European Spine Journal (2019) 28:224-233
https://doi.org/10.1007/s00586-018-5850-3

ORIGINAL ARTICLE

@ CrossMark

Contributions of birthweight, annualised weight gain and BMI to back
pain in adults: a population-based co-twin control study of 2754
Australian twins

Hercules R. Leite’? - Amabile B. Dario? - Alison R. Harmer? - Vinicius C. Oliveira' - Manuela L. Ferreira® -
Lucas Calais-Ferreira® - Paulo H. Ferreira?

Received: 22 July 2018 / Accepted: 30 November 2018 / Published online: 6 December 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Purpose To investigate associations between anthropometric measures (birthweight, weight gain and current BMI) and back
pain; and to determine whether these associations differ between those born with low or full birthweight.

Methods The cross-sectional associations between the lifetime prevalence of back pain and anthropometric measures (birth-
weight, weight gain and current BMI) among 2754 adult twins were investigated in three stages: total sample; within-pair
case—control for monozygotic and dizygotic twins together; and within-pair case—control analysis separated by dizygotic
and monozygotic. Results were expressed as odds ratios (OR) and 95% confidence intervals (CI).

Results Birthweight was not associated with back pain (OR 0.99; 95% CI 0.99-1.00), but a weak association was found
between weight gain (OR 1.01; CI 1.00-1.01) or current BMI (OR 1.02; 95% CI 1.00-1.05) and back pain in the total sample
analysis. These associations did not remain significant after adjusting for genetics. The associations did not differ between
those whose were born with low or full birthweight.

Conclusion Birthweight was not associated with prevalence of back pain in adulthood. Weight gain and current BMI were
weakly associated with back pain prevalence in the total sample analysis but did not differ between those born with low or
full birthweight. However, the small-magnitude association only just achieved significance and appeared to be confounded
by genetics and the early shared environment. Our results suggest that a direct link between these predictors and back pain
in adults is unlikely.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.
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Birthweight was not associated with prevalence of back pain in adulthood.
Weight gain and current BMI were associated with back pain prevalence in the
total sample analysis but did not differ between those born with low or full
birthweight. However, the associations only just achieved significance and
appeared to be confounded by genetics and the early shared environment. Our

1. Back pain is recognized as a major global health problem, leading to more
disability worldwide than any other health condition.

©

Anthropometric measures, such as birthweight, body mass index and
weight gain have been associated with higher of
pain across the lifespan.

results suggest that a direct link between these predictors and back pain in
adults is unlikely.

“To the best of our knowledge, association of back pain with anthropometric
measures (such as birthweight, weight gain and BMI) with back pain has
not yet been investigated in adults.
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Introduction

Back pain is defined as pain in the lower and/or upper back
area [1]. According to the Australian Institute of Health
and Welfare, back pain was the third leading cause of dis-
ease in Australia in 2011, and one in every six Australians
(16%) reported back pain in 2014-2015, which represents
3.7 million people [2]. Back pain also has a high socio-
economic impact, with more than $1.4 billion spent annu-
ally with treatment costs in Australia [3]. The aetiology
of back pain remains unknown, and although some con-
tributing factors have been suggested such as psychologi-
cal, social and genetics [4], others, such as anthropometric
measures in early and later life, have been inconsistently
related to back pain.

Anthropometric measures, such as birthweight [5, 6],
body mass index (BMI) [7, 8] and weight gain [9, 10],
have been associated with higher prevalence of musculo-
skeletal pain across the lifespan. However, the relationship
between those variables and back pain is not clear. For
example, while several studies showed that a high BMI
(e.g. adults) was associated with greater risk of reporting
low back pain in adult life [7, 8, 11, 12], other studies
failed to show any association [13-15].

Twin studies have been used to provide matching of
age, sex, maternal and familial (both genetic and early
shared environmental) factors when utilising a co-twin
control design to investigate risk factors and intervention
strategies for individuals with back pain. When utilising
such a strong study design, the association between BMI
and back pain disappeared after controlling for genetics
and the shared environment in twins discordant for back
pain [16]. Similar findings have been observed for birth-
weight. In a cohort study of adolescent twins, low back
pain was associated with birthweight, although the risk
was attenuated after adjustment for genetics and the shared
environment [17]. Results from these twin studies suggest
that familial factors might be confounders in these asso-
ciations. In fact, previous studies utilising the classic twin
design have shown that heritability may explain 40-44% of
the variance in liability to symptomatic non-specific back
pain [18, 19], suggesting that genetics should be taken into
account when studying the direct association between back
pain and other risk factors [20].

Twin studies have been previously used to investigate
prognosis, prevention and treatment of individuals with
musculoskeletal condition, such as back pain [21]. How-
ever, the incidence of low birthweight (i.e. <2500 g) in
twin gestations is about 51.7% [22], which highlights
birthweight as a potential confounder that needs to be
better investigated. Furthermore, because birthweight is
associated with changes in body composition across the

lifespan [23], it is important to identify whether the associ-
ation between anthropometric measures (BMI and weight
gain) and back pain differs between those born with a low
(<2500 g) or full birthweight (>2500 g) [24].

