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Abstract
Introduction: With more than half of the population experiencing low back pain (LBP) before the
age of 20, research must focus on young populations. Lifestyle-factors might be important elements
of prevention, since they are modifiable in nature. Therefore, the objective of the present study is
to investigate the association between smoking, alcohol consumption and overweight in
adolescence and 1) present LBP (cross-sectionally) and 2) the risk of future LBP (longitudinally).

Methods: Data from 9,600 twins, aged 12–22, were analysed cross-sectionally with respect to
associations between the above-mentioned lifestyle-factors and LBP. Eight years later, a follow-up
survey (n = 6,554) was conducted and LBP at follow-up was correlated to the lifestyle-factors at
baseline. Finally, the associations found to be significant were tested in a twin-control study design.

Results: Our cross-sectional study demonstrated small, but statistically significant, positive
associations between all three investigated life-style factors and LBP. In the longitudinal study,
smoking at baseline showed a monotonic dose-response relationship with LBP at follow-up (OR up
to 4.0 for those smoking >20 cig./day). There was also evidence of temporality (smoking preceding
LBP). Adult LBP was negatively associated with adolescent alcohol consumption. We found no
evidence of a dose-response relationship or temporality. There were no associations detected
between adolescent overweight and adult LBP. In the twin-control study, the directions of
associations were the same, but none of these associations attained statistical significance.

Conclusion: Several of the Bradford Hill criteria for causality were fulfilled for smoking whereas
the crucial aspect of temporality was missing for alcohol consumption and overweight. The twin-
control study failed to confirm a statistically significant link between smoking and LBP.

Background
Typical of the Western World, musculo-skeletal disorders
in Denmark, of which LBP was the most common, com-
prised 50% of all work-related disorders in Denmark in
the year 2000. In 2002, it was the second-most common
reason for disability pension, being responsible for 22%

of all disability pensions [1]. This indicates that interven-
tions are currently – for the most part – introduced too
late and are not effective enough [2,3]. Obviously, early
intervention before the first onset of disease is the best
method of prevention, but this requires a much better
understanding of the nature of LBP than we have today.
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Etiology, origin of pain and natural course are important
issues which are still only poorly understood. With more
than half of the population experiencing LBP before the
age of 20 [4], it is clear that if primary prophylaxis or inter-
ventions at first onset are to become a reality, researchers
must focus on young populations.

The influence of various lifestyle-factors – such as smok-
ing, alcohol consumption and overweight – is interesting
from a public health perspective, because these are ame-
nable to change. They are important factors when trying to
comprehend the complex nature of LBP, and they might
also provide valuable information in the search of high-
risk populations. Previous studies of the link between LBP
and smoking, alcohol consumption and overweight have
been summed up in structured reviews [5-7]. They pro-
vide evidence of positive associations between LBP and all
of these lifestyle factors, but possible causal links have not
been established. When investigating this issue, it is
important to study different age groups separately because
the body responds to various stimuli in different ways
throughout life [8]. It is likely that young people, in the
phase of physical and mental development, are more sus-
ceptible to the influence of toxic substances, e.g. smoking
and alcohol consumption. Likewise, it seems plausible
that obesity during the growth phase will have a more det-
rimental anatomical and/or physiological impact than
when the body is fully developed. Therefore, it is impor-
tant to investigate the effect of these lifestyle factors in
young populations and not merely extrapolate results,
obtained in adult populations, to children and adoles-
cents. Also, longitudinal studies are warranted if causality
– rather than mere associations – is to be established.
Therefore, we have conducted a mixed cross-sectional and
longitudinal cohort study, based on a general, young pop-
ulation.

Objectives
The purposes of the present study are to investigate the
associations between smoking, alcohol consumption and
overweight in adolescence and 1) present LBP (cross-sec-
tionally) and 2) the risk of future LBP (longitudinally).

