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Obesity as a Risk Factor for Low Back Pain
A Meta-Analysis
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Study Design: A meta-analysis.

Objective: To update the current knowledge about the associa-
tion between overweight, obesity, and low back pain (LBP) risk,
we conducted a meta-analysis of published cohort studies.

Summary of Background Data: The association between obesity
and LBP risk has been the research focus in the past decade.
However, available data from studies on the association between
obesity and LBP remains debatable.

Methods: An extensive English language literature retrieval re-
garding the association between overweight, obesity, and the
risk of LBP incidence was conducted on PubMed and EMBASE
databases through December 2015. Meta-analysis for all the
included literature was performed by STATA 12.0 to summarize
test performance with Forest plots after a heterogeneity test.
Moreover, subgroup and sensitivity analyses were performed to
examine the potential candidate-effect factors.

Results: A total of 10 cohort studies including 29,748 subjects
satisfied the predefined eligibility criteria. The pooled odds ratio
(OR) for overweight and obesity compared with normal weight
was 1.15 [95% confidence interval (CI), 1.08-1.21) and 1.36
(95% CI, 1.18-1.57), respectively. Moreover, subgroup analysis
proved that increased body mass index was associated with an
increased incidence of LBP in both men (overweight: pooled
OR = 1.16, 95% CI, 1.04-1.31; obesity: pooled OR = 1.36,
95% CI, 1.15-1.61) and women (overweight: pooled OR = 1.24,
95% CI, 1.04-1.50; obesity: pooled OR = 1.40, 95% CI,
1.08-1.82). There was no evidence of publication bias.

Conclusions: Our findings consistently show that overweight and
obesity are risk factors for LBP in men and women. Maintaining
a healthy body weight may be one of the factors preventing the
occurrence of LBP.

Level of Evidence: Level 1.
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Low back pain (LBP) is well documented to be an
extremely common health problem; it is seen as a
substantial personal, community, and financial burden
globally.!? The diseases with the largest number of years
lived with disability in 2010 in the United States were
LBP, major depressive disorder, other musculoskeletal
disorders, neck pain, and anxiety disorders.* LBP is an
important factor affecting quality of life in middle-aged
and elderly people.® As the population ages, the global
number of individuals with LBP is likely to increase
substantially over the coming decades.!

LBP can be caused by a strain of the muscle, ar-
thritis, and degeneration of the bony vertebrae.® Co-
morbid factors with psychological disorders and multiple
medical problems, including obesity, smoking, lack of
exercise, increasing age, and lifestyle factors, are consid-
ered as risk factors for LBP.” Several reviews and a meta-
analysis investigating the relationship between wei%ht—
related factors and LBP have been published.>® 11 A
meta-analysis showed that obesity was associated with an
increased incidence of LBP in men but not in women and
overweight was not associated with the incidence of LBP
in both sexes.” Body weight was considered a possible
weak risk indicator of LBP in a review.’ Several reviews
reported that weight or body mass index (BMI) was not a
significant predictor of LBP.%!0!1l These studies had
conflicting results in regards to the association between
obesity, sex, and LBP.

Because of these reasons, we systematically re-
viewed the association between overweight, obesity, and
LBP risk by meta-analyzing relevant published cohort
studies. Furthermore, this meta-analysis detected whether
the risk of LBP differs between sexes.

MATERIALS AND METHODS

Search Strategy

A systematic search was performed in the PubMed
and EMBASE databases using the keywords “body mass
index,” “BMI,” “overweight,” or “obesity” in combina-
tion with “low back pain.” The search was confined to all
the studies published in English before December 2015.
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Furthermore, the reference lists of relevant articles were
reviewed to search for additional studies.

Selection Criteria

Studies were included in the meta-analysis if they
fulfilled the following criteria: (1) cohort studies in which
LBP incidence was an outcome; (2) clear definition of
overweight and obesity as defined by the BMI in kg/m?;
and (3) reported effect estimates of the relative risk,
hazard ratio, or odds ratio (OR) with 95% confidence
intervals (CI).