To the best of our knowledge, association of back pain
with anthropometric measures such as birthweight, weight
gain and BMI has not yet been investigated in adults. Thus,
this study aims to investigate the association between weight
gain and current BMI, and back pain in adults, and to deter-
mine whether the relationship differs in those who were born
with low or full birthweight. By investigating the association
between birthweight and back pain with a within-pair analy-
sis (where one twin has back pain while the co-twin does
not), we hope to improve the understanding of this health
condition by more robustly addressing potential confounding
factors such as genetics.

Methods
Design

This was a cross-sectional observational study with an
embedded co-twin control design.

Study sample and data collection

Data from 2754 complete and incomplete twin pairs
enrolled in this study (> 18 years old) were sourced from
Twins Research Australia (TRA). TRA is a not-for-profit
organisation with over 70,000 twins who have registered
as volunteers for research (http://www.twins.org.au/) [25].
Data used in the present study are from January 2014 to
December 2017. Study participants completed a Web-based
self-reported questionnaire providing information on demo-
graphics, zygosity, anthropometrics and health history. Male
and female monozygotic (MZ) and dizygotic (DZ) twins
were included. Individuals were excluded if they reported
cancer, musculoskeletal (e.g. spine fracture, fibromyalgia
and ankylosing spondylitis), neurological or rheumatic
conditions. Ethical approval was obtained from the Twins
Research Australian Committee and The University of Syd-
ney Human Research Ethics Committee (2018/053).

Assessment of outcome and predictors

The main outcome of this study was lifetime prevalence
of back pain. The questionnaire asked: “Has a doctor ever
diagnosed you with back pain/back problems?” Participants
answering “yes” to this item were categorised as having a
history of back pain.

Birthweight, weight gain and current BMI were the main
predictors of back pain and were self-reported. Validity of
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self-reported birthweight indicates a high degree of reli-
ability among twins [26]. Birthweight was investigated as
a continuous or binary variable (low birthweight, <2500 g;
full birthweight, >2500 g) [24]. BMI was calculated by
dividing current body weight (kg) by the square of height
(m) and used as a continuous variable. Annualised weight
gain was calculated by subtracting birthweight (kg) from
current weight (kg), divided by age (years) [27] and treated
as a continuous variable.

Statistical analysis

The statistical analyses were conducted in three stages: total
sample analysis; within-pair co-twin control analysis for MZ
and DZ twins together; and within-pair case—control analysis
separated by DZ and MZ (Fig. 1).

Potential confounders for the total sample analysis
included age, sex, BMI, height, smoking habits, alcohol
consumption, education, income and comorbidities (anxi-
ety, depression, diabetes mellitus types 1 and 2). The same
confounders were investigated in the within-pair twin
case—control analyses. All the confounders listed above were
treated as categorical variables, except for BMI, height and
anxiety and depression. Participant’s self-reported mental
health (i.e. anxiety and depression) was assessed using the
Kessler Psychological Distress Scale (K6) [28]. This is a
5-item questionnaire intended to yield a global measure of
distress based on questions about anxiety and depressive

(1) Total Sample Analysis
All subjects concordant
and discordant for back

pain

(2) Within-pair case-
control analysis
MZ and DZ complete pairs

® O
ww and discordant for back
pain

(3.1) Within-pair case-
control analysis
DZ complete pairs and
discordant for back pain

® o (3.2) Within-pair case-
control analysis

MZ complete pairs and

discordant for back pain

Fig. 1 Statistical analysis design. BP back pain, MZ monozygotic
twins, DZ dizygotic twins
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symptoms. The total score is composed of a sum of scores
in all six domains and ranges from 5 to 30 (< 20—normal;
20-24—mild; 25-29—moderate; and < 30—severe) [28].

Total sample analysis

In the total sample analysis, all participants were included
and twins were analysed as individuals rather than pairs.
The association between predictors (birthweight, annualised
weight gain and current BMI) and outcome (back pain) was
assessed using logistic regression analysis. We used a robust
estimator for all total sample analyses to account for pos-
sible non-independence of data (vce function on STATA).
To select potentially confounding variables for inclusion in
each of the multivariable models, we performed univariable
linear or logistic regression analyses evaluating the asso-
ciation between both explanatory (birthweight, annualised
weight gain and current BMI) and outcome (back pain) vari-
ables and the confounders, respectively. When birthweight
was used as a binary variable (low or full birthweight), we
performed logistic analyses. When a p value <0.20 for the
association between the possible confounders and both the
explanatory and outcome variables was identified, this co-
variable was included in the relevant multivariate regression
model. The confounders included in the multivariate model
for the total sample analysis were retained in the subsequent
DZ and MZ analyses, thus aiming to generate comparable
results across the three analytical phases.

Within-pair twin case-control analyses

To control for genetics and early shared environmental
factors on a potential association between anthropometric
measures and the lifetime prevalence of back pain, we per-
formed a within-pair co-twin control analysis on all com-
plete twin pairs who were discordant for low back pain using
conditional logistic regression models. We reported exact p
values and described the strength of the association in the
multivariable models and presented estimates as odds ratios
(OR) and 95% confidence intervals (CI). Data analyses were
accomplished using STATA software (version 14.0).

