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Abstract
Introduction: Low back pain (LBP) is a common global health problem and it causes more disability worldwide than any other disease. Despite this, knowledge 
concerning causes, prevention and effective treatments is lacking. It is a general assumption that LBP is associated with reduced physical capacity, but only few studies 
have examined this association. 

Objective: To examine the association between fitness and pain intensity in LBP-patients. Further to examine the association between clinically relevant improved 
fitness and clinically relevant reduced pain intensity at follow-up based on the patients’ baseline fitness levels. The hypothesis being that the association is most 
substantial for patients with poor baseline fitness levels at inclusion. 

Methods: Cohort study with three months’ follow-up based on data from a previous RCT study. The study population consisted of 176 patients with LBP and 
complete 3 months’ follow-up on fitness and pain. Clinically relevant improved fitness was defined as improved fitness ≥ 10% from baseline to follow-up. Clinically 
relevant change in pain intensity was defined as a reduction ≥ 30% on the Numerical Rating Scale. The association was examined by Spearman correlation and logistic 
regression and presented by OR (95 CI). 

Results: No correlation between fitness and pain intensity at baseline was found. Also, no association between clinically relevant improved fitness and clinically 
relevant reduced pain intensity based on the patients’ baseline fitness levels was detected.

Conclusions: The study examined the association between fitness and pain intensity in LBP-patients and no association between changes in fitness and pain intensity 
during the 3 months’ follow-up was seen. The study contributes with evidence based on clinically relevant changes in fitness and pain intensity.
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Introduction 
Low back pain (LBP) is a common global health problem causing 

more disability worldwide than any other disease and is one of the 
leading causes to absenteeism [1]. In-spite of high prevalence and the 
costs associated hereby there is a lack of knowledge concerning causes, 
prevention and effective treatments [2,3]. There is no explicit consensus 
regarding treatment of LBP and the concepts of interventions vary 
from very simple to extensive multidisciplinary biopsychosocial 
rehabilitation programs. 

A review from 2014 provided moderate to low quality evidence that 
multidisciplinary biopsychosocial rehabilitation is more effective than 
usual care or physical treatment in terms of pain, disability and work 
status [4]. The comparison between multidisciplinary biopsychosocial 
rehabilitation and physical treatment is complicated as there is a lack 
of evidence of the effects of physical treatment and the quality of 
existing evidence is low [4]. To enhance the quality, it is recommended 
to investigate the effectiveness of different types of physical treatment 
[5,6].

It is a general assumption that LBP is associated with reduced 
physical capacity and fitness or maximum oxygen uptake (VO2 max) is 
often used as an approximation for physical capacity. This assumption 
has been examined with varying results [7-13]. 

Few studies have examined the association between fitness and 

LBP with divergent results [7,9,11,12]. One study found an association 
between improved fitness and reduced pain [9] but other studies have 
not been able to detect this association [7,11-14]. 

As the association between fitness and pain intensity remains 
unclear further studies are required. The intention of the current study 
is to provide evidence on the association between fitness, as one aspect 
of physical capacity, and the intensity of pain.

The aim of the study was to examine the association between 
fitness and pain intensity in patients with LBP. Further to examine the 
association between clinically relevant improved fitness and clinically 
relevant reduced pain intensity during follow-up based on the patients’ 
baseline fitness levels. The hypothesis being that the association would 
be most substantial for patients with poor baseline fitness levels at 
inclusion. 
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Methods
Design

The study was a cohort study with three months’ follow-up based 
on available data from a previously RCT study [15].

The aim of the original RCT study was to assess if counseling by 
an occupational physician addressing experienced workplace barriers 
and physical activity integrated as a part of LBP outpatient treatment 
influenced pain, function and sick leave. At baseline and follow-up, the 
patients completed different physical tests and filled out questionnaires 
including pain scores. Neither the control nor the intervention group 
received interventions aimed at improving their fitness, but all the 
patients received brief instructions in exercises. The intervention group 
also received counseling sessions including goals for physical activities 
generally consisting of 3×45 min a week of moderate intensity. 

The inclusion criteria in the original RCT study were; patients 
aged 17-63 with paid work employment and expressed concerns 
about their ability to maintain job independently of sick leave status. 
Exclusion criteria were; patients referred to surgery, pregnancy or 
severe comorbidity.

In the original RCT study 300 patients were allocated to the 
intervention (n=150) or control group (n=150). The study population 
for the present study included 176 patients with complete follow-up on 
fitness and pain intensity (Figure 1).

Fitness

Fitness was calculated as ml/oxygen/min/kg estimated using 
Aastrands cycle test [16]. Aastrands cycle test is a submaximal test 
and the maximum oxygen uptake was estimated from approximately 
10 minutes of cycling. As weight is incorporated in fitness, VO2 max 
is consequently presented in the analysis in addition to fitness to 
demonstrate if changes in fitness are a result of changes in weight.

To incorporate the patients baseline fitness levels, the patients were 
grouped into four fitness categories very low, low, medium and high/

very high based on their baseline fitness, gender and age [17]. 