Methods
Study subjects
The Danish Twin Registry is one of the most comprehen-
sive population based twin registers in the world, span-
ning a period of more than 125 years. The twins of interest
for this study were born from 1972 to 1982. They were
identified through the Danish Civil Registration System
and represents 99% of twins born in that period. The
twins can be regarded as representative of the general pop-
ulation since they have previously been shown to have the
same mortality rate [9] and the same prevalence of various
diseases as the population at large, e.g. insulin dependent

diabetes [10], hand eczema [11], asthma and allergic rhin-
itis [12], and LBP [13]. Zygosity was determined by ques-
tions of similarity and mistaken identity, a method that
has been shown to have a misclassification rate of <5%
[14]. The database is described in detail elsewhere [15]. In
1994, a postal survey about general health, including past
and present LBP, was conducted on 34,076 twins (96% of
all), aged 12 to 41, who had previously agreed to partici-
pate in future studies. Only those born from 1972 to
1982, and thus aged 12 to 22 at baseline, were included in
this study. Similar questionnaires were sent to the same
population in 2002, when the participants in question
were 20–30 years of age.

Validation and reliability
The questions regarding LBP were modelled on the Nor-
dic Back Pain questionnaire [16], which has been previ-
ously validated [17]. The reliability of LBP-questions from
the 1994-survey has previously been considered to be sat-
isfactory through the identification of logical errors [18].
Similarly, analyses of validity were performed on the data
from the 2002-omnibus in a recent study, demonstrating
only 0.3% illogical answers [19].

Representativeness
Responders and non-responders at follow-up were com-
pared with regard to age, gender, predictor- and outcome-
variables at baseline.

Variables
All variables used in this study were self-reported.

Outcome
The outcome-variable of interest for this paper was the
number of days with LBP during the past year at baseline
in 1994 and at follow-up in 2002. The exact wording of
the question was: "How many days have you altogether
had trouble with the lower part of your back during the
past year?". This was accompanied by a drawing showing
the lower back to cover the area from the 12th ribs to the
gluteal folds. This variable was analysed as either persistent
LBP, defined as LBP for more than 30 days during the pre-
vious year, or as LBP at all, defined as LBP for at least one
day during the previous year. Both of these are used for
descriptive purposes. However, brief/transient episodes of
LBP are very common and rarely influence the profes-
sional or the social life of the patient to any large extent.
Persistent or recurrent LBP is a more interesting outcome
variable, both from a socio-economic perspective and
from the patients' perspective. Therefore, we chose persist-
ent LBP as the outcome variable in the regression analyses.

Predictors
The relevant questions in relation to predictors were
related to height, weight, smoking habits and alcohol con-
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sumption in 1994. The exact wording of these questions
is available from the authors.

These variables were obtained as continuous variables. To
estimate odds ratios and thus facilitate understanding of
the results, the variables were transformed into binary and
categorical variables. Smoking was defined as "yes/no" and
as categories from 0 to >20 cigarettes per day, with incre-
ments of 10. Alcohol consumption was defined as units per
day, where one unit is the equivalent of 12 grams pure
alcohol. Like smoking, this was analysed both as a binary
variable (yes/no) and as a categorical variable from <0.2
to > 1.0, with increments of 0.4 units. Body mass index
(BMI) was calculated as weight in kilos divided by height
in meters squared (kg/m2), and categorized into under-
weight, normal, overweight and obese. The cut point for
underweight was 17, which defines the lowest 10% per-
centile, cut point for overweight was 24 and for obesity it
was 29, which are average cut-point values for overweight
and obesity, respectively, in the age group (12–22), based
on internationally standardized cut-off points in relation
to age [20]. Furthermore, BMI was also treated as a dichot-
omous variable: overweight (>24), yes/no.

Statistical analyses
First, associations between the predictor variables (smok-
ing, alcohol consumption and BMI) as binary variables
and LBP were investigated individually in logistic regres-
sion analyses. Since LBP has often been shown to vary
with age and sex, these and the following analyses were all
adjusted for age and sex. The possibility of effect modifi-
cations/interactions between the predictor variables
(smoking, alcohol consumption and overweight) was
investigated by including the interaction-terms (multipli-
cative) in a multiple logistic regression analysis. The pre-
dictor variables demonstrating significant associations

with LBP were included in a multivariate logistic regres-
sion analysis, including the statistically significant interac-
tion-terms as well. This was done for LBP at baseline and
LBP at follow-up. In order to illustrate the existence of a
possible temporal relationship, this process was repeated
for LBP at follow-up, including only the group that was
symptom-free at baseline ('incidence cases').