Results
Sample characteristics

Lifetime prevalence of back pain in the total sample of 2754
adults was estimated as 24.6% (95% CI 23.0-26.3) with the
prevalence for MZ and DZ twins estimated as 23.9% (95%
CI 22.0-25.7%) and 27.1% (95% CI 23.8-30.5), respec-
tively. Among all twins, the mean age was 45 years with 75%
and 22.8% of the twins being MZ and male, respectively
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Table 1 Apthrop ometric Variables Back pain absent Back pain present Total
data and lifestyle factors for
participants with and without Mean (SD)or % n Mean (SD)or % n Mean (SD)or % n
back pain and for the total
sample Age (years) 44.0 (15.2) 2075 49.6 (14.0) 679 454 (15.1) 2754
Gender (male) 21.9% 455  25.7% 175 22.8% 630
Height (m) 167.4 (11.6) 2042 166.9 (10.6) 671 167.0(10.8) 2713
Weight (kg) 69.8 (16.5) 2023  73.2(16.6) 658 70.6 (16.2) 2681
Smoking habits? 26.1% 541 31.6% 215 27.5% 756
Alcohol consumption® 30.2% 626 32.2% 219 30.7% 845
Education® 97.6% 2025 96.17% 653 97.2% 2678
Income! 26.9% 560 24.5% 167 26.4% 727
Diabetes
Type 1 0.77% 16 0.44% 3 0.69% 19
Type 2 1.78% 37 1.77% 12 1.78% 49
Anxiety and depression®  8.74 (3.4) 2063 8.69 (3.3) 673 8.72(3.4) 2736
DZ twins 23.9% 496 27.1% 1847 24.7% 680
MZ twins 76.1% 1579 72.9% 495 75.3% 2074

Table 2 Study sample
characteristics of birthweight,
annualised weight gain and
current BMI measures for the
total sample and cases and
controls within a twin pair

DZ dizygotic, MZ monozygotic, BMI body mass index, SD standard deviation; » number of individuals

“Percentage of those who smoke now

PPercentage of those who consumed more than four drinks in a day in the last 12 months (>3 day a week)

“Percentage of those who completed any post-school qualifications (> 12 years)

dPercentage of those who receive annual gross income before tax less than $31,200

®Kessler Psychological Distress Scale (K6) total score

Variables Back pain absent Back pain present Total
Mean (SD) n Mean (SD) or % n Mean (SD) or % n
Birthweight (g)
Total sample 2355 (682.1) 1487 2335 (653.2) 495 2350 (674.9) 1982
DZ 2494 (723.9) 328 2446 (663.0) 118 2481 (708.0) 446
MZ 2315 (664.9) 1159 2301 (646.9) 377 2312 (680.3) 1536
Low birthweight (g)*
Total sample 57.7% 859 58.2% 288 57.9% 1147
Dz 48.5% 159 49.1% 58 48.7% 217
MZ 60.3% 700 61.0% 230 60.6% 930
Annualised weight gain (kg/year)®
Total sample 68.4 (15.7) 1468 72.4 (17.9) 490 69.4 (16.0) 1958
Dz 69.9 (14.7) 323 74.0 (14.9) 117 71.0 (14.9) 440
MZ 67.9 (15.9) 1145 71.9 (17.9) 373 68.9 (16.2) 1518
Current BMI (kg/m?)
Total sample 25.0 (6.1) 1993 26.0 (5.8) 651 25.2(6.1) 2644
Dz 25.4 (8.1) 482 26.2 (5.0) 180 25.6 (7.4) 662
MZ 249 (5.4) 1511 25.9(6.1) 471 25.1(5.6) 1982

DZ dizygotic, MZ monozygotic, BMI body mass index, SD standard deviation; n number of individuals
“Low birthweight (<2500 g)
®Annualised weight gain was calculated by subtracting birthweight (kg) from current weight (kg), divided

by age (years)
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(Table 1). Results for the mean and percentage of birth-
weight, annualised weight gain and current BMI for twins
with and without back pain are described in Table 2.

Birthweight

Birthweight was not associated with lifetime prevalence of
back pain in the total sample analysis (OR 0.99; 95% CI
0.99-1.00) or in any of the within-pair twin case—control
analyses (Table 3). Furthermore, the results did not change
after stratifying analyses by gender (Table 4).

Annualised weight gain

Annualised weight gain showed a small-magnitude relation-
ship with lifetime prevalence of back pain in the total sample
analysis in the crude (OR 1.01; 95% 1.00-1.01, p <0.001)
and adjusted (OR 1.02; 95% CI 1.00-1.03, p=0.001) analy-
sis. However, after adjustment for genetics and early shared
environment in the within-pair analyses, the association
did not persist (Table 3). Furthermore, the association did
not change in the total sample analysis after stratifying the
analysis by gender. MZ within-pair case—control analysis
among males was not possible due to small sample size
(Table 4). The association between annualised weight gain
and back pain stratified by birthweight (low vs. full birth-
weight) showed a weak risk in the low (OR 1.01; 95% CI
1.00-1.02, p=0.006) and full-birthweight group (OR 1.02;
95% CI 1.01-1.03, p=0.000 in the total sample analysis
(Table 5). The association was no longer significant after
adjusting for genetics and early shared environment.

