP of different duration, e.g. exercises after 
LBP for >6 weeks (17). Allocating patients to 
different treatment-regimes, on basis of the 
duration of present symptoms alone, does not 
appear to be suitable, considering the large 
fluctuations shown in this and other studies. 



 The natural cource of low back pain and early identification of high-risk populations 41 
 
 
No alternative mean of allocation has been 
properly documented, but there exists a lot of 
scattered research concerning risk-factors for 
chronicity (e.g. 28-32). This knowledge needs 
to be structured and all aspects considered 
before classifying patients. 

In our population, 20% reported long-
lasting/recurrent LBP (>30 days during the 
past year) in year 0, 20% in year 1 and 26% in 
year 5. However, only 10% of these remained 
in this group throughout all three surveys. 
These results compare well with those of 
Cedrashi et al.(2), whose corresponding figures 
were 18% and 19% chronic LBP-sufferers 
(LBP > three months) in a population, 
surveyed three years apart, with chronicity 
being stable in 8% of the individuals. When 
using a broader definition of chronicity 
including psychosocial aspects, their figures 
were 14%, 14% and 6% respectively. 
Surprisingly, the proportion of ’chronics’ in 
our study was only slightly higher than that in 
the study by Cedrashi et al., despite our 
broader definition of chronicity. Additionally, 
the pattern of the chronicity of LBP is the same 
in our study as in the study by Cedrashi et al. 
Likewise, Waxman et al. (19) showed that 
31% of people with chronic LBP in 1994 had 
improved to acute LBP in 1997. Their 
definition of chronicity was “some back pain 
most days for more than three months”, 
resulting in 26% of the LBP-sufferers in their 
population being chronic at the time of each 
survey. Although the proportion of chronic 
patients can be expected to change as the 
definition of chronicity changes, the proportion 
of stable chronic patients remains significantly 
smaller than the total proportion of ‘chronics’. 

Because of this ’instability of 
chronicity’ the term ’chronic’ should be used 
with caution. The label ’chronic LBP’ can 
easily serve to keep the LBP-patient in a 
pattern of disease-behaviour through self-
fulfilment thus counteracting improvement and 
return to normal function. The present 
definition of chronicity, based solely on the 
duration of symptoms, may lead to 
misclassification of patients, and may also lead 
to misleading conclusions in epidemiological 
studies. 

The validity of the present study as 
well as the initial response rate has been 
demonstrated to be satisfactory. Nevertheless, 
the poor response rate in year 5 is a source of 
concern. In the transition analyses (Table 4), 

this is accounted for by making the 
’minimum/maximum’ analysis: the ’real-life’ 
figures will still be within the ranges shown. 
However, Table 3 should be interpreted with 
caution, since the relative increase of LBP-
reporting in year 5 cannot be fully explained 
by age, but could indicate a systematic bias 
with an under-representation of pain free 
subjects in year 5. On the other hand, the fact 
that non-responders at follow-up have almost 
the same distribution of pain at baseline as the 
responders, contradicts the presence of such a 
bias. The transition pattern between the groups 
is similar for men and women, so the effect of 
female overrepresentation can be considered to 
be unimportant in the transition analyses. 
 
 
CONCLUSION: 
Implications for research: 

Based on the large time-dependent 
variation of LBP-reporting in an individual, the 
traditional reporting of chronicity in a 
population, at a specific point in time, must be 
reconsidered. Although the figure seems rather 
stable, the proportion of chronic LBP-sufferers 
should perhaps be regarded as a biological, 
population-based constant, rather than an 
individual-based constant. 

 
 Implications for practice: 

The term “chronic” should be used 
with caution, not to induce unnecessary 
defeatism into the therapeutic thinking. 
Furthermore, LBP should not be dismissed as 
being transient (and therefore neglected), since 
the condition rarely is self- limiting but rather 
presenting with periodic attacks 
and temporary remissions. 
 
Implications for policymaking: 

Guidelines, building their recommen- 
dations mainly on the duration of the present 
episode of LBP, should be reconsidered. 
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ABSTRACT: 
Introduction: Research concerning the 
development of low back pain has traditionally 
focused on risk factors in search of 
explanations. This review focuses on 
comorbidity as a first step in identifying a frail 
sub-population with a higher risk of 
developing low back pain, in particular 
persistent low back pain. Research into 
comorbidity might yield a greater 
understanding of the underlying mechanism 
for low back pain. 
Data sources: Medline was searched from the 
beginning of the database to December 2000 
followed by a search through the authors’ 
personal collections of epidemiological 
literature regarding low back pain.  
Study selection: All articles written in English 
were included if they related LBP to at least 
one other physical disorder. Articles were 
excluded if the prevalence of such disorders 
could not be compared to that of a control 
group or to the expected prevalence in a 
normal population.  
Data extraction: The retrieved articles were 
evaluated for quality based on predefined 
methodological criteria, whereupon 
information about associations between low 
back pain and other physical disorders was 
extracted.  
Data synthesis: Twenty-three articles were 
included. They showed positive associations to 
all disorders investigated (headache/migraine, 
respiratory disorders, cardiovascular disease, 
general health and  others) with the exception 
of diabetes. There was very little information 
regarding temporality, therefore there are no 
clues as to causal mechanisms. 
Conclusion: The literature leaves no doubt that 
diseases cluster in some individuals, and that 
low back pain is part of this pattern. However, 
the nature of the relations between low back 
pain and other disorders is still unclear.  
 
Key words: Low back pain, back pain, 
comorbidity, headache, respiratory disorders, 
cardiovascular disease, general health. 
Running title: LBP and comorbidity – review 
 
 
INTRODUCTION: 

Many different potential risk-factors of 
chronic low back pain (LBP) have been 
explored in the epidemiological literature, for 
example in relation to physical characteristics 
(1), life-style (2), work-place (3,4) and socio-
economic circumstances (5). However, the 

literature does not provide much information 
regarding comorbidity and identification of 
vulnerable subgroups, since focus has been on 
risk-factors and not on risk-persons. 
Comorbidity is often an incidental finding in 
studies investigating factors such as LBP-
related disability or pensions. However, over 
the last decades, some researchers have also 
studied the association between LBP and other 
diseases. Already in 1974, Gyntelberg showed 
significant relationships between LBP, angina 
pectoris, and various other diseases (6), and in 
1986, Biering-Sørensen found several physical 
conditions to be important indicators for future 
LBP (7). Other examples are Seferlis et al., in 
1999, who found a fourfold increase in sick 
leave for other disorders in LBP-patients (8), 
and Côté et al. who noted, in 2000, that chronic 
disorders, including LBP, tend to cluster in 
some individuals (9). Still, a systematic search 
for a generally frail subgroup appears not to 
have been undertaken, although it would be 
logical to assume that generally frail people are 
predisposed for the development of LBP, in 
particular chronic LBP, whereas more robust 
individuals may not get LBP as often and/or 
recover easier from an acute episode of LBP, 
when they do get it.  

The purpose of this review is to make 
a qualitative analysis of the literature 
pertaining to the possible relationship between 
LBP and other physical disorders.  
 
 
METHOD:  

Medline was searched from the 
beginning of the database to October 2000 
using the following search terms: low back 
pain (all fields) AND frailty (all fields) OR 
comorbidity (all fields). Furthermore, searches 
were done for associations between LBP (all 
fields) and the following specific disorders: 
asthma, hay fever, eczema, headache, 
migraine, or juvenile rheumatoid arthritis (all 
fields). These specific diseases were chosen, in 
preparation of a future study in which data for 
these disorders are available for analysis. 

In addition, a manual search was 
performed through the authors’ personal 
collections of relevant epidemiological articles 
regarding LBP, and reference lists from 
review-articles were screened for articles that 
might help to illuminate the area. All articles 
written in English were included if they related 
LBP to at least one other physical disorder. 
Articles were included regardless of type of 
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design, type of cohort, definition of LBP or 
type of physical comorbidity. 

Articles were excluded if the 
prevalence of such disorders could not be 
compared to that of a control group or to the 
expected prevalence in a  
normal population.  

After this selection, the retrieved 
articles were evaluated for quality and given a 
quality score according to preset criteria 
(Appendix 1). These criteria were selected to 
be relevant for the  topic. Several well-
established lists exist for the assessment of 
RCTs and some for observational studies, but 
none was found to be suitable for the topic of 
this review. We have chosen criteria,  which 
deal with selection bias. With the exception of 
age, confounding is rarely an issue when 
searching for associations, thus age was the 
only confounder to be considered in the quality 
assessment. Other types of confounding have 
been discussed where relevant.  A pre-hoc 
decision was made to exclude articles with 
scores below 70%. The included articles were 
searched for information on strength of 
association and temporality (the order of 
appearance of disorders) in order to investigate 
a) if there was an association and b) if there 
might be causality. This was done twice by the 

first author 2 months apart, the second time 
blinded to previous findings. Data were 
categorized according to the disorders 
investigated and presented in five tables: one 
table  for each disorder that had been 
investigated in several studies 
(headache/migraine, cardiovascular disease, 
and respiratory disorders), one table for 
general health and, finally, one table for 
various disorders studied only once or twice. 
Due to the heterogeneity of the studies no 
attempt was made to combine results but a 
brief summary has been provided following 
each table. The included articles have been 
incorporated in the reference list.  
 
 
RESULTS: 

The Medline search yielded a total of 
68 articles of which 6 met the inclusion and 
exclusion criteria. For specifics of the Medline 
search see Table 1. A further 17 suitable 
articles were subsequently retrieved through a 
manual search and reference lists, bringing the 
number to 23. Some of the articles (12/23) also 
covered disorders outside the scope of this 
review. In those cases, only results relating to 
the physical disorders were investigated.

  
Table 1: Specifics of the Medline search 

Disorder combined with low 
back pain  

# of articles that matched the 
search 

# of articles that fulfilled 
incl./excl. criteria 

Ref. number  

Frailty 0 0 Not applicable 

Comorbidity/co-morbidity 20 4 28,23,21,19 

Headache/migraine 28 1 25 

Asthma/hay fever/ eczema 9 1 22 

Juvenile rheumatoid arthritis 5 0 Not applicable 

 
 
Description of studies:  

Of the 23 retained studied, one was a 
combination of a cross-sectional and a 
prospective study (10), one was an autopsy 
study (11), 6 were prospective cohort studies 
(7,12,13,14,15,16), two were prospective case-
control studies (8,17), and the remaining 13 
were cross-sectional. 

Eight of the studies investigated LBP 
or back pain (BP) which had lasted for a period 
of at least one month (9,14,16,18,19,20,21,22). 
These are marked with an asterix in the tables 
to distinguish the studies of more persistent 
(L)BP from the rest. One study investigated 

acute LBP (8), whereas the rest did not include 
information on the duration of symptoms. 

 
Quality assessment: 

According to the quality assessment of 
the 23 retained articles, five studies scored 
70% (13,17,18,23,25). The rest scored more, 
thus no articles were excluded due to a low 
quality score. The major shortcoming of the 
studies was “representativeness of the 
cohort”with four studies consisting of study 
subjects who were extracted from one specific 
occupation (12,13,17,24), and two including 
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very small cohorts ( n=41 and n=46, 
respectively) (23,25).  
Furthermore, the descriptions of LBP were 
generally vague regarding anatomical area, 
severity, and duration of symptoms. Two 
studies (11,15) used disc degeneration as an 
indicator of LBP. Otherwise, no specific items 
from the quality assessment stand out as 
problem areas. The result of the quality 
assessment is included in  

Tables 2-5, and detailed information of the 
quality assessment is available from the first 
author on request. 
 
Associations between LBP and various 
diseases: 
Below follows summaries of the findings in 
relation to the various diseases, reported as 
tables and an explanatory text. 

 
 
 
 
Associations between LBP and headache/migraine: 
 
Table 2: Studies of the relationship between LBP and headache and/or migraine.  
Studies investigating persistent LBP are marked with an *. 
Study Study type and cohort Types of comorbidity 

studied 
Results Quality 

score 
Gyntelberg 
1974, 
Denmark. 
(6) 

Cross-sectional. 
n=4,753, age 40-59. 
Male employees. 

LBP in relation to 
headache, angina 
pectoris, intermittent 
claudication and cough 
plus expectoration. 

Significant relationships bt. LBP and 
headache, p<0.0005. 

82% 

Åstrand 
1987, 
Sweden. 
(24) 

Cross-sectional . 
n=391, age 35-65. 
Male employees at paper mill in 1961. 
 

Associations bt. self 
reported LBP and 
various medical, 
psychological and 
sociological variables. 

OR for having frequent, severe 
headache in case of BP: 2.8 (p=0.007). 

73% 

*Ahern 
1988, 
USA. 
(18) 

Cross-sectional. 
n=227. 
Selected from a multidisciplinary 
chronic pain treatment program. 

Co-occurrence of chronic 
LBP and headache. 

61.4% of patients reported 
concomitant headache. Only 24.8% of 
these had headache prior  to LBP. 

70% 

Duckro 
1994, 
USA. 
(25) 

Cross-sectional. 
n=46  
Patients drawn from a 
multidisciplinary pain management 
program with primary LBP. Assumed 
chronic LBP (weak description).  

LBP as a concomitant to 
non-migraine headache 
and migraine. 

67.4% developed or experienced 
exacerbation of headache following 
onset of LBP (significance unknown). 
Migraine in females significantly 
higher among LBP-patients (p<0.001) 
with 58.8% vs. 17.6% in the gen. pop. 

70% 

 
 
 
 
 

Among the four relevant studies there 
is no evidence based on general population 
samples. There is evidence of a significant 
positive association between 
headache/migraine and LBP. The strength of 
this association is unclear. Three (6,18,24) 
studies showed significant associations 
between headache and LBP. One study (25) 
showed a significant association between 

migraine and LBP in females. However, 
Duckro’s results regarding non-migraine 
headaches can not be compared to the general 
population due to the vague definition (25). 
Besides, there was no mention of age.  
 Two studies (18,25) reported headache 
to follow LBP. There is no other evidence on 
temporality.
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Associations between LBP and cardiovascular disease: 
 
Table 3: Studies of the relationship between LBP and cardiovascular disease.  
Studies investigating persistent LBP are marked with an *. 
Study Study type and cohort Type of comorbidity 

studied 
Results Quality 

score 
Gyntelberg 
1974, 
Denmark. 
(6) 

Cross-sectional. 
n=4,753, age 40-59. 
Male employees. 

LBP in relation to 
headache, angina 
pectoris, intermittent 
claudication and cough 
plus expectoration. 

Significant relationships bt. LBP and 
angina pectoris and intermittent 
claudication, both with p<0.0005. 

82% 

Svensson 
1983, 
Sweden 
(27) 

Cross-sectional study. 
n=716, age 40-47. 
Males randomly selected from the 
census register. 

Associations bt. LBP and 
several previous and 
present 
diseases/symptoms. 

Direct association with calf pain on 
exertion. 
Indirect ass. with angina pectoris.  
No ass. with blood pressure, heart rate, 
serum cholesterol and ECG. 

91% 

Åstrand 
1987, 
Sweden. 
(24) 

Cross-sectional. 
n=391, age 35-65. 
Male employees at paper mill in 1961. 
 

Associations bt. self 
reported LBP and 
various medical, 
psychological and 
sociological variables. 

No association between BP and pain in 
the chest or heart, blood pressure  or 
serum cholesterol. 

73% 

Battié 1989, 
USA. 
(12) 

Prospective, >3 years follow-up. 
n=3,020, age 21 to 67. 
Employees at a Boeing aircraft plant, 
78% men. 
81% completed treadmill testing. 

The effect of 
cardiovascular risk 
factors on subsequent BP 
and vice versa. 

Men with a history of BP had greater 
cardiovascular risk (P = 0.034). 
 

91% 

*Heliövaara 
1991, 
Finland. 
(18) 

Cross-sectional. 
n=5,673, age 30-64. 
Drawn from the population register 
and representative of Finnish adults. 

Associations bt. various 
factors and LBP. 

OR for having unspecified LBP in case 
of cardiovascular disease: 1.2 (95% 
CI: 0.9-1.4) 
 

100% 

Kauppila 
1994, 
Finland. 
(11) 
 

Autopsy study. 
n=86, age 36-69. 
Males after sudden unexpected death. 
 

Association between disc 
degeneration (DD) and 
arteriosclerosis of the 
abdominal aorta. 

Statistically significant increase in DD 
with the grade of atheroschlerotic 
complications at all lumbar levels 
(p=0.001-0.042) and with the grade of 
stenosis in segmental arteries 
(p=0.002-0.013). 

89% 

Penttinen 
1994, 
Finland. 
(13) 

Prospective, 13 years follow-up. 
n=7,490, age 30-66. 
Farmers with no reported 
cardiovascular disease at baseline. 

Risk of dying from 
ischaemic heart disease 
in patients with BP vs. 
those without. 

RR for males aged 30-49: 4.6 (1.06-
19.6). No association found for males 
>50 years nor females of any age. 

70% 

*Heliövaara 
1995, 
Finland. 
(14) 

Prospective, 12-14 years follow-up. 
n=8000 persons, >29 years of age. 
Drawn from the population register 
and representative of Finnish adults. 

LBP and subsequent 
cardiovascular death. 

Risk of death from coronary disease: 
1.0 (0.8-1.3). 

100% 

Penttinen 
1995, 
Finland. 
(17) 

Prospective, 12 years follow-up. 
n=83, 249 matched controls. 
Nested cohort of male farmers with a 
myocardial infarction bt. 1980 and 
1992.  

Correlation bt. 
consultations for back 
trouble and myocardial 
infarction. 

≥1 vs. 0 medical visits because of any 
kind of back trouble: OR = 0.63 (0.33-
1.20). 
≥1 vs. 0 medical visits because of 
nonspecific BP: OR = 0.51(0.25-1.05). 

70% 

Wright 
1995, 
England. 
(26) 

Cross-sectional. 
n=32,100–34,100 for univariate 
analyses and 23,500–24,800 for 
multivariate analyses, age >18. 
Systematic sampling from 19 health 
districts 

Associations bt. potential 
predictors and 
consultations for BP. 

OR for consulting a GP for BP in case 
of  cardiovascular disease: 1.04 (0.88-
1.23). 

100% 

Kauppila 
1997, 
USA. 
(15) 
 

Prospective, 25 years follow-up. 
n=606 persons. 
Subsample of a population-based 
cohort. 

Disc degeneration (DD) 
associated with 
calcification of the 
abdominal aorta. 