Articles were excluded by the following criteria: (1)
duplicate of previous publication; (2) reviews, comments,
meeting abstracts, or other kinds of literature; and (3)
case-control studies or cross-sectional studies.

Assessment of Methodological Quality

The Newcastle-Ottawa Scale was used to assess the
quality of included studies.'?> The Newcastle-Ottawa Scale
is based on 3 major components: selection of the study
groups (0—4 stars), comparability of cases and controls
(02 stars), or cohorts, and ascertainment of exposure or
outcome (0-3 stars). A study awarded > 6 stars is con-
sidered a high-quality study.

Data Extraction

All data were extracted independently by 2 re-
viewers according to the above-mentioned selection cri-
teria. The data were extracted using a standardized data
extraction form, including the first author’s name, pub-
lication year, country, population, age and number of
participants, tools used for anthropometry, correction
factor, and corrected relative risk, hazard ratio, or OR
estimates. The extracted results of each reviewer were
exchanged for examination after the process, and the
difference was resolved by discussion with a third inves-
tigator.

Statistical Analysis

BMI was categorized as follows: <18.5, 18.5-24.9,
25.0-29.9, and >30 for underweight, normal weight,
overweight, and obese, respectively, according to WHO
categories.!? Studies that defined overweight or obesity by
using BMI percentiles were also included in the meta-
analysis.!*!> Meta-analysis was performed for each in-
dividual study using STATA 12.0 (StataCorp., College
Station, TX). Briefly, the analysis software produced
Forest plots as a schematic description of the meta-
analysis results. Subgroup analyses were carried out
based on sex (male and female), tools used for anthrop-
ometry (self-reported and measured), and population
(occupational and general).

The statistical heterogeneity among studies was
tested with the Cochrane y° (Q test) and I statistic.'%!7
For the Q statistic, statistical significance was set at
P < 0.1. When heterogeneity was detected, the random-
effects model was used.'® To evaluate the potential for
publication bias, a visual inspection of asymmetry in
funnel plots was performed, and the symmetry of the
funnel plot was assessed by using the rank correlation
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method (Begg test) and regression analysis (Egger test)
(P < 0.05 was considered to be representative of a sta-
tistically significant publication bias).!?? We also con-
ducted a sensitivity analysis in which 1 study was removed
and the rest were analyzed to confirm the stability of the
overall result.

RESULTS

Characteristics of Studies Included in the
Meta-Analysis

All potentially eligible studies investigating the re-
lationship between overweight/obesity and LBP were
identified. A flow chart describing the process of study
selection is shown in Figure 1. A total of 959 potentially
relevant studies were identified by a primary compu-
terized literature search. Through a comprehensive se-
lection, 10 cohort studies representing 29,748 subjects
were included in the analysis.!#!521"28 The main charac-
teristics of the studies that were included in the meta-
analysis are summarized in Table 1.

Association of Overweight, Obesity, and Risk
for LBP

As shown in Figure 2, we compared the overweight
category with normal weight to estimate the pooled OR.
There was a statistically significant association between
overweight and the incidence of LBP (pooled OR = 1.15,
95% CI, 1.08-1.21). In Figure 2, the meta-analysis re-
vealed a statistically significant association between obe-
sity and the incidence of LBP compared with normal
weight (pooled OR = 1.36, 95% CI, 1.18-1.57).

