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Abstract

Background

Back and lower limb pain have a major impact on physical function and quality of life. While

obesity is a modifiable risk factor for musculoskeletal pain, the role of adiposity is less clear.

This systematic review aimed to examine the relationship between both adiposity and its

distribution and back and lower limb pain.

Methods

A systematic search of electronic databases was conducted to identify studies that exam-

ined the association between anthropometric and/or direct measures of adiposity and site

specific musculoskeletal pain. Risk of bias was assessed and a best evidence synthesis

was performed.

Results

A total of 56 studies were identified which examined 4 pain regions, including the lower back

(36 studies), hip (two studies), knee (13 studies) and foot (eight studies). 31(55%) studies

were assessed as having low to moderate risk of bias. 17(30%) studies were cohort in

design. The best evidence synthesis provided evidence of a relationship between central

adiposity and low back and knee pain, but not hip or foot pain. There was also evidence of a

longitudinal relationship between adiposity and the presence of back, knee and foot pain, as

well as incident and increasing foot pain.

Conclusions

This systematic review provides evidence of an association between both body fat and its

central distribution and low back and knee pain, and a longitudinal relationship between adi-

posity and back, knee and foot pain. These results highlight the potential for targeting adi-

posity in the development of novel treatments at these sites.
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Introduction

Musculoskeletal conditions are a leading disease burden worldwide. They are not only the

second most common cause of global disability, but disability-adjusted life years (DALYs)

for musculoskeletal conditions have increased alarmingly, with a rise of up to 62% between

1990 and 2016 [1]. One in three people worldwide live with a musculoskeletal condition,

which is characterised by pain and disability, leads to reduced quality of life, and results in

a huge economic burden [2]. Back and lower limb pain are highly prevalent musculoskele-

tal conditions and make a major contribution to their increasing burden at an individual,

familial and societal level. Current efforts to reduce the profound impact of these condi-

tions have focussed on determining modifiable risk factors for management and

prevention.

Obesity is an escalating, global epidemic. The 2016 Global Burden of Disease Study showed

that the prevalence of obesity is not only increasing, but obese people are actually living longer,

which allows for the development of co-existing conditions, such as musculoskeletal pain [3].

There is growing evidence to indicate that obesity is a modifiable risk factor for musculoskele-

tal pain at different sites. A meta-analysis by Shiri and colleagues reported overweight and obe-

sity, measured by weight and body mass index (BMI), to be risk factors for low back pain [4],

while a systematic review by Butterworth et al. found increased BMI to be strongly associated

with non-specific foot pain in the general population [5]. While these reviews provide evidence

for a relationship between obesity, measured by body weight or BMI, and musculoskeletal

pain, they do not account for body composition and thus don’t consider the individual contri-

butions of fat mass and lean tissue mass (or muscle mass). This is of particular importance

given there is evidence to show that fat mass or adiposity and muscle mass have different roles

in the pathogenesis of musculoskeletal disease [6,7].

There is growing evidence to show that adiposity plays an important role in musculoskeletal

pain. Adipose tissue acts as an endocrine organ, releasing a host of pro-inflammatory cyto-

kines and adipokines [8], which can heighten inflammatory changes leading to destruction of

tissue [9] and increasing pain and disability. A single systematic review has examined the rela-

tionship between body fat and musculoskeletal pain [10], reporting a positive cross-sectional

association between higher body fat and single-site joint pain in the low back, knee and foot.

However, no conclusions could be drawn from longitudinal data regarding the role of adipos-

ity in back and lower limb pain, as there was a lack of available high quality, cohort studies.

Moreover, the review focussed on studies that used direct measures of body fat, such as fat

mass and percentage of body fat, and excluded those that examined anthropometric measures,

such as waist circumference and waist hip ratio [11], thus limiting the opportunity to examine

role of fat distribution, particularly central adiposity.

Understanding the role of adiposity in musculoskeletal pain, particularly back and lower

limb pain, has huge potential to inform the development of novel prevention and treatment

approaches, as well as further our understanding of mechanisms underlying the relationship

between obesity and musculoskeletal pain. The aims of this systematic review were to: (i)

examine the relationship between central adiposity and back and lower limb pain and (ii)

investigate the longitudinal association between adiposity and both the presence, incidence

and progression of pain at these sites.

Methods

This systematic review was conducted according to Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) statement (see S1 Checklist) [12].
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Data sources and searches

We performed electronic searches of six databases, including MEDLINE, Embase, CINAHL,

Cochane Central Register of Controlled Trials, Scopus and Web of Science from database

inception to February 2, 2021. Our initial search for studies was conducted using text words

and subject terms on three key databases and then based on this, we developed the search strat-

egy, with subject classification systems investigated for each database and expanded our data

sources to include all six databases for our final search. The final searches of all six databases,

covering the key concepts of adiposity and musculoskeletal pain, were performed using the

appropriate specifications for each database. The comprehensive search strategy for OVID

Medline is provided (see S1 Medline Database search strategy in S1 Text). The searches were

restricted to adult human studies but not limited based on language. To identify grey literature,

we searched Google scholar, using key terms such as ‘adiposity’ and ‘musculoskeletal pain’,

from 2011 to 14 February 2021, and Scopus, using our Scopus search strategy and selecting for

conference proceedings, from inception to 14 February 2021. In addition, reference lists of

reviews and key papers were searched to identify relevant literature.

Inclusion and exclusion criteria

Studies were included if they investigated the relationship between adiposity and low back or

lower limb pain, using at least one measure of adiposity and reporting pain as an outcome

measure. Studies that examined adiposity using: (i) anthropometric measures, including waist

circumference, hip circumference, waist-hip ratio, waist-height ratio, and skin folds, and (ii)

direct fat measures, such as fat mass and body fat percentage, using dual-energy X-ray absorp-

tiometry (DXA) and bioelectrical impedance, were included.

For the purposes of this review, waist circumference was defined as a measurement around

the trunk at the midpoint between the lower margin of the least palpable rib and the top of the

iliac crest [11]. Hip circumference was considered to be a measure around the hips at the maxi-

mum posterior extension of the buttocks, while waist-hip ratio and waist-height ratio were cal-

culated by dividing waist circumference by hip circumference measures, and waist

circumference by height, respectively [11]. Skinfold measures assessed the subcutaneous fat

thickness and were measured by skinfold calipers [13], while fat mass and body fat percentage

were defined as the total mass of adipose tissue or percentage of total adipose tissue of the

whole body mass respectively. Central adiposity, an accumulation of both subcutaneous and

visceral fat in the lower torso around the abdominal area, was assessed by waist circumference

or waist-hip or waist-height ratio measures, which are recommended by the World Health

Organization [11].

Data on the presence, incidence and progression of pain in each region was recorded from

the included studies where possible. The presence of pain, which was reported from cross-sec-

tional, case-control and cohort studies, was defined as pain recorded at one point in time. For

a cohort study, this could have been where adiposity was assessed at baseline and pain was

measured at follow-up. Incident pain was defined as where pain was assessed at both baseline

and follow-up in a cohort study, with pain absent at baseline and present at follow-up. More-

over, the progression of pain was described where pain was present at both baseline and fol-

low-up in a cohort study and was assessed as increasing, decreasing or not changing over the

study period There was no hierarchy given to these pain outcomes, however data from cohort

studies were considered the highest level of evidence, followed by case-control studies and

then cross-sectional studies.