OR for DD in case of aortic 
calcification: 1.59 (1.03-2.45). 
OR for LBP in case of aortic 
calcification: 1.42 (1.00-2.01) and 1.56 
(1.10-2.21) for ant. and post. aorta 
respectively. 

91% 
 
 

Vogt   
1997, 
USA. 
(10) 

Cross-sectional, and prospective >2 
years 
n=1492, mean age 71. 
Elderly white women recruited from 
population-based listings. 

Correlation bt. 
cardiovascular disease 
(CVD) or lower 
extremity arterial disease 
(EAD) and BP/back 
function. 

In case of previous CVD: OR for 
severe BP = 3.0 (2.0-4.6) and for 
severe impairment = 3.4 (1.9-6.1). 
In case of EAD: OR for severe BP = 
1.4 (0.7-3.0) and for severe 
impairment = 1.5 (0.6-3.7). 

91% 
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Four studies (14,15,20,26) of the 12 related to 
cardiovascular disease were based on general 
populations. The results, though not 
conclusive, point towards a weak positive 
association between LBP and cardiovascular 
disease, but not between LBP and CVD-related 
death. 

Positive associations were found 
between LBP and angina pectoris/chest pain in 
two studies (6,27), between LBP and 
intermittent claudication in one study (6), 
between LBP and calf-pain on exertion in one 
study (27), between LBP and unspecified 
cardiovascular disease in three studies 
(10,12,20), and between LBP and 
atheroschlerotic changes in two studies 
(11,15). One study (21) found no association 
between LBP and chest-pain, two (24,27) 
found no association between LBP and 
bloodpressure, two (13,14) found no 

association between LBP and dying from CVD 
(except in males aged 30-49), two (26,17) 
found no statistically significant associations 
between CVD and medical consultations for 
LBP. In all, these studies showed 10 positive 
associations and six non-significant 
associations. However, in all but one (24) of 
the studies in which outcome was reported as 
patients’ symptoms (n= 7), positive 
associations were found, whereas no 
associations were found when hard outcome 
measures, like consultation, blood pressure or 
death, were used (13,14,17,24,26,27). 

Vogt (10) found a significantly higher 
increase in LBP over two years in the group 
with CVD-symptoms at baseline than in those 
without. Disregarding the obvious temporality 
when death is the outcome measure (13,14), no 
other study investigated temporality. 

 
  

Associations between LBP and respiratory disorders: 
 
Table 4: Studies of the relationship between LBP and respiratory disorders. Studies 
investigating persistent LBP are marked with an *. 
Study Studytype and cohort Type of comorbidity 

studied 
Results Quality 

score 
Gyntelberg 
1974, 
Denmark. 
(6) 

Cross-sectional. 
n=4,753, age 40-59. 
Male employees. 

LBP in relation to 
atherosclerosis, cough, 
headache. 

Significant relationships bt. LBP and  
cough plus expectoration, p<.0005. 

82% 

Svensson 
1983, 
Sweden. 
(27) 
 

Cross-sectional study. 
n=716, age 40-47. 
Males randomly selected from the 
census register. 

Associations bt. LBP and 
several previous and 
present 
diseases/symptoms. 

Indirect ass. with breathlessness. 
 

91% 

Åstrand 
1987, 
Sweden. 
(24) 

Cross-sectional. 
n=391, age 35-65. 
Male employees at paper mill in 1961. 
 

Associations bt. self 
reported LBP and 
various medical, 
psychological and 
sociological variables. 

OR for breathlessness in case of BP: 
2.5 (p=0.0005).  No association bt. BP 
and frequent cough or asthma. 

73% 

*Heliövaara 
1991, 
Finland. 
(20) 

Cross-sectional. 
n=5,673, age 30-64. 
Drawn from the population register 
and representative of Finnish adults. 

Associations bt. various 
factors and LBP. 

OR for having unspecified LBP in case 
of respiratory disease: 1.3 (1.0-1.6). 
 

100% 

Wright 
1995, 
England. 
(26) 

Cross-sectional. 
n=32,100–34,100 for univariate 
analyses and 23,500–24,800 for 
multivariate analyses, age >18. 
Systematic sampling from 19 health 
districts 

Associations bt. potential 
predictors and 
consultations for BP. 

OR for consulting a GP for BP in case 
of  respiratory disorder: 1.36 (1.19-
1.56). 

100% 

 
Two of these five studies were based 

on general populations (20,26). There is 
evidence of a weak, but statistically significant 
positive association between LBP and 
respiratory problems. One study showed BP to 
be positively associated with cough (6), two 
with unspecified respiratory disease (20,26)  

 
and two with breathlessness (24,27), though 
one reported this association to be indirect 
(27). One study found no association between 
LBP and cough (24). 

All studies were cross-sectional with 
no investigations into temporality. 
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Associations between LBP and general health: 
 
Table 5: Studies of the relationship between LBP and general health. Studies  
investigating persistent LBP are marked with an *. 
Study Studytype and cohort Type of comorbidity 

studied 
Results Quality 

score 
Biering-
Sørensen 
1986, 
Denmark. 
(7) 

Prospective, one year follow-up. 
n=920 (82% of target group), 30, 40, 
50 or 60 at baseline. 
All persons of certain ages from a 
municipality. 

68 medical, social and 
occupational variables in 
relation to LBP. 

Trends towards more 
symptoms/problems for those who had 
LBP in the follow-up period than these 
without. 

100% 

Åstrand 
1987, 
Sweden. 
(24) 

Cross-sectional . 
n=391, age 35-65. 
Male employees at paper mill in 1961. 
 

Associations bt. self 
reported LBP and 
various medical, 
psychological and 
sociological variables. 

Poor general health: OR=2.3, Poor 
self-rated health: OR=3.0.  

73% 

     
*Bacon 
1994, 
USA. 
(19) 

Case-control study . 
n=97, 49 matched controls, age 21-64. 
Male chronic LBP patients in primary 
care. 

Somatization. 25.8% of patients compared to 4.1% of 
controls had lifetime history of 12 or 
more somatic symptoms (p<0.001). 

91% 

*Hurwitz 
1997, 
USA. 
(21) 

Cross-sectional NHIS-based. 
n=4,790 with LBP and 79,782 without. 
Sampled to represent the civilian 
noninstitutionalized population of the 
US. 

Correlates of back 
problems and back 
related disability. 

Poor self-perceived general health: 
10.3% in patients vs. 3.1% in controls. 
>1 non-back morbidity: 36.6% in 
patients vs. 17.8% in controls. 

80% 

Seferlis 
1999, 
Sweden. 
(8) 

Case-control study. 
n=180, 608 matched controls, age 18-
64.  
Sick listed for LBP <2 weeks.  

Sick leave for non-back 
related disorders in LBP 
patients vs. controls. 

Sick leave past two years for non-back 
related reasons: 
Mean days: patients 34, controls 9 
Mean periods: patients 5, controls 1. 

100% 

*Thomas 
1999, 
England. 
(16) 

Prospective, one year follow-up. 
n=180, age 18-75. 
Consecutive GP-patients . 

Associations bt. 
persistence of symptoms 
and several pre-morbid 
factors. 

Poor general health: OR=3.34 (1.5-
7.2),  
Poor self-rated health: OR=3.55 (1.9-
6.8). 

100% 

 
 

Two of the six studies were based on 
general populations (7,21). There is convincing 
evidence of a strong, statistically significant, 
association between LBP and general health. 

Three studies (7,19,21) reported more 
non-back morbidities in LBP-patients than 
controls. Three studies (16,21,24) found LBP 

to be positively associated with poor self-rated 
health and two (16,24) with poor general 
health. One study (8) noted an increase in non-
back related sick leave in LBP-patients. No 
negative associations were reported.  
Again, there is no evidence on temporality.

 
Associations between LBP and various specific diseases: 
 
Table 6: Studies of the relationship between LBP and various specific diseases. Studies  
investigating persistent LBP are marked with an *. 
Study Study type and cohort Types of comorbidity 

studied 
Results Quality 

score 
*Heliövaara 
1991, 
Finland. 
(20) 

Cross-sectional. 
n=5,673, age 30-64. 
Drawn from the population register 
and representative of Finnish adults. 

Associations bt. various 
factors and LBP. 

OR for having unspecified LBP in case 
of diabetes:0.4 (0.3-0.8). 

100% 

Wright 
1995, 
England. 
(26) 

Cross-sectional . 
n=32,100–34,100 for univariate 
analyses and 23,500–24,800 for 
multivariate analyses, age >18. 
Systematic sampling from 19 health 
districts. 

Associations bt. potential 
predictors and 
consultations for BP. 

OR for consulting a GP for BP in case 
of diabetes: 0.94 (0.71-1.25), 
constipation: 1.84 (1.50-2.25). 

100% 
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Kaplan 
1996, 
USA. 
(23) 
 

Cross-sectional . 
n=41, mean age 38.46. 
Patients with panic disorder, of which 
19 had irritable bowel syndrome. 

Report of back pain in 
patients with irritable 
bowel syndrome and 
panic disorder. 

Patients with IBS were more likely to 
report symptoms of back pain 
(p<0.005). 

70% 

Østesen 
1997, 
Norway. 
(28) 

Cross-sectional. 
n=4,034, age: 40-42 (74.4% of target 
pop.) 
Female residents of one county. 

Association between 
musculoskeletal 
disorders and 
gynecological disease. 

Gynecological disorders significantly 
more frequent in women with 
musculoskeletal disorders than in 
controls (p<0.001). 

82% 

*Hurwitz 
1999, 
USA. 
(22) 

Cross-sectional. 
n =814, age 20-39. 
Sampled to represent the civilian 
noninstitutionalized population of the 
US.  

Cross-sectional 
associations of asthma, 
hay fever, and other 
allergies with major 
depression (MD) and 
LBP. 

Subjects with history of allergy had 
OR for LBP: 1.51 (1.16-1.96), OR for 
both LBP and MD:3.03 (1.32-6.92). 

100% 

*Côté 2000, 
Canada. 
(9) 

Cross-sectional . 
n=1201, age 20-69 (55% of target 
pop.). 
Randomly selected adults. 

Neck pain categories 0-
IV associated with LBP 
and various other 
disorders. 

The more severe neck pain, the 
stronger association with LBP:  OR 
1.97 (1.42-2.74) for grade I to 10.18 
(3.32-31.25) for grade III-IV. 

100% 

 
 
 
 
Four of these six studies were based on general 
populations (9,20,22,26). There is a 
statistically significant positive association 
between LBP and almost all the disorders 
investigated here (gynecological disease (28), 
irritable bowel syndrome (23), allergy (22), 
constipation (26), and neck pain (9)) with the 
exception of diabetes, which was associated 
with decreased odds ratios for development of 
LBP in two studies (20,26).  
All studies were cross-sectional with no 
investigation of temporality. 
 
Summary of results: 

Eight of the 23 included articles 
studied general populations. Of these, 
Heliövaara 1995 (14) used death as outcome 
whereas the remaining seven were studies of 
various physical diseases co-existing with LBP 
(7,9,15,20,21,22,26). In all of these seven, 
positive associations between LBP and other 
disorders, with the exception of diabetes 
(20,26), were demonstrated. 

In seven of the included articles, only 
significance of the shown associations without 
any indications of the strength of this 
association was reported (6,7,11,12,23,27,28). 
Hence, the overall strength of associations was 
difficult to determine, but the individual 
estimates are shown in the tables. 

Two studies focused on death from 
cardiovascular disease following reporting of 

LBP (13,14), hence the sequence of events was 
obvious. Otherwise, only four studies reported 
on temporality (7,10,18,25). One was based on 
the general population and showed the rate of 
LBP to be higher in the population with poor 
general health at baseline (7) when various 
physical and socio-economic factors were 
taken into account. Another showed LBP to 
follow cardiovascular disease in elderly white 
females (10). These results were adjusted for 
age, body mass index, waist-hip ratio, blood 
pressure and level of exercise. The last two 
demonstrated headache to follow LBP (18,25). 
These were both based on highly selected 
populations with chronic pain, and no attention 
was paid to potential confounding. 
Furthermore, there might be considerable 
recall bias in the study by Ahern (18), where 
patients with chronic LBP and headache are 
asked about headache previous to their LBP. 
The remaining articles all reported co-
existence of symptoms with no attention to the 
order of appearance. Thus, no conclusions can 
be drawn regarding temporality based on this 
review. 
There is no difference detected in strength of 
association between studies investigating 
people with acute LBP, persistent LBP or any 
type of LBP. However, this material is too 
limited and too heterogeneous to draw the 
conclusion that no such difference exists.
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Table 7: Summary of results. 
 

Disorder investigated # of articles showing 
positive associations 

# of articles showing 
negative associations 

# of articles showing no 
associations 

Total 

Headache/migraine 4 0 0 4 
Cardiovascular diseases 6 0 5 9  

(some cover >1 sympt.) 
Cardiovascular death 0 0 2 2 
Respiratory disorders 5 0 0 5 
General health 6 0 0 6 
Diabetes 0 1 1 2 
Constipation 1 0 0 1 
Irritable bowel syndr. 1 0 0 1 
Gynecological disorders 1 0 0 1 
Allergy 1 0 0 1 
Neck pain 1 0 0 1 

 
DISCUSSION: 

In the present review it is clearly 
illustrated that LBP-reporting is associated 
with overall poor health. There is a positive 
association between LBP-reporting and almost 
any additional disorder investigated – with 
diabetes presenting the only negative 
association (20). Obviously, the risk of 
publication bias must be considered; studies or 
variables showing none or negative 
associations may never become published (29). 
However, in several of the reviewed reports 
(6,7,8,16,19,20,21,24,26,27) many factors 
were investigated in each study. In such case, it 
is probably more likely that also the negative 
associations and absence of associations were 
reported. Also, the search terms might 
represent a problem. Since comorbidity is 
often an incidental finding, an exhaustive 
search strategy is difficult to define. The 
evidence is scattered throughout the literature 
from various fields. However, by hand-
searching through personal archives, we have 
partly compensated for this shortcoming. We 
do by no means claim to have performed a 
complete search and it most be noted that the 
basis of this review is an article-selection 
relating to back problems. However, within 
this basis of LBP-litterature, we are confident 
that the search is unbiased. 

In most of the reviewed studies, 
positive associations between LBP and other 
disorders were demonstrated. The 
demonstrated associations could be explained 
in several simplistic ways (Fig. 1):  
 
1) LBP in itself could cause other diseases, for 
example through somato-visceral reflexes, 
where somatic afferent nerve stimulation can 
regulate various visceral functions by 
responses that are reflex in nature (30-32). It is 
well recognized that irritation of the sensory 

fibers of the sciatic nerve may cause pain along 
the distribution of this nerve. Likewise, it is 
possible that irritation of the visceral efferent 
fibers, through somato-visceral convergence in 
the thoracic sensory dorsal root ganglia (33) 
might elicit a reaction in the target organ(s). 
F.ex. the adrenergic division of the 
sympathetic nervous system, linked to the 
brain via the thoracic and upper lumbar nerves, 
regulates the vasoconstriction and stimulates 
the myocardium. Thus, stimulation of sensory 
spinal nerves might influence blood pressure 
and cardiac function. Furthermore, somatic 
dysfunction is notorious in its ability to create 
signs and symptoms that can mimic internal 
organic disease (34). If this were the case, 
patients with chronic LBP would be expected 
to exhibit a higher degree of comorbidity and a 
worse general health than patients with only a 
transient attack of LBP. 
 
2) Other diseases could cause LBP, for 
example through viscero-somatic reflexes or 
because of disease-induced inactivity. 
Stimulation of internal organs often lead to 
referred pain in localized somatic structures 
(35,36), may be through the same convergence 
mechanism as described above (33). Thus, the 
low back area may be directly affected by 
referred pain, or somatic pain  elsewhere might 
lead to altered locomotion, which over time 
can result in LBP. In this case, LBP could be 
expected to be more prevalent in patients 
where the associated disorders are chronic. In 
the aging-research, it is well documented, that 
deficits in other organ systems can impair 
muscolo-skeletal function. Loss of movement 
capacity, in turn, frequently accelerates 
declines in other systems, which in turn feed 
back on ability to move (37). This explanatory 
model combines explanation one and two. 
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3) LBP and its comorbidities could have a 
common origin, such as general frailty or 
social class induced lifestyle circumstances. In 
this case the sequence of disorders would be 
co-incidental, determined by the exposure to 

external catalysts or the natural history of the 
disease. According to this explanation no 
consistent sequence of events or pattern of 
chronicity should be detected. 

 
 
 
Figure 1: Possible mechanisms for associations between LBP and comorbidities. 
 
 
   LBP     neuronal facilitation/  Comorbidity  
   somato-visceral reflexes 
 
 
   LBP    viscero-somatic reflexes/  Comorbidity 
   physiological mechanisms/ 
            inactivity 
 
 
   LBP       common origin/  Comorbidity 
    biological “frailty”/ 
        social class 

 
 

The studies reviewed in this paper do 
not provide evidence for or against any of 
these models. The stronger associations seen 
between symptoms of disease and LBP 
compared to the consequences of disease 
(death, sick leave, consultations) and LBP in 
the studies of cardiovascular disease indicate a 
“comorbidity of over reporting”. Certain 
individuals might share a common lowered 
threshold for various types of disease, 
including LBP, lending support to the third 
model.  

No assumptions regarding temporality 
or causality can be made on basis of the 
reviewed material because the studies varied in 
design and disorders investigated. Few were 
directly comparable and only few authors 
reported duration of symptoms or studied the 
sequence of events, and none tried to establish 

causal links. Hence, it is still unknown if a) 
LBP causes other disorders or vice versa, b) if 
they simply co-exist, or c) if they have a 
common cause, such as a constitutional 
predisposition. 

 
CONCLUSION: 
The literature leaves no doubt that diseases 
cluster in some individuals. LBP is part of this 
pattern and therefore cannot be regarded as a 
separate and unique entity. Thus, a purely 
biomechanical explanatory model for the 
development of non-specific LBP does not 
seem to be sufficiently broad. However, the 
nature of the relations between LBP and other 
diseases is still unclear: causal, co-existing or 
common cause. 
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Appendix 1. 
Points for quality were given as follows: 
 
Cohort max. 4 points :   Age, sex and size: max. 2 (one or two of the three properly 

described result in 1 points, all three in two points)   
Representativeness, response rate and comparison to a control 
group or the general population: max. 2 (one or two of the 
three satisfactory result in 1 point, all three in two points). 
 