Subgroup Analysis

The results of subgroup analysis based on sex, tools
used for anthropometry, and population are presented
in Figure 3. Increased BMI was associated with an in-
creased incidence of LBP in both men (overweight:
pooled OR = 1.16, 95% CI, 1.04-1.31; obesity: pooled
OR = 1.36, 95% CI, 1.15-1.61) and women (overweight:
pooled OR = 1.24, 95% CI, 1.04-1.50; obesity: pooled
OR = 1.40, 95% CI, 1.08-1.82). Similar results were

‘ Citations (n=959)

Excluded by title review (n=883)

‘ Abstracts (=76} Excluded by abstract review (n=51)

1) Reviews (n=6)

2) Meta-analysis (n=1)

3) Case-control or cross-sectional studies(n=14)
4) Did not associated with obesity and LBP(n=30)

‘ Articl&s.(n=25) ‘

J Excluded by article review (n=15)
1) Insufficient information (n=14)
2) Duplicate data (n=1)

Asticles included in final
analysis (n=10)

FIGURE 1. Flow diagram of study selection process. LBP in-
dicates low back pain.
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TABLE 1. Characteristics of the Included Cohort Studies on Overweight/Obesity and Low Back Pain

No. Tool Study
References Country Population Age Participants Used  Quality Adjustment for Covariates
Heuch et al’! Norway General 30-69 18882 Measured 8 Age, education, smoking, work status, physical activity,
blood pressure, lipid levels, and time between last meal
and blood sampling
Shiri et al?2 Finland General 24-39 1224 Measured 8 Age, educational status, occupational status, and
smoking
Jensen et al?* Denmark Occupational Mean = 35 847 Self- 6 Age, smoking, social support at work, and influence at
reported work
Zhao et al? Australia, Occupational  21-67 928 Self- 6 Demographic, occupational, health, and work-related
UK, New reported psychosocial factors
Zealand
Van Belgium  Occupational Mean = 26 322 Self- 7 Fingertip-to-floor distance, age, and sex
Nieuwen- reported
huyse et al®
Miranda et al?®  Finland  Occupational 19-67 1676 Self- 6 Age, heavy lifting, awkward postures, whole-body
reported vibration, smoking, and physical exercise
Andersen Denmark Occupational Not given 1513 Self- 6 Age, occupational group, and intervention group
et al?’ reported
Leino-grjas Finland  Occupational Not given 544 Measured 7 Age and occupational class
et al
Mustard et al'>  Canada General 4-16 1039 Self- 7 Full model
reported
Lake et al'4 UK General 23 2773 Self- 7 BMI at age 7, social class, and psychological distress at
reported 23y

found in the relation between overweight, obesity, and
risk of LBP in both the self-reported studies (overweight:
pooled OR = 1.11, 95% CI, 1.02-1.19; obesity: pooled
OR = 1.23,95% CI, 1.11-1.35) and the measured studies
(overweight: pooled OR = 1.28, 95% CI, 1.06-1.54;
obesity: pooled OR = 1.48, 95% CI, 1.07-2.04). When
stratifying for population, overweight was associated with
an increased risk of LBP in the occupational population
(pooled OR = 1.14, 95% CI, 1.02-1.27), but not in the
general population (pooled OR =1.15, 95% CI,
0.92-1.44). Obesity was associated with an increased risk
of LBP in both the occupational population (pooled
OR = 1.39, 95% CI, 1.07-1.80) and the general pop-
ulation (pooled OR = 1.31, 95% CI, 1.16-1.48).

Publication Bias and Sensitivity Analysis

No publication bias was found in the literature on
BMI and LBP risk in the “overweight” and “obesity”
groups based on either Egger test (P = 0.70 and 0.10,
respectively) or Begg test (P =1.00 and 0.15, re-
spectively). The results of sensitivity analysis are pre-
sented in Figure 4. There was no significant variation in
the pooled OR by excluding any of the studies, support-
ing the robustness of our results.

DISCUSSION

Among the 10 cohort studies included in our meta-
analysis, evidence showed that overweight and obesity
were associated with an increased incidence of LBP.
When stratified by the degree of obesity, the overweight
studies were associated with a slightly increased risk of
LBP, and the results of the obesity studies demonstrated a
stronger risk effect. In the subgroup analysis based on sex

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

and tools used for anthropometry, similar trends were
observed.

This study is a meta-analysis using current data on
the association between obesity and LBP incidence. Al-
though a meta-analysis was previously published, our
results are noteworthy because some of our results differ
from previous studies and are more reliable because of
strictly structured subgroup analysis.