Current BMI

Current BMI was weakly associated with lifetime prevalence
of back pain in the total sample crude analysis (OR 1.02;
95% CI 1.00-1.04, p=0.016). However, the association dis-
appeared after adjustment for confounders in the total sample
analysis (OR 1.01; 95% CI 0.99-1.03, p=0.153) (Table 3).
After adjusting for genetic and early shared environment
factors using data from 195 complete twin pairs discord-
ant for back pain (44 DZ and 151 MZ pairs), BMI did not
increase the risk of lifetime prevalence of back pain. When
the analysis was stratified by gender, the results remained
the same among females (OR 1.04; CI 1.02—-1.06, p=0.000),
although after adjustment for genetics and shared environ-
ment the association disappeared. Furthermore, the associa-
tion between current BMI and back pain stratified by birth-
weight (low vs. full birthweight) showed a positive weak risk
in the low-birthweight group (OR 1.03; 95% CI 1.00-1.06,
p=0.022) compared to the full-birthweight group (OR 1.03;
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Table 3 Total sample analysis and within-pair co-twin control analy-
sis for back pain

Multivariate models OR (95% CI) p value N
Birthweight (g)
Total sample
Crude 0.99 (0.99-1.00) 0.591 1982
Adjusted’ 0.99 (0.99-1.00) 0.345 1982
MZ and DZ pairs
Crude 1.00 (0.99-1.00) 0.597 372
Adjusted - - -
DZ pairs
Crude 0.99 (0.99-1.00) 0.592 88
Adjusted - - -
MZ pairs
Crude 1.00 (0.99-1.00) 0.300 284
Adjusted - - -
Annualised weight gain (kg/years)
Total sample
Crude 1.01 (1.00-1.01) 0.000* 1958
Adjusted® 1.02 (1.00-1.03) 0.001* 488
DZ and MZ pairs
Crude 1.00 (0.98-1.03) 0.506 370
Adjusted® 1.00 (0.97-1.03) 0.440 314
DZ pairs
Crude 1.01 (0.97-1.04) 0.525 90
Adjusted® - - -
MZ pairs
Crude 1.00 (0.97-1.03) 0.762 280
Adjusted! 0.98 (0.94-1.03) 0.641 232
Current BMI ( kg/m2 )
Total sample
Crude 1.02 (1.00-1.05) 0.016* 2644
Adjusted® 1.01 (0.99-1.04) 0.153 2575
DZ and MZ pairs
Crude 1.03 (0.98-1.08) 0.193 576
Adjusted - - -
DZ pairs
Crude 1.06 (0.98-1.14) 0.092 178
Adjusted" 1.06 (0.98-1.14) 0.92 178
MZ pairs
Crude 0.99 (0.92-1.07) 0.936 398
Adjusted® 0.99 (0.91-1.07) 0.769 384

OR odds ratio; CI confidence interval; MZ monozygotic; DZ dizy-
gotic; n number of individuals in each analytical step; *p <0.05

?Adjusted for age and gender

bAdjusted for age, gender, smoking, education, income, alcohol and
height

¢ Adjusted for alcohol

dAdjusted for alcohol, diabetes types 1 and 2, height, anxiety and
depression

¢Adjusted for age, gender, education and income
fAdjusted for gender
£Adjusted for education and income

$ Analysis not performed due to small sample size
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Table 4 Total sample analysis
and within-pair co-twin control
analysis for back pain by gender