We excluded studies that: (1) reported BMI or weight only; (2) examined only intramuscu-

lar fat; (3) reported pain in the head, neck or upper limb; (4) investigated pain other than
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musculoskeletal pain, i.e. abdominal pain, cardiac pain; and (5) examined multisite musculo-

skeletal pain where data specific to the back or lower limb were not reported separately.

Study selection

Titles and abstracts were assessed by two investigators (WP and TR) for relevance and the full

texts were retrieved for relevant studies.

Data extraction

Data were extracted and tabulated by two reviewers (WP and TR) independently. Studies were

categorized based on: (i) the site of pain investigated (low back, hip, knee and foot), (ii) their

study design (cross-sectional, case-control or cohort) and (iii) the type of adipose measure

reported (anthropometric versus direct fat measures). Data extracted from the studies included

(1) author and year of publication, (2) study population characteristics (number of study par-

ticipants, gender (% women), mean (SD) age, recruitment source), (3) assessment method and

measure for adiposity and pain, (4) results (OR/RR, 95%CI) and (5) conclusions.

Risk of bias assessment

To assess the risk of bias of the included studies, two reviewers (TR and JF) independently

assessed the included studies using the Cochrane risk of bias assessment [14]. The Cochrane

risk of bias assessment examines the internal and external validity of the included studies,

based on four items for cross-sectional studies and five items for cohort studies, with each item

scored as low, moderate or high risk of bias. An overall assessment was then given for each

study; low if every individual item scored low, moderate if all items scored low except either

one high or two moderate, or high if individual items scored more than one high or more than

two moderate.

Best evidence synthesis

A best evidence synthesis was used to summarise the data. It was not possible to perform a

meta-analysis as there was substantial clinical and methodological heterogeneity across the

studies, including differences in the clinical populations investigated, risk factors and out-

comes measured, and statistical data and analyses performed. Based on the study design, the

number of studies, the risk of bias rating, and consistency of the results of the studies, levels of

evidence for the association between adiposity and pain was determined for each region. The

studies were ranked according to their design, with cohort studies considered the highest level

of evidence, followed by case-control studies and then cross-sectional studies. Studies were

classified as having an association (“positive” or “negative”) if the association reported was sta-

tistically significant according to the authors’ predetermined alpha value (or p< .05 where this

was not reported) or where the confidence interval for an odds ratio did not cross one.

The levels of evidence used were adapted from the Lievense’s standardized criteria [15],

which have been used previously in observational studies of musculoskeletal conditions [16].

They included: evidence of an association, conflicting evidence, limited evidence or no evi-

dence. ‘Evidence of an association’ was defined as consistent findings in multiple, cohort stud-

ies, while ‘conflicting evidence’ was defined as inconsistent findings across the number and

types of studies. ‘Limited evidence’ was defined as consistent findings in a small number of

studies, including a single cohort study or one or two case-control or cross-sectional studies,

and ‘no evidence’ was used when there are no studies that provided any evidence.
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Results

Identification of studies

After removal of the duplicates, 6,242 records remained (Fig 1). A total of 6,049 studies were

excluded based on the screening of titles and abstracts, leaving 193 studies for full text analysis.

A further 74 studies were excluded as they did not meet the review’s inclusion criteria: 37 stud-

ies only included BMI as their measure of obesity [17–51], 18 studies did not examine any

Fig 1. PRISMA flow diagram.

https://doi.org/10.1371/journal.pone.0256720.g001
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associations between fat mass and pain [50,52–67], nine studies examined adiposity within a

specific muscle [68–75], five studies did not specify a site of pain [76–79], two studies only

examined multisite pain [80,81], and three studies examined pain in children [82–84].

Characteristics of the included studies

A total of 56 studies were included in this review (Table 1). Of the included studies, 17 were

cohort [85–101], ten were case-control [102–111] and 29 were cross-sectional [6,7,112–138]

studies. Twenty one studies were conducted in Australia [6,7,85,89,90,92–94,97–99,101,102,

105,106,117,119,122,126,129,134], seven in Japan [95,107,118,121,131,132,136], five in Finland

[87,96,123,124,127], four in the USA [86,91,100,112], two in Brazil [128,130], Turkey

[109,120], The Netherlands [113,115], India [114,135], Nigeria [116,133], and China

[104,110], and one each in, Korea [125], Slovenia [103], Norway [88], United Kingdom [100],

Sweden [111], Mexico [137], Egypt [138] and Greece [108]. Of the 56 studies, 36 examined low

back pain [6,7,87,88,92,93,95–97,100,103–105,107,108,111–118,121–123,127,130–138], two

examined hip pain [94,102], 13 examined knee pain [86,89,91,94,101,109,110,120,124,125,

128,129,132], and eight examined foot pain [85,90,94,98,99,106,119,126].

Study populations

A total of 39 studies recruited both male and female participants [6,85,87–94,96–101,107,109,

110,112–115,117–119,121,122,125,127–131,134–138], while eleven studies included female

participants only [7,86,102,104–106,108,116,120,132,133], five studies included male partici-

pants only [95,103,111,123,124] and one study did not specify the gender of their participants

[126] (Table 1). The mean age of the participants in 41 studies was above 40 years [6,7,85,89–

94,97–99,101–111,113,116,118–121,123,125,126,128–133,135–137], while six studies had a

mean participant age between 20–40 years [95,115,124,127,134,138], and three studies had a

mean age below 18 years [86,117,123]. Bihari et al. [114] included participants from 10 to 70

years of age, Brooks et al. [122] included participants from 18–76 years, Shiri et al. [96]

included participants over the age of 30, Heuch et al. [88] included participants from 30–69

years and Muthuri et al. [100] followed participants over 32 years, collecting data at the age of

36, 43, 53, 60–64 and 68–69 years. One study did not specify the age of their participants [112].

Participant data were obtained from 12 existing databases or studies; including the Osteoar-

thritis Initiative [91], Australian Diabetes, Obesity and Lifestyle Study [92], National Health

And Nutrition Examination Study [112], Western Australian Pregnancy Cohort [117], Young

Finns Study [87,127], Morgan project [113], Nord-Trøndelag Health Study [88], Hong Kong

Department of Community and Family Medicine study [104], North West Adelaide Health

Study [90], Tasmania Older Cohort Study [94,98,129], PAINEL study [130], CoHRE study

[131], Tasmanian Older Adult Cohort Study (TASOAC) [101], a clinical trial of vitamin D in

overweight/obese individuals [134], Yakumo study [132] and a British cohort study based on

the MRC National Survey of Health and Development [100]. Participants were also recruited

from local GP or health care clinics in eight studies [6,102,106,116,118–120,138] and from hos-

pitals, and outpatient and rehabilitation clinics in seven studies [107,109–111,115,136,137] and

registries in four studies [93,105,123,124]. Three studies recruited from electoral role

[7,89,126], three studies recruited from media advertising and leaflet drops [85,97,122], and

three studies from surveys [96,125,135], two studies recruited from government offices and

schools [108,133], and single studies recruited from a physical therapy department [128], com-

panies in the metropolis area [95], the national capital region [114], an annual medical exami-

nation [121], surgical waiting list [99], a municipal transport company [103] and a country

public school [86].
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Table 1. Characteristics of studies investigating the relationship between adiposity and back and lower limb pain.

