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Background: Both adult spinal deformity (ASD) and obesity are growing concerns internationally. This 
study therefore aims to determine the effect of increasing body mass index (BMI) on the pain and function of 
patients with ASD.
Methods: A retrospective review of prospectively collected data from a multicentre European database was 
undertaken. Initially a univariate analysis was performed on the effect of BMI on the initial presentation of 
functional scores in patients with ASD. The functional scores included the Numerical Rating Scale (NRS) back 
and leg score, Core Outcome Measures Index (COMI) back score, SRS22 total score, Short Form 36 (SF-36) 
[general health, physical component score (PCS) and mental component score (MCS)] and Oswestry Disability 
Index (ODI) score (including all domains). Subsequently a multivariate analysis controlling for age, sex, 
comorbidities, employment status, smoking status and radiological parameters [coronal cobb, coronal balance, 
sagittal balance, global tilt, and pelvic incidence minus lumbar lordosis (PI − LL) mismatch] was performed. 
Results: A total of 1,004 patients were included in this study (166 male, 838 female). On univariate analysis 
a statistically significant (P<0.05) moderate correlation between NRS leg pain, ODI (walking, standing, 
sex life, social life and total score), SF-36 (physical component), sagittal balance, global tilt and age were 
recognised (P<0.05). A statistically significant low correlation was identified for all other outcomes, except 
coronal balance (P=0.640). On multivariate analysis BMI remained significantly related to all functional 
outcomes except ODI-pain and ODI-travelling (P>0.05).
Conclusions: Increasing BMI has a significant adverse effect on the pain and functioning of patients with 
ASD. Clinicians should recognise this association and treat patients accordingly.
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Introduction

Adult spinal deformity (ASD) is a condition of variable 
causes resulting in spinal malalignment in the frontal and/
or sagittal plane. ASD is estimated to affect up to 30% 
of people aged over 50 years and 68% of those aged over 
70 years (1). Despite this high rate, many patients may 
have little to no symptoms, but others can be severely 
symptomatic and debilitated (2). To date, a complete 
understanding of which factors influence patient symptoms 
remains unclear. 

It is well recognised that sagittal balance directly affects 
functional outcomes in patients with ASD (3,4). But it 
is also known that many factors influence back pain and 
function in the general population, including geographic, 
psychosocial factors, physical and genetic factors (5-9). Yet 
the effect of these factors in ASD remain unclear. Of note, 
despite the rates of obesity increasing internationally, the 
effect of body mass index (BMI) on the pain and function of 
patients with ASD remains unknown (10,11). To date there 
is no literature examining the effect of BMI in this patient 
group, yet the authors of this study believe that BMI is a 
modifiable factor that may influence the pain, function and 
quality of life of patients affected by ASD.

Large data analytics on prospective patient cohorts 
allows us to develop a greater understanding of the factors 
involved in pain and functional outcomes of these patients. 
Thus, the purpose of this study was to examine a large 
multicentre European database to determine whether 
BMI has an independent effect on the pain and function of 
patients with ASD.

Methods

Study design

We performed a retrospective review of the prospectively 
collected data on patients presenting to six spine centres 
included in a multicentre European database from inception 
to 1 November 2018. Institutional review board approval 
was obtained at each site for patient enrolment and data 
collection. Inclusion criteria were patients with degenerative 
or idiopathic ASD presenting with at least one criterion: 
coronal Cobb ≥20°; sagittal vertical axis (SVA) ≥5 cm;  
thoracic kyphosis (TK) ≥60° or pelvic tilt (PT) ≥25°. 
Exclusion criteria were: patients under the age of 18 years 
or any prior spinal surgery. As this was a review of their 
initial presentation, pain and functional scores, no minimum 
follow-up was incorporated.