Shiri et al’ reported that obesity was associated with
an increased incidence of LBP in men but not in women
and overweight was not associated with the incidence of
LBP in both sexes. A previous study by Jensen et al**
showed that overweight and obesity do not increase the
risk for developing LBP among newly educated female
health care workers. However, the results of this study’s
subgroup analysis were inconsistent with those results.
Similar to several studies, we found that the risk of LBP
does not significantly differ between sexes.?!"?® The pres-
ent study showed that overweight and obesity could in-
crease the risk of LBP in both men and women.

When we used self-reported height and weight at
study entry to calculate BMI, the small error that exists is
generally systematic, with an overestimation of height
and an underestimation of weight, especially at higher
weight.?3! Consequently, we could observe a stronger
association in the measured studies. The measured studies
were more accurate, and the conclusions drawn from
them were more credible.

The results of the subgroup analysis demonstrated a
stronger association between BMI and LBP in the occu-
pational population than in the general population. Most
of the occupational population in this meta-analysis con-
sisted of health care workers and industry workers who
were likely to work in a more complex occupational
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A
Author(Year) OR (95% CI) ‘Weight
(%)
Heuch (2013) —-— 1.17 (1.06, 1.28) 36.78
Shiri (2013) —— 1.24 (0.93, 1.65) 3.98
Jensen (2012) —_— 1.07 (0.78, 1.47) 3.26
Zhao (2012) - 112 (1.02, 1.22) 40.80
Van Nieuwenhuyse (2009) I 0.72 (0.25, 2.12) 0.29
Miranda (2008) — 1.08 (0.88, 1.33) 767
Andersen (2007) _— 1.07 (0.74, 1.54) 2.44
Leino-Arjas (2006) —s——  169(1.19, 2.40) 266
Mustard (2005) 0.45 (0.20, 0.99) 0.51
Lake (2000) A 142(091,223) 163
Overall (I-squared = 30.4%, p = 0.166) 0 1.15 (1.08, 1.21) 100.00
T T
2 1 5
B
Author(Year) OR (95% CI) Weight
(%)
Heuch (2013) = 1.27 (1.10, 1.45)  20.75
Shiri (2013) —_ 1.26 (0.85, 1.86) 8.78
Jensen (2012) — 0.85 (055, 1.29) 7.82
Zhao (2012) —-— 118 (1.05,132) 2209
Van Nieuwenhuyse (2009) > 257 (1.09,6.00) 2.49
Miranda (2008) — 134 (0.98,1.84) 11.44
Andersen (2007) _ 1.48 (0.87,251) 567
Leino-Arjas (2006) — 217 (150,3.16) 9.36
Mustard (2005) —— 161(0.94,2.76) 553
Lake (2000) _— 1.78 (1.07,2.95) 6.07
Overall (I-squared = 51.1%, p = 0.031) <> 1.36 (1.18, 1.57)  100.00
NOTE: Weights are from random effects analysis
T T

164 1

6.09

FIGURE 2. Forest plot for the association between overweight (A), obesity (B), and the low back pain risk. Cl indicates confidence

interval; OR, odds ratio.

environment than the general population. Hence, the dif-
ference of LBP risk between the 2 populations may result
from the effect of interaction between overweight, obesity,
and environment on LBP.23 Thus, prevention of LBP
among the occupational population should focus on
weight control and improvement of the work environment.