Author

(Country, year)

Study population No. of

participants (%

women) Age

(years): Mean

(SD)

Method of

measuring adiposity

Measure of

adiposity

Measure of pain Risk of

bias rating

Low back pain

Cross-sectional studies

Anthropometric fat measurement
Yoshimoto

(Japan, 2019)

[136]

Participants who attended an

annual health check-up by the

‘All Japan Labour Welfare

Foundation’ were recruited.

45,192 (32.1)

50.5 (7.1)

NA WC Single question: “Do you have

LBP under treatment including

follow-up?”

Moderate

Hussien (Egypt,

2019) [138]

Participants examined and

diagnosed by their physician

and referred for physical

therapy.

132 (38)

33.1 (9.23)

Flexible tape measure WC

HC

WHR

VAS Moderate

Kulandaivelan

(2018, India)

[135]

Participants recruited from a

survey of an urban

geographical area.

1503 (54.2)

48.2 (13.1)

Non-elastic inch tape WC Pain lasting > 1 day in the past 12

months

Moderate

Brady (Australia,

2018) [33]

Participants from a randomised

controlled trial of vitamin D in

community-based overweight/

obese individuals

62 (37.1)

31.3 (8.5)

NA WC Single question “Have you had

back pain in the past month?”

Moderate

Machado (Brazil,

2018) [130]

Participants from PAINEL

study

268 (70.9)

75.5 (6.1)

Not stated WC Interview question “pain in last 6

months that did not disappear for

at least 30 consecutive days”

High

Ogwumike

(Nigeria, 2016)

[133]

Participants were post-

menopausal women recruited

from government secretariats,

schools, and hospitals in the

local government area of Oyo

State.

310 (100)

41–50 yo: 30.3%

51–60 yo: 64.8%

60–65 yo: 4.8%

NA WC

WHR

WHtR

Standardized Nordic

Musculoskeletal Questionnaire:

prevalence of back pain over 12

months.

Low

Chou (Australia,

2016) [7]

Participants from the Geelong

Osteoporosis Study, who were

randomly recruited from the

electoral roll

820 (100)

No LBP: 58.1

(17.1)

LBP: 62.9 (14.0)

Tape measure WHR Chronic Pain Grade

Questionnaire

Moderate

Frilander

(Finland 2015)

[123]

Register of the Finnish Defence

Forces

1385 (0)

40.2

Not stated WC, WHR Three questions: “Have you ever

had LBP?” “Have you had LBP

during the preceding 20 days?” “If

you had LBP, did it radiate?”

Moderate

Muramoto

(Japan, 2014)

[132]

Healthy Japanese volunteers

who attended a basic health

check-up (Yakumo study in

2011–12)

217 (100)

68.3 (5.0)

Non-stretchable

measuring tape

WC

HC

WHR

VAS Low

Briggs (United

States, 2013)

[112]

Participants from the NHANES

data base (1999–2004)

14206 (52.2)

Not specified

Measuring tape WC Two specific questions of back

pain in the NHANES

questionnaire

High

Ojoawo (Nigeria,

2011) [116]

Patients referred from an

orthopaedic clinic diagnosed

with LBP and no serious

complications

64 (100)

52.33(10.24)

Inelastic flexible tape WHR, WC, HC VAS

Semantic differential scale

High

Perry (Australia,

2009) [117]

Adolescents from the Western

Australian Pregnancy Cohort

“Raine” study

1608 (48.7)

14.06 (0.20)

Cloth tape WC Questionnaire including 3 back

pain questions regarding having

back pain: ever, in the last month

and longer than 3 months

Moderate

(Continued)
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Table 1. (Continued)

Author

(Country, year)

Study population No. of

participants (%

women) Age

(years): Mean

(SD)

Method of

measuring adiposity

Measure of

adiposity

Measure of pain Risk of

bias rating

Shiri (Finland,

2008) [127]

Participants of the

Cardiovascular Risk in Young

Finns Study (1980–2001)

2620 (51.8)

31.2 (5.0)

Tape measure WC, HC, WHR Structured interview High

Toda (Japan,

2000) [118]

Japanese participants with

chronic low back pain, with or

without positive straight leg

raise

330 (62)

Cases:

59.7(8.7)

Controls:

57.6 (8.7)

Segmental

bioelectrical

impedance

WHR Not reported High

Han (The

Netherlands,

1997) [113]

Subjects from the MORGAN

project randomly recruited

from three towns: Amsterdam,

Maastricht and Doetinchem.

12,905 (54.4)

42.9 (10.7)

Tape measure WC, WHR Questionnaire High

Direct fat measurement
Endo (Japan,

2019) [131]

Participants recruited from

CoHRE study

1314 (59.4)

Female

No LBP: 72.5

(6.6)

LBP: 73.5 (6.5)

Male

No LBP: 72.9

(6.6)

LBP: 72.8 (6.4)

Bioelectrical

impedance analysis

Fat mass Single question: Do you have low

back pain at present?

Moderate

Brady (Australia,

2018) [33]

Participants from a randomised

controlled trial of vitamin D in

community-based overweight/

obese participants

62 (37.1)

31.3 (8.5)

Dual x-ray

absorptiometry

Fat mass

Body fat %

Single question “Have you had

back pain in the past month?”

Moderate

Nava-Bringas

(Mexico, 2018)

[137]

Patients receiving care in the

Spinal Rehabilitation Dept of

National Rehabilitation

Institute

27 (66.7)

58.6 (6.98)

Bioelectric

impedance analysis

Fat mass

Body fat %

Numerical scale (0–10) High

Brooks (Australia,

2016) [122]

Recruited through media

advertising and leaflet drops

70 (57)

Range: 18–76

Tape measure

Bioelectrical

impedance analysis

Abdominal to

lumbar fat mass

ratio

VAS Low

Chou (Australia,

2016) [7]

Participants from the Geelong

Osteoporosis Study, who were

randomly recruited from the

electoral roll

820 (100)

No LBP: 58.1

(17.1)

LBP: 62.9 (14.0)

Dual x-ray

absorptiometry

Fat mass Chronic Pain Grade

Questionnaire

Moderate

Iizuka (Japan,

2015) [121]

Participants were recruited

from an annual medical

examination concerning life

threatening diseases

273 (65.6)

64.3 (13.2)

Bioelectrical

impedance analysis

Total body fat mass Questionnaire regarding presence

of LBP and chronic LBP with aid

of VAS

Moderate

Bihari (India,

2011) [114]

All age groups and both sexes

from Gurgaon and NOIDA in

the National Capital Region

2086 (48.4)

Range: 10–70

Bioelectric

impedance analysis

Total body fat mass Structured interview High

Ojoawo (Nigeria,

2011) [116]