Although the multivariate analyses adjust the estimates
for the influence of age, sex etc, this might cover differ-
ences within strata of the various variables, therefore the
estimates were explored with various stratifications: 1.
Sex: Stratification for sex was done to investigate the pos-
sibility of differences in susceptibility to those lifestyle-
factors between boys and girls. 2. BMI: Since the influence
of toxic substances could be associated with size (smaller
subjects are easier influenced due to higher concentra-
tions of toxins per kilo, or the opposite: obese persons
being more susceptible because of higher absorption-rates
in adipose tissue) the multivariate analyses were also strat-
ified for BMI-categories. 3. Age: Finally, analyses were
repeated stratified for age, due to the same rationale as for
BMI.

Next, the possibility of a dose-response relationship was
investigated through similar multivariate logistic regres-
sion analyses, this time using categorized predictor-varia-
bles. Again, all models were adjusted for age and sex.

Finally, a twin control study was conducted for each of the
predictor variables. This involves the isolation of monozy-
gotic twin pairs, discordant for LBP (i.e. only one in a pair
with this condition), which were analysed as in a matched
case-control study. The sample was too small for mean-
ingful analyses of persistent LBP in this study-design.
Therefore, LBP at all was used in this part of the study,

Table 1: Description of the sample – the baseline (1994) compared to follow-up (2002).

Baseline-sample Follow-up-sample

Responders, n (%) 9,609 (84%) 6,554 (57% of the original sample, 68% of the 
baseline sample)

Age at baseline, mean (range) 17.26 (11–22) 17.38 (11–22)
Female/male, n (%) 4,940 (51%) / 4,653 (49%) 3,676 (56%) / 2,867 (44%)
LBP at all 1994 (LBP > 0 days past year), n (%) 3,109 (33%) 2,246 (35%)
Persistent LBP 1994 (LBP > 30 days past year), 
n (%)

588 (6%) 401 (6%)

Number of days with LBP 1994, mean (SD) 10.49 (38.62) 10.83 (39.04)
LBP at all 2002 (LBP > 0 days past year), n (%) Not applicable 2,546 (39%)
Persistent LBP 2002 (LBP > 30 days past year), 
n (%)

Not applicable 636 (10%)

Number of days with LBP 2002, mean (SD) Not applicable 17.42 (53.94)
Smokers at baseline (ever smoked), n (%) 1,960 (21%) 1,250 (19%)
Alcohol-consumers at baseline (> 0.2 g alcohol/
day), n (%)

5,349 (66%) 3,818 (67%)

Overweight at baseline (BMI > 24), n (%) 963 (10%) 663 (10%)
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both for the isolation of discordant twin pairs and as out-
come variable. Since twins reared together can be assumed
to be equal in most ways regarding external factors, and
monozygotic twins furthermore have identical genes, this
provides a very convincing case-control design. Again,
odds ratios with 95% confidence intervals were calculated
for the various predictor variables in relation to LBP.

All analyses were done using Stata 8.0 statistical software
package. Robust inference, as provided by Stata's cluster
option, was used to account for dependence of the data
within twin pairs, and the significance level was set at 5%.

Results
Study sample and representativeness
The response rate at baseline was 84% (n = 9,608) and at
follow-up it was 68% (n = 6,554). The study sample is
described in Table 1 for both baseline and follow-up.
There was a higher proportion of females at follow-up
than in the baseline sample, otherwise there were no dif-
ferences detected between responders at baseline and
responders at follow-up. Table 2 shows the distribution of
age, sex and the predictor variables in relation to LBP. This
shows an increase in LBP-prevalence for the youngest age
group from baseline to follow-up, and higher prevalence
estimates for females than for males both at baseline and

follow-up. It also gives an indication of a possible dose-
response relationship between smoking and LBP as well
as BMI and LBP.

Single variable analyses
All three predictor variables had a statistically significant
association with at least one of the outcome variables.
Thus, all three variables were included in the multivariate
analyses. Smoking was positively associated with both
prevalent and future LBP, whereas alcohol consumption
was positively associated with present LBP and negatively
with future LBP. Overweight was associated with present
LBP only.