Multivariate models Male Female
OR (95% CI) p value n OR (95% CI) p value n
Birthweight (g)
Total sample
Crude 1.00 (0.99-1.00) 0.477 327 0.99 (0.99-1.00) 0.239 1655
Adjusted” 1.00 (0.99-1.00) 0.658 327 0.99 (0.99-1.00) 0.189 1655
DZ and MZ pairs
Crude 1.00 (0.99-1.00) 0.477 42 0.99 (0.99-1.00) 0.952 298
Adjusted - - - - - -
DZ pairs
Crude 0.99 (0.98-1.00) 0.568 4 1.00 (0.99-1.00) 0.893 52
Adjusted - - - - - -
MZ pairs
Crude 1.01 (0.99-1.00) 0.098 38 0.99 (0.99-1.00) 0.856 246
Adjusted - - - - - -
Annualised weight gain (kg/years)
Total sample
Crude 1.02 (1.00-1.03) 0.022* 328 1.01 (1.00-1.02) 0.004* 1630
Adjusted® 1.02 (0.99-1.06) 0.05 189 1.01 (1.00-1.03) 0.04* 372
DZ and MZ pairs
Crude 0.99 (0.95-1.04) 0.962 42 1.01 (0.97-1.04) 0.448 296
Adjusted® - - - - - -
DZ pairs
Crude® - - - 1.03 (0.98-1.08) 0.225 54
Adjusted® - - - - - -
MZ pairs
Crude 1.01 (0.96-1.06) 0.558 38 0.99 (0.94-1.04) 0.845 242
Adjusted® 1.01 (0.85-1.06) 0.838 34 0.98 (0.93-1.04) 0.702 198
Current BMI (kg/m?)
Total sample
Crude 0.99 (0.97-1.01) 0.824 616 1.04 (1.02-1.06) 0.000* 2028
Adjusted? 0.98 (0.96-1.01) 0.323 599 1.03 (1.01-1.05) 0.002* 1976
DZ and MZ pairs
Crude 0.98 (0.87-1.10) 0.790 114 1.05 (0.98-1.11) 0.135 402
Adjusted - - - - - -
DZ pairs
Crude 0.89 (0.67-1.19) 0.444 30 1.10 (0.99-1.22) 0.056 88
Adjusted® 0.97 (0.69-1.36) 0.887 30 1.10 (0.99-1.23) 0.057 88
MZ pairs
Crude 1.01 (0.88-1.14) 0.931 84 0.99 (0.90-1.10) 0.871 314
Adjusted” 1.01 (0.88-1.14) 0.931 84 0.98 (0.89-1.09) 0.829 302

DZ dizygotic; n number of individuals in each analytical step

4 Adjusted for age

bAdjusted for age, smoking, education, income, alcohol and height

¢ Adjusted for alcohol, diabetes types 1 and 2, height, anxiety and depression

dAdjusted for age and education

¢ Adjusted for income

fAdjusted for education and income

$ Analysis not performed due to small sample size
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Table 5 Total sample analysis
and within-pair twin case—

Multivariate models

Low birthweight

Full birthweight

control analysis for back pain by OR (95% CI) p value n OR (95% CI) p value n
low or full birthweight
Annualised weight gain (kg/year)
Total sample
Crude 1.01 (1.00-1.02) 0.006* 1134 1.02 (1.01-1.03) 0.000* 821
Adjusted” 1.00 (0.98-1.03) 0.596 263 1.02 (1.01-1.04) 0.002 208
DZ and MZ pairs
Crude 1.00 (0.96-1.04) 0.771 176 1.02 (0.98-1.07) 0.259 94
Adjusted® 0.97 (0.92-1.02) 0.343 148 1.02 (0.97-1.07) 0.376 84
DZ pairs
Crude 1.02 (0.93-1.11) 0.623 26 1.02 (0.97-1.07) 0.427 34
Adjusted® - - - - - -
MZ pairs
Crude 1.00 (0.96-1.04) 0.913 150 1.04 (0.95-1.13) 0.384 60
Adjusted® 0.97 (0.90-1.04) 0.422 124 1.02 (0.92-1.14) 0.624 52
Current adult BMI (kg/mz)
Total sample
Crude 1.03 (1.00-1.06) 0.022%* 1121 1.03 (0.97-1.08) 0.334 817
Adjusted? 1.01 (0.96-1.07) 0.593 290 1.05 (1.00-1.10) 0.026 233
DZ and MZ pairs
Crude 0.99 (0.89-1.11) 0.960 174 1.06 (0.93-1.21) 0.348 94
Adjusted - - - - - -
DZ pairs
Crude 1.12 (0.76-1.65) 0.553 26 1.09 (0.92-1.29) 0.296 34
Adjusted® 1.11 (0.75-1.63) 0.582 26 1.09 (0.92-1.63) 0.582 26
MZ pairs
Crude 0.98 (0.80-1.10) 0.806 148 1.01 (0.81-1.26) 0.840 60
Adjusted” 0.97 (0.86-1.10) 0.725 144 1.02 (0.82-1.27) 0.848 58

OR odds ratio; CI confidence interval; MZ monozygotic; *p <0.05

DZ—dizygotic; n—number of individuals in each analytical step

#Adjusted for age, smoking, education, income, alcohol and height

®Adjusted for alcohol

¢Adjusted for alcohol, diabetes types 1 and 2, height, anxiety and depression

dAdjusted for age and education

¢Adjusted for income

fAdjusted for education and income

$ Analysis not performed due to small sample size

95% CI 0.97-1.08, p=0.334) in the total sample analysis
(Table 5). However, after adjusting for confounders in the
total sample and within-pair case—control analysis the associ-
ation disappeared. Stratification by gender for the association
between current BMI and back pain by birthweight category
was not possible due to small sample size.