Patients referred from an

orthopaedic clinic diagnosed

with LBP and no serious

complications

64 (100)

52.33(10.24)

Mathematical

calculations

Body fat % VAS

Semantic differential scale

High

Urquhart

(Australia, 2011)

[6]

Participants ranging from

normal weight to obese from

community weight loss clinics

or recruited by local media

135(83.1)

47.4 (9.0)

Dual x-ray

absorptiometry

Total body fat mass,

upper and lower

limb fat mass

Chronic Pain Grade

Questionnaire

Moderate

(Continued)
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Table 1. (Continued)

Author

(Country, year)

Study population No. of

participants (%

women) Age

(years): Mean

(SD)

Method of

measuring adiposity

Measure of

adiposity

Measure of pain Risk of

bias rating

Hodselmans (The

Netherlands,

2010) [115]

Outpatients diagnosed with

nonspecific chronic low back

pain

101 (46)

39.2(9.6)

Skin fold calipers Body fat % Patient included if complained of

LBP for >3 months

High

Toda (Japan,

2000) [118]

Japanese participants with

chronic low back pain, with or

without a positive straight leg

raise

330 (62)

Cases:

59.7(8.7)

Controls:

57.6 (8.7)

Segmental

bioelectrical

impedance

Body fat % Not reported High

Case control studies

Anthropometric fat measurement
Dario (Australia

2016) [105]

Population based Murcia Twin

Registry

1128 (100)

Cases: 53.59

(7.38)

Controls: 53.23

(7.38)

Inelastic tape

measure

WC, WHR Single question “Have you ever

had chronic LBP, with chronic

defined as greater than 6

months?”

High

Yip (China, 2001)

[104]

Recruited from University

Family Medical Clinic or from

previous population-based

study

417 (100)

NA

Measuring tape WC, HC, WHR Back pain for more than one day High

Hultman

(Sweden, 1993)

[111]

Recruited from a metropolitan

industrial company and the

Karolinska Hospital Dept of

Orthopaedic Surgery outpatient

clinic.

168 (0)

Group 1: 50 (3)

Group 2: 50 (3)

Group 3: 49 (6)

Skin fold calipers Skin fold measures

at the biceps,

triceps, subscapular,

and supra iliaca

crest sites were used

to calculate % fat

(volume).

3 groups:

Group 1: never had LBP or slight

LBP impairment

Group 2: had several or at least

one episode of LBP (but no LBP

for 2 months pre-study)

Group 3:�3 years of chronic

LBP, > 3months of sick leave in

the previous year

High

Direct fat measurement
Sakai (Japan,

2017) [107]

Participants recruited from the

orthopaedic surgery outpatient

department

Cases: 100 (55)

Controls: 256 (45)

Cases: 74.4 (6.0)

Controls: 73.2

(7.6)

Dual x-ray

absorptiometry

Fat mass, body fat

%

Persistent back pain for 3 months High

Dario (Australia,

2016) [105]

Population based Murcia Twin

Registry

1128 (100)

Cases: 53.59

(7.38)

Controls: 53.23

(7.38)

Bioelectrical

impedance analysis

Body fat % Single question “Have you ever

had chronic LBP, with chronic

defined as greater than 6 months”

High

Spyropoulos

(Greece, 2008)

[108]

Participants selected from

previous survey of office

workers, who were randomly

recruited from 3000 employees

from 4 of 18 government

offices

60 (100)

Cases: 41.7 (7.3)

Controls: 42.2

(7.3)

Skin fold calipers Body fat % Cases of chronic LBP were

considered if pain persisted for a

minimum of 15 months.

High

Celan (Slovenia,

2005) [103]

Bus drivers recruited from a

municipal transport company

112 (0)

44.2 (5.6)

Lorenz’

constitutional index

Body fat % Single question about previous

LBP, with one follow up question

regarding number of episodes if

yes (no duration specified)

High

Cohort studies

Anthropometric fat measurement

(Continued)
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Table 1. (Continued)

Author

(Country, year)

Study population No. of

participants (%

women) Age

(years): Mean

(SD)

Method of

measuring adiposity

Measure of

adiposity

Measure of pain Risk of

bias rating

Muthuri (UK,

2020) [100]

Participants recruited from the

MRC

National Survey of Health and

Development (British cohort

study from midlife to age 69

yo).

3426 (49.7)

36, 43, 53, 60–64,

68–69 years

Not stated WC All ages (except 68 yo): single

question about

whether they had sciatica,

lumbago or recurring/

severe backache all or most of the

time (ever at ages 36 and 43 and

in the previous 12 months at ages

53 and 60–64).

Age 68: single question about

whether they

had experienced any ache or pain

in the previous month which had

lasted for 1 day or longer.

Moderate

Shiri (Finland,

2019) [96]

Participants from Finnish

population based surveys,

Health 2000 and Health 2001

1850 (55.0)

Over 30

Not stated WC Participants asked how many

days of back pain they have had

in the past 12 months.

Moderate

Dario (Australia,

2017) [93]

Participants recruited from

Murcia Twin Registry

1098 (47.3)

53.7 (7)

Inelastic tape

measure

WC, WHR Single question “Have you ever

suffered from chronic LBP?”

Moderate

Hussain

(Australia, 2017)

[92]

Participants recruited from

AusDiab study

4986 (55.7) Metal

anthropometric tape

WC Chronic Pain Grade

Questionnaire

Moderate

Heuch (Norway,

2015) [88]

Participants recruited from the

Nord-Trondelag Health Study

(HUNT)

25329 (55)

30–69

Not stated WC, WHR Two questions regarding

presence and area of pain

High

Shiri (Finland,

2013) [87]

Participants of the

Cardiovascular Risk in Young

Finns Study (1980–2007) based

on the 2001–2007 follow up

1224(52.5)

31.4(5.0)

Tape measure WC Single question “Have you had

low back trouble (pain, ache, or

unpleasant sensations) during the

preceding 12 months?” with

follow up questions regarding

radiating pain.

High

Direct fat measurement
Muthuri (UK,

2020) [100]

Participants recruited from the

MRC

National Survey of Health and

Development (British cohort

study from midlife to age 69

yo).

3426 (49.7)

36, 43, 53, 60–64,

68–69 years

Dual X-ray

absorptiometry

Fat mass

FMI

60–64 years: single question

about whether they had sciatica,

lumbago or recurring/severe

backache all or most of the time

in the previous 12 months.

68 years: single question about

whether they

had experienced any ache or pain

in the previous month which had

lasted for 1 day or longer.

Moderate

Brady (Australia,

2019) [97]

Participants from local media

and public, private and

community health clinics

123 (78)

48.6 (8.5)

Dual X-ray

absorptiometry

Fat mass Chronic Pain Grade

Questionnaire

Moderate

Dario (Australia,

2017) [93]

Participants recruited from

Murcia Twin Registry

1098 (47.3)

53.7 (7)

Bioelectric

impedance analysis

Body fat % Single question “Have you ever

suffered from chronic LBP?”