Patients were classified according to their BMI at 
presentation. Baseline demographics of age, sex, associated 
comorbidities, employment status and smoking status 
were recorded. Associated comorbidities included any 
other medical or surgical problem and patients were 
grouped into either having or not having comorbidities. 
Employment status was defined as either unemployed 
or other. Unemployed included all patients who were 
unemployed or permanently retired due to spinal pathology. 
Others included students, part or full time employed and 
the elderly who retired for other reasons. Smoking status 
was defined as either current, ex-smoker (if quit over a year 
prior) or never smoked. 

The radiological parameters of major coronal cobb, 
coronal balance (C7 plumb line to central sacral vertical 
line), SVA, global tilt, and pelvic incidence minus lumbar 
lordosis (PI − LL) mismatch were also documented. 

The patients’ initial Numerical Rating Scale (NRS) back 
and leg scores, Core Outcome Measures Index (COMI) 
back score, SRS22 total score, Short Form 36 (SF-36) 
[general health, physical component score (PCS) and mental 
component score (MCS)] score and Oswestry Disability 
Index (ODI) scores (including all domains) were recorded. 

Statistical analysis

The BMI is analysed as a continuous measure with the mean 
and standard deviation provided for patient gender, whether 
patients had associated comorbidities, employment status 
and smoking status (12). The associations between these 
features and BMI were statistically tested using independent 
t-tests. Subsequently, Pearson’s correlation coefficients 
were used to describe the relationships between BMI and 
the pain and functional scores. Then, a multivariate linear 
regression analysis with patients’ baseline demographics 
(age, gender, comorbidities, smoking status and occupation) 
and radiological parameters (major coronal cobb, coronal 
balance, SVA, global tilt, and PI − LL mismatch) entered 
as covariates, was performed to determine the independent 
associations of BMI with the pain and functional outcomes.

A P value of less than 0.05 was considered significant.

Results

As of 1 November 2018, 2,523 adult patients were enrolled 
in the ESSG database. Of these 1,004 patients met our 
inclusion and exclusion criteria (166 male, 838 female). 
Figure 1 shows the BMI distribution for all patients, 
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while Table 1 displays the BMI variance for the baseline 
demographics.

On univariate analysis (Table 2) statistically significant 
(P<0.05) weak to moderate correlations were identified 
between BMI and patient age, and all pain and functional 
outcomes with the exception of coronal balance (P=0.64).

On multivariate analysis (Table 3) BMI remained 
significantly (P<0.05) related to all functional outcomes 
except ODI pain (P=0.299) and travelling (P=0.104).

Discussion

This study is, to our knowledge, the first to assess the 
effect of increasing BMI on the pain and function of 
patients presenting with ASD. This study reveals a clear 
correlation between increasing BMI and the patients’ pain 
and functional capacity, even when accounting for patient 
age, gender, occupational status, smoking status and the 
radiographic parameters known to relate to functional 
outcomes.

Multiple previous studies have assessed the effect of BMI 
on low back pain and recognised a relationship between 
increasing BMI and the prevalence of low back pain (13,14). 
However, the degree of pain and functional limitation in 
these patients is not known. Furthermore, in patients with 
ASD the degree of pain and functional limitation is known 
to be directly related to sagittal balance and is also likely 
affected by age, gender, medical comorbidities, psychosocial 
factors (such as smoking and occupational status) and other 
spinal alignment parameters (such as coronal cobb and 
global tilt) (3,4). Thus, to understand whether BMI has an 
independent effect on the pain and function of patients with 
ASD we performed a multivariate analysis accounting for 
these variables. 

Our results show that increasing BMI is associated with 

Figure 1 BMI distribution of all patients included in this study. BMI, body mass index.
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Table 1 BMI results for the baseline demographic of the cohort