Interactions
There were no signs of interactions between the various
predictor variables. Thus, none of the interaction-terms
was included in the multivariate analyses. Data are not
presented but are available from the authors.

Multivariate analysis
As described above, all predictor-variables but no interac-
tion-terms were kept in the model. All three predictor var-
iables had a statistically significant positive association
with present LBP, but only smoking was positively associ-
ated with future LBP. There was a statistically significant

Table 2: Description of the sample – predictor-variables in relation to LBP.

Status 1994. 
Baseline/ 
follow-up.

LBP at all 
(LBP >0 days past year) 

1994

Persistent LBP 
(LBP >30 days past year). 

1994

LBP at all 
(LBP >0 days past year) 

2002

Persistent LBP 
(LBP >30 days past year). 

2002

Age 12–15 3,146 / 2,061 447 (14%) 58 (2%) 742 (36%) 197 (10%)
16–19 3,497 / 2,422 1,303 (37%) 232 (7%) 918 (38%) 213 (9%)
20–22 2,820 / 2,060 1,343 (48%) 298 (11%) 883 (43%) 226 (11%)

Sex Female 4,873 / 3,676 1,761 (36)% 366 (8%) 1,544 (42%) 424 (12%)
Male 4,590 / 2,867 1,332 (29%) 222 (5%) 999 (35%) 212 (7%)

Smoking 0 85% / 86% 2346 (30%) 385 (5%) 2,080 (37%) 490 (9%)
1–10 7% / 7 % 306 (46%) 69 (10%) 195 (44%) 57 (13%)
11–20 8% / 7% 365 (72%) 107 (15%) 217 (49%) 73 (17%)
>20 0% / 0% 33 (72%) 9 (30%) 13 (48%) 3 (11%)

Alcohol 
consumption

<0.2 56% / 54% 1084 (24%) 185 (4%) 1181 (38%) 322 (10%)

0.2–
0.6

23% / 24% 793 (43%) 157 (9%) 547 (40%) 130 (9%)

0.6–
1.0

11% / 11% 419 (46%) 81 (9%) 257 (39%) 55 (8%)

>1.0 10% / 10% 389 (48%) 84 (10%) 238 (42%) 54 (10%)

BMI <17 12% / 12% 163 (15%) 28 (3%) 262 (35%) 74 (10%)
18–24 78% / 78% 2,459 (34%) 455 (6%) 1,964 (39%) 479 (10%)
25–29 9% / 9% 376 (45%) 85 (10%) 242 (42%) 59 (10%)
>29 1% / 1% 58 (49%) 12 (10%) 42 (47%) 11 (12%)
Page 4 of 8
(page number not for citation purposes)



BMC Musculoskeletal Disorders 2006, 7:27 http://www.biomedcentral.com/1471-2474/7/27
negative association between alcohol consumption at
baseline and LBP at follow-up. No other associations were
detected. The analyses of incidence cases in 2002 gave
similar results to those from the whole sample. However,
the negative association between alcohol consumption in
1994 and LBP in 2002 lost its statistical significance. The
results of the multivariate analyses, using dichotomized
predictor variables, are shown in 3.

Stratifications
Sex
When stratified for sex, the estimated association between
present LBP and alcohol consumption was stronger in
boys than in girls (2.6 and 1.4, respectively) although the
difference did not attain statistical significance. On the
other hand, the association between overweight and
present LBP was statistically significant, though not large
(1.7) for girls, but non-significant for boys. As predictors,

neither alcohol consumption nor BMI, were found to be
significant, regardless of sex. The associations between
smoking and LBP were similar for boys and girls.

BMI
Stratifying for BMI revealed no trend with increasing BMI,
neither regarding associations between alcohol consump-
tion and LBP nor between smoking and LBP, at baseline.
However, at follow-up, odds ratios for LBP for smokers in
relation to non-smokers increased with increasing BMI
(1.5 / 1.6 / 2.6 / 11.3).