Moderate

Hashimoto

(Japan, 2017) [95]

Participants were employees of

companies based in the greater

Tokyo metropolitan

area

1152 (0)

28.0 (4.6)

Skin fold using

subcutaneous fat

thickness-measuring

device

Body fat % Presence of LBP was obtained

using questionnaire with options

(none, in the past, present)

High

Hussain

(Australia, 2017)

[92]

Participants recruited from

AusDiab study

4986 (55.7) Bioelectric

impedance analysis

Body fat %

Fat mass

Chronic Pain Grade

Questionnaire

Moderate
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Table 1. (Continued)

Author

(Country, year)

Study population No. of

participants (%

women) Age

(years): Mean

(SD)

Method of

measuring adiposity

Measure of

adiposity

Measure of pain Risk of

bias rating

Hip pain

Case control studies

Anthropometric fat measurement
Fearon (Australia,

2012) [102]

Recruited from private

healthcare providers.

Participants either had a gluteal

tendon reconstruction, hip

osteoarthritis or no hip pain.

102 (100)

62(13.3)

Non stretch tape

measure

WC, HC,

greater trochanter

circumference

Trochanteric pain was used to

identify hip pain.

High

Cohort

Direct fat measurement
Pan (Australia

2017) [94]

Tasmania Older Adult Cohort

Study

768 (50)

67.1 (7.3)

Dual x-ray

absorptiometry

Fat mass, FMI Presence of pain (yes/no) Moderate

Knee pain

Cross-sectional studies

Anthropometric fat measurement
Lee (Korea, 2016)

[125]

Fifth Korean National Health

and Nutrition Examination

Survey

1664 (67.6)

66.99 (0.33)

Dual x-ray

absorptiometry

WC Presence of pain for 30 days from

last 3 months and knee pain

intensity measured on a scale of

1–10.

Low

Frilander

(Finland, 2016)

[124]

Register of the Finnish Defence

Forces

1913 (0)

No knee pain:

34.6

Knee pain:

37.5

Not stated WC Three questions: “Have you ever

had LBP?” “Have you had LBP

during the preceding 20 days?” “If

you had LBP, did it radiate?”

High

Muramoto

(Japan, 2014)

[132]

Healthy Japanese volunteers

who attended a basic health

check-up (Yakumo study in

2011–12)

217 (100)

68.3 (5.0)

Non-stretchable

measuring tape

WC

HC

WHR

VAS Low

Direct fat measurement
Alfieri (Brazil,

2017) [128]

Patients referred to the physical

therapy department of a

private university in São Paulo

107 (87)

61.8 (10.1)

Bioelectric

impedance analysis

Fat mass % WOMAC Moderate

Lee (Korea, 2016)

[125]

Fifth Korean National Health

and Nutrition Examination

Survey

1664 (67.6)

66.99 (0.33)

Dual x-ray

absorptiometry

Leg to whole body

fat mass

Presence of pain for 30 days from

last 3 months and knee pain

intensity measured on a scale of

1–10.

Low

Ozer Kaya

(Turkey, 2014)

[120]

Volunteers applying at a sports

centre for an exercise

consultation

149 (100)

42.6 (4.1)

TANITA Body

composition analyser

Body fat %, fat mass VAS Moderate

Scott (Australia,

2012) [129]

Study conducted within the

Tasmania Older Adult Cohort

Study, a population based study

357 (50)

Males no knee

pain: 63.0 (7.3)

Males with knee

pain: 62.0 (7.2)

Females no knee

pain:

62.0 (7.0)

Females with

knee pain:

61.7 (7.5)

Dual x-ray

absorptiometry

Body fat % Single question: Do you have pain

at any of these sites today? with a

list to choose from including “any

knee pain”

Low

Case-control studies

(Continued)
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Table 1. (Continued)

Author

(Country, year)

Study population No. of

participants (%

women) Age

(years): Mean

(SD)

Method of

measuring adiposity

Measure of

adiposity

Measure of pain Risk of

bias rating

Anthropometric fat measurement
Li (China, 2016)

[110]

Participants attending 2nd

Xiangya Hospital for total knee

arthroplasty.

Cases: 70 (82.9)

Controls: 81

(80.2)

Cases: 63.6

(range: 50–75)

Controls

64.1 (range: 50–

80)

NA Waist

circumference

VAS Moderate

Sutbeyaz (Turkey,

2007) [109]

Cases were recruited from the

musculoskeletal rehabilitation

outpatient clinic of Ankara

Physical Medicine and

Rehabilitation Education

and Research Hospital.

Controls were nurses,

physiotherapist,

secretaries, nurse-aids, and

maintenance workers.

Cases: 16 (57.1)

Controls: 16

(57.1)

Cases:

43.96 (10.29)

Controls:

43.71 (10.02)

Measuring tape WHR WOMAC High

Direct fat measurement
Sutbeyaz (Turkey,

2007) [109]

Cases were recruited from the

musculoskeletal rehabilitation

outpatient clinic of Ankara

Physical Medicine and

Rehabilitation Education

and Research Hospital.

Controls were nurses,

physiotherapist,

secretaries, nurse-aids, and

maintenance workers.

Cases: 16 (57.1)

Controls: 16

(57.1)

Cases:

43.96 (10.29)

Controls:

43.71 (10.02)

Skin fold callipers Fat mass WOMAC High

Cohort studies

Anthropometric fat measurement
Pan (Australia,

2020) [101]

Participants recruited from the

Tasmanian Older Adult Cohort

Study (TASOAC)

Minimal pain:

n = 512 (48), 62.9

(7.4)

Mild pain:

n = 328 (51), 63.0

(7.6)

Moderate pain:

n = 145 (57), 62.8

(7.2)

NA WC WOMAC Low

Jin (Australia.

2016) [89]

Participants selected from

electoral roll

Increase in pain:

175 (54)

62.4 (7.16)

No increase in

pain: 591 (48)

61.9 (6.97)

Measuring tape WC, WHR WOMAC Low

Batsis (USA,

2014) [91]

Participants recruited form

Osteoarthritis Initiative

2182 (60–71

across all groups)

67.5–68.7 across

all groups

Measuring tape WC WOMAC Moderate

Direct fat measurement
Pan (Australia

2017) [94]

Tasmania Older Adult Cohort

Study

768 (50)

67.1 (7.3)

Dual x-ray

absorptiometry

Fat mass, FMI Presence of pain (yes/no) Moderate

(Continued)
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Table 1. (Continued)

Author

(Country, year)

Study population No. of

participants (%

women) Age

(years): Mean

(SD)

Method of

measuring adiposity

Measure of

adiposity

Measure of pain Risk of

bias rating

Jin (Australia.