Baseline 
demographic

BMI, kg/m2

P value
Mean Standard deviation

Gender 0.010

Female 24.0 4.7

Male 25.0 3.9

Comorbidities <0.001

No 25.0 4.6

Yes 22.3 3.8

Smoking status 0.001

Current 23.1 3.8

Ex-smoker 24.9 4.6

Non-smoker 24.3 4.7

Occupation 0.850

Unemployed 24.1 4.6

Other 24.2 4.5

BMI, body mass index. 
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poorer function in all ODI domains, except ODI pain and 
travelling. The reason why the ODI pain score failed to 
reach statistical significance, yet the NRS back and leg pain 

score did is uncertain. However, it is known that different 
scores may give varied results which may be the reason for 
this outcome. In particular, ODI pain is a composite of all 
pain (back and leg), in contrast to the NRS score that splits 
back and leg pain. The use of a combined back and leg score 
has been shown to have a higher correlation with health-
related quality of life scores than individual scores (15).  
The reason why BMI is not associated with a poorer ODI 

Table 2 Univariate analysis illustrating the correlation between the 
included variables 

Variables Pearson correlation P value

Age 0.469 0.000

NRS

Back pain 0.201 0.000

Leg pain 0.315 0.000

COMI back score 0.270 0.000

ODI

Pain intensity 0.253 0.000

Personal care 0.205 0.000

Lifting 0.292 0.000

Walking 0.392 0.000

Sitting 0.107 0.001

Standing 0.362 0.000

Sleeping 0.189 0.000

Sex life 0.319 0.000

Social life 0.323 0.000

Travelling 0.219 0.000

Score (%) 0.377 0.000

SRS22—SRS total score −0.283 0.000

SF-36

General health −0.113 0.000

PCS −0.313 0.000

MCS −0.084 0.010

Radiographic parameters

Major curve Cobb angle −0.172 0.000

Coronal balance 0.016 0.640

Sagittal balance 0.358 0.000

Global tilt 0.352 0.000

PI − LL 0.251 0.000

NRS, Numerical Rating Scale; COMI, Core Outcome Measures 
Index; ODI, Oswestry Disability Index; SRS22, Scoliosis Research 
Society Outcomes Questionnaire 22; SF-36, Short Form 36; PCS, 
physical component score; MCS, mental component score; PI − 
LL, pelvic incidence minus lumbar lordosis.

Table 3 Multivariate analysis including age, gender, comorbidities, 
smoking status, occupation, radiological parameters (major coronal 
cobb, coronal balance, SVA, global tilt, and PI − LL mismatch) 
as covariates describing the effect of increasing BMI on pain and 
functional scores

Score P value

NRS

Back pain 0.010

Leg pain 0.000

COMI back score 0.003

ODI

Pain intensity 0.299

Personal care 0.028

Lifting 0.002

Walking 0.000

Sitting 0.003

Standing 0.000

Sleeping 0.002

Sex life 0.006

Social life 0.000

Travelling 0.104

Score (%) 0.000

SRS22—SRS total score 0.000

SF-36 

General health 0.036

PCS 0.006

MCS 0.011

SVA, sagittal vertical axis; PI − LL, pelvic incidence minus 
lumbar lordosis; NRS, Numerical Rating Scale; COMI, Core 
Outcome Measures Index; ODI, Oswestry Disability Index; 
SRS22, Scoliosis Research Society Outcomes Questionnaire 22; 
SF-36, Short Form 36; PCS, physical component score; MCS, 
mental component score.
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travelling score is also unclear.
Our results also show that the correlation between BMI 

and the patients’ pain and function is statistically weak 
to moderate. However, it must be recognised that a high 
correlation is not likely because many factors influence 
these outcomes and therefore BMI is only likely to partially 
contribute. Further research into the effect of other variables 
is necessary to determine the specific contribution of each.

This study is limited by only assessing patient pain 
and function at presentation. It therefore does not assess 
interventional outcomes, most notably whether weight loss 
improves pain and function in patients with ASD. We also 
limited our review to patients who had never had previous 
spinal surgery and who were diagnosed with degenerative 
or idiopathic ASD. We did this to reduce confounders, 
but as a consequence the results cannot be extrapolated to 
other patient groups. Despite these limitations, this study 
illustrates that increasing BMI adversely affects the pain and 
function of patients with ASD. 

Conclusions

Increasing BMI has a significant adverse effect on the 
pain and function of patients with ASD. Clinicians should 
recognise this association and treat patients accordingly.
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