Discussion
To the best of our knowledge, this is the first study inves-

tigating the associations between birthweight, annualised
weight gain and BMI (exposures) and back pain (outcome)
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using twin design. We demonstrate that lifetime preva-
lence of back pain was not associated with birthweight,
neither in the total sample analysis nor after adjustment
for genetic and early shared factors in both MZ and DZ
adult twin pairs discordant for low back pain. Annualised
weight gain and BMI showed small-magnitude associations
with back pain in the total sample analysis; however, the
associations disappeared after adjusting for genetics and
the early shared environment. These results indicate that a
direct link between back pain and anthropometric measures
earlier (birthweight) and later (annualised weight gain and
adult BMI) in life is unlikely.
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Birthweight and back pain

Ours results did not reveal any association between birth-
weight and lifetime prevalence of back pain either in the
total sample analysis or in any of the co-twin control analy-
ses. These results were in agreement with previous cross-
sectional studies in which birthweight was not associated
with musculoskeletal pain in later life after adjustment for
confounders [5, 6, 29, 30].

A study investigating the association between birth-
weight and low back pain in a cohort of adolescent twins
[17] showed a stronger association between birthweight and
back pain in males (than females). However, this association
was no longer significant after adjustment for genetics and
early-life environment [13]. Genetics and early environment
are thus potential confounders that need to be taken into
account when investigating the association between back
pain and risk factors [18]. The lack of association between
birthweight and lifetime prevalence of back pain was there-
fore somewhat anticipated in the present study. It is already
known that approximately 50% of twins are born with low
birthweight [22]; hence, it is important to highlight that the
back pain prevalence in our twin cohort (25%) is similar to
that in the general population which ranges from to 19.3 to
48% [31-33]. Furthermore, the birthweight between those
twins reporting back pain or not did not vary substantially
in the present study.

Annualised weight gain and BMI

Our results showed that lifetime prevalence of back pain
was associated with annualised weight gain and BMI in the
total sample analysis (i.e. when not controlling for famil-
ial factors). When stratified by gender in the total sample
analysis, the associations did not persist among males. The
associations were small and weak and were in agreement
with previous cross-sectional studies that investigated low
back pain and BMI.

Because high BMI and back pain result from complex
interactions and traits influenced by genetics and environ-
ment, it is crucial to adjust the analysis for familial factors.
Thus, after adjustment for genetics and environment using
a robust co-twin control analysis, the significant association
between the anthropometric measures and back pain did not
remain significant. Although there is no study looking at
current BMI and back pain association, our findings are in
agreement with previous cross-sectional and longitudinal
studies investigating the association between body composi-
tion (e.g. BMI and body fat distribution) and low back pain
using a co-twin control design in adults [16, 20, 34]. Taken
together, these studies indicate that genetics and early shared
environment are potential confounders when looking at the

association between anthropometric measures and low back
pain.

An adverse intrauterine environment, as reflected by
low birthweight, is associated with more subcutaneous and
abdominal fat and less lean body mass in adulthood [35].
Furthermore, twin pairs tend to present with differences in
body composition across the lifespan depending on their
weight at birth. Thus, we decided to investigate whether
the associations between anthropometric measures and
back pain differ between those who were born with a low
or full birthweight [23]. Regarding annualised weight gain
and back pain, our results showed a similar association in
the low-birthweight group compared to the full-birthweight
group. For the BMI and back pain relationship, there was a
positive association in the low-birthweight group, although
the OR values did not differ between the groups (i.e. low vs.
full birthweight).

Strengths and limitations

Life-course research has drawn attention to early-life risk
factors such as birthweight that influence people’s health
trajectory and increase the odds of future pain conditions.
However, early exposures are rarely investigated in the back
pain field. However, our results are subject to some limita-
tions: (1) this is a cross-sectional study which limits infer-
ence on causation between birthweight and back pain; (2)
other confounders were not available to be included (e.g.
physical activity engagement); (3) the present data might
be influenced by the definition of the main outcome (“back
pain present”), considering that “back pain” may vary in
terms of severity, frequency, time and period; and (4) our
respondents were typically females of higher education and
income status and hence may not necessarily reflect risk for
all twins with/without back pain. We also acknowledge that
(5) self-reported weight and height may have suffered from
reporting bias in our study [36] and (6) the smaller sample
size especially in the DZ co-twin control analyses may have
affected the power to detect a significant association between
anthropometric related measures and back pain. Future stud-
ies in this field should address these limitations.

Conclusion

Birthweight was not associated with back pain in our study,
neither in the total sample analysis nor after adjustment for
genetics and early shared environment in the within-pair
analyses. Annualised weight gain and current BMI showed
small-magnitude associations with back pain prevalence in
the total sample analysis and did not differ in those born
with low or full birthweight. However, the associations were
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weak and appeared to be confounded by genetics and early
shared environmental factors. Our results suggest that a
direct link between these predictors and back pain in adults
is uncertain. We believe that positive associations reported
in previous studies might be related to potential perinatal and
residual confounding. Considering the life-course approach
on the back pain development, research should focus on
other potential modifiable risk factors to progress this field.

Acknowledgements HRL and LCF were supported by Coordenacgio
de Aperfeicoamento de Pessoal de Nivel Superior (CAPES) Foun-
dation, Ministry of Education, Brazil. MLF holds a National Health
and Medical Research Council Research Fellowship and is a Sydney
Medical Foundation Fellow. PHF is a National Health and Medical
Research Council Fellow. This research was facilitated through access
to Twins Research Australia, a national resource supported by a Centre
of Research Excellence Grant (ID: 1079102), from the National Health
and Medical Research Council, Australia.