A major strength of this study was the large number
of participants from cohort studies, allowing a much
greater possibility of reasonable conclusions. We in-
corporated a maximal bias adjustment in the pooled es-
timate; thus, the effect of potential confounders was
minimized. Furthermore, there was a lack of significant
evidence of publication bias. The whole study was proved
to be reliable by the result of sensitivity analysis.
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However, there were a few limitations in our study.
First, although most included studies were adjusted for
potential confounders, we could not rule out the possi-
bility that some other unmeasured factors might be partly
responsible for the observed association. Second, the BMI
data were collected at baseline, and these data might have
changed during the follow-up period. Thus, it is not
possible to determine the effects of change in BMI on
LBP. Third, the outcomes did not include information on
the frequency and severity of LBP in some studies. Fi-
nally, evidence in this meta-analysis largely originated
from Europe, Australia, and Canada, with fewer from
other regions. The association identified in this work may
therefore not be applicable to other regions such as Asia,

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Male Female
AuthorYear) ORE%C)  Wegn AdbnYen) SRS, e
(%) ;
overweight '

onmeigt Heuch (2013) - 1.19(1.06,1.34) 1800
Heuch (2013) 113(097, 1.3 2906 Shir {2013) ——— 151(103,221) 816
Shin (2013) 106(0.72,157) 610 Jensen (2012) —— 107 (0.78, 147) 1005
Miranda (2008) — 133(1.02,1.73) 38 Whranda (2008) —_—rl 064 (036, 1.13) 466
Andgrsen (2007) —_— 0.81(049, 136) 35 Andersen [2007) —_— 143(0.85,239) 543
Leing-Arjas (2006 —_— 1HE 234N lawgﬂ;; {2006) —_— 2.3 :; ;5. ;?3: ;2
Subtotal (Fsquared = 14.3%. p=0323 1,16 (1.04, 1.31) 66.95 Lake (000) i N,

P petiy | ¢ ) Sublata (-squared = 445%, p=0.094) <> 124(104,150) 5725
g " obesity
Heuch (2013) —— 1.34(1.08, 167) 19.52 Heuch (2013) - 122103, 145) 1582
Shin (2013) —_— 109(062 191) 253 Shar (2013) —_— 146 (084, 255) 488
Miranda (2008) —_—— 122(0.78, 193) 452 Jensen [2012) —— 085(0.55,129) 111
Andersen (2007) ———————— 12{061, 206) 155 Mranda (2008) —_— 121054, 271) 264
Leing-Arias (2006) 3 1T (119,204) 453 m'% it — ;-:‘"-g- :-gll gg
Subtotal o= 0.0%, p= 0602 <> 136(1.15, 161) 33.05 Lomo-Arpa (2006) gt 100 (155, 540) 3/
R e ol { ) Lake (2000) —_— 178{107,29) 559

s i o N ' Sublotal (-squared = 520% p=005) <:> 140(1.08,182) 4275
Overall (J-squared = 6.1%, p=0.385) 0 123(1.11, 1.35) 100.00 Overall (hsquared =45.4% p=0033) | <> 129(1.12, 1.45) 100.00