Definitions max 4 points:  LBP defined with regard to both anatomical extent and 
duration: 2. 

    Other disorders sufficiently described: 2. 
 

Data presentation max. 3 points:  Raw data presented: 1. 
    Significance level defined: 1. 
    Control for age: 1. 
 

Max. score: 11 points. 
 
The obtained quality scores were converted to percentages with 11 points equaling 100%. 
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ABSTRACT: 
Study design: Cross-sectional, population-
based survey. 
Objectives: To investigate the pattern of 
comorbidity with low back pain in adolescents. 
Summary of background data: Low back pain 
is usually dealt with as a specific and 
independent entity. However, the existing 
literature shows comorbidity to be common 
with low back pain, suggesting that low back 
pain may be part of a broader pattern of 
general health. The present knowledge is based 
on studies of adult populations, and therefore 
associations could be explained by work- and 
lifestyle-factors. Information in this area is 
lacking regarding subjects still unaffected by 
such factors. 
Methods: A questionnaire-survey about 
general health, including low back pain, was 
carried out among twins registered in the 
population-based Danish Twin Registry. 
Associations between disorders were 
calculated and patterns of comorbidity 
investigated, by means of logistic regression 
and a finite mixture model. Finally a twin-
control study was conducted. 
Results: 9,567 individuals, aged 12 to 22, 
responded to the questionnaire. Positive 
associations between low back pain and 
asthma and headache/migraine were 
demonstrated, mainly due to subjects with 
several disorders. No association between low 
back pain and atopic dermatitis/hayfever was 
found. The presence of two other disorders 
increased the probability of low back pain 
considerably more than the presence of only 
one other disorder. The finite mixture model 
indicated that the probability of belonging to a 
frail subgroup decreased from 60% at age 13 to 
25% at age 21, and in the frail subgroups 
nearly all report LBP and headache in the older 
ages. Furthermore, increasing duration of low 
back pain increased the likelihood of having 
other disorders. Results from the twin-control 
study were similar. 
Conclusion. Young people are more likely to 
suffer from asthma and headache, but not from 
atopic dermatitis/hayfever, if they have low 
back pain, and disorders cluster in some 
individuals. A model of common origin for 
these seemingly independent disorders should 
be considered. 

 
Key words: Low back pain, comorbidity, 
headache, asthma, hay fever, atopic dermatitis, 
disease susceptibility. 

Running title: LBP and comorbidity – twins 
 
INTRODUCTION: 

Low back pain (LBP), although 
considered difficult to diagnose, is usually 
dealt with as a specific entity. Consequently, 
the search for causes and cures generally treats 
LBP as a specific and independent disorder. 
The approach has changed over time from a 
purely anatomical-physiological view over a 
more complex, though still physical, neuro-
chemical-biomechanical model, up till today’s 
multi-facetted approach which, besides the 
above mentioned factors, also includes 
relations to psycho-social factors (1-4). Either 
way, focus has always been on LBP as a 
specific disorder.  

However, comorbidity seems to be 
common with back pain, indicating that back 
problems may not be a distinct entity, but 
rather one of the possible symptoms of poor 
health in general. Thus, LBP has previously 
been shown to be positively  associated with 
headache (5-7),  cardiovascular disease (5, 8-
15), respiratory disorders (8,10,14,16), neck 
pain (17), gynecological disease (18), asthma, 
hay fever and other allergies (19), as well as 
with general poor health (16,20-23). 

All of these studies were conducted on 
adult populations, but there is growing 
evidence that low back pain starts earlier in life 
than previously assumed (24-27). Hence, 
factors that predispose to LBP could be present 
already in childhood, maybe even at birth. 
Because LBP in adolescence seems to 
predispose for LBP in later life (28), 
interventions in the most susceptible 
population-group at an early age might prevent 
recurrent LBP later in life. Therefore, a 
systematic search is needed to identify such a 
possibly “frail” sub-population of children who 
are predisposed for LBP. This frailty could be 
dependent of anatomy, physiology, 
environment, lifestyle, personality, genetics, 
birth characteristics, or a combination of these. 
Ideally, epidemiological studies of the 
development of LBP should therefore be 
performed on large, young populations in order 
to assess the impact of a general inherent 
frailty on the development of LBP. Obviously, 
the older a population is, the more difficult it 
will be to detect the impact of possible inherent 
risk factors of LBP, as other causative or 
aggravating factors gradually will confuse the 
picture. 
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The present study is based on a cross-
sectional population-based questionnaire-
survey of 9,567 twins aged 12 to 22. Its 
purpose is to identify associations between 
LBP and certain other disorders in adolescents 
and, if such associations are established, to 
estimate the strength of these. Furthermore, 
associations found will be further submitted to 
the twin-control method. 
 
 
METHODS: 

Analyses were based on data from the 
population-based Danish Twin Registry, which 
includes data from 20,888 twin pairs aged 12 
to 41 years. Twin individuals can be regarded 
as a subset of the general population because 
they have been shown to have the same 
mortality (29) and the same prevalence as the 
general population of most diseases, e.g. 
insulin-dependent diabetes (30). A postal 
survey about general health, including 
information about past and present back pain, 
was conducted in 1994-95, where 34,076 twins 
were available for questioning, with a response 
rate of 86% (29,424 participants). For the 
purpose of this study, only the part of the 
cohort born from 1972 to 1982 was included – 
aged 12 to 22 years at the time of questioning.  

The survey questions used for the 
present study were: “Have you ever had any of 
the following: diabetes, asthma, atopic 
dermatitis, hay fever, wheezing breath from 
colds, exertion or from contact with animals or 
pollen, shortness of breath when walking, long 
periods (> a month) with cough and phlegm, 
dry cough not connected to colds, juvenile 
rheumatoid arthritis, rheumatoid arthritis, 
migraine, headache with nausea, headache 
sensitive to light or sound, temporary visual 
impairment followed by headache, severe 
ocular pain” and “How many days have you 
had headache during the past year”. The LBP-
section contained the following questions: 
“Have you ever had problems with the lower 
part of your back?”, “Have you ever had pain 
radiating from your back to your legs?”, “How 
many days have you altogether had problems 
with the lower part of your back during the 
past year?” and “Have you had any problems 
with the lower part of your back today?”. This 
was accompanied by a drawing, showing the 
low back as the area between the lower ribs 
and the lower gluteal folds.  

 
 
 

Data analysis: 
Because the focus of this investigation 

is on self-reported symptoms, the disorders 
could only be grouped into three broad 
categories of symptoms:  

• Asthma and/or symptoms consistent 
with asthma in young populations 
(asthma): ‘yes’ to at least one of the 
following: asthma, wheezing breath 
from colds, exertion or from contact 
with animals or pollen,  shortness of 
breath when walking, long periods (> a 
month) with cough and phlegm, and dry 
cough not connected tocolds. This 
group covers those with asthma-like 
symptoms with or without a diagnosis 
of asthma.  

 
• Atopic dermatitis/hay fever without 

asthma (atopic disease): ‘yes’ to atopic 
dermatitis and/or hay fever, but no 
evidence of asthma. This group includes 
people with possible atopic disease, but 
no evidence of asthma. 

 
• Headache and/or migraine (headache): 

‘yes’ to at least one of the following: 
migraine, headache with nausea, 
headache with photophobia/ 
phonophobia, temporary visual 
impairment followed by headache, 
severe ocular pain, and headache at least 
one day during the past year. This group 
covers all types of headache, regardless 
of etiology. 

 
Furthermore, two specific diagnostic groups 
were included: 
 

• Rheumatoid arthritis: ‘yes’ to 
rheumatoid arthritis and/or juvenile 
rheumatoid arthritis. 

 
• Diabetes: ‘yes’ to diabetes.  
 

There were only 6% who reported 
LBP today, thus this variable was left out of 
the analysis. Based on previous work (31), 
which provided evidence for distinct 
subgroups, the variable relating to the one year 
prevalence was divided into three groups: no 
pain (0 days), short-lasting pain (1-30 days), 
and long-lasting/recurring pain (>30 days).Age 
was grouped into four categories: 12-13, 14-
16, 17-19 and 20-22. 
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The validity of the LBP-data was 
evaluated by identifying logical errors. This 
was done by cross tabulating  ‘LBP today’ 
with ‘LBP past year’ and ‘LBP past year’ with 
‘LBP ever’. LBP-data were cross-tabulated 
with age and sex whereupon dependence 
between LBP and age/sex was established 
using the Wilcoxon rank sum test.  This was 
repeated for the other disorders. The life-time 
prevalence rates of disorders were calculated 
with 95% confidence intervals for each age 
group. The prevalence rates of the various  
types of LBP in relation to the other disorders 
were calculated with 95% confidence intervals. 
Logistic regression analysis was used to 
determine the odds ratios, including 95% 
confidence intervals, for the various disorders 
in relation to the different definitions of LBP. 
These odds ratios were adjusted for age (as a 
categorical variable, since the relationship 
between LBP and age is non-linear) and sex, 
and robust inference, provided by Stata’s 
cluster option, was used to account for 
dependence of the data within twin pairs. Also, 
the possibility of a dose-response relationship 
was investigated by comparing the likelihood 
of having various disorders in relation to the 
duration of LBP during the past year. 

Furthermore, the prevalences for 
having LBP within subgroups with various 
combinations of disorders, as well as the 
frequency of these combinations with and 
without LBP, were calculated to investigate the 
pattern of comorbidity. 

In order to assess the size of a possible 
frail subpopulation, a finite mixture model was 
fitted by our statistician (WV). In this model, 
we assume that the population can be divided 
into a non-frail and a frail subgroup, where 
subjects in the non-frail subgroup have low 
probabilities to report a disorder and subjects 
in the frail subgroup have a high probability to 
report a disorder. We assume in this model, 
that given the status of being in one of the two 
groups, reporting one disorder is stochastically 
independent from reporting any other disorder. 
We allow the probability to report a specific 
disorder to depend on age and sex by using a 
linear logistic model, including an interaction 
between age and sex for the probability of 

headache. We take into account that in this 
case, atopic dermatitis/hay fever and asthma 
exclude each other by modeling first the 
probability of reporting atopic dermatitis/hay 
fever or asthma and then the conditional 
probability of reporting asthma given reporting 
atopic dermatitis/hay fever or asthma. We 
allow the probability of being in the frail 
subgroup to depend on age and sex. 
Additionally we fit models where we consider 
the frailty as a continuous variable with a 
Gaussian distribution or a mixture of Gaussian 
distributions. 

Finally, a twin-control study was 
conducted, in which monozygotic twin-pairs 
who were discordant for LBP were isolated 
(i.e. only one in the pair had LBP) and 
analyzed as a matched case-control study. 
Again, adjusted odds ratios with 95% 
confidence intervals for the various disorders 
were calculated in relation to the different 
definitions of LBP. 

All analyses were performed using the 
Stata statistical software package 7.0. 
Statistical significance was defined as P<0.05. 
All analyses are based on the available cases, 
i.e. on all subjects responding to all items 
considered in an analysis. 
 
 
RESULTS: 
Response rate: 

The overall response rate for the age 
group was 84%, resulting in 9,567 individuals. 
Additionally, we have non-response in single 
items, but response rates were at least 98% for 
the items considered in our analysis. 

 
Description of study-sample: 

The youngest age-category cover two  
years, while the others cover three years, thus 
there are fewer subjects in the first age-
category. There is an almost even distribution 
between boys and girls, but the size of the age 
groups increase with age (besides the under-
representation of the youngest group) as shown 
in Table 1. This reflects a general declining 
birthrate for those years, not an age-specific 
difference in response rate. 
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  Table 1: Age and gender distribution (n, % of the study-population) 
Age Female Male Total 
12-13 728 

8%  
764 
8%  

1492 
16% 

14-16 1293 
14% 

1240 
13% 

2533 
26% 

17-19 1369 
14% 

1299 
14%  

2668 
28%  

20-22 1534 
16% 

1340 
14%  

2874 
30%  

Total 4924 
51%  

4643 
49%  

9567 
100% 

 
 
 
Validation: 

The cross-tabulations between 
different LBP-parameters demonstrate an 
acceptable agreement. If the answer to “Do 
you have LBP today” is “yes”, the answer to 
“How many days have you had LBP the past 
year?” cannot be “0”. Conversely, if the 
answer to “Have you ever had LBP?” is “no”, 
the answer to “How many days have you had 
LBP the past year?” must be “0”. We found 
190 among all 9,567 individuals with a 
contradiction in at least one of these two. We  
 

 
 
 
considered this rate of 2% to be an acceptable 
level of illegal answers in a questionnaire 
survey. 
 
Dependence of LBP on age and sex: 

There is a significant increase in the 
frequency of LBP as well as in the frequency 
of long lasting LBP with increasing age 
(p<0.001) as shown in Table 2. Furthermore, 
LBP is significantly more common among 
females than males (p<0.001) (Table 3).Due to 
the shown dependency, all analyses are 
adjusted for age and sex. 

 
 

Table 2: The number of days with LBP during the past year by age (% within age group (95%CI)). 
Age 0days 1-30days >30days 
12-13 
n=1492 

 
92% (91-94%) 

 
7% (6-8%) 

 
1% (1-2%) 

14-16 
n=2533 

 
77% (75-78%) 

 
19% (18-21%) 

 
4% (3-5%) 

17-19 
n=2668 

 
59% (57-61%) 

 
33% (31-34%) 

 
9% (8-10%) 

20-22 
n=2874 

 
53% (51-55%) 

 
38% (36-39%) 

 
13% (12-14%) 

Total 
n=9567 

 
66% (66-67%) 

 
26% (25-27%) 

 
7% (7-8%) 

 
Table 3: The number of days with LBP during the past year by gender (% within gender (95%CI)). 
Sex LBP 0 days past year LBP 1-30 days past year LBP >30 days past year 
Female 
n=4857 

 
64% (63-65%) 

 
29% (27-30%) 

 
7% (7-8%) 

Male 
n=4580 

 
71% (70-72%)  

 
24% (23-25%) 

 
5% (4-5%) 

Total 
n=9437 

 
67%  (66-68%) 

 
26% (26-27%) 

 
6% (6-7%) 

 
 
Prevalence of disorders: 
The lifetime prevalence of diabetes and 
rheumatoid arthritis is small (0.3%), somewhat 
higher for atopic dermatitis/hay fever (10%), 

higher for asthma and LBP (28% and 33%) 
and very high for headache (86%). With the 
exception of diabetes, females are more often 
affected than males. This gender difference is 
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statistically significant for atopic 
dermatitis/hay fever, asthma, headache and 
LBP. The lifetime prevalence of asthma and 
LBP show an overall increase with age 
whereas this is not the case for the other 

investigated disorders (Table 4). However, the 
probability of  headache increases with age in 
females but not in males. For other disorders 
no interactions between age and sex were 
found.

 
 

Table 4: Lifetime prevalence of disorders by age (% (95% CI)):  
Age Asthma 

n=2679 
Atop.derm./ 
hayfever 
n=997 

Headache 
n=8210 

Diabetes 
n=26 

Arthritis 
n=30 

LBP 
n=3704 

12-13 
n=1492 

22%  
(19-24%) 

11%  
(10-13%) 

80%  
(78-82%) 

0.3%  
(0.1-0.7%) 

0.3%  
(0.1-0.7%) 

9% 
(8-11%) 

14-16 
n=2533 

24% 
(22-26%) 

11% 
(10-13%) 

87% 
(86-89%) 

0.2% 
(0.1-0.5%) 

0.4% 
(0.2-0.8%) 

27% 
(26-29%) 

17-19 
n=2668 

32% 
(30-34%) 

10% 
(9-11%) 

86% 
(85-88%) 

0.2% 
(0.1-0.5%) 

0.2% 
(0.1-0.5%) 

49% 
(47-50%) 

20-22 
n=2874 

32% 
(30-34%) 

10% 
(9-11%) 

88% 
(87-90%) 

0.4% 
(0.2-0.7%) 

0.4% 
(0.2-0.7%) 

56% 
(55-58%) 

Total 
n=9567 

28% 
(27-29%) 

11% 
(10-11%) 

86% 
(86-87%) 

0.3% 
(0.2-0.5%) 

0.3% 
(0.2-0.5%) 

39% 
(38-40%) 

 
Associations between LBP and other 
disorders: 
For diabetes and rheumatoid arthritis, the 
numbers are too small to detect any 
associations with LBP. There is a significant 
positive association between asthma and both 
LBP ever and LBP during the past year. This is 
also the case for headache and LBP ever and 

LBP during the past year, but there is no 
association between atopic dermatitis/hay fever 
and LBP (Fig. 1a-c). Likewise, the likelihood 
of reporting asthma or headache increases 
significantly in youngsters with LBP, whereas 
the likelihood of reporting atopic 
dermatitis/hay fever is the same with or 
without LBP (Table 5). 

 
 
Fig.1: The prevalence of LBP in subjects with atopic dermatitis/hay fever, asthma and  
headache, respectively. 
 
LBP never LBP 0 days past year        
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Table 5: Associations between LBP and the investigated disorders (Odds ratio* (95% CI)). 

 Atop.derm./ 
hayfever 

Asthma Headache Diabetes Arthritis 

LBP ever 
(ref: LBP never) 

0.94  
(0.80-1.09) 
p=0.405 

2.24  
(2.02-2.48) 
p<0.001 

1.95 
(1.68-2.27) 
p<0.001 

0.67 
(0.28-1.62) 
p=0.377 

1.00  
(0.42-2.36) 
p=0.993 

      
LBP 1-30 days 
past year  
(ref: 0 days) 

1.03  
(0.87-1.21) 
p=0.767 

1.82 
(1.63-2.03) 
p<0.001 

2.07 
(1.75-2.46) 
p<0.001 

0.87  
(0.29-2.61) 
p=0.804 

0.92 
(0.35-2.44) 
p=0.864 

LBP >30 days 
past year 
(ref: 0 days) 

0.83 
(0.61-1.14) 
p=0.252 

2.95 
(2.47-3.53) 
p<0.001 

3.40 
(2.32-4.98) 
p<0.001 

- 1.61 
(0.42-6.13) 
p=0.484 

LBP >30 days 
past year 
(ref: 1-30days) 

0.81 
(0.59-1.12) 
P=0.208 

1.62 
(1.35-1.95) 
P<0.001 

1.64 
(1.10-2.45) 
p=0.016 

- 1.75 
(0.46-6.75) 
p=0.414 

Wald’s test for 
trend 

p=0.2076 p<0.001 p=0.0156 - p=0.4135 

*:Adjusted for age and sex. 
 