2016) [89]

Participants selected from

electoral roll

Increase in pain:

175 (54)

62.4 (7.16)

No increase in

pain: 591 (48)

61.9 (6.97)

Dual X-ray

absorptiometry

Body fat % WOMAC Low

Barber (United

States, 2012) [86]

Female basketball players from

a single country public school

district in Kentucky

248 (100)

12.76 (1.13)

Not specified Body fat % Anterior knee pain scale (AKPS)

questionnaire

Moderate

Foot pain

Cross-sectional studies

Anthropometric fat measurement
Butterworth

(Australia, 2016)

[126]

Individuals selected at random

from

the electoral roll

796

Foot pain: 68

(IQR: 24–90)

No foot pain:

57 (IQR 25–98)

Measuring tape WHR MFPDI Moderate

Direct fat measurement
Butterworth

(Australia, 2016)

[126]

Individuals selected at random

from

the electoral roll

796

Foot pain: 68

(IQR: 24–90)

No foot pain:

57 (IQR 25–98)

Dual x-ray

absorptiometry

Total fat mass

FMI

MFPDI Moderate

Tanamas

(Australia, 2012)

[119]

From weight loss clinics who

range from normal weight to

obese

137 (83.2)

47.5 (9.0)

Dual x-ray

absorptiometry

Total body, trunk,

android & gynoid

fat mass, FMI

MFPDI Moderate

Case control studies

Direct fat measurement
Walsh (Australia,

2017) [54]

Participants recruited from

advertisements placed in

newspapers, local general

practitioner clinics and online

via social media.

88 (100)

Cases: 56.6 (10.3)

Controls: 56.7

(6.5)

Dual X-ray

absorptiometry

Total body fat mass MFPDI Moderate

Cohort studies

Anthropometric fat measurement
Laslett (Australia,

2018) [98]

Participants from Tasmanian

Older Adult Cohort study

Foot pain: 227

(55)

No foot pain: 333

(49)

Foot pain: 63.1

(7.6)

No foot pain:

63.0 (7.4)

Not stated WC Single question “Do you have

pain at any of these sites”

Moderate

Direct fat measurement
Laslett (Australia,

2018) [98]

Participants from Tasmanian

Older Adult Cohort study

Foot pain: 227

(55)

No foot pain: 333

(49)

Foot pain: 63.1

(7.6)

No foot pain:

63.0 (7.4)

Dual X-ray

absorptiometry

FMI Single question “Do you have

pain at any of these sites”

Moderate

(Continued)
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Assessment of adiposity

Adiposity was assessed using various methods; 16 studies used dual energy X-ray absorptiome-

try [6,7,85,89,90,94,97–100,106,107,119,125,126,129], 11 studies used bioelectric impedance

analysis [92,93,105,114,118,120–122,128,131,137], 20 studies used a tape measure to determine

waist and hip circumference [87,89,91–93,102,104,105,109,112,113,116,117,122,126,127], two

studies used mathematical calculations [103,116,132,135,137,138], and five studies used skin

fold callipers [95,108,109,111,115] (Table 1). Twelve studies did not specify how adiposity was

measured [86,88,96,100,101,110,123,124,130,133,134,136].

Different adiposity measures were reported across the studies, with 18 studies measuring

body fat percentage [86,89,92–95,105,107,108,114–116,118,120,128,129,134,137], 20 studies

measuring fat mass [6,7,85,90,92,97–100,107,109,119–122,125,126,131,134,137], 29 studies

measuring waist and/or hip circumference [87–89,91–93,96,98,100–

105,110,112,113,116,117,123,124,127,130,132–136,138], 13 studies measuring waist-hip ratio

[7,87,93,105,109,113,116,118,122,127,132,133,138], two studies measuring waist height ratio

[46,133] and one study measuring percentage of body fat volume [111].

Assessment of pain

A range of measures were used to assess pain (Table 1). While the Western Ontario and

McMaster Universities Arthritis Index (WOMAC) and visual analogue scale (VAS) were the

most commonly used validated tools, a large number of studies used structured interviews or

self-administered questionnaires. Low back pain was examined using the visual analogue scale

[116,121,122,132,137,138], Chronic Pain Grade scale [6,7,92,97], NHANES general wellbeing

index [112], Nordic Musculoskeletal Questionnaire [133], questions regarding the history of

low back pain (e.g. Have you ever had back pain? (“yes” or “no”))

[88,93,95,96,100,104,105,107,108,111,113,115,117,123,130,131,134–136] and structured inter-

views [103,114,127]. Hip pain was assessed by asking about the presence of pain (yes/no) [94]

and any history of hip pain [102]. Knee pain was assessed using WOMAC Index

Table 1. (Continued)

Author

(Country, year)

Study population No. of

participants (%

women) Age

(years): Mean

(SD)

Method of

measuring adiposity

Measure of

adiposity

Measure of pain Risk of

bias rating

Walsh (Australia,

2018) [99]

Recruited from surgical waiting

lists at 2 tertiary hospitals

38 (84)

45.7 (9.4)

Dual X-ray

absorptiometry

FMI Manchester Oxford foot

questionnaire

High

Pan (Australia,

2017) [94]

Tasmania Older Adult Cohort

Study

768 (50)

67.1 (7.3)

Dual x-ray

absorptiometry

Fat mass, FMI Presence of pain (yes/no) Moderate

Walsh (Australia,

2016) [90]

The North West Adelaide

Health Study (NWAHS)

1462 (53.4)

64.99 (10.58)

Dual x-ray

absorptiometry

FMI Single question “On most days,

do you have pain, aching, or

stiffness

in either of your feet?”

High

Butterworth

(Australia, 2013)

[85]

Participants from a larger study

of obesity and musculoskeletal

disease who did not have foot

pain at base line

51 (73)

49.2(8.1)

Dual X-ray

absorptiometry

FMI & total body

fat mass

MFPDI Moderate

Body fat % = body fat percentage, FMI = Fat mass index, HC = Hip Circumference, LBP = Low Back Pain, MFPDI = Manchester Foot Pain and Disability Index,

NHANES = National Health and Nutrition Examination Survey, WC = Waist Circumference, WHR = Waist-Hip Ratio, WHtR = Waist-height Ratio,

WOMAC = Western Ontario and McMaster Universities Arthritis Index. VAS = visual analogue scale

https://doi.org/10.1371/journal.pone.0256720.t001
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[89,91,101,109,128], questions regarding the presence of pain (yes or no) [94,129], anterior

knee pain scale [86] and visual analogue scale [110,120,132] and self-administered question-

naires [124,125]. Foot pain was measured using the Manchester Foot Pain and Disability

Index [85,106,119,126], Manchester-Oxford foot questionnaire [99] and asking about the pres-

ence of pain (yes/no) [94,98], or the history of foot pain (Over the past month, have you had

pain, aching, or stiffness in either of your feet on most days?) [90].

The follow-up periods between baseline and the assessment of pain varied between the

cohort studies. Of the 8 cohort studies of back pain [87,88,92,93,95–97,100], the follow-up

time ranged from 2 to 20 years, with half of the studies investigating time periods less than 10

years and half of the studies examining time periods over 10 years. The single cohort study of

hip pain followed up participants over 5 years [94], while the 5 cohort studies of knee pain ran-

ged from 2 to 10.7 years [86,89,91,94,101], with 3 studies examining time periods of 5 or 6

years. Moreover, the 5 studies examining foot pain had follow-up periods ranging from 4 to 20

years [85,90,94,98, 99], with 4 of the 5 studies focusing on a 3–5 year follow-up.