Age
The stratification for age revealed no differences in the
estimates between the groups for the influence of smoking
or BMI, and no trends were detected. However, the posi-
tive association between alcohol consumption and base-
line LBP was stronger for the youngest group (12–15

Table 3: Multivariate logistic regression analyses including age, sex and binary data of the three investigated predictor variables. Odds 
ratios with 95% confidence intervals for LBP. Statistically significant findings indicated in bold:

1994 LBP >30 days past year. n = 588 2002 LBP >30 days past year. n = 636 2002 LBP > 30 days past year in 
incidence cases* n = 314

Smoking
n = 1,960
Ref: non-smokers

1.77 (1.44–2.17) 1.69 (1.36–2.11) 1.88 (1.32–2.69) 

Alcohol consumption
n = 5,349
Ref: Non-drinkers

1.66 (1.20–2.31) 0.74 (0.58–0.94) 0.87 (0.61–1.23)

Overweight
n = 963
Ref: BMI<24

1.38 (1.06–1.79) 1.12 (0.84–1.49) 1.43 (0.90–1.01)

* No LBP in 1994.

Table 4: Dose-response analysis of LBP in relation the categorical predictor variables based on multivariate logistic regression 
including all variables (age, sex, smoking, alcohol consumption and BMI). Odds ratios with 95% confidence intervals for LBP. 
Statistically significant findings indicated in bold.

1994 LBP >30 days past year.
n = 588

2002 LBP >30 days past year.
n = 636

2002 OR for LBP > 30 days past year in 
incidence cases*.
n = 314

Smoking 0 cig./day 1.00 1.00 1.00
1–10 cig./day 1.38 (1.02–1.88) 1.60 (1.16–2.20) 1.76 (1.10–2.82)
11–20 cig./day 2.00 (1.53–2.63) 2.13 (1.57–2.88) 2.12 (1.30–3.46)
>20 cig./day 6.38 (2.66–15.35) 4.00 (1.11–14.48) -

Alcohol 
consumption

<0.2 units/day 1.00 1.00 1.00

0.2–0.6 units/day 1.29 (1.00–1.65) 0.76 (0.59–0.97) 0.82 (0.57–1.18)
0.6–1.0 units/day 1.41 (1.02–1.93) 0.71 (0.51–0.98) 0.82 (0.49–1.38)
> 1.0 units/day 1.58 (1.14–2.19) 0.85 (0.60–1.20) 1.25 (0.76–2.06)

BMI < 17 kg/m2 1.00 1.00 1.00
17–23.9 kg/m2 1.00 (0.62–1.59) 1.00 (0.73–1.38) 0.91 (0.65–1.29)
24–28.9 kg/m2 1.41 (0.82–2.43) 1.10 (0.72–1.69) 1.21 (0.70–2.09)
= 29 kg/m2 1.01 (0.41–2.49) 1.26 (0.61–2.61) 1.33 (0.45–3.94)

* No LBP in 1994.
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y.o.a.) than for the oldest group (20–22 y.o.a.) although
this was not statistically significant (odds ratio of 2.0
(1.0–4.1) for the youngest compared to 1.2 (0.8–1.9) for
the oldest).

Dose-response analysis
The dose-response analyses showed patterns of a monot-
onic dose-response for the cross-sectional associations for
smoking and alcohol consumption but not for BMI. This
is most evident for the associations for smoking. There
was clear evidence of a monotonic increase in the risk of
future LBP with increasing amount of cigarettes and also
indications of a dose-response relationship between ado-
lescent BMI and adult LBP. There were no signs of dose-
response relationships between alcohol consumption and
future LBP. Analyses of those without LBP at baseline
('incidence cases') gave similar results. The results relating
to persistent LBP are shown in Table 4.

Twin-control study
There were a total of 413 monozygotic twin pairs of which
one had LBP at all during 1994 and the other did not.
There was a statistically significant difference in the gen-
der-distribution compared to the whole sample (56%
(53–59) females in the MZ-sample and 51% (50–52) in
the full cohort). Furthermore, the prevalence rates of
smokers, alcohol consumers and overweight subjects were
slightly higher than in the cohort at large. However, none
of these differences were statistically significant. The
results of the cross-sectional twin control study are shown
in 5. This shows the odds ratio of being a smoker, an alco-
hol consumer or overweight for the twin with LBP at all
compared to the LBP-free twin.