 
For the positive associations, there is a 
statistically significant dose-response 
relationship, where the likelihood increases 
with increasing number of days with LBP. In 
Figure 2 we compare the pairwise odds ratios 
for the four frequent disorders. 

We can observe, that there are no associations 
related to atopic dermatitis/hay fever, whereas 
there is a strong and statistically significant 
association between the other investigated 
disorders. 
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Fig. 2: Odds ratios, adjusted for age and sex, between pairs  of disorders (95% CI). 
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Patterns of comorbidity: 
Figure 3 and Table 6a show the prevalence of 
LBP in dependence of the comorbidity patterns 
with respect to atopic dermatitis/hay fever, 
asthma and headache. This indicates that the 
associations between LBP and the other 
disorders, seen in the previous section, are 
mainly due to subjects with several disorders: 
With the exception of atopic dermatitis/hay 
fever, the presence of  just one disorder 
increases the risk of LBP somewhat, whereas 
the presence of two disorders increases the 
prevalence of LBP considerably more than the 
sum of the individual LBP-prevalence increase  

 
of the two disorders. Analysing the occurrence 
of LBP in dependence on atopic dermatitis/hay 
fever, asthma and headache in a logistic 
regression model and additionally adjusting for 
age and sex yields no significant interactions 
between headache and atopic dermatitis/hay 
fever (p=0.778) nor between headache and 
asthma (p=0.089). Table 6b shows the 
frequency of comorbidity patterns among 
subjects with and without LBP. Only the 
occurrence of two disorders is more frequent in 
subjects with LBP than in those without, and 
this is only statistically significant for the 
combination of headache and asthma.

 
Figure 3: Lifetime prevalence of LBP in comorbidity-subgroups. 
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Table 6a: Lifetime prevalence of LBP and odds ratios for having LBP within subgroups of  
comorbidity incl. 95%CI. 

Subgroup Prev. of LBP OR (ref: no  
add. disorder) 

p OR+ (ref: no  
add. disorder) 

p 

No additional 
disorder, n=923 

23% (20-25%) 1.00 - 1.00 - 

Atop.derm./hayfever 
only, n=147 

22% (16-30%) 0.98 
(0.54-1.51) 

0.937 0.99 
(0.63-1.56) 

0.981 

Asthma only, 
n=234 

32% (26-38%) 1.60 
(1.16-2.20) 

0.004 1.65 
(1.17-2.32) 

0.004 

Headache  
only, n=4774 

34% (33-36%) 1.77 
(1.49-2.11) 

0.000 1.62 
(1.35-1.95) 

0.000 

Headache + atop./ 
hayfever, n=845 

40% (37-43%) 2.24 
(1.80-2.78) 

0.000 1.96 
(1.55-2.47) 

0.000 

Headache + 
asthma, n=2418 

57% (55-59%) 4.42 
(3.69-5.31) 

0.000 3.78 
(3.10-4.60) 

0.000 

+: adjusted for age and sex. 
 
 

Table 6b: Frequency of subgroups of comorbidity among subjects with and without LBP, and odds ratios for belonging to 
these subgroups incl. 95%CI. 

Subgroup Frequency among 
LBP ever 

Frequency among 
LBP never 

OR (ref: LBP never) OR+ (ref: LBP never) 

No additional 
disorder, n=923 

6% (5-6%) 12% (11-13%) 0.43 (0.36-0.50)* 0.47 (0.40-0.56)* 

Atop.derm./hayfever 
only, n=147 

1% (1-1%) 2% (2-2%) 0.44 (0.30-0.67)* 0.51 (0.33-0.78)* 

Asthma only, 
n=234 

2% (2-3%) 3% (2-3%) 0.73 (0.55-0.96)* 0.83 (0.61-1.16) 

Headache  
only, n=4774 

45% (44-47%) 56% (54-57%) 0.66 (0.60-0.72)* 0.66 (0.60-0.73)* 

Headache + atop./ 
hayfever, n=845 

9% (8-10%) 9% (8-10%) 1.03 (0.88-1.20) 1.03 (0.87-1.22) 

Headache + 
asthma, n=2418 

37% (35-39%) 18% (17-19%) 2.63 (2.37-2.9)* 2.39 (2.15-2.65)* 

+: adjusted for age and sex. 
*: p<0.005 
 
 
Finite mixture model analysis: 

The finite mixture model analysis 
suggests that the probability of belonging to 
the frail subgroup depends significantly on age 
(p<0.001) and sex (p=0.02). In Table 7 ages 13 
and 21 were chosen to represent the younger 
and the older part of the cohort, respectively. 
Table 7 shows the estimated probabilities of 
being a member of the frail subgroup, 
suggesting that at young ages about 60% and at 
older ages about 25% of the subjects belong to 
the frail subgroup. Table 7 also shows 
estimated probabilities of reporting the single 
disorders in dependence of frailty status. LBP 
shows a 2-4 fold increase between the frail and 

non-frail subgroups, and at older ages, nearly 
all subjects in the frail subgroup report LBP. 
Asthma also shows a distinct difference in 
prevalence between the frail and the non-frail, 
and for headache again nearly all members of 
the frail subgroup report symptoms. There 
seem to be no relation between atopic 
dermatitis/hayfever and the frailty status. In a 
model regarding frailty as a continuous 
Gaussian variable we observe again, that LBP 
has a strong association with the frailty. 
Unfortunately, we did not have enough power 
to obtain reliable estimates for the shape of the 
frailty distribution. 
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Table 7: Results from fitting a mixture model: Estimated fractions of subjects belonging to the frail subgroup (with 95% 
confidence intervals) in dependence on age and sex and probabilities to suffer from a disorder in dependence on frailty status, 
age and sex.  

Probability of LBP Probability of atop. 
derm/ hayfever 

Probability of 
asthma 

Probability of 
headache 

Age, sex 
n 

Estimated fraction 
of frail subgroup 

non-frail frail non-frail frail non-frail Frail non-frail frail 
13, female 

374 

65.4 (49.1-78.8) 5.8% 20.1% 11.2% 13.4% 12.3% 26.3% 75.9% 86.8% 

13, male 

367 

54.7 (34.8-73.1) 6.3% 12.4% 10.3% 10.0% 8.7% 31.3% 74.2% 87.6% 

21, female 

509 

30.7 (24.8-37.7) 40.8% 98.4% 10.7% 8.4% 24.1% 62.1% 92.5% 99.9% 

21, male 

448 

22.1 (15.6-30.1) 42.9% 97.2% 10.7% 5.6% 18.3% 66.3% 75.8% 96.9% 

 
 
Twin-control study: 
There were 383 monozygotic twin-pairs which 
were discordant for LBP ever, 62 discordant 
pairs where one had LBP >30 days and the 
other 0 days during the past year, and 338 pairs 
with one having LBP 1-30 days during the past 
year and the other none. These twin-pairs 
constituted the cohort for the twin-control 
study of the risk of having the studied 
disorders in relation to LBP-status. Diabetes 

and rheumatoid arthritis were not included in 
this analysis, because too few subjects were 
affected by these two disorders (see Table 5). 
As shown in Table 8, LBP is positively 
associated with asthma and headache but not 
with atopic dermatitis/hay fever. The statistical 
power is too low to determine whether 
associations become stronger if the LBP is 
long-lasting. Otherwise, the pattern is similar 
to that out lined for the sample in Table 5. 

 
Table 8: Associations between LBP and the investigated disorders in mono- 
zygotic twins discordant for LBP (OR (95%CI)): 
 Atop.derm./ 

hayfever 
Asthma Headache 

LBP never 
n=383 

1.00 1.00 1.00 
 

LBP ever 
n=383 

0.86 (0.48-1.53) 1.52 (1.06-2.20) 2.10 (1.22-3.71) 
 

 
LBP 0 days 
past year n=400 

1.00 1.00 1.00 

LBP 1-30 days 
past year n=338 

1.00 (0.54-1.87) 1.28 (0.86-1.93) 2.21 (1.26-4.02) 

LBP >30 days 
past year n=62 

0.25 (0.01-2.53) 3.00 (1.14-9.23) 2.00 (0.43-12.36) 

 
 
 
DISCUSSION: 

We found LBP to be somewhat more 
common among female than among male 
adolescents. This gender difference is well 
recognized in the adult population. Our 
findings, in line with others’ (24,25) suggest 
that this difference is determined early in life. 
The higher prevalence of LBP with increasing 
age has been reported previously in the same  

 
 
population (26) as well as in others (24,25). An 
increase with age was also seen for asthma and 
for headache in females. However, the 
prevalence rates of headache in males were 
similar among age groups. Likewise, the 
prevalence rates for atopic dermatitis/hay fever 
were almost constant in all age groups for both 
sexes. This probably reflects that atopic 
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dermatitis often is diagnosed in early 
childhood. 

We demonstrated LBP to be 
significantly associated with asthma and 
headache, but not with atopic dermatitis, in a 
general population of 12 to 22 year olds. 
However, for an individual suffering from any 
two of these disorders, the probability of 
having LBP is further increased. Our results   
indicate that these disorders cluster in some 
individuals.  

We also demonstrated that the 
likelihood of comorbidity increases with an 
increasing duration of LBP. Often a dose-
response relationship is considered to indicate 
causal relations. However, in this case, it might 
as well reflect a lowered threshold to 
pain/disease in certain individuals.  
When analyzing the comorbidity patterns 
among subjects with and without LBP, we 
observed that the associations among the 
disorders were mainly due to subjects with 
several disorders. This suggests the existence 
of a frail sub-population with high reporting 
rates for all disorders. Since headache and LBP 
were very frequent in our population, it is hard 
to get an impression about the size of this frail 
subgroup by just counting subjects reporting 
several disorders. Results from fitting a 
mixture model suggested that for the younger 
ages we could identify a relatively large group 
of subjects who reported at least one or two of 
the three diseases: LBP, asthma or headache, 
whereas in the older age groups we could 
identify a relatively small group of subjects 
who nearly always reported LBP and headache 
and additionally had a high ability to report 
asthma. 

When conducting similar analyses 
using the twin-control method, the same 
associations were significant as for the whole 
sample. If some individuals have a certain 
genetically based susceptibility to the 
investigated disorders, we would expect a 
decreased association among monozygotic 
twins, discordant for LBP. A presence of 
positive associations also in the monozygotic 
twins, discordant for LBP, does not contradict  
the existence of an underlying frailty, but could 
be explained by external factors interacting 
with this frailty early in life. 

There are certain shortcomings of this 
study. First of all, it must be remembered that 
it is cross-sectional in design, enabling us to 
report mere associations. Obviously, the 
inability to establish a temporal link between 

LBP and the various other disorders preclude 
any etiological conclusions. Another limitation 
is the very high prevalence of 
headache/migraine which dominate the 
analysis of comorbidity patterns. Furthermore, 
there might be considerable recall bias when 
estimating lifetime prevalences of these 
disorders. This bias may be reflected 
differently in different disease groups. Atopic 
dermatitis is likely to be diagnosed by a 
physician and talked about in the family. Other 
conditions, less known to influence future 
health, such as LBP, headache and coughing, 
attract less attention and thus are more easily 
forgotten. Other disorders, known to have a 
high prevalence in childhood, i.e. ear 
infections and upper respiratory tract 
infections, would also be interesting to include 
in a study of comorbidity in the young, but was 
not available in our material. Finally, some 
people might consider it to be problematic, that 
all analyses are based on self-reported 
symptoms. However, since the origin of a 
possible common frailty, might as well be 
socially or psychologically based as based on 
physiological morbidity, we are more 
interested in the subjects’ perception of their 
own health than specific diagnoses.  

Despite the mentioned limitations the 
study has several strengths. This is, to our 
knowledge, the first study using a young, large, 
population-based cohort to compare subjects 
with and without LBP with respect to potential 
comorbidity. The cohort has previously been 
shown to be comparable to the general 
population (29,32). In addition, conducting a 
twin-control study nested within the cohort is a 
powerful method of controlling for 
confounders. 

The high degree of comorbidity with 
LBP demonstrated in this study corresponds 
well with associations found in other studies 
(33). Previously, these associations have often 
been explained by general factors related to 
adult life: smoking, single living, physically 
heavy work (23), or higher social and 
psychological pressure than average (20). It 
must be considered, though, that some 
adolescents start smoking at an early age, thus 
it may be a confounder relating to the asthma-
symptoms even in the present study. 
Furthermore, explanations have been sought 
for individual associations: coughing increases 
intradiscal pressure leading to back pain (5), 
reduced vertebral blood flow causes back pain 
and thus links LBP with cardiovascular disease 



  The natural cource of low back pain and early identification of high-risk populations 69 
 
 

 

(15), analgesic intake may lead to constipation 
and in this way linking chronic pain, including 
LBP, with gastro-intestinal disease, and 
tension-type headache could be due to a 
dysfunctional muscular pattern related to LBP 
(7). However, when the same pattern of 
comorbidity also exists in teenagers, it seems 
plausible that factors acting early in life lead to 
an increased susceptibility, which has a 
common origin for various disorders. 
According to this model, all the possible risk 
factors act upon individual levels of inherent 
susceptibility, which will determine the impact 
of external risk factors. This susceptibility is 
not necessarily physiological, but could as well 
depend on psychological factors, genetic work-
up, socio-economic factors or a combination of 
these. 

If such an increased susceptibility to 
various disorders (frailty) exists already in 
childhood, it provides part of a possible 
explanation of the co-existence of seemingly 
unconnected disorders in some people. It also 
provides a possible explanation of the recurrent 
pattern  (34-35) and the apparent treatment-
resistance of LBP, since a possible underlying 

frailty is not addressed in conventional 
treatment of LBP. Future search for cures of 
LBP could possibly benefit from a wider 
approach, considering the overall health of a 
person, rather than treating each disorder as an 
independent entity. 
The indications of such a frailty and the 
associated clustering of disorders, found 
already in the teenage years, should make 
clinicians aware that LBP in children and 
adolescents should not be disregarded. Rather, 
it should be considered whether the LBP is a 
possible indicator of a general frailty, and thus 
these children should be followed closely 
allowing preventive measures to be taken as 
early as possible. 
 
CONCLUSION: 
There is strong evidence that young people, 
aged 12-22 years, with LBP are considerably 
more likely to suffer from asthma and 
headache/migraine than their contemporaries 
without LBP. In future research, a model of 
common origin for seemingly independent 
disorders should be considered. 
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ABSTRACT: 
Introduction: Low back pain has been 
associated with an increased risk of several 
diseases and with poor general health. Also 
low birth weight has been associated with an 
increased susceptibility to various diseases as 
well as with poor general health. Thus, low 
birth weight could be a common factor – 
indicating a general frailty with an increased 
risk of both low back pain and overall 
morbidity. To our knowledge, the association 
between low back pain and birth weight has 
not previously been investigated. This study 
investigates the correlation between birth 
characteristics and low back pain in 
adolescence. 
Material and methods: Analyses are based on 
data from The Danish Twin Registry. 
Information about low back pain is from a 
postal survey and information about birth 
characteristics are from The Danish Medical 
Birth Register. Analyses include 8,278 
individuals aged 12-22 years – an age when 
they are still largely unaffected by the 
influence of working life. Possible associations 
between low back pain, birth weight, birth 
length, ponderal index, gestational age and 
Apgar scores are investigated by the use of 
logistic regression analysis. 
Results: The odds ratio for the lifetime 
prevalence of low back pain increases from 
1.21 (0.94-1.56) for a birth weight of 2000-
2500 g to 1.97 (1.35-2.88) for a birth weight of 
>3500 g compared to the smallest weight 
group (<2000 g) in males, whereas there is a 
small statistically insignificant, positive 
association for females. The same pattern is 
seen for the one-year prevalence of low back 
pain. No associations are documented between 
low back pain and other birth factors. The 
positive association between low back pain and 
birth weight is independent of other birth 
factors and of anthropometric measures in 
adolescence. 
Conclusion: There is a statistically significant, 
association between high birth weight and the 
risk of developing low back pain in males but 
not in females. Our results do not indicate that 
frailty at birth increases the risk of low back 
pain in adolescence. 
 
Key words: low back pain, birth weight, birth 
length, ponderal index, Apgar score. 
Running title: LBP and birth factors 
 
 

INTRODUCTION: 
Low back pain (LBP), although 

considered difficult to diagnose, is usually 
dealt with as a system-specific entity. 
Consequently, in the search for causes and 
cures LBP is generally treated as a specific and 
independent disorder. The approach has 
changed over time from a purely anatomical-
physiological view over a more complex, 
though still physical, neuro-chemical-
biomechanical model, up till today’s multi-
facetted approach which, besides the above 
mentioned factors, also includes relations to 
psycho-social factors (1-4). Either way, focus 
has always been on LBP as a specific disorder.  

However, comorbidity seems to be 
common with back pain, indicating that back 
problems may not be a distinct entity, but 
rather one of the possible symptoms of poor 
health in general. LBP has previously been 
shown to be positively associated with poor 
general health  (5-9) as well as with all other 
disorders that have been reported to have been 
investigated with respect to such an association 
(9-22), with the exception of diabetes (16,23). 

Likewise, low birth weight has been 
positively associated with several specific 
conditions (24-28), as well as with poor 
general health  (29-32). Again, diabetes is an 
exception – showing no correlation to low 
birth weight for type 1 (33-35) and conflicting 
evidence for type 2 (36-37). Thus, to our 
knowledge, the evidence suggests similar 
relations to many aspects of health for LBP 
and low birth weight. We found no 
investigations of the relationship between birth 
factors (birth weight, birth length, gestational 
age and Apgar-score) and LBP.  

All of the reviewed studies of 
comorbidity with LBP were conducted on 
adult populations, but there is growing 
evidence that LBP starts earlier in life than 
previously assumed (38-41). Hence, factors 
that predispose to LBP could be present 
already in childhood, maybe even at birth. 
Consequently, considering the similarity in 
relations between LBP and other diseases and 
between low birth weight and those same 
diseases, birth characteristics could possibly 
prove to be a common denominator – 
indicating a general frailty. To investigate this 
line of thought, a different approach to LBP is 
needed, i.e. rather than regarding LBP as a 
specific entity it should be considered as a part 
of a broader pattern of general health. 
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This study investigates the correlation between 
birth characteristics and LBP in adolescence 
when the subjects are less affected by the 
influence of working life than adult 
populations. 
 