Clinically relevant improved fitness was defined as an improvement 
from baseline to follow-up on 10% or more. No literature was 
found to determine the threshold, and 10% was based on clinical 
reasoning. A 10% improvement in fitness was considered perceptible 
for the individual patient. Within each fitness category the group 
with improved fitness of ≥ 10% was compared to the group with an 
improvement <10%. 

Pain

Pain intensity was assessed using the Numerical Rating Scale 
(NRS). NRS is a numerical scale with 11 points reflecting the patients 
experienced pain intensity. The pain intensity is scored from 0; no pain 
to 10; worst pain imaginable, and the pain score represent the patients 
mean pain intensity during the last 3 months. Clinically relevant 
reduced pain intensity was defined as a reduction from baseline to 
follow-up on 30% or more based on practical guidance regarding the 
minimal important change on frequently used measures of pain and 
functional status for LBP developed by Ostelo et al. [14].

Statistical analysis

The statistical analysis was conducted in STATA 14.1 (StataCorp 
LP, Texas, USA). 

Baseline characteristics of the study population and the group 
who was lost to follow-up was compared using the Mann-Whitney 
rank-sum test. Spearman correlation evaluated the strength of the 
association between baseline fitness and pain. 

A boxplot visualized pain intensity at baseline and follow-up in 
the four fitness categories. The Kruskal-Wallis test was used to analyze 
differences between the four fitness groups at baseline as well as changes 
after 3 months in fitness, VO2 max and pain intensity. The association 
between clinically relevant improved fitness and reduced pain intensity 
was analyzed in the four fitness categories by logistic regression and 
presented as odds ratio (OR) and 95% confidence interval (95 CI). 

Results
Table 1 presents the baseline characteristics of the included study 

population (n=176) and the group who was lost to follow-up (n=87, 
49%). There were no significant differences between the groups in the 
measured variables. 

Spearman correlation between absolute values of baseline pain 
intensity and fitness was -0,13 (p=0.09), meaning no correlation 
between baseline values of fitness and pain was detected. 

The patients were grouped into four fitness categories to examine 

Figure 1. Flowchart of the selection of the study population.

  Study population Lost to follow-up p*

N 176 87  
Gender female/male (%) 55/45 55/45 0.98†

Age 46 [37;53] 45 [37;53] 0.85
BMI 25,5 [23.3;29.0] 26.0 [23.0;30.0] 0.49
Fitness 30.0 [23.9;34.9] 28.4 [23.4;35.5] 0.87
VO2 max 2.2 [1.8;2.9] 2.3 [1.9;2.7] 0.5
NRS (0-10) 6.7 [4.4;7.8] 7.8 [5.6;8.9] 0.24

Values are median [IQR] unless stated otherwise 
*Tested using the Mann-Whitney rank-sum test 
†Tested using Pearson’s chi-squared

Table 1. Baseline characteristics of the study population compared to the group who was 
lost to follow up.
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the association for the patients with poorest baseline fitness levels. 
Figure 2 shows pain scores at baseline and follow-up in the four fitness 
groups. 

Table 2 presents baseline characteristics and the patients’ changes 
in fitness, VO2 max and pain scores in the four fitness categories. The 
group with very low fitness at baseline had the highest baseline pain 
score and naturally the lowest fitness score. Compared to the other 
fitness groups the very low group had the highest proportion of patients 
achieving an improvement in fitness and reduction in pain intensity 
during the three months. 

Incorporating thresholds for clinically relevant changes in fitness 
(10%) and pain intensity (30%) showed no significant association 
between improved fitness and reduced pain in either of the four fitness 
categories (Table 3).

Discussion
The present study assessed the association between fitness and pain 

intensity in patients with LBP. No correlation between baseline fitness 
and pain scores was detected. The group of patients with the poorest 
baseline fitness levels also reported the highest baseline pain intensity, 
but no association between clinically relevant improved fitness and 
reduced pain intensity could be demonstrated. 

The strength of the study was the relatively large study population 
(n=176). In addition, the risk of assessment bias was considered 
minimal as changes in fitness was estimated using an objective 
measurement where judgment from neither the assessor nor the 
patient was of importance. Pain intensity was assessed using the NRS 
which is considered a valid and reliable instrument to measure pain 
intensity in patients with LBP [14]. 

A limitation of this study was the large group of patients who were 
lost to follow-up, but as the groups had similar baseline characteristics, 
the risk of bias due to the dropout is considered minimal, and the 
dropout has probably not had major influence on the result. 

Fitness was estimated using Aastrands cycle test. As the test is 
submaximal there was a risk of misclassification of the exact fitness. 
The test is reliable in assessing changes in fitness in LBP patients [18], 
and the risk of misclassification of changes in fitness was considered 
small. It is however unknown to which degree a 10% improvement 
in fitness is influenced by measurement bias. This could potentially 
influence the result towards no association. An analysis incorporating 
an alternative cut off for fitness at 20% was performed, but this did not 
alter the results. By incorporating the alternative cut off at 20% the risk 
of the improvement being the result of measurement bias and not a 
clinically relevant improvement was reduced. 