Risk of bias assessment

Of the 56 studies included in the review, 24 had a high risk of bias [86–88,90,95,99,102–

105,107–109,111–116,118,124,127,130,137], 24 had a moderate risk of bias [6,7,85,91–94,96–

98,100,106,110,117,119–121,123,128,131,134–136,138], and eight had a low risk of bias

[89,101,122,125,126,129,132,133] (Table 1). Of the 17 cohort studies, the risk of bias was rated

as high for six studies [86–88,95,99,106,111,137] and low to moderate for eleven studies

[85,89,91–94,96–98,100,101]. For these cohort studies, the criteria ‘assessment of exposure’

and ‘assessment of outcome’ more frequently scored a high risk than the other Cochrane crite-

ria. Eight of the ten case-control studies were assessed as having a high risk of bias [102–

105,107–109,111], and two a moderate risk of bias [106,110]. The criteria ‘assessment of expo-

sure’ and ‘assessment of outcome’ were most frequently associated with high risk of bias when

assessing the case-control studies. Of the 29 cross sectional studies, ten had a high risk of bias

[112–116,118,124,127,130,137], 13 had a moderate risk of bias [6,7,117,119–

121,123,128,131,134–136,138], and six had a low risk of bias [122,125,126,129,132,133]. The

criteria associated with the ‘assessment of the outcome’ were most frequently associated with a

high risk of bias for cross-sectional studies.

Relationship between adiposity and low back pain

Anthropometric fat measures. Waist circumference. Twenty one studies examined the

association between waist circumference and low back pain (Table 2). Of these studies, 13

were cross sectional studies [112,113,116,117,123,127,130,132–136,138], two were case control

studies [104,105] and six were cohort studies [87,88,92,93,96,100]. Eight of the 13 cross-sec-

tional studies found significant associations between waist circumference and low back pain

[112,113,117,127,132,134–136], with two studies reporting an association in females only

[113,127], two studies finding a relationship in males only [117,136] and the remaining 4 stud-

ies finding an association in both males and females [112,132,134,135]. Five studies did not

find an association between waist circumference and radiating and non-specific low back pain

[123], presence of low back pain [130,133] or low back pain intensity [116,138]. Of the two

case-control studies, one study found greater waist circumference was associated with less low

back pain (lasting 14 days or greater) in middle age women [104], while the other study found

no association between waist circumference and chronic low back pain [105].

Of the six cohort studies, five studies found significant associations [87,88,92,96,100]. Three

studies found a significant relationship between waist circumference and the presence of low
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back pain [87,88,100], with two studies reporting obese waist circumference to be associated

with a larger number of days of low back pain [114,117] and one study finding waist circum-

ference to be associated with high intensity low back pain [92]. The other two studies exam-

ined the relationship between waist circumference and incident low back pain and reported

conflicting results [93], with one of the studies also examining recurrent and persistent low

back pain and finding an association with waist circumference [59].

Hip circumference. Six studies examined the association between hip circumference and

low back pain. Of the six studies, three cross-sectional studies found significant associations

between hip circumference and low back pain intensity [116,132], but one study reported it in

females only [127]. However, one cross-sectional study reported no significant association

between hip circumference and low back pain intensity, a case-control study found no signifi-

cant association between hip circumference and low back pain defined as pain for one or more

days or 14 or more days [104] and one cohort study found no association between hip circum-

ference and incident or recurrent/persistent low back pain [88].

Waist-hip ratio and waist-to-height ratio. Twelve studies, including eight cross sectional,

two case-control and two cohort studies, examined the association between waist-hip ratio

and low back pain. Of the eight cross-sectional studies [7,86,113,118,127,132,133,138], {], five

found an association between waist-hip ratio and low back pain [7,113,118,127,132], while

three did not find a relationship [86,133,138]. One case control study found waist-hip ratio

was significantly associated with low back pain for 14 or more days [104], while another case

control study found no association [105]. Both cohort studies found no association between

waist-hip ratio and incident low back pain, with one study investigating this relationship in

twins [93], and the other study examining females and males separately [88].

With respect to waist-to-height ratio, two studies examined the relationship between this

adiposity measure and low back pain, finding an association with the presence of pain in post-

menopausal women [133], and with radiating low back pain, but not chronic low back pain

[123].

Direct fat measures. Body fat mass. Twelve studies, including eight cross sectional, one

case-control and three cohort studies, examined the association between body fat mass and low

back pain (Table 2). Of the eight cross sectional studies, one study found an association between

abdominal to lumbar fat mass ratio and low back pain [122], and three studies found an associa-

tion between total body fat mass and pain intensity [6,7] and the presence of low back pain

[134]. The remaining four studies found no association between total body fat mass and chronic

low back pain [114,121,131,137]. The case control study found an association between fat mass

and presence of pain in males, but not females [107]. While one cohort study found associations

between fat mass and high intensity pain in females and males, and fat mass and low intensity

pain in females only [92], the remaining two cohort studies found greater fat mass was associ-

ated with a higher risk of the presence of pain [100] and high pain intensity [97].

Body fat percentage. Twelve studies, including five cross sectional, four case-control and

three cohort studies, examined the association between body fat percentage and low back pain.

Three cross sectional studies found associations between body fat percentage and low back

pain [115,116,118], while two found no association [134,137]. Three case control studies found

significant associations between body fat percentage and chronic low back pain [105,108] and

presence of pain [107], while the remaining case control study found no association between

body fat percentage and recurrent low back pain [103]. One cohort study found percentage fat

mass to be significantly associated with high intensity pain in both females and males [92]. The

second cohort study found those in the highest quartile of body fat mass were significantly

more likely to develop low back pain than those in the lowest quartile [95] and the third study

found no associations between percentage fat mass and incident low back pain in twins [93].
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Summary of the evidence. Overall there was evidence of an association between adiposity

and low back pain from 26 of the 36 identified studies (Table 3). Specifically, there was evi-

dence from 5 of 6 cohort studies and 12 of 15 cross-sectional studies to indicate that there is a

positive relationship between central adiposity and low back pain. There was also evidence

provided by six of six cohort studies for a longitudinal relationship between adiposity and

presence of low back pain, but conflicting evidence for a relationship between adiposity and

incident low back pain (two of three studies) and limited evidence for a relationship with

increasing low back pain (one of one study) (Table 4).

Relationship between adiposity and hip pain

Anthropometric fat measures. One case control study found no significant difference in

waist circumference, hip circumference and waist-hip ratio between individuals with greater

trochanteric pain and controls [102] (Table 5).

Direct fat measures. Body fat mass. A single cohort study found greater body fat mass

was associated with the presence of hip pain among older individuals [94].

Overall there was limited evidence for an association between adiposity and hip pain based

on two studies with conflicting results (Table 3). There was limited evidence to suggest central

adiposity is not a risk factor for hip pain (one case-control study) and limited or no evidence

that there is a longitudinal relationship between adiposity and the presence (one cohort study),

incidence (no studies) or progression of hip pain (no studies) (Table 4).

Table 3. Summary of the evidence examining the relationship between any and central adiposity and back and lower limb pain.