 
MATERIAL: 

Analyses were based on data from the 
population-based Danish Twin Register, which  
includes data from 20,888 twin pairs aged 12 
to 41 years. Twin individuals can be regarded 
as a subset of the general population because 
they have been shown to have the same 
mortality (42) and the same prevalence as the 
general population of most diseases, e.g. type 1 
diabetes (43). A postal survey about general 
health, including information about past and 
present back pain, was conducted in 1994-95, 
where 34,076 twins were available for 
questioning, with a response rate of 86% 
(29,424 participants). For the purpose of this 
study, only the part of the cohort born from 
1973 to 1982 was included – aged 12 to 22 
years at the time of questioning.  

The LBP-section included the 
following questions: “Have you ever had 
problems with the lower part of your back?”, 
“How many days have you altogether had 
problems with the lower part of your back 
during the past year?” and “Have you had any 
problems with the lower part of your back 
today?”. This was accompanied by a drawing, 
specifying the low back as the area between 
the lower ribs and the lower gluteal folds. The 
data on birth characteristics were extracted 
from the Danish Medical Birth Register and 
included information on gestational age, birth 
weight, birth length and Apgar-scores after 1 
and 5 minutes. The Apgar-scores were only 
recorded from 1978. 
 
 
DATA ANALYSIS: 

There were only 6% with ‘LBP today’, 
thus this variable was left out of the analysis. 
LBP-variables used for analyses were lifetime 
prevalence, one-year period prevalence, and 
LBP more than 30 days during the past year to 
investigate whether long-lasting or recurrent 
LBP display a different pattern than LBP in 
general. 

The validity of the LBP-data was 
evaluated by identifying logical errors. This 
was done by cross tabulating  ‘LBP today’ 
with ‘LBP past year’ and ‘LBP past year’ with 
‘LBP ever’. LBP-data were cross-tabulated 

with age and sex whereupon dependence 
between LBP and age/sex was established 
using the Wilcoxon rank sum test.  

Birth weight (recorded with 500 grams 
intervals) was classified into five categories 
(cut off points at 2000, 2500, 3000 and 3500 
grams), birth length into five categories (cut 
off points at 44, 46, 48 and 50 cm), and 
gestational age into four categories (cut off 
points at 35, 37 and 39 weeks). Ponderal index 
was calculated in units of kg/m3, with birth 
weight recorded to the nearest 10 gram and 
birth length recorded to the nearest cm. Birth 
weight had only been recorded with 10 grams 
intervals for the twins born 1978-1982, thus 
ponderal index was only calculated for this 
group to avoid a high degree of imprecision. 
Ponderal index was categorized into five 
categories (cut off points at 20, 22, 24 and 26 
kg/m3). 

Obviously, birth weight, birth length, 
ponderal index and gestational age are strongly 
inter-correlated. To separate the effect of each 
factor per se from that of the others, odds ratios 
for LBP ever, based on continuous variables, 
were calculated separately for all variables by 
means of logistic regression analysis, 
whereupon they were all mutually adjusted, i.e. 
each factor was adjusted for the effect of the 
others. In further analyses, adjustments were 
made for the factors, which were found to be 
significant.  

Logistic regression analysis was used 
to investigate the effect of gestational age, 
birth weight, birth length, ponderal index and 
Apgar score on the lifetime prevalence and 
one-year prevalence of LBP as well as on LBP 
more than 30 days during the past year. Apgar 
scores were analyzed as continuous variables 
whereas intermediate logistic regression 
analysis was used to determine the odds ratios 
for each subgroup of the other variables. 
Furthermore, to investigate whether a possible 
association between birth weight and LBP is 
due to the effect of birth weight on later 
anthropometric measures, the associations 
found to be significant were adjusted for body 
mass index, height and weight as reported at 
the time of the survey. 

A co-twin control study was done to 
compare the risk of developing LBP of the 
twin with highest birth weight to that of the 
lighter twin. For this purpose a subset of the 
data was created, consisting of like-sex MZ- 
and DZ-twins, discordant for LBP (i.e. only 
one in the pair had ever had LBP). In this 
subset, odds ratios were established by 



  The natural cource of low back pain and early identification of high-risk populations 75 
 
 

 

matched case control analysis. Results were 
stratified for age and sex, since adjusting for 
these variables is not possible in the matched 
case control design. 
All odds ratios were adjusted for age, and 
robust inference, as provided by Stata’s cluster 
option, was used to treat each twin pair as a 
cluster and thus account for dependence of the 
data within twin pairs. All analyses were 
performed using the Stata statistical package 
version 7.0, and significance level was defined 
as p<0.05. All analyses are based on the 
available cases, i.e. on all subjects responding 
to all items considered in an analysis and the 
number of cases shown for each analysis. 
 
 

RESULTS: 
Response rate: 

Overall response rate for the age group 
was 84%, resulting in 8,278 individuals. Data 
on Apgar scores and birth weight with 10 gram 
increments were available for 3,886 
individuals born 1978 or later. 

 
Description of study-sample: 
There is an almost even distribution between 
boys and girls, but there is an increase in 
numbers with increasing age. This is due to a 
general decline in birthrates from 1972 to 
1982, not an age-specific difference in 
response rates. Birth characteristics of the 
study sample are shown in Table 1.

 
Table 1: Characteristics of the study sample 

Characteristic n Mean (95%) Range 
Birth weight (gram*) 8259 2317   (2306-2330)  500-4500 
Birth length(cm) 8268 48.18 (48.11-48.24)    31-58 
Ponderal index**(kg/m^3) 2973 23.17 (23.08-23.35) 9.98-36.92 
Gestational age (weeks) 7683 37.96 (37,91-38.01)    26-43 
Apgar 1** 3813  8.86    (8.80-8.91)      0-10 
Apgar 5** 3783  9.74    (9.71-9.76)      0-10 

*recorded with 500g-intervals. **only available from 1978 and onwards. 
 
 
Validation: 

The cross-tabulations between 
different LBP-parameters demonstrate an 
acceptable agreement. Only 111/8190 
answered “yes” to “Do you have LBP today” 
while reporting to have had LBP 0 days during 
the past year. Conversely, of those reporting 
never having had LBP in the past 54/8024 said 
that they had LBP during the past year. This 
gives a definitely unacceptable response in less 
than 1.5% of the cases (111/8190 and 
54/8024), which we consider to be an 

acceptable level of illegal answers in a 
questionnaire survey. 

 
Dependence of LBP on age and sex: 
There is a significant non-linear increase in the 
lifetime prevalence of LBP with increasing age 
(p<0.001) and LBP is significantly more 
common among females than males (p<0.001). 
Due to this dependency, results are presented 
separately for males and females and adjusted 
for age as a categorical variable. The specific 
prevalence rates are shown in Table 2. 

 
 

Table 2: Lifetime prevalence of LBP by age and sex (95% CI) 
 
Age 

n Female Male Total 

12-14 2219 16% (14-18) 11% (9-13) 13% (12-14) 
15-16 1623 36% (33-40) 25% (22-28) 31% (29-33) 
17-18 1628 52% (48-55) 43% (39-46) 47%(45-50) 
19-20 1819 54% (51-58) 48% (45-52) 52% (49-54) 
21-22 901 60% (55-64) 53% (48-57) 56% (53-60) 
Total 8190 41% (40-43) 32% (31-34) 37% (30-38) 
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Associations between birth characteristics 
and LBP:  

To separate the effect on LBP of each 
factor per se from that of the others, each 
factor was adjusted for the effect of the others. 
The result is shown in Table 3.  

The effects of length and ponderal 
index were eliminated whereas the effect of 
weight was practically unaffected when they 
were mutually adjusted, thus birth weight 
seemed to be the determining size factor. It 
then remained to distinguish the effect of pure 
size from that of gestational age: the effect of 
gestational age was neutralized while the effect 
of birth weight remained the same when they 
were mutually adjusted. We therefore 
concluded that a high birth weight is the most 
significant risk factor among the birth 
characteristics for later development of LBP. 
Consequently, all further analyses were 
adjusted for age and birth weight (as 
categorical variables). There is a small but 
statistically significant positive association 
between increasing birth weight and lifetime 
prevalence of LBP in males, but not for 
females: 1.18 (1.10-1.27) for males and 1.03 

(0.96-1.10) for females. Table 4 shows the 
gradual increase in the strength of the 
association with increasing birth weight from 
1.21 to 1.97 for males with no consistent 
pattern for females when compared to the 
smallest group. The same pattern is seen for 
the one-year prevalence of LBP. The ponderal 
index also shows positive associations with 
both lifetime and one-year prevalence of LBP, 
but there is no clear pattern of increase with 
increasing size and none of the associations are 
statistically significant. However, it must be 
remembered that the population size for 
ponderal index is considerably smaller than for 
birth weight (see Table 4). Gestational age and 
birth length show no associations with the 
occurrence of LBP when adjusted for birth 
weight. No statistically significant associations 
were demonstrated between Apgar scores and 
LBP. For LBP more than 30 days during the 
past year no consistent pattern of associations 
was found. Six of the 34 estimated odds ratios 
for having long-lasting LBP were found to be 
significant, but no trends could be detected 
(data not shown). 

 
 

Table 3: Separation of the effect of size measures by mutually adjusting for correlated  
factors. (Odds ratios (95% CI) based on continuos variables, all adjusted for age and sex,  
significance indicated with bold typing). 

 OR (95%CI) p 
Weight at birth 1.02 (1.01-1.03) 0.000 
Weight adj. for ponderal index 0.99 (0.97-1.01) 0.502 
Weight adj. for length 1.02 (1.00-1.04) 0.015 
Weight adj. for gest. age 1.02 (1.01-1.03) 0.003 
   
Length at birth 1.03 (1.01-1.04) 0.001 
Length adj. for ponderal index 0.99 (0.97-1.03) 0.398 
Length adj. for weight 1.00 (0.97-1.03) 0.816 
Length adj. for gest. age 1.02 (1.00-1.05) 0.021 
   
Ponderal index at birth 1.04 (1.00-1.08) 0.077 
Ponderal index adj. for weight 1.05 (1.00-1.09) 0.059 
Ponderal index adj. for length 1.04 (1.00-1.08) 0.081 
Ponderal index adj. for gest. age 1.03 (0.98-1.08) 0.193 
   
Gestational age 1.03(1.01-1.05) 0.016 
Gestational age adj. for weight 1.00 (0.97-1.03) 0.976 
Gestational age adj. for length 1.00(0.97-1.04) 0.752 
Gestational age adj. for ponderal index 0.98 ( 0.94-1.03) 0.461 
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Table 4: Associations between LBP and birth weight, birth length, ponderal index, 
gestational age, Apgar1 and Apgar5, all adjusted for age and sex [Odds ratio (95%CI),  
signifance indicated with bold typing]. 

 n  LBP ever, yes vs. no.  One-year incidence 
of LBP, yes vs. no. 

Weight (gram) Female Male Female 
n=1711 

Male 
n=1302 

Female 
n=1494 

Male 
n=1126 

≤2000  
 

737 516 1.00 1.00 1.00 1.00 

2001-2500  1276 1023 1.23 
(1.00-1.55) 

1.21 
(0.94-1.56) 

1.16 
(0.94-1.43) 

1.16 
(0.89-1.52) 

2501-3000  1465 1494 1.19 
(0.97-1.46) 

1.48 
(1.16-1.88) 

1.13 
(0.92-1.40) 

1.29 
(1.00-1.68) 

3001-3500  619 825 1.11 
(0.84-1.39) 

1.66 
(1.27-2.16) 

0.97 
(0.76-1.25) 

1.53 
(1.16-2.03) 

>3500  113 210 1.33 
(0.84-2.10) 

1.97 
(1.35-2.88) 

1.07 
(0.67-1.71) 

1.85 
(1.26-2.71) 

Length* (cm) 
 
<45 545 393 1.00 1.00 1.00 1.00 

 
45-46 669 466 0.98 

(0.74-1.21) 
0.94 
(0.68-1.31) 

1.13 
(0.85-1.31) 

0.87 
(0.61-1.22) 

47-48 1078 902 0.96 
(0.72-1.28) 

0.95 
(0.69-1.32) 

1.00 
(0.75-1.35) 

1.03 
(0.73-1.45) 

49-50 1169 1227 0.89 
(0.64-1.23) 

0.92 
(0.64-1.33) 

0.95 
(0.68-1.33) 

0.93 
(0.64-1.35) 

>50 691 1028 0.81 
(0.54-1.21) 

1.07 
(0.69-1.64) 

0.85 
(0.56-1.28) 

1.18 
(0.76-1.84) 

Pond. index* 
(kg/m3) 
≤20 125 124 1.00 1.00 1.00 1.00 

 
>20-22 343 333 1.32 

(0.73-2.38) 
1.23 
(0.55-2.73) 

1.28 
(0.70-2.36) 

0.86 
(0.38-1.94) 

>22-24 492 540 1.63 
(0.76-3.50) 

1.63 
(0.76-3.50) 

1.37 
(0.75-2.49) 

1.10 
(0.51-2.39) 

>24-26 345 343 1.39 
(0.73-2.65) 

1.77 
(0.79-4.01) 

1.55 
(0.81-2.98) 

1.00 
(0.43-2.31) 

>26 162 166 1.95 
(0.97-3.94) 

1.56 
(0.67-3.66) 

1.74 
(0.84-3.58) 

1.23 
(0.50-3.05) 

Gest. age* 
(weeks) 
 
≤35 
 

589 544 1.00 1.00 1.00 1.00 

36-37 968 808 1.13 
(0.87-1.47) 

0.97 
(0.73-1.29) 

1.10 
(0.84-1.43) 

0.84 
(0.62-1.13) 

38-39 871 1815 0.87 
(0.65-1.16) 

0.82 
(0.60-1.13) 

0.93 
(0.70-1.25) 

0.85 
(0.60-1.19) 

≥40 1488 1600 1.03 
(0.78-1.38) 

0.95 
(0.70-1.29) 

1.00 
(0.75-1.34) 

0.96 
(0.70-1.31) 

Apgar1* 
 

1874 1939 0.97 
(0.91-1.03) 

1.00 
(0.93-1.08) 

0.99 
(0.93-1.06) 

0.97 
(0.90-1.04) 

Apgar5* 
 

1865 1918 0.94 
(0.82-1.06) 

0.93 
(0.81-1.06) 

0.94 
(0.83-1.07) 

0.89 
(0.78-1.02) 

* adjusted for birth weight 
The only factor that was found to be consistently associated with LBP in adolescence was birth weight. When this association 
was adjusted for BMI, weight or height in adolescence it did not change at all (data not shown). 
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Co-twin control study: 
We identified 755 like-sex MZ- and DZ-twin 
pairs, discordant for LBP and birth weight. A 
matched case control analysis showed no 

association between being born as the largest 
in a pair and developing LBP in adolescence 
for any sex or age group. The specific odds 
ratios are seen in Table 5. 

 
Table 5: Odds ratio for developing LBP in adolescence for the smallest compared to the  
largest in a twin pair (95% CI). 

Age group Female Male 
12-15 0.96 (0.52-1.75) 0.71 (0.31-1.57) 
16-18 1.00 (0.59-1.69) 1.30 (0.76-2.27) 
19-22 0.96 (0.63-1.47) 1.03 (0.64-1.66) 

 
 
 
 
KEY FINDINGS: 

• There is a statistically significant 
positive association between birth 
weight and LBP in adolescent males. 

• This association is independent of 
anthropometrics in adolescence. 

• However, this association is no longer 
present when comparing twins within 
pairs. 

• There are no associations between the 
prevalence of LBP at the age of 12 to 
22 and length at birth, ponderal index, 
gestational age or Apgar score. 

 
  

DISCUSSION: 
In our general population, we 

demonstrated a statistically significant, 
positive association between high birth weight 
and the prevalence of LBP in males, which 
was unrelated to later BMI, height or weight. 
There was no statistically significant effect of 
gestational age, birth length and ponderal 
index when adjusting for birth weight, 
although the prevalence of LBP did generally 
increase with increasing ponderal index. 
However, the co-twin control study showed no 
associations between LBP and birth weight. 
This could mean that the associations found in 
the population at large is due to confounders, 
such as social class, family lifestyle and others. 
However, it could also be due to ‘over-
matching’, i.e. the within-pair birth weight 
difference is to small to detect a difference in 
risk. 

The few statistically significant 
associations found for LBP > 30 days during 
the past year are probably due to chance since 
there is no pattern or trend in the strength of 
these associations (two of them are negative, 
the other four positive). 

 
 
The finding that anthropometrics 

measures in adolescence do not influence the 
effect of birth weight on LBP is not surprising 
since, in our material, there is neither an 
association between birth weight and later BMI 
nor between ponderal index and LBP (data not 
shown). This is consistent with the part of the 
existing literature, which suggests that 
anthropometrical measures at birth do not 
consistently predict later anthropometrics (44) 
and that it has limited etiological importance 
for various diseases (45). Contrary, others have 
shown a positive association between ponderal 
index and adult BMI (46) as well as between 
birth weight and adult height (47). Likewise, 
the relationship between adult weight and LBP 
is unclear (48). 

Some authors have argued for the 
importance of combining gestational age with 
birth weight (49,50), and Leon et al. (25), 
when investigating the effect of birth weight 
on mortality, showed significant variance 
between birth weight per se and birth weight 
for gestational age when they were mutually 
adjusted. This implies that it is the rate of fetal 
growth that underlies the association between 
birth weight and mortality. This is not the case 
for LBP, since adjusting for gestational age has 
very little influence on the strength of the 
association with birth weight and we see no 
effect of gestational age by itself. This 
indicates that fetal development does not 
influence the development of LBP as it does 
with many other diseases. The implication is 
that the previously documented common 
frailty (10.4) instead develops after birth. 