Result of the longitudinal twin control study is shown in
6. This shows the odds ratio of being a smoker, an alcohol

consumer or overweight at baseline for the twin with LBP
at all at follow-up compared to the LBP-free twin.

Due to the reduction of the sample to include only
monozygotic twins, discordant for LBP at all, there was
insufficient power to demonstrate significance of associa-
tions as weak as those in question. However, the pattern
is the same as seen in the main analyses: all three lifestyle
factors are positively associated with LBP in adolescence,
whereas the association with adult LBP is positive for
smoking, negative for alcohol consumption and close to
none for overweight.

Discussion
We found evidence of positive associations between the
three lifestyle factors studied and persistent LBP in the
cross-sectional part of the study. In the prospective part of
the study, we found that persistent LBP was positively
associated with smoking, negatively associated with alco-
hol consumption, and had no association with BMI. Fur-
thermore, there was evidence of a causal link between
smoking and persistent LBP, but not between alcohol or
overweight and persistent LBP. Since the 'protective effect'
of alcohol consumption does not show any signs of a
causal relationship, this might be a proxy for some under-
lying psychological or social background variable result-
ing in a lower prevalence of LBP.

Our study was based on a large, young cohort. The young
age of the subjects made it possible to study the influence
of lifestyle factors at a time when the impact of work-
related factors must be considered to be very limited. This
was an important strength of our study, since job function
and lifestyle factors often are associated, e.g. people in
physically demanding jobs also tend to smoke more. This
often complicates the interpretation of findings of previ-
ous studies. Another major strength of the cohort is that

Table 5: Twin-control study. Odds ratios for the twin with LBP in 1994 of being exposed to the investigated risk factor in that same 
year. Based on monozygotic twin pairs, discordant for LBP at all in 1994 (413 pairs).

The twin without LBP in 1994 The twin with LBP in 1994

Smoking at baseline OR (95%CI) 1.00 1.26 (0.70–2.28)
Alcohol consumption at baseline OR (95%CI) 1.00 1.79 (0.89–3.72)
Overweight at baseline OR (95%CI) 1.00 1.75 (0.82–3.90)

Table 6: Twin-control study. Odds ratios for the twin with LBP in 2002 of having been exposed to the investigated risk factor in 1994. 
Based on monozygotic twin pairs, discordant for LBP at all in 2002 (334 pairs).

The twin without LBP in 2002 The twin with LBP in 2002

Smoking at baseline OR (95%CI) 1.00 1.50 (0.73–3.19)
Alcohol consumption at baseline OR (95%CI) 1.00 0.58 (0.19–1.61)
Overweight at baseline OR (95%CI) 1.00 0.89 (0.30–2.60)

* No LBP in 1994.
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they are twins. This provides an opportunity to perform a
twin-control study which is very powerful to control for
various confounding factors, including genetics.

All variables in this study were self-reported which gives a
possibility for underreporting of the investigated lifestyle
factors. However, this did probably not alter our conclu-
sions, since such underreporting is more likely to weaken
than to strengthen the estimated associations. Psycho-
social factors are important aspects, which this study did
not address. We did not have the opportunity to study
such factors, but have no doubt as to their importance for
the complicated relationship between lifestyle factors and
health. We will investigate this issue further in future stud-
ies. Physical activity, during leisure as well as at work, is
another important lifestyle factor that had to be ignored
in this study due to lack of information. This issue has,
however, been studied to a large extent and results of pre-
vious reports should be considered to obtain a full pic-
ture.

Obviously, in order to study a causal link, there should be
a plausible explanation. In the cases of smoking, alcohol
consumption and overweight, we believe that such expla-
nations exist. Reduced oxygenation (smoking), increased
risk of injuries (alcohol consumption), and excessive wear
and tear (obesity) are some plausible physiological expla-
nations. However, according to Bradford Hill, there are
also several other criteria that should be fulfilled before it
would be possible to assume causality [21]. Our study was
based on some of these.