Compliance with ethical standards

Conflict of interest None.

References

1. Rossi M, Pasanen K, Heinonen A, Myklebust G, Kannus P, Kujala
U, Tokola K, Parkkari J (2018) Incidence and risk factors for back
pain in young floorball and basketball players: a prospective study.
Scand J Med Sci Sports 28:2407-2415

2. AIWH (2016) Australian Institute of Health and Welfare

3. Kirby ER, Broom AF, Sibbritt DW, Refshauge KM, Adams J
(2013) Health care utilisation and out-of-pocket expenditure
associated with back pain: a nationally representative survey of
Australian women. PLoS ONE 8(12):e83559

4. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML,
Genevay S, Hoy D, Karppinen J, Pransky G, Sieper J (2018)
What low back pain is and why we need to pay attention. Lancet
391:2356-2367

5. lIversen J, Hoftun G, Romundstad P, Rygg M (2015) Adoles-
cent chronic pain and association to perinatal factors: linkage
of Birth Registry data with the Young-HUNT Study. Eur J Pain
19(4):567-575

6. Iversen JM, Indredavik MS, Evensen KA, Romundstad PR, Rygg
M (2017) Self-reported chronic pain in young adults with a low
birth weight. Clin J Pain 33(4):348

7. Oostroml SH, Verschurenl W, Vetl HC, Picavetl HSJ (2011)
Ten year course of low back pain in an adult population-based
cohort—the Doetinchem cohort study. Eur J Pain 15(9):993-998

8. Balagué F, Mannion AF, Pellisé F, Cedraschi C (2012) Non-spe-
cific low back pain. Lancet 379(9814):482-491

9. Tanamas SK, Wluka AE, Davies-Tuck M, Wang Y, Strauss BJ,
Proietto J, Dixon JB, Jones G, Forbes A, Cicuttini FM (2013)
Association of weight gain with incident knee pain, stiffness, and
functional difficulties: a longitudinal study. Arthritis Care Res
65(1):34-43

10. Andersen RE, Crespo CJ, Bartlett SJ, Bathon JM, Fontaine
KR (2003) Relationship between body weight gain and sig-
nificant knee, hip, and back pain in older Americans. Obesity
11(10):1159-1162

@ Springer

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Manchikanti L, Singh V, Datta S, Cohen SP, Hirsch JA (2009)
Comprehensive review of epidemiology, scope, and impact of
spinal pain. Pain Physician 12(4):E35-70

Manchikanti L, Singh V, Falco FJ, Benyamin RM, Hirsch JA
(2014) Epidemiology of low back pain in adults. Neuromodul
Technol Neural Interface 17(S2):3-10

Garzillo M, Garzillo T (1994) Does obesity cause low back pain?
J Manip Physiol Ther 17(9):601-604

Leboeuf-Yde C (2000) Body weight and low back pain: a sys-
tematic literature review of 56 journal articles reporting on 65
epidemiologic studies. Spine 25(2):226

Shiri R, Solovieva S, Husgafvel-Pursiainen K, Telama R, Yang
X, Viikari J, Raitakari OT, Viikari-Juntura E (2013) The role of
obesity and physical activity in non-specific and radiating low
back pain: the Young Finns study. In: Seminars in arthritis and
rheumatism, vol 6. Elsevier, pp 640—-650

Dario AB, Ferreira ML, Refshauge KM, Lima TS, Ordofiana JR,
Ferreira PH (2015) The relationship between obesity, low back
pain, and lumbar disc degeneration when genetics and the environ-
ment are considered: a systematic review of twin studies. Spine J
15(5):1106-1117

Hestbaek L, Leboeuf-Yde C, Kyvik KO, Manniche C (2003) Is
low back pain in youth associated with weight at birth? A cohort
study of 8000 Danish adolescents. Dan Med Bull 50(2):181-185
Hestbaek L, Iachine IA, Leboeuf-Yde C, Kyvik KO, Manniche C
(2004) Heredity of low back pain in a young population: a classi-
cal twin study. Twin Res Hum Genet 7(1):16-26

El-Metwally A, Mikkelsson M, Stdhl M, Macfarlane GJ, Jones
GT, Pulkkinen L, Rose RJ, Kaprio J (2008) Genetic and environ-
mental influences on non-specific low back pain in children: a
twin study. Eur Spine J 17(4):502-508

Dario AB, Ferreira ML, Refshauge K, Luque-Suarez A, Ordo-
fiana JR, Ferreira PH (2017) Obesity does not increase the risk of
chronic low back pain when genetics are considered: a prospective
study of Spanish adult twins. Spine J 17(2):282-290
Calais-Ferreira L, Oliveira VC, Craig JM, Flander LB, Hopper
JL, Teixeira-Salmella L, Ferreira PH (2017) Twin studies for the
prognosis, prevention and treatment of musculoskeletal condi-
tions. Braz J Phys Ther 22:184-189