To our knowledge, the relationship 
between birth characteristics and later 
development of LBP has not been explored 
previously. The possible positive association 
between LBP and birth weight is rather 
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surprising, and it is no less surprising that it 
only counts for males. We can only speculate 
about mechanisms that could explain a 
hypothetical causal effect of a high birth 
weight on the development of LBP. It is 
possible that heavy babies are less agile in 
infancy resulting in impaired or delayed spinal 
development, but this should be similar for 
both sexes. Another possible explanation is 
that infants, who are born small and go through 
a rapid growth period in infancy (“catch up”), 
have an increased risk of overweight in 
adolescence and therefore could be 
predisposed for back trouble. However, this 
theory is not supported by the present study for 
two reasons: i) the effect of birth weight is 
unaltered when adjusted for adolescent BMI 
and ii) there is still an increase in LBP with 
increased birth weight when the smallest group 
(<2000g) is omitted. We cannot exclude the 
possibility that some congenital or genetic 
factors predispose to both higher birth weight 
and LBP. This possibility is supported by the 
findings that the heaviest twin in a pair does 
not have a higher risk of LBP than his lighter 
co-twin. However, the lack of significant 
findings in the co-twin control study could 
simply be due to the fact that the weight 
difference in co-twins is too small to detect a 
change in risk. 

Our original hypothesis, that birth 
factors could be a common denominator for 
development of LBP and other diseases, is not 
only unsupported, but actually may be 
contradicted by our data. In the literature, low 
birth weight increases the risk of poor health in 
general, whereas our data indicate that LBP is 
more common in individuals with a high birth 
weight. Again, the implication is that a 
possible underlying frailty of common origin 
must develop after birth, and thus it may as 
well be psycho-socially based as physically 
dependent. 

Considering the number of analyses in 
this study, the possibility of statistically 
significant chance findings is rather high. On 
the other hand, since the associations between 
LBP and birth weight are consistently 
increasing across the weight groups for males, 
this is probably a true finding. Furthermore, if 
the largest birth weight group is removed to 
avoid the influence of the very large, the odds 
ratios hardly change, whereas they are 
considerably reduced but still show a 
consistent increase across the groups, when the 
smallest group is removed (data not shown). 

This means that the effect can not be attributed 
to the very large or the very small.A unique 
strength of our data is the age of the cohort. 
They are to a large degree unaffected by the 
physical and mental demands of the work 
place, which is often held responsible for the 
development of LBP. Furthermore, there are 
almost complete data on birth weight as well as 
gestational age, birth length and Apgar scores. 
A potential shortcoming is that twins are 
usually about one kilogram lighter than 
singletons (51). However, as long as 
comparisons are made within the twin cohort, 
this should not affect the generalizability of 
our results, and since twins are comparable to 
the general population with regard to 
development of both LBP (compared with the 
Ebeltoft cohort (10.2)) and other diseases 
(42,52), our results can probably be 
extrapolated to the general population. The 
results of this cross-sectional study may be 
affected by confounders, which were not taken 
into consideration in the analysis. One such 
possible confounder is socio-economic class, 
which we were unable to adjust for in the 
regular analyses. However, this is controlled 
for (along with other possible confounders 
such as mother’s smoking, mother’s weight 
and parents’ LBP-status) in the co-twin control 
study. Although the association disappears 
when controlling for these possible 
confounders, the association cannot be 
explained by the effect of socio-economic 
class. Low socio-economic class is associated 
with low birth weight (53) as well as an 
increased prevalence of LBP (54) and would 
therefore tend to bias the odds ratio towards 
1.0. Thus, rather than weakening the validity of 
our results, this could mean that the true 
association is in fact stronger than the results 
of this study indicate. 

 

 
CONCLUSION: 

We found a weak but statistically 
significant association between high birth 
weight and increased risk of LBP consistent 
over a wide range of birth weights, but only for 
males. It is uncertain, whether this association 
is true, since it was not reproduced in the twin-
control study. No other birth characteristics 
were found to be associated with LBP.  
Therefore, a common frailty for LBP and other 
disease can not be detected at birth. 
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ABSTRACT: 
Introduction: Important genetic influence on 
intervertebral disc degeneration has been 
shown previously. However, the role of the 
disc in pain production is not clear and the 
genetic influence on the development of the 
symptoms of low back pain is largely 
unknown. 
Material and methods: Data on lifetime 
prevalence of low back pain from the young 
cohort in The Danish Twin Registry (aged 12-
41) were analyzed. Casewise concordance 
rates, odds ratios, tetrachoric correlation 
coefficients and biometric liability models 
were estimated in relation to gender and age. 
Finally age-adjusted heritability of liability 
estimates were obtained. 
Results: Both concordance rates and odds ratio 
show significant genetic influence on the 
liability to develop low back pain. Also, 
tetrachoric correlation coefficients show 
genetic influence, but this is not statistically 
significant for all age groups. The biometric 
modeling demonstrates shared environment to 
be a strong component in the youngest age 
group (12-15), but not above age 15, and it 
also demonstrates some non-additive genetic 
effects in the older age groups. Age-adjusted 
heritability of liability is estimated to 44% (37-
50) for males and 40% (34-46) for females 
aged 16 to 41. 
Conclusion: The various analyses all 
demonstrate significant genetic influence on 
the liability to low back pain. The shared 
environment is an important component until 
age 15. After age 15, this component is 
unimportant. As people grow older, the effect 
of the non-shared environment increases and 
non-additive genetic effects become more 
evident, indicating an increasing degree of 
genetic interaction with age. 
 
Key words: Low back pain, genetics, twins, 
heritability, tetrachoric correlation, biometric 
modeling. 
Running title: Heredity of LBP 
 
 
INTRODUCTION: 

To date there has been extensive focus 
on the influence of external risk factors in the 
etiology of low back pain (LBP). However, 
such risk factors most likely only offer part of 
the explanation, since variation in LBP-status 
within populations with similar exposures is 
common. Rather, various risk factors are likely 

to affect people differently according to their 
physical shape, mental condition, social 
network, genetic make-up and other unknown 
factors, i.e. some people are more frail than 
others. 

Previous studies have shown an 
important genetic influence on intervertebral 
disc degeneration, as identified by magnetic 
resonance imaging, in adolescents as well as in 
adults (1,2). However, the role of the disc in 
pain production is unknown (3,4,5). Thus, 
although the disc is a primary suspect of 
symptoms, all other spinal structures are 
capable of producing pain (2) and the presence 
of degenerative disc disease does not 
necessarily correlate with the presence of LBP. 
Heikkilä et al (6) observed the relative role of 
genetic factors in sciatica to be up to 20% but 
as with degenerative disc disease, results 
relating to sciatica cannot be directly 
extrapolated to all people with LBP, since only 
a small subgroup is considered. To our 
knowledge, the relative importance of genetic 
and environmental factors on non-specific LBP 
has only been investigated by Bengtsson and 
Thorson (7). They analysed LBP of functional 
importance for work and found strong 
indications of genetic influence in the etiology 
of LBP.  

For a disease of multifactorial 
etiology, such as LBP (8), the genetic 
component can be expected to have its effect 
mainly in younger age groups whereas 
environmental influences would dominate in 
the elderly (9). Therefore, genetic 
predisposition might be an important risk 
factor for early development of LBP. 

This study is a classical twin study and 
will concentrate on the relative importance of 
genetic and environmental components on the 
development of non-specific LBP, with 
specific focus on adolescents, who are still 
largely unaffected by various occupational risk 
factors. The classic twin study is based on the 
assumption that monozygotic twins (MZ) share 
all their genes whereas dizygotic twins (DZ) 
only have 50% of their genes in common (like 
ordinary siblings). This means that the 
components of variance of a continuos trait 
within and between pairs involve different 
proportions of the genetic and environmental 
contributions in MZ and DZ pairs (10). Thus, a 
higher correlation within MZ-pairs than within 
DZ-pairs indicate a genetic component in the 
development of a disease, since the influence 
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of common environment is considered equal 
for the two types of twins. 
 
 
MATERIAL: 

Analyses were based on data from 
youngest cohort of the population-based 
Danish Twin Registry, which includes data 
from 20,888 twin pairs aged 12 to 41 years 
(11). Twin individuals can be regarded as a 
subset of the general population because they 
have been shown to have the same mortality 
(12) and the same prevalence as the general 
population of most diseases, e.g. insulin-
dependent diabetes (13). A postal survey about 
general health, including information about 
past and present back pain, was conducted in 
1994-95, where 34,076 twins were available 
for questioning, with a response rate of 86% 
(29,424 participants). Only like-sex twin pairs 
were included in this study, resulting in a data 
set of 19,075 individuals (3818 complete MZ 
twin pairs and 4469 complete DZ twin pairs). 

The questions of relevance for this 
study were: “Have you ever had problems with 
the lower part of your back?”,  “How many 
days have you altogether had problems with 
the lower part of your back during the past 
year?” and “Have you had any problems with 
the lower part of your back today?”. This was 
accompanied by a drawing, specifying the low 
back as the area between the lower ribs and the 
lower gluteal folds.  
Zygosity was determined by questions of 
similarity and mistaken identity, a method that 
has been shown to have a misclassification rate 
of <5% (14). 
 
 
METHODS: 
Validation:  

The validity of the LBP-data was 
evaluated by identifying logical errors. This 
was done by cross tabulating  ‘LBP today’ 
with ‘LBP past year’ and ‘LBP past year’ with 
‘LBP ever’. The question used for further 
analyses was: “Have you ever had problems 
with the lower part of your back?” indicating 
the lifetime prevalence of LBP. 
 
Prevalence of LBP and dependence on age, 
sex and zygosity :  

Estimation of tetrachoric coefficients 
using biometric models assumes symmetry of 
the LBP distribution, i.e. the distribution of 
LBP must be similar for twins with suffix A 

and twins with suffix B. This assumption was 
tested by means of the McNemar test. 
Likewise, the prevalence of LBP must be equal 
in MZ- and DZ-twins and this was tested by 
means of logistic regression, adjusted for age. 
For comparing “A-twins” with “B-twins”, 
prevalence rates were computed on an 
individual level, whereas for other purposes 
prevalence rates were estimated by formula 5 
on page 293 in Witte et al. (15) to take account 
of the dependency within pairs and thus 
avoiding the decreased power from using a 
split file including only half the data set. 
Dependence of LBP on age and sex was 
investigated and the significance of differences 
between sexes or age groups were established 
by the use of logistic regression. Significance 
tests were based on the robust Huber-White 
variance estimators to account for the 
dependence between the LBP-status of the 
twins, as implemented in the Stata statistical 
package (16). 
Based on the change in prevalence over age, 
the cohort was divided into age groups for 
further analyses, but since this study is part of 
an ongoing project about LBP in adolescents 
aged 12 to 22, one of the cut points was set 
pre-hoc at age 22. 
 
Odds ratios: 

Odds ratios have some advantages 
over concordance rates. Unlike concordance 
rates, they are not affected by the background 
rate of disease in the population and odds 
ratios also consider the information from 
concordantly unaffected pairs. First, odds 
ratios for having LBP in case of an affected co-
twin, regardless of zygosity, were calculated 
for each year of birth and presented as a graph 
to illustrate the change with age. Next, 
zygosity-specific odds ratios were calculated 
for each age- and sex-group including 95% 
confidence intervals as described by 
Ramakrishnan et al. (16) using twin “A” as the 
index twin. Common odds ratios for MZ and 
DZ pairs within each age- and sex-group as 
well as for the total sample, including 95% 
confidence intervals, were also calculated. If 
these are above one, it provides evidence for a 
familial aggregation of a disease. Additionally, 
the MZ and DZ odds ratios were compared. If 
this difference is statistically significant it 
provides evidence for more than a simple 
familial influence of disease suggesting an 
underlying genetic influence on disease 
development (16). 
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Tetrachoric correlation coefficients:  
Due to the dichotomous nature of the 

outcome, tetrachoric correlation coefficients 
(i.e. correlation coefficients of liability to LBP) 
were estimated for MZ and DZ twin-pairs (rmz 
and rdz). The liability variable is assumed to 
be related to the LBP status by means of a 
threshold model. The estimation is based on an 
underlying assumption of bivariate normally 
distributed liability and equal thresholds for 
both twins in a pair (18). To test for possible 
presence or absence of genetic influence on the 
development of LBP, the difference in fit of 
the estimated model and a model assuming 
equal correlation coefficients across zygosity 
was evaluated to test for statistical significance 
of the difference in MZ- and DZ-correlations. 
According to standard biometrical practice, 
assuming no genetic interlocus interaction, no 
gene-environment interaction and random 
mating, the phenotypic variance of liability can 
be separated into four components: additive 
genetic effects (A), genetic dominance (D), 
shared (family) environment (C) and non-
shared environment (E). Dominant genetic 
effects tend to reduce the DZ correlation 
relative to that of MZ pairs, whereas the 
common environment tends to increase the DZ 
correlation relative to that of MZs. If  D and C 
are both zero, the DZ correlation is predicted 
to be exactly half of the MZ correlation, and if 
A and C are both zero, the DZ correlation is 
one fourth of the MZ correlation. Thus, the 
difference between the two not only estimates 
absence or presence of genetic influence, but 
the size of the difference also gives indications 
to the relative distribution between additive 
and dominant genetic effects. 
 
Dependency of zygosity on age and sex: 

 Since LBP is expected to depend on 
age and sex, zygosity must be independent of 
those factors to avoid confounding. Therefore, 
dependence of zygosity on age and sex was 
investigated and the significance of differences 
in the percentages of MZ and DZ twins in 
different sex and age groups were established 
by the use of logistic regression.  
 
Casewise concordance rates: 

 These were calculated with 95% 
confidence intervals as suggested by formula 6 
on page 293 in Witte et al (15). In this case 
there was complete ascertainment and 
therefore the casewise concordance rates are 
similar to the probandwise concordance rates. 

They reflect the probability of LBP in one twin 
given the partner is affected. Since MZ twins 
have identical genotypes whereas DZ twins 
share approximately half of their genes, a 
greater phenotypic similarity in MZ twins than 
in DZ twins would reflect a genetic component 
in the etiology of the disease. Due to 
dependency on population prevalence, the 
concordance rates are presented alongside the 
lifetime prevalence rates of LBP.   
 
Biometric modeling (path analysis):  

This is used to estimate the relative 
variability of genetic and environmental 
components of continuos traits, such as 
liability to LBP (19). Only non-shared 
environment contributes to dissimilarity within 
MZ pairs because of their genetic identity. In 
twins reared together it is not possible to 
estimate all four parameters in a single model. 
Thus seven different liability models, the ACE, 
ADE, DCE, AE, DE, CE and E models, were 
fitted to data summarized in contingency 
tables. For comparisons of non-nested models 
the Akaiki Information Criterion (AIC) was 
used. The model with the lowest AIC is the 
best-fitting and the most parsimonious (20). 
 
Age-adjusted heritability estimates:  

Finally an age-adjusted estimate of 
heritability of liability based on the maximum 
likelihood method was calculated by using a 
bivariate probit model which can contain 
covariates that affect the expected outcome, in 
this case the influence of age on the 
development of LBP (21). This approach is 
based on the ideas of DeVries and Fulker (22) 
and is used to avoid an inflated estimate of the 
effect of shared environment due to a general 
increase in LBP prevalence with increasing 
age.The age-group specific tetrachoric 
correlation coefficients and biometric model 
estimates were computed using the Mx 
software package (23) by LH and IAI. All 
other analyses were performed using the Stata 
statistical software package 7.0 with the 
inclusion of a program for “DF-like” analysis 
of binary, ordered and censored variables using 
probit and tobit approaches (24) by LH, 
supervised by IAI. Statistical significance was 
defined as P<0.05. 
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RESULTS: 
Validation:  

The cross-tabulations between 
different LBP-parameters demonstrate an 
acceptable agreement. Only 181/18,649 
answered “yes” to “Do you have LBP today” 
while reporting to have had LBP 0 days during 
the past year. Conversely, of those reporting 
never having had LBP in the past 222/18,923 
said that they had LBP during the past year. 
This gives a definitely unacceptable response  
in 1% of the cases (181/18,649 and 
222/18,923), which we consider to be an 
acceptable level of illegal answers in a 
questionnaire survey. 
 
Prevalence of LBP and dependence on age, 
sex and zygosity:  

There is a significant increase in the 
lifetime prevalence rates of LBP with 
increasing age (p<0.001). Furthermore, LBP is 
significantly more common among females 
than males for all ages combined (p<0.001), 
but not in the oldest age group (p=0.650). 
Lifetime prevalence by age and sex is 
graphically presented in Fig.1. There is a 
strong increase in prevalence from age 12 to 
22, therefore this age group is further 

subdivided into: 12-14, 15-18 and 19-22. After 
age 22 there is only a slight increase, and thus 
this group is only divided into two subgroups: 
23-32 and 33-41. The prevalence of LBP is 
55.1% (54.1-56.1) for twins with suffix A and 
54.6% (53.6-55.6) for those with suffix B 
(p=0.3640), i.e. the dataset is symmetric. This 
is true when testing across all age groups as 
well as within age groups. Likewise, zygosity 
does not affect the LBP-prevalence when 
adjusted for age (p=0.884), but the overall 
prevalence is higher among DZ-twins (55.0% 
(53.7-56.4) vs. 52.2% (50.7-53.7) in MZ-
twins). This difference is due to an increase in 
the proportion of DZ-twins with age, combined 
with increasing prevalence of LBP with age. 
 
Dependence of zygosity on age and sex:  

The results indicate that MZ/DZ ratio 
varies with age and sex. The proportion of DZ-
twins increases with age (from 53% (50-55) in 
age group 1 to 62% (61-64) in age group 5, 
p<0.001) and there is an overrepresentation of 
monozygotic twins among females (54% (53-
55) of MZ-twins are females, p<0.001).  
This is accounted for by presenting results 
stratified for age and sex. 

 
 
Figure 1: Lifetime prevalence of LBP. 
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Concordance rates:  
The number of concordant and discordant pairs 
can be seen in Table 1 alongside the casewise 
concordance rates (Pc). Casewise concordance 
rates are 7-49% higher for MZ-twins than DZ-
twins, with the difference slightly decreasing 
as the Pc increases with age.  
 

Odds ratios:  
The overall odds ratios for LBP in case of an 
affected co-twin decreases rapidly from age 12 
to age 19, but remains fairly stable thereafter. 
Odds ratios are similar for males and females. 
The odds ratios for MZ-twins are 2-3 times 
higher than for DZ-twins in all age groups,  
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except females aged 15-18, where the OR is 
increased six fold for MZ-twins. The common 
odds ratio for each age- and sex group is 
significantly above one, with the common odds 
ratio for the whole sample being 3.35 (3.06-
3.67), indicating a definite familial disposition. 
The difference between MZ and DZ-twins is 

also statistically significant for all groups, and 
the difference between MZ- and DZ-twins 
across all age- and sex-groups was 2.76 (2.30-
3.32), which indicates genetic influence. Age 
group-, sex- and zygosity-specific odds ratios 
are shown in Figure 2a-b. 