The first criterion is that the association between the pre-
sumed cause and the outcome should be strong. Although
we did find cross-sectional statistically significant associa-
tions between persistent LBP and smoking, alcohol con-
sumption and BMI in a cohort of 9.600 12 to 22 year old
Danes, none of these was strong (odds ratios from 1.3 to
1.9). We believed that a possible causal link between these
life-style factors and LBP would emerge more clearly in
this young study population, as there might be less com-
petition from other causal factors such as the effects from
ageing and occupational wear and tear than in adults.
However, the strengths of associations in this population
were not appreciably stronger than those reported in stud-
ies of adult populations [5-7] and they were similar to
those of most other large studies (>5,000) on youngsters
of the same age with regard to smoking [22-24] (The study
by Kovacs et al being the exception, finding no association
between smoking and LBP [25]). With regard to alcohol
consumption and BMI, our results differ from those of
others, who did not find any positive associations in
young populations [23-25].

The second criterion is that a positive gradient, linking
increased exposure to either a more severe disease or a
higher prevalence, strengthens the indication for a causal
link. In our study, most of the dose-response analyses did
show a positive gradient, albeit generally weak for BMI
and alcohol consumption. However, the odds ratios were
now revealed as much stronger in the group of heavy
smokers (odds ratios as high as 6.4). We know of only one
study of children/adolescents in which the dose-response
was reported, and they too found a positive gradient [23].
It is not known if others had the possibility to do these
analyses, but failed to report their findings because they
were negative.

The third criterion is that the exposure must precede the
disorder. Eight years later, this was the case for smoking
and LBP at all (odds ratio 1.4) and for smoking and per-
sistent LBP (odds ratio 1.9). No such findings were noted
for BMI or alcohol consumption, which seems to preclude
a causal link for these two factors. We are aware of four
studies from the last decade in which the aspect of tempo-
rality was reported, two of smoking [22,26] and two of
BMI [27,28] and they all found LBP to follow exposure to
the risk variables. In our study, the definition of an 'inci-
dence' case was a person who reported no LBP the year
prior to baseline. With a recall period of one year rather
than total lifetime, this also included persons with LBP
previous to the recall period. However, since long-term
recall must be considered unreliable [19], better measures
are not realistic.

The fourth criterion to consider is that positive findings
should be consistent, which was the case in our study for
smoking in that it was present in all of our analyses in
relation to associations, dose-response and temporality.
This was not the case for BMI and alcohol consumption.

The fifth criterion, that of reversibility, could not really be
investigated in our study. The study subjects were not old
enough to have smoked, overeaten and consumed alco-
hol for sufficiently long time to develop LBP and then to
reverse their habit(s).

In addition, in our study we had the possibility to see how
common the various potential risk factors were in geneti-
cally identical individuals who differed in relation to LBP.
In other words, the prevalence rates of smoking, alcohol
consumption and overweight at base-line were investi-
gated in the 413 monozygotic twin pairs who were dis-
cordant on LBP at the same time. No significant
associations were found, meaning that there is no obvious
link between these life-style factors and LBP in genetically
identical twins who lead very similar lives. This was also
the case when looking at LBP at follow-up in relation to
the life-style factors at base-line. There could be several
Page 7 of 8
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reasons for this. Besides the most obvious explanation
that the associations found in the main study are not real,
but instead reflects some unknown confounders, the most
plausible explanation is 'over-matching'. For example, the
co-twin to a non-smoking twin is more likely to be a 'light'
than a 'heavy' smoker, and thus the difference in lifestyle
might be too small to demonstrate a significant effect on
health. Finally, it must be kept in mind that the outcome
variable in the twin-control study (LBP at all) was weaker
than in the main study (persistent LBP). In short, statisti-
cally significant results of the twin-control study could
have confirmed the associations found in the main study.
On the other hand, non-significant results do not neces-
sarily contradict the results from the main study.

Studies of more specific subgroups of LBP are warranted,
in order to scrutinize the issue of smoking and LBP in the
young further. Also, it would be relevant to search for a
confounding factor that follows closely, not only smoking
but also the amount of smoking, which may be one
underlying – but as yet unknown – cause of LBP.

Conclusion
In conclusion, several of the Bradford Hill criteria for cau-
sality were fulfilled for smoking but the crucial aspect of
temporality was missing for BMI and alcohol consump-
tion. The twin control study failed to confirm a statisti-
cally significant link between smoking and LBP.
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