: HOTE Weghty are Fom anden sifeets sainss
L 1 T T

M 1 b mn 1 563
Self-reported Measured
AuthorYear) ORESN0N  Weght
L] Author(Year) OR(E%C)  Weght()
oarmeghl
Jengan 01 16T (078, 147) 359 I
Thas (012) 112(102.122) 500 ovenweght
Van I 2008 ampA21) R Heuch (2013) - 1AT {106, 1.28) 2839
Meanda (2006) 108068, 130) 846
Andersen (2007) - 107 (014, 150) 269 Shn (2013) b 124 (053, 165) 1457
Musterd 2005) —_— 50N 00 05 Lemo-Arjas (2006) — 1E9(119,240) 1146
Laie (2008 . 142{091,22) 180
Sobtatal (-aquaned = 12 7%, p= 0 333) 0 11102, 119) 6241 Subloial (1squared = 49.8%,p=0136) | <> 128(1.06,154) 5443
obesty '
Jansen (2017) DES (D55, 129) 19 obesdy
Thas (2012 198 (105, 1.32) 285 Heuwth (2013) —— 1.27(1.10, 1.45) 2508
Van Herowerbuyse (2009) —————y 2T 609) 009
Meanda 2006) —— 1:(088, 180 38 Shir (2013) Th 12808, 1.56) 990
Andersen (2007) —_—— 148 (087, 251) 129 Lewno-Arjas (2006) ——) 217150, 3.16) 1059
Mustard [2005) — 161(054,276) 1.4 B 3
e ; STt S Sublotal (1squared = 71.8%, p = 0.029) {:} 148(1.07, 2.04) 4557
Sabtetal (-aquared = Y3 8% px 0.126) [+ 123(1.11,136) 058
- e Owrl gz 2 1% p=002) | <> 135(1197,157) 1000
Ol (Faguand = 13.4% o= 0108 o 118108 122) 10000 - N—
[ et e o random olects amdyss
H T T T
™ 1 £ 36 1 38
Occupational General
At ORESNE)  Wegt®)  pghorivear) OR™C)  Weghih)
oetwgfl
Jansan (012} WA, 1Y 40 overweght
s (2012 12010212 B0 Heuch (2013) - 117(106,128) 3403
Van M (2008 uRRsIm Shin (2013) —— 124(003,165 1234
Meands (208 10008013 1M Mustarg (2008)  ———a———— 045(020,009) 208
ek [N RN 1 Lake (2000) —— 120022 603
LAt (2006) 163(109.240) 143 5 l
Subiotal (lequaed = 1855 p= 0291 112N S8 DK f3qatred 3 52 B p=0.0) ‘:> TEME 1M} 528
ebasty phesdy
Jonwen Q012) —s— NESSE 129 6 Heueh (2013) - 127(110,145) 2184
Dy i g TR Shir (2013) ——  150851%) 75
Van Nesuwenhoyie (2009) —— 15T 00,60 106
N O8] P T lhsla.rﬂil’m!") ——— 16104, 276) 435
Andaisan 200T) —_— 108280 407 Lake (2000) T—A——A78(107.205) 485
Lsine-Aas (2005) —_— 2UT(150,306) 687 Sublotal (l-squared =0 0% p=0532) <> 13116, 1.48) MB2
Subtotel (equared = 68 4%, p=0 007 O 10107, 180 &40
Overal (-squared=345% p=0153) | 124(111,140) 100,00
Oveeal aguaned = 45 0%, p= 0011 (e 123(105,13%) 10000
NOTE Weghts e From random ¢Hecs Jayie
NOTE: Wiesghts aes from random aflects anslysa T T
164 1 1] 2 i 5

FIGURE 3. Subgroup analysis of overweight, obesity, and the risk of low back pain. Cl indicates confidence interval; OR, odds

1 full color
ratio. |ful colr|

South America, and Africa, thus further studies from the risk of LBP in both men and women. These findings
these regions are welcomed. also indicate that maintaining a healthy body weight

In conclusion, the results of this meta-analysis show  may be one of the factors preventing the occurrence of
that overweight and obesity are positively associated with LBP.
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A Meta-analysis estimates, given named study is omitted B Meta-analysis estimates, given named study is omitied
| Lower CI Limit o Estimate | Upper CI Limit | Lower CI Limit oEstimalte ! Upper CI Limit
Heuch (2013) © ] Heuch (2013) | [
Shiri (2013) | of i Shirl (2013) | o i
Jensen (2012) | b | Jensen (2012) - |-
Zhao (2012) i I o | Zhao (2012) It | o 1
Van Nieuwenhuyse (2009) | P | Van Nieuwenhuyse (2009) | | o |
Miranda (2008) 1 |o | Miranda (2008) | 1 ' lo I
Andersen (2007) ] B n Andersen (2007) I a9 |
Leino-Arjas (2006) 1 o | I Leino-Arjas (2006) o | 1
Mustard (2005) I | o Mustard (2005) | | o [
Lake (2000) 1 ol Lake (2000) | | | o | 1
1.05 1.‘08 1.‘15 1.‘21 1.‘26 1.14 I.I1E 1.‘35 1.‘5? I.I7I

FIGURE 4. Sensitivity analysis of overweight (A), obesity (B), and the risk of low back pain. Cl indicates confidence interval.
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