 
 
 
Table 1: Lifetime prevalence of LBP, casewise concordance rates, and tetrachoric  
correlations by age group, sex and zygosity. 

Age Zygosity 

and sex 

n (indi- 

viduals) 

Lifetime 
prevalence 

of LBP (95%CI) 

Concor- 

dant  

pairs 

Discor- 

dant  

pairs 

Casewise 
concor- 

dance rates 

(95% CI) 

Tetrachoric 

correlation (r) 

(95%CI) 

rmz=rdz 

    p  

MZ-m 514 11% (8-15) 16 26 0.55 (0.40-0.71) 0.77 (0.59-0.89) 

DZ-m 576 10% (7-14) 11 37 0.37 (0.27-0.53) 0.58 (0.33-0.76) 

0.617 

MZ-f 514 21% (17-26) 36 38 0.65 (0.55-0.76) 0.80 (0.67-0.89) 

 

12-15 

DZ-f 556 21% (17-26) 33 53 0.55(0.45-0.66) 0.67 (0.51-0.80) 

0.500 

MZ-m 456 35% (29-41) 50 59 0.63 (0.54-0.72) 0.64 (0.49-0.77) 

DZ-m 400 42% (35-48) 44 79 0.53 (0.44-0.62) 0.30 (0.08-0.49) 

0.005 

MZ-f 526 45% (40-51) 89 61 0.74 (0.68-0.81) 0.74 (0.62-0.84) 

 

16-18 

DZ-f 326 42% (35-49) 35 68 0.51 (0.41-0.61) 0.23 (-0.01-
0.45) 

0.001 

MZ-m 514 49% (43-55) 83 86 0.66 (0.59-0.73) 0.50 (0.33-0.64) 

DZ-m 528 52% (47-58) 85 107 0.61 (0.55-0.68) 0.29 (0.11-0.46) 

0.364 

MZ-f 704 57% (52-62) 137 126 0.69 (0.63-0.74) 0.42 (0.26-0.55) 

 

19-22 

DZ-f 578 56% (50-61) 95 131 0.59 (0.53-0.66) 0.13 (-0.05-
0.31) 

0.032 

MZ-m 1106 58% (54-62) 225 188 0.71 (0.67-0.75) 0.46 (0.34-0.57) 

DZ-m 1466 61% (58-64) 284 326 0.64 (0.60-0.67) 0.11 (-0.01-
0.22) 

0.000 

MZ-f 1588 63% (60-67) 357 292 0.71 (0.68-0.74) 0.32 (0.22-0.40) 

 

23_32 

DZ-f 1794 64% (61-67) 386 377 0.67 (0.64-0.70) 0.16 (0.05-0.26) 

0.000 

MZ-m 878 67% (63-72) 219 154 0.74 (0.70-0.78) 0.17 (0.06-0.29) 

DZ-m 1366 65% (61-68) 301 283 0.68 (0.64-0.72) 0.03 (-0.11-
0.16) 

0.000 

MZ-f 836 64% (59-68) 198 138 0.74 (0.70-0.78) 0.44 (0.30-0.57) 

 

33_41 

DZ-f 1348 68% (65-71) 317 285 0.69 (0.66-0.72) 0.04 (-0.08-
0.17) 

0.000 
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Figure 2a-b: Odds ratios for having LBP in the cotwin is affected by sex, age and zygosity. 
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Tetrachoric correlations:  

There is an inverse relationship 
between age and the tetrachoric correlation 
coefficients, which may be interpreted as a 
decrease of genetic and familial effects on the 
liability to LBP with age. The differences 
between MZ- and DZ-correlations are 
statistically significant, except for the youngest 
age group and males aged 19 to 22. Exact 
results are presented in Table 1. As mentioned 
previously, when rMZ equals rDZ there is no 
genetic components, when rDZ is half of rMZ, 
it illustrates a perfect additive model, the AE-
model, and when rDZ is one quarter of rMZ it 
indicates a dominant genetic influence, the 
DE-model. Figures 3a-b shows rDZ in relation 
to rMZ, indicating which models gives the best 
fit for different age- and sex groups. One 
quarter and one half of the respective rMZs are 
shown in the figures and the DZ-correlations 

are added. Thus, the best-fitting model can be 
determined on basis of the placement in 
relation to the three rMZ-graphs. This shows a 
change from an ACE- in the youngest age-
group, via an AE-model, to a DE-model in the 
oldest age-group. There is a rather strong c2-
component for the 12-15 year olds, hardly any 
c2-components for the older age-groups, and 
more dominant genetic effects with age. The 
only component present in all models is e2, 
thus this is used in Figure 4 to illustrate the 
increasing importance of the non-shared 
environment. This reflects that the effect of 
individual environment increases as the twins 
grow older, lead more separate lives and 
become more exposed to risk factors, 
especially from the work environment. Hence, 
the relative importance of genetic components 
decreases with age. 
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Figure 3a-b: Tetrachoric correlations for MZ twins in relation to DZ-twins in a figure  
ndicating the best-fitting models. 
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Figure 4a-b: e2 according to the best-fitting model based on AIC, by sex and age group 
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Biometric modeling:  
Like the correlation coefficients, the biometric 
modeling shows a strong common 
environment component (c2) in the youngest 
age group (age 12-15), which is not the case 
for the rest of the cohort. Therefore, the CE-
model gives the best fit for females and the 
ACE/DCE-model the best fit for males aged 
12-15. To test if the effect of common 
environment was inflated by the large increase 
in LBP-prevalence with age within the 
youngest age group, the modeling was done 
separately for each year of birth within that age 
group (1979-1982), but all ages still yielded 
significant c2-values (data not shown). After 
age 15 the best fit is a DE- or an AE-model, 

with the AE-model having the best overall fit. 
The variance components and the model fit 
statistics can be seen in Table 2. The biometric 
modeling shows that the observed LBP pattern 
is consistent with the presence of genetic 
influence on liability to LBP with heritability 
values ranging from 24% to 85%. Figure 5 
shows the combined effect of additive and 
dominant genetic components, according to the 
best-fitting model for each age group. The 
heritability estimate does not to change much 
in females after age 22, whereas there seems to 
be a decrease with age in males across the 
whole sample, although there is a considerable 
overlap of the confidence intervals. 
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Table 2: Biometrical models for LBP: variance components and model fit statistics by age  
group, sex and zygosity (The lowest AIC (indicating the best-fitting model) for each group  
indicated with bold characters). 

age sex compo- 
nent 

ACE ADE DCE AE DE CE E 

a2 0.26 
(0.00-0.63) 

0.85 
(0.63-0.92) 

- 0.85 
(0.76-0.92) 

- - - 

d2 - 0.00 
(0.00-0.22) 

0.15 
(0.00-0.38) 

- 0.83 
(0.68-0.92) 

- - 

c2 0.56 
(0.22-0.81) 

- 0.67 
(0.46-0.82) 

- - 0.76 
(0.67-0.84) 

- 

e2 0.18 
(0.10-0.31) 

0.15 
(0.08-0.47) 

0.18 
(0.10-0.31) 

0.15 
(0.08-0.24) 

0.17 
(0.08-0.32) 

0.24 
(0.16-0.33) 

1.00 
(1.00-1.00) 

 
 
F 

AIC -5.412 6.225 -5.412 4.225 0.828 -5.805 116.898 
a2 0.45 

(0.00-0.90) 
0.83 

(0.27-0.92) 
- 0.83 

(0.68-0.92) 
- - - 

d2 - 0.00 
(0.00-0.56) 

0.30 
(0.00-0.66) 

- 0.85 
(0.74-0.92) 

- - 

c2 0.36 
(0.00-0.76) 

- 0.51 
(0.18-0.76) 

- - 0.70 
(0.56-0.81) 

- 

e2 0.19 
(0.09-0.36) 

0.17 
(0.08-0.32) 

0.19 
(0.09-0.36) 

0.17 
(0.08-0.32) 

0.15 
(0.08-0.26) 

0.30 
(0.19-0.44) 

1.00 
(1.00-1.00) 

 
 
 
 
12-15 

 
 
M 

AIC -5.529 -3.521 -5.529 -5.521 21.863 -4.394 77.908 
a2 0.75 

(0.48-0.84) 
0.14 

(0.00-0.82) 
- 0.75 

(0.63-0.84) 
- - - 

d2 - 0.62 
(0.00-0.86) 

0.72 
(0.38-0.86) 

- 0.77 
(0.65-0.86) 

- - 

c2 0.00 
(0.00-0.24) 

- 0.05 
(0.00-0.35) 

- - 0.59 
(0.47-0.69) 

- 

e2 0.25 
(0.16-0.37) 

0.23 
(0.14-0.35) 

0.23 
(0.14-0.35) 

0.25 
(0.16-0.37) 

0.23 
(0.14-0.35) 

0.41 
(0.31-0.53) 

1.00 
(1.00-1.00) 

 
 
F 

AIC -2.831 -4.500 -4.500 -4.831 -6.417 12.406 54.601 
a2 0.65 

(0.18-0.77) 
0.58 

(0.00-0.77) 
- 0.65 

(0.50-0.77) 
- - - 

d2 - 0.07 
(0.00-0.76) 

0.46 
(0.13-0.76) 

- 0.67 
(0.52-0.79) 

- - 

c2 0.00 
(0.00-0.38) 

- 0.19 
(0.00-0.46) 

- - 0.50 
(0.36-0.61) 

- 

e2 0.35 
(0.23-0.51) 

0.34 
(0.22-0.50 ) 

0.34 
(0.22-0.51) 

0.35 
(0.23-0.50) 

0.33 
(0.21-0.48) 

0.50 
(0.39-0.64) 

1.00 
(1.00-1.00) 

 
 
 
 
16-18 
 

 
 
M 
 

AIC 1.808 1.782 1.782 -0.192 1.559 7.055 49.814 
a2 0.39 

(0.03-0.52) 
0.18 

(0.00-0.52) 
- 0.39 

(0.25-0.64) 
- - - 

d2 - 0.23 
(0.00-0.55) 

0.35 
(0.04-0.54) 

- 0.41 
(0.27-0.55) 

- - 

c2 0.00 
(0.00-0.29) 

- 0.06 
(0.00-0.30) 

- - 0.29 
(0.17-0.40) 

- 

e2 0.61 
(0.36-0.67) 

0.59 
(0.36-0.65) 

0.59 
(0.45-0.75) 

0.61 
(0.48-0.75) 

0.59 
(0.45-0.73) 

0.71 
(0.60-0.83) 

1.00 
(1.00-1.00) 

 
 
F 

AIC 0.414 0.089 0.089 -1.586 -1.678 7.055 23.367 
a2 0.44 

(0.00-0.64) 
0.51 

(0.00-0.64) 
- 0.51 

(0.35-0.64) 
- - - 

d2 - 0.00 
(0.00-0.61) 

0.29 
(0.00-0.61) 

- 0.52 
(0.36-0.66) 

- - 

c2 0.06 
(0.00-0.44) 

- 0.21 
(0.00-0.44) 

- - 0.39 
(0.27-0.51) 

- 

e2 0.50 
(0.36-0.67) 

0.49 
(0.36-0.65) 

0.50 
(0.36-0.67) 

0.49 
(0.36-0.65) 

0.48 
(0.34-0.64) 

0.61 
(0.49-0.74) 

1.00 
(1.00-1.00) 

 
 
 
 
19-22 

 
 
M 

AIC -4.157 -4.064 -4.157 -6.064 -3.619 -3.040 28.741 
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a2 0.32 
(0.07-0.41) 

0.24 
(0.00-0.41) 

- 0.32 
(0.22-0.41) 

- - - 

d2 - 0.09 
(0.00-0.42) 

0.25 
(0.05-
0.42) 

- 0.34 
(0.24-
0.44) 

- - 

c2 0.00 
(0.00-0.21) 

- 0.08 
(0.00-
0.22) 

- - 0.23 
(0.16-0.31) 

- 

e2 0.57 
(0.26-0.64) 

0.67 
(0.57-0.77) 

0.67 
(0.57-
0.78) 

0.68 
(0.59-0.78) 

0.66 
(0.56-
0.76) 

0.77 
(0.69-0.84) 

1.00 
(1.00-
1.00) 

 
 
F 

AIC -4.720 -4.854 -4.854 -6.720 -5.696 -0.890 31.982 
a2 0.41 

(0.25-0.51) 
0.00 

(0.00-0.44) 
- 0.41 

(0.30-0.51) 
- - - 

d2 - 0.46 
(0.00-0.56) 

0.46 
(0.26-
0.56) 

- 0.46 
(0.35-
0.56) 

- - 

c2 0.00 
(0.00-0.11) 

- 0.00 
(0.00-
0.15) 

- - 0.27 
(0.18-0.35) 

- 

e2 0.59 
(0.49-0.70) 

0.54 
(0.44-0.66) 

0.54 
(0.44-
0.66) 

0.59 
(0.49-0.70) 

0.54 
(0.44-
0.65) 

0.73 
(0.65-0.82) 

1.00 
(1.00-
1.00) 

 
 
23-
32 

 
 
M 

AIC 3.784 0.197 0.197 1.784 -1.803 15.994 5.182 
 

a2 0.36 
(0.19-0.48) 

0.00 
(0.00-0.33) 

- 0.36 
(0.23-0.48) 

- - - 

d2 - 0.42 
(0.05-0.55) 

0.42 
(0.00-0.46) 

- 0.42 
(0.29-0.55) 

- - 

c2 0.00 
(0.00-0.10) 

- 0.09 
(0.00-0.26) 

- - 0.21 
(0.11-0.31) 

- 

e2 0.64 
(0.52-0.77) 

0.58 
(0.45-0.71) 

0.58 
(0.45-0.71) 

0.64 
(0.52-0.77) 

0.58 
(0.45-0.65) 

0.46 
(0.34-0.55) 

1.00 
(1.00-1.00) 

 
 
F 

AIC 4.618 -0.054 -0.053 2.618 -2.054 13.413 29.641 
a2 0.32 

(0.00-0.44) 
0.27 

(0.00-0.44) 
- 0.32 

(0.19-0.44) 
- - - 

d2 - 0.06 
(0.00-0.46) 

0.24 
(0.00-0.46) 

- 0.35 
(0.21-0.79) 

- - 

c2 0.00 
(0.00-0.25) 

- 0.09 
(0.00-0.26) 

- - 0.22 
(0.12-0.31) 

- 

e2 0.57 
(0.00-0.66) 

0.67 
(0.63-0.81) 

0.67 
(0.53-0.82) 

0.68 
(0.56-0.81) 

0.65 
(0.52-0.79) 

0.78 
(0.69-0.89) 

1.00 
(1.00-1.00) 

 
 
 
 
33-
41 

 
 
M 

AIC -3.282 -3.324 -3.324 -5.282 -4.237 -1.959 16.015 
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Figure 5a-b: G (a2 + d2=genetic determination/broad sense heritability) according to the  
best fitting model, by sex and age group.  
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Age-adjusted heritability estimate:  

Since the youngest age group displays 
a very different pattern of heritability than the 
rest, there is no point in making overall 
estimates for the whole cohort. Therefore the 
youngest age group has been excluded and the 
age-adjusted heritability for the group aged 16 
to 41 calculated. Because the AE-model shows 
the best overall fit above age 16, this is used to 
estimate the age-adjusted heritability by 
applying a DF-like method. In this way the 
age-adjusted heritability in liability is 
estimated to 40% (34-46) for females aged 16 
to 41 and 44% (37-50) for males in the same 
age group. 

 

 
 
DISCUSSION: 

Our findings demonstrate a 
considerable genetic influence on the etiology 
of LBP with age-adjusted heritability measures 
above 40%. Common environment seems to be 
a strong component in the youngest age group, 
aged 12 to 15, whereas it is almost non-
existing in the older age groups. This implies 
that the common environment mainly has an 
effect while the children actually live in the 
same environment, whereas they do not carry 
the effect with them after leaving home (no 
spill-over effect). As adolescents become 
adults, the influence from the non-shared 
environment increases in relation to the genetic  
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components. A strong component of this effect 
may be work-related when the grown-up twins 
obtain different employments. There seems to 
be some genetic dominance for LBP above age 
15, which becomes stronger with age. 
However, since a full ADCE-model cannot be 
estimated, the division of the total hereditary 
components into A- and D-component is 
highly speculative, but we can conclude that 
there is evidence of non-additive genetic 
effects, may be indicating an increasing degree 
of genetic interaction with increasing age. 

The major strengths of our study are 
the large sample size and the possibility of 
studying the change in the determinants of 
LBP with age. It turned out, not unexpectedly, 
that the relative contributions of hereditary and 
environmental components to the liability to 
develop LBP differ in relation to age, but not 
in relation to sex. 

One of the conditions for the results to 
be extrapolated to the general population, is 
that the prevalence must be the same for twins 
and singletons. Our findings are comparable to 
previous studies of general populations in the 
Nordic countries (25) and the cohort has 
previously been shown to be comparable to the 
general population with respect to morbidity 
and mortality (12,13). In our cohort we found 
some dependency of zygosity on sex and age, 
but since LBP prevalence is independent of 
zygosity when adjusted for sex and age, this 
was compensated for by stratifying the data by 
sex and age. It is also important that the 
zygosity diagnosis is accurate. In the Danish 
Twin Register the error rate has been estimated 
to less than five percent (14), which we 
consider to be satisfactory for our purpose. 
Another important consideration in twin 
research is the equal environment assumption. 
It has been a concern to some that less 
environmental variation in MZ twins than in 
DZ twins (because MZ twins are treated more 
similarly by their parents than DZ twins) might 
lead to an overestimation of heritability (9). 
However, several studies have tested whether 
behavioural similarity is the same in twins with 
mislabeled zygosity compared to those with 
correct zygosity. It was found that the labeling 
had little effect on behavioural similarity and 
therefore the findings supported the equal 
environment assumption (26).  