Onyiriuka A (2010) Incidence of delivery of low birthweight
infants in twin gestations. Niger J Clin Pract 13(4):365-370
Yokoyama Y, Jelenkovic A, Sund R, Sung J, Hopper JL, Ooki S,
Heikkild K, Aaltonen S, Tarnoki AD, Tarnoki DL (2016) Twin’s
birth-order differences in height and body mass index from birth
to old age: a pooled study of 26 twin cohorts participating in the
CODATwins project. Twin Res Hum Genet 19(2):112-124
Organization WH (2014) Comprehensive implementation plan on
maternal, infant and young child nutrition

Hopper JL, Foley DL, White PA, Pollaers V (2013) Austral-
ian Twin Registry: 30 years of progress. Twin Res Hum Genet
16(1):34-42

Nilsen TS, Kutschke J, Brandt I, Harris JR (2017) Validity of
self-reported birth weight: results from a Norwegian twin sample.
Twin Res Hum Genet 20(5):406-413

Peeters A, Magliano DJ, Backholer K, Zimmet P, Shaw JE (2014)
Changes in the rates of weight and waist circumference gain in
Australian adults over time: a longitudinal cohort study. BMJ
Open 4(1):e003667

Kessler R, Mroczek D (1994) Final versions of our non-specific
psychological distress scale. Memo dated March 10:1994
Mallen CD, Peat G, Thomas E, Croft PR (2006) Is chronic mus-
culoskeletal pain in adulthood related to factors at birth? A popu-
lation-based case-control study of young adults. Eur J Epidemiol
21(3):237-243. https://doi.org/10.1007/s10654-006-0010-1


https://doi.org/10.1007/s10654-006-0010-1

European Spine Journal (2019) 28:224-233

233

30.

31.

32.

33.

Littlejohn C, Pang D, Power C, Macfarlane GJ, Jones GT (2012)
Is there an association between preterm birth or low birthweight
and chronic widespread pain? Results from the 1958 Birth Cohort
Study. Eur J Pain 16(1):134-139. https://doi.org/10.1016/j.ejpai
n.2011.05.015

Brady S, Hussain S, Brown WIJ, Heritier S, Wang Y, Teede H,
Urquhart DM, Cicuttini FM (2018) The course and contributors
to back pain in middle-aged women over nine years: data from the
Australian longitudinal study of women’s health. Osteoarthr Cartil
26:S418

Badley EM, Millstone DB, Perruccio AV (2018) Back pain and
co-occurring conditions: findings from a nationally representative
sample. Spine 43:E935-E941

Deyo RA, Mirza SK, Martin BI (2006) Back pain prevalence
and visit rates: estimates from US national surveys, 2002. Spine
31(23):2724-2727

Affiliations

34.

35.

36.

Dario AB, Ferreira ML, Refshauge K, Sidnchez-Romera JF,
Luque-Suarez A, Hopper JL, Ordofiana JR, Ferreira PH (2016)
Are obesity and body fat distribution associated with low back
pain in women? A population-based study of 1128 Spanish twins.
Eur Spine J 25(4):1188-1195

Loos R, Beunen G, Fagard R, Derom C, Vlietinck R (2001) Birth
weight and body composition in young adult men—a prospective
twin study. Int J Obes 25(10):1537

Gorber SC, Tremblay M, Moher D, Gorber B (2007) A com-
parison of direct vs self-report measures for assessing height,
weight and body mass index: a systematic review. Obes Rev
8(4):307-326

Hercules R. Leite'? - Amabile B. Dario? - Alison R. Harmer? - Vinicius C. Oliveira’ - Manuela L. Ferreira3 -
Lucas Calais-Ferreira® - Paulo H. Ferreira?

>4

Hercules R. Leite
hercules.leite @ufvjm.edu.br

Programa de Pds-Graduacdo em Reabilitacdo e Desempenho
Funcional, Universidade Federal dos Vales do Jequitinhonha
e Mucuri (UFVIM), Diamantina, Brazil

Musculoskeletal Health Research Group, Faculty of Health
Sciences, The University of Sydney, PO Box 170,
Lidcombe, Sydney 1825, Australia

Institute of Bone and Joint Research, The Kolling Institute,
Sydney Medical School, The University of Sydney, Sydney,
Australia

Twins Research Australia, Centre for Epidemiology

and Biostatistics, Melbourne School of Population

and Global Health, The University of Melbourne, Melbourne,
VIC, Australia

@ Springer


https://doi.org/10.1016/j.ejpain.2011.05.015
https://doi.org/10.1016/j.ejpain.2011.05.015

	Contributions of birthweight, annualised weight gain and BMI to back pain in adults: a population-based co-twin control study of 2754 Australian twins
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Graphical abstract 

	Introduction
	Methods
	Design
	Study sample and data collection
	Assessment of outcome and predictors
	Statistical analysis
	Total sample analysis
	Within-pair twin case–control analyses

	Results
	Sample characteristics
	Birthweight
	Annualised weight gain
	Current BMI

	Discussion
	Birthweight and back pain
	Annualised weight gain and BMI
	Strengths and limitations

	Conclusion
	Acknowledgements 
	References