The result of this study is consistent with the results presented in 
three other cross-sectional studies were no correlation between fitness 
and pain was detected [7,11,12]. The studies were of low quality and 
the results must be interpreted with caution. The association between 
changes in fitness and changes in pain has been examined in two other 
studies. The study by Chan et al. found no association [13], but the 
quality of the study was limited because of deficient blinding and a 
small study population (n=46). A study by van der Velde et al. found 
an association between improved fitness and reduced pain [9], but the 
results were limited as the study population consisted of patients not 
responding to conventional therapy and the risk of bias due to a high 
dropout rate. 

A recent published meta-analysis by Meng et al. stated that based 
on the current literature patients with LBP may benefit from aerobic 
exercise, as their pain scores had markedly been reduced with a 
standardized mean difference (SMD) of 0.75 (95 CI: 0.48;1.02). The 
meta-analysis however also showed that aerobic exercise had no effect 
on maximum oxygen consumption [19]. Fitness as an approximation 
of physical capacity may be an insufficient description, since the degree 
of physical capacity may change, without necessarily reflecting change 

Figure 2. Pain scores (NRS 0-10) presented as median, IQR and range at baseline and 
follow-up in the four baseline fitness categories.

  Very low Low Medium High/very 
high

p†

n 63 60 39 14  
Male (%) 62 32 38 43 <0.01‡

Age 48 [41;56] 46.5 [37;51] 45 [40;53] 37 [29;50] 0.06
Baseline 
Fitness 21 

[18.7;25.4]
29.9 
[27.7;32.4]

35.7 
[32.4;38.6]

44.4 
[42.6;48.4]

<0.01

VO2max 1.9 
[1.4;2.2]

2.2 [1.9;2.7] 2.5 [2.1;3.2] 3.1 [2.8;3.7] <0.01

Pain 7.8 
[4.4;8.9]

6.7 [4.4;7.8] 6.7 [3.3;7.8] 3.9 [2.2;6.7] 0.02

Changes          
Fitness 2.4 

[0.3;5.4]
1.4 [-1.2;3.7] 2.9 [-0,5;6.1] -1,5 

[-5.6;1.6]
0.02

Improvement 10% 
(n, %)

33 (52) 19 (32) 16 (41) 1 (7) <0.01‡

VO2max 0.2 
[0.0;0.5]

0.1 [-0.1;0.3] 0.3 [-0.0;0.4] -0.2 
[-0.6;0.1]

<0.01

Pain -1.1 
[-4.4;0]

-2.2 [-4.4;0] -2.2 [-5.5;0] 2.8 [-4.4;2.2] 0.67

Reduction 30% 
(n, %)

29 (46) 20 (33) 9 (23) 4 (29) 0.11‡

Values are median [IQR] unless stated otherwise
*Changes after 3 months measured as follow-up-baseline
†Tested using the Kruskal-Wallis equality-of-populations rank test
‡Tested using Pearson’s chi-squared

Table 2. Included patients baseline characteristics and changes in fitness, VO2 max and pain 
intensity presented in the four fitness categories.

Fitness categories OR 95% CI p
Very low (n=63) 0.74 (0.27;2.00) 0.55
Low (n=60) 0.88 (0.29;2.67) 0.82
Medium (n=39) 1.28 (0.35:4.73) 0.71

The group High/very high could not be analyzed due to inadequate observations (n=13)

Table 3. Association between clinically relevant improved fitness and clinically relevant 
reduced pain.
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in fitness. In addition, physical capacity also depends on e.g. muscle 
strength, endurance and motivation, and it should be considered 
whether physical fitness is the best approximation for physical capacity.

The present study incorporates clinically relevant thresholds based 
on the conclusion that statistical significance does not necessarily mean 
clinical importance for the patients [20]. To our knowledge no other 
studies have examined the association incorporating clinically relevant 
thresholds. In future studies, it could also be taken into consideration if 
the clinically relevant changes in pain intensity are pertinent regardless 
of the patients’ pain score at baseline. 

The high baseline pain intensity among the group of patients with 
the poorest fitness levels indicates that further research into the possible 
association between changes in fitness and changes in pain intensity 
is needed. However, a possible causal association may be difficult to 
establish and may only partially be explained by changes in fitness or 
physical activity, as changes in pain intensity is influenced by multiple 
factors. In addition, further research is needed to establish an evidence-
based threshold of clinically relevant improved fitness. 

Conclusion
In this study, we examined the association between fitness and pain 

intensity. No correlation between baseline fitness and pain intensity 
was detected and no association between changes in fitness and pain 
intensity during a three-month period was found. The clinically 
relevant thresholds in this study provide an important link between 
science and clinical practice. Although no association was detected, 
the use of clinically relevant thresholds in research is likely to be of 
great interest to researchers as well as clinicians. No other studies 
have examined the association based on clinically relevant thresholds. 
The result implies no association between changes in fitness and pain 
intensity, but based on current evidence, it is not possible to conclude 
whether an improvement in fitness has an impact on pain intensity.
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