Our “diagnosis” might also be 
considered problematic by some. However, we 
consider the broad diagnosis of unspecific LBP 
as a strength. Previous studies have 
investigated disc degeneration (1,2,3) or 

sciatica (6), which both are subgroups of LBP, 
which may or may not have the same etiology 
as other types of LBP-disorders. LBP can 
rarely be diagnosed specifically (27), and 
trying to categorize study-subjects into specific 
LBP-diagnoses could be a source of error 
rather than precision. Other possible 
drawbacks of this study relate to the statistical 
methods. Concordance rates are dependent on 
the prevalence of the disorder investigated, and 
since LBP-prevalence increases significantly 
with age, it is difficult to compare results 
between groups. They are included in this 
study, because they have been frequently used 
in other studies and thus are useful for 
comparisons. To avoid the influence of the 
background rate of disease, odds ratios can be 
calculated. They are also capable of 
demonstrating familial aggregation as well as 
genetic influence on the liability to disease. 
The method used (16) has been criticized for 
not being reproducible due to random 
designation of index twins (17). In the Danish 
Twin Register an “A”- or “B”-suffix is 
attached to the identification code at random, 
thus the results are easily reproduced by using 
that variable instead of random designation. 
However, odds ratios cannot estimate the 
relative importance of genetic and 
environmental influences. To get a more 
detailed picture, biometric modeling is used. It 
is an essential assumption for the biometric 
modeling that thresholds are equal across 
zygosity. The threshold reflects the prevalence 
and since we have tested the homogeneity of 
prevalence across zygosity, this assumption 
has been tested and found to be valid. Since the 
threshold is a measure of prevalence, the 
correlation coefficients become independent of 
the underlying prevalence of disease. 
However, path analysis requires very large 
databases to obtain a satisfying power. Due to 
the necessary stratification of our analysis, we 
therefore obtain very large confidence 
intervals, creating some uncertainty about the 
results. It could also be a concern that the 
increase in LBP with increasing age (even 
within age groups) would inflate the 
heritability estimates. However the age-
adjusted heritability for people above age 16 
was estimated to 40% for females and 44% for 
males, which is similar to that estimated by the 
biometric modeling, suggesting that the 
heritability measures are not influenced by the 
increasing LBP prevalence with age. In short, 
all methods have some weaknesses, therefore 
we have combined several of them in an 
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attempt to shed as much light on the topic as 
possible. 

There is no previous research into the 
genetic influence on non-specific LBP in 
young populations. Bengtsson and Thorson (7) 
estimated concordance rates for LBP of 
functional importance in twins, aged 15-47, 
from the Finnish Twin Register and found 
strong indications of the fact that genetic 
factors are of importance for LBP. They 
demonstrated concordance rates within MZ 
pairs to be 37%-100% higher than in DZ pairs. 
Other previous studies have been concerned 
with disc degeneration (1,2,28), reporting 
familial history of operated lumbar disc 
herniation to have a significant implication in 
lumbar degenerative disc disease (28) and that 
cotwin status accounted for 54% of the 
variance in lumbar degenerative disc disease 
(2). The only study, to our knowledge, which 
has performed path analysis in relation to the 
back investigated heritability of intervertebral 
disc degeneration as assessed by MRI. They 
found an AE model to be most parsimonious 
and gave heritability estimates of 63% to 74% 
(1). However, they did not stratify for age, thus 
a possible dominant effect could be hidden 
within the overall age-adjusted results. 

Furthermore, as mentioned previously, the role 
of the disc in pain production is largely 
unknown (2). 

We have confirmed previous findings, 
that the influence of genetic factors decrease 
with age in disorders of multifactorial origin 
(9). Therefore, it is very important for future 
research to stratify analyses by age. A future 
scientific challenge is to determine whether 
LBP in subjects with a high genetic liability 
become more severe than LBP with a more 
environmentally based etiology. This could be 
indicated if those with an early onset are more 
prone to chronicity/disability later in life than 
those with late onset-LBP. 
 
 
CONCLUSION: 
The various analyses all demonstrate 
significant genetic influence on the liability to 
LBP. The shared environment is an important 
component before age 15. After age 15, this 
component is unimportant. As people grow 
older, the effect of the non-shared environment 
increases and non-additive genetic effects 
become more evident, indicating an increasing 
degree of genetic interaction with age.

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



96 The natural cource of low back pain and early identification of high-risk populations 
 
 

REFERENCES: 
1 Sambrook PN, MacGregor AJ, Spector TD. Genetic influences on cervical and lumbar disc degeneration. A magnetic 

resonance imaging study in twins. Arthritis Rheum 1999;42:366-72. 

2 Battié MC, Videman T, Gibbons LE, Fisher LD, Manninen H, Gill K. Determinants of lumbar disc degeneration. A 
study relating lifetime exposures and magnetic resonance imaging findings in identical twins. Spine 1995;20:2601-12. 

3 Elfering A, Semmer  N, Birkhofer D, Zanetti M, Hodler J, Boes N. Risk factors for lumbar disc degeneration: a 5-year 
prospective magnetic resonance imaging study In asymptomatic individuals. Spine 2002;27:125-34. 

4 Jensen MC, Brant-Zawadski MN, Obuchowski N, Mdic MT, Malkasian D, Ross JS. Magnetic resonance imaging of the 
lumbar spine in people without back pain. N Engl J Med 1994;331:69-73. 

5 Boden SD, Davis DO Diana TS et al. Abnormal magnetic resonance scans  of the lumbar spine in asymptomatic 
subjects. J Bone Joint Surg [Ame] 1990;72:403-8. 

6 Heikkilä JK, Koskenvuo M, Heliövaara M et al. Genetic and environmental factors in sciatica. Evidence from a 
nationwide panel of 9365 adult twin pairs. Ann Med 1989;21:393-8. 

7 Bengtsson B, Thorson J. Back pain: a study of twins. Acta Genet Med Gemellol 1991;40:83-90. 

8 Von Korff M. Studying the natural history of low back pain. Spine 1994;19(18S):2041S-6S. 

9 Järvinen P, Aho K. Twin studies in rheumatic diseases. Semin Arthritis Rheum 1994;24:19-28. 

10 Neale MC. Twin analysis. In: Armitrage P, Colton T (eds): Encyclopidea of biostatistics, 6th ed. London: Wiley, 
Chichester, 4614. 

11 Kyvik KO, Christensen K, Skytthe A, Harvald B, Holm NV. The Danish Twin Register. Dan Med Bull 1996;43:467-
70. 

12 Christensen K, Vaupel JW, Holm NV, Yashin A: Mortality among twins after age 6: fetal origins hypothesis versus 
twin-method. BMJ 1995;310:432-6 

13 Kyvik KO, Green A, Beck-Nielsen H: Concordance rates of insulin-dependent diabetes mellitus. A population based 
study of young Danish twins. BMJ 1995;311:913-7 

14 Hauge M. The Danish twin register. In: Mednich SA, Baert AE, Bachmann BP, eds. Prospective longitudinal research. 
Oxford: Oxford Medical Publications, 1981: 217-22. 

15 Witte JS, Carlin JB, Hopper JL. Likelihood-based approach to estimating twin concordance for dichotomous outcome. 
Genet Epidemiol 1999;15:290-304. 

16 Ramakrishnan V, Goldberg J, Henderson WG, Elisen SA, True W, Lyons MJ, Tsuang MT. Elementary methods for the 
analysis of dichotomous outcomes in unselected samples of twins. Genet Epidemiol 1992;9:273-87. 

16 Stata Corp. 2001. Stata Statistical Software: Release 7.0. College Station, TX: Stata Corporation. 

17 Gao XJ, Klar N, Donner A. Comparison of methods for analyzing binary data arising from two-sample twin studies. 
Genet Epidemiol 1997;14:349-63 

18 Todorov AA, Suarez BK. Genetic liability model. In: Armitrage P, Colton T (eds): Encyclopidea of biostatistics, 6th ed. 
London: Wiley, Chichester, 1680-85. 

19 Khoury MJ, Beaty TH, Cohen BH. Fundamentals of genetic epidemiology. Oxford University Press, Oxford 1993 

20 Akaike H. Factor analysis and AIC. Psychometrika 1987;52(3):317-332. 

21 Kohler HP, Rodgers JL. DF-like analyses of binary, ordered and censored variables using probit and tobit approaches. 
Behavior Genetics 1999;29(4):221-232. 

22 DeFries J, Fulker D. Multiple regression analysis of twin data. Behavior genetics 1985;15:467-73. 

23 Neale MC. Mx:statistical modeling, 3rd edn. Richmond, Medical College of Virginia, Virginia Commonwealth 
University, 1995. 

24 Kohler HP, Rodgers JL. Programs for DF-like analyses of binary, ordered and censored variables using probit and tobit 
approaches. http://user.demogr.mpg.de/kohler. 

25 Leboeuf-Yde C, Lauritzen JM. The prevalence of low back pain in the literature. A structured review of 26 Nordic 
studies from 1954 to 1993. Spine 1995;20:2112-8. 

26 Kyvik KO. Generalizability and assumptions of twin studies. In: Spector TD, Snieder H, MacGregor, (eds). Advances 
in twin and sib-pair analysis. Oxford, Oxford University Press, 2000:72. 

27 Deyo RA. Practice variations, treatment fads, rising disability. Do we need a new clinical research paradigm? Spine 
1993;18:2153-62. 

28 Matsui H, Kanamori M, Ishihara H, Yudoh K, Naruse Y, Tsuji H. Familial predisposition for lumbar degenerative disc 
disease. Spine 1998;23:1029-34. 



  The natural cource of low back pain and early identification of high-risk populations 97 
 
 

 

11. ABSTRACT 
Introduction: Despite intensive research in the 
area of LBP the natural course of LBP is 
largely unknown. Some authors theorize that 
acute LBP is merely a stage in a chronic 
condition, characterized by variation and 
change rather than a self-limiting course. The 
present project investigates this theory. If LBP 
does prove to be recurrent rather than self-
limiting, it is of major importance to identify 
the problem early. LBP in children and 
adolescents has until recently been a relatively 
neglected area, but there is now strong 
evidence that LBP originates earlier in life than 
hitherto thought. Furthermore, people with 
LBP in adolescence have a high risk of 
recurrences throughout life. Most research in 
the causality field of LBP has so far focused on 
risk factors rather than risk populations, 
whereas the second part of this project is aimed 
at identification of a “frail” subgroup of 
youngsters who are prone to develop LBP. 
Identifying these individuals is essential for 
targeting primary prevention programs 
specifically at those with an increased risk. 
 
Materials and methods: The present project 
consists of two distinct, but interrelated parts: 
 
1. The natural history of LBP:  

• A systematic and critical review of the 
literature relating to the natural history of 
LBP. 

• Analysis of data from a five-year, 
prospective, population based survey of 
1,370 30-50 tear old individuals (The 
Ebeltoft Health Promotion Study) to 
investigate the course of LBP. 

 
2. Factors associated with LBP in 
adolescence: 

• A systematic and critical review of the 
literature relating to comorbidity with 
LBP. 

• Analysis of data from a cross-sectional 
population based survey of 9,567 12-22 
year old twins (The Danish Twin 
Registry and The Danish Medical Birth 
Registry). LBP-data were analyzed for 
associations with other diseases as well 
as birth characteristics and, finally, the 
heredity of LBP among adolescents was 
estimated. 

 
Results: 
1. The natural history of LBP: 

Results confirm that the course of LBP is 
characterized by exacerbations and remissions. 
 
2. Factors associated with LBP in 
adolescense: 

• All investigated disorders, with the 
exception of diabetes, show evidence of a 
positive association with LBP in adults. 
No literature, related to children or 
youngsters, was identified on the subject. 

• There is an increased risk of LBP in 
adolescents suffering from asthma and 
headache. This risk increases 
significantly in subjects suffering from 
several disorders, i.e. disorders, including 
LBP, cluster in some individuals.  

• There is a weak, but statistically 
significant, positive association between 
high birth weight and LBP, but no 
relationship between LBP and birth 
length, ponderal index, and Apgar score.  

• The age-adjusted heritability estimate for 
the development of LBP in the young is 
40% for females and 44% for males. The 
influence of genetic components of the 
liability to develop LBP in relation to 
non-shared environment decreases from 
age 12 to age 19, after which the 
relationship between genetic and 
environmental components is fairly 
stable. 

 
Conclusions: LBP is usually characterized by 
exacerbations and remissions, but in about 
10% of the population it becomes 
chronic/frequently recurring. LBP is associated 
with the presence of other disorders in both 
adults and adolescents, thus, these associations 
cannot be explained merely by external factors 
in adult life, but probably have, at least partly, 
a common origin. This  was not detected by 
birth factors, but may have a genetic com- 
ponent. It is possible that it is the individuals 
with a strong genetic disposition for LBP, who 
develop chronic/recurrent LBP in adulthood. If 
such an underlying genetic predisposition 
exists, the recurring pattern of LBP is a logical 
consequence. This predisposition might also 
represent a general frailty making individuals 
more prone to other disorders as well, which 
would explain the shown associations between 
LBP and other disorders. If such a frail  
subgroup could be identified in childhood or 
adolescence,  selective preventive efforts 
would be possible, at least for LBP but may be 
for general health as well. 
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12. DANSK RESUMÉ 
Baggrund: På trods af omfattende forskning 
på rygområdet, er der stadig stor mangel på 
forståelse af det naturlige forløb af 
lændeproblemer. Nogle mener, at akutte 
lændeproblemer blot er et stadium af et kronisk 
forløb, der præges af skiftende tilbagefald og 
spontan forbedring, frem for et afgrænset, akut 
problem. Denne teori efterforskes i dette 
projekt. Hvis lændeproblemer viser sig at være 
et recidiverende problem, er det vigtigt med 
tidlig erkendelse af problemet. Rygproblemer 
hos børn og unge har hidtil været lidt forsømt i 
forskningen, men der er efterhånden evidens 
for, at rygproblemer starter tidligere i livet, end 
man hidtil har troet. Desuden har det vist sig at 
folk med lændeproblemer i ungdommen har en 
forhøjet risiko for lændeproblemer senere i 
livet. Den hidtige etiologiske forskning på 
området har primært fokuseret på risiko-
faktorer frem for risiko-grupper. Anden del af 
dette projekt har til formål at identificere en 
”skrøbelig” gruppe af unge, med høj risiko for 
at udvikle lændeproblemer. Det er nødvendigt 
at identificere denne gruppe for at kunne 
målrette en primær forebyggelsesindsats. 
 
Materiale og metoder: Dette projekt består af 
to individuelle, men indbyrdes forbundne 
afsnit: 
 

1. Lændeproblemers spontane forløb: 
a. En systematisk og kritisk 

gennemgang af litteraturen 
omhandlende det spontane forløb af 
lændeproblemer. 

b. Analyse af data fra en prospektiv, 
populationsbaseret undersøgelse af 
1370 30- til 50-årige individer 
(Sundhedsprojekt Ebeltoft) for at 
undersøge ændringer i 
lændeproblemer over et fem-årigt 
forløb. 

 
2. Faktorer relateret til lændeproblemer i 

ungdommen: 
a. En systematisk og kritisk 

gennemgang af litteraturen 
omhandlende forekomsten af andre 
sygdomme i forbindelse med 
rygproblemer. 

b. Analyse af data fra en populations-
baseret tværsnitsundersøgelse af 
9567 12- til 22-årige tvillinger (Det 
Danske Tvillingeregister og Det 
Medicinske fødselsresigter). 

 

Lændeproblemer blev ana- yseret i 
forhold til forekomsten af andre 
sygdomme samt fødselsdata. Til 
sidst blev arveligheden af 
tilbøjeligheden for at udvikle 
lændeproblemer undersøgt. 

 
Resultater:   

1. Lændeproblemers spontane forløb: 
a. Resultaterne bekræftigede, at der 

er tale om et recidiverende forløb, 
karakteriseret ved skiftende 
lindring og forværring, sjældent 
med total remission. Ca. 10% lider 
af kroniske / hyppigt tilbage- 
vendende problemer. 
 

2. Faktorer relateret til lændeproblemer i 
ungdommen: 
a. Alle undersøgte sygdomme, med 

undtagelse af diabetes, var positivt 
associerede med rygproblemer. Vi 
fandt ingen litteratur, der 
omhandlede børn og unge i 
forbindelse med co-morbiditet. 

b. Der er en øget forekomst af 
lændeproblemer i unge, der lider 
af astma eller hovedpine. Risikoen 
for lændesmerter øges desuden 
betydeligt, hvis den unge lider af 
flere andre sygdomme samtidigt. 
Kort sagt: sygdomme, inklusiv 
lændesmerter, ophober sig i 
bestemte individer. 

c. Der er muligvis en svag forhøjet 
risiko for lændesmerter i 
ungdommen ved en høj 
fødselsvægt. Der fandtes ingen 
sammenhæng mellem 
lændesmerter i ungdommen og 
andre fødselsfaktorer. 

d. Den alders-justerede arvelighed 
for udvikling af lændesmerter er 
44% for mænd og 40% for kvinder 
i aldersgruppen 16-41 år. Fra 12 til 
19 år aftager indflydelsen af 
genetiske komponenter i 
tilbøjeligheden for udvikling af 
rygsmerter i forhold til inflydelsen 
af det ikke-fælles miljø. Derefter 
er fordelingen mellem arv og miljø 
næsten konstant. 

 
Konklusion: Skønt lændeproblemer oftest er 
karakteriserede af skiftende lindring og 
forværring, lider ca. 10% af befolkningen af  
kroniske / hyppigt tilbagevendende lænde- 
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problemer. Da lændesmerter er forbundet med 
en øget forekomst af andre sygdomme i børn 
og unge, såvel som hos voksne, kan disse 
sammenhænge ikke forklares med risiko-
faktorer, der forekommer i voksenlivet, men 
bunder muligvis i en fælles underliggende 
årsag, som f.eks. en øget skrøbelighed. En 
sådan skrøbelighed kunne ikke påvises ved 
fødslen, men har formentlig en genetisk 
komponent. Det er muligt, at individer med en 
øget genetisk disposition for rygsmerter, har en 
større risiko for at udvikle kroniske problemer  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

i voksenlivet. En sådan underliggende 
disposition, genetisk eller andet, ville kunne 
forklare det recidiverende foløb. Denne 
underliggende disposition kunne også 
repræsentere en generel skrøbelighed, som kan 
være en del af forklaringen på sammenhængen 
med andre sygdomme. Hvis en sådan høj-
risiko gruppe kan identificeres tidligt, vil en 
selektiv forebyggende indsats være mulig, først 
og fremmest for rygsmerter, men muligvis 
også for helbred i al almindelighed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



100 The natural cource of low back pain and early identification of high-risk populations 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Appendix 13.1. 
 

Questionnaire from The Ebeltoft Health Promotion Project 
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Appendix 13.2. 
 

Questionnaire from The 1994 Omnibus, The Danish Twin Register 
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