No. of studies using direct and

anthropometric measures: Any

adiposity

No of studies using anthropometric

measures: Central adiposity^

Conducted Association No association Association No association

Low back pain Evidence Evidence

Cohort 8 7 1 5 1

Case Control^^ 6 4 2 -1� 2

Cross-sectional 22 15 7 12�� 3

Hip pain Limited evidence Limited evidence

Cohort 1 1 0 0 0

Case Control^^ 1 0 1 0 1

Cross-sectional 0 0 0 0 0

Knee pain Evidence

EvidenceCohort 5 4 1 3 0

Case Control^^ 2 1 1 1 1

Cross-sectional 6 4 2 2 1

Foot pain Evidence Limited evidence

Cohort 5 5 0 1 0

Case Control^^ 1 0 1 0 0

Cross-sectional 2 2 0 0 1

^ These studies reported anthropometric measures of adiposity, such as waist circumference, waist-hip ratio, and hip circumference, to measure central adiposity.

^^ All case control studies were cross-sectional in design.

# These studies used direct measures of adiposity, such as fat mass and percentage total body fat, to measure total body adiposity.

� A study by Yip and colleagues found an inverse relationship between central adiposity and low back pain (included here).

�� A study by Ojoawo et al reported a relationship for hip circumference, but not waist circumference or waist-hip ratio, and low back pain (included here).

https://doi.org/10.1371/journal.pone.0256720.t003
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Relationship between adiposity and knee pain

Anthropometric fat measures. Waist circumference. Seven studies, including three cross-

sectional, one case-control and three cohort studies, examined the association between waist

circumference and knee pain (Table 5). While one cross-sectional study found a significant

difference in knee pain between those with a waist circumference <94cm and those with waist

circumference�101.9cm [124] and a second cross-sectional study found an association

between waist circumference and knee pain intensity [132], a third cross sectional study found

no differences in waist circumference between those with and without knee pain [125]. More-

over, a case-control study found that a greater waist circumference was associated with

increased pain intensity [110]. Of the three cohort studies, one reported a significant associa-

tion between waist circumference and consistent and fluctuating knee pain [89], and the other

two found a significant relationship between waist circumference and knee pain intensity

[91,101].

Waist-hip ratio. One cross-sectional study and one case-control study found significant

associations between waist-hip ratio and pain intensity [132] and the presence of knee pain on

most days [109], while a cohort study reported an association between waist-hip ratio and fluc-

tuating knee pain, but not consistent knee pain [89].

Direct fat measures. Body fat mass. Four studies examined the relationship between body

fat mass and knee pain. Two cross sectional studies found no significant association between

fat mass and knee pain [120,125], while one case-control study found no association between

fat mass and presence of knee pain on most days [109] (Table 5). The single cohort study

found greater body fat mass was associated with the presence of knee pain among older indi-

viduals [94].

Table 4. Summary of evidence from cohort studies examining the longitudinal relationship between adiposity and the presence of pain, incident pain and progres-

sion of pain.

Region and adiposity

measurement

Presence of pain No of

cohort studies

Summary of

Evidence

Incident pain No of cohort

studies

Summary of

Evidence

Progression of pain No of

cohort studies

Summary of

Evidence

Association No

association

Association No

association

Association No

association

Low back pain Evidence Conflicting

evidence

Limited

evidenceAnthropometric 4 0 1 1 1 0

Direct 3 0 1 1 0 0

Both 5 � 0 2 1� 1 0

Hip pain Limited

evidence

No evidence No evidence

Anthropometric 0 0 0 0 0 0

Direct 1 0 0 0 0 0

Both 1 0 0 0 0 0

Knee pain Evidence Limited

evidence

Limited

evidenceAnthropometric 2 0 0 0 2 0

Direct 2 0 0 1 1 0

Both 3� 0 0 1 2 �¥ 0

Foot pain Evidence Evidence Evidence

Anthropometric 0 0 1 0 1 0

Direct 2 0 2 1 2 0

Both 2 0 3 1 2� 0

�The same study provided results relating to anthropometric and direct measures of adiposity.
¥ One study examined trajectories of pain, while the other study reported an increase in pain.

https://doi.org/10.1371/journal.pone.0256720.t004
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Table 5. Results of the studies investigating the relationship between adiposity and hip and knee pain.

Hip pain

Case control studies

Anthropometric fat measurement
Fearon

(2012) [102]

Participants diagnosed with

trochanteric pain

NA Control vs trochanteric
pain (WC)
Mean (95% CI)– 83.0cm

(78.9–87.1) vs 88.4cm

(82.9–93.9), p = 0.42

Control vs trochanteric
pain (HC)
Mean (95% CI) 102.8cm

(99.4–106.2) vs 109.1cm

(104.9–113.2), p = 0.09

Control vs trochanteric
pain (WHR)
Mean (95% CI) 0.81

(0.783–0.837) vs 0.79

(0.75–0.83), p = 0.884

Those with trochanter pain did not have

significantly larger WC, HC or WHR

compared to controls.

Cohort studies

Direct fat measurement
Pan (2017)

[94]

Responded yes to the presence of hip

pain.

Age, sex, height, smoking history,

physical activity, emotional problems,

education level and employment

5 year follow-up:

Presence of pain (fat

mass)

OR 1.38 (1.13–1.70)

Hip pain was significantly associated with

high fat mass.

Presence of pain (FMI)

OR 1.42 (1.13–1.79)

Knee pain

Cross-sectional studies

Anthropometric fat measurement
Lee (2016)

[125]

Pain intensity was reported on a

scale of 1–10. Pain was categorised

as mild (1–3), moderate (4–6) or

severe (7–10).

NA Knee pain vs no knee

pain (WC)

Mean (SD) = 85.92 (0.50)

vs 85.14 (0.34), p = 0.19

Participants with knee pain did not have

significantly higher WC compared to

participants with no knee pain.

Frilander

(2016) [124]

Responded yes to “Have you during

the previous 30 days had pain, ache

or motion soreness?”

No adjustments Presence of pain WC

(continuous)

OR 1.15 (0.99–1.33)

Presence of pain WC

(<94cm ref)

94–101.9cm: OR 1.16

(0.86–1.55)

�101.9cm: OR 1.38 (1.04–

1.82)

Knee pain was significantly associated

with WC > 101.9cm among men who

served in the Finnish military.

Muramoto

(2014) [132]

Pain intensity of� 1 on the VAS. Age WC: r = 0.2, p<0.005

HC: r = 0.2, p<0.01

WHR: r = 0.2, p<0.01

Multivariate analyses:

WC: significant

association reported.

Data not provided.

p<0.01.

Central obesity was associated with knee

pain intensity.

Direct fat measurement
Alfieri (2017)

[128]

WOMAC, score of� 1 scale of

0–100

NA Adequate adiposity vs

excessive adiposity

Mean (SD) = 53.6 (25.6)

vs 59.9 (16.8), p<0.05

Participants with excessive adiposity (in

accordance with the American College

of Sports Medicine (ACSM)

recommendation) had a higher pain score

on the WOMAC than those with

adequate adiposity.

(Continued)
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Table 5. (Continued)

Lee (2016)

[125]

Pain intensity was reported on a

scale of 1–10. Pain was categorised

as mild (1–3), moderate (4–6) and

severe (7–10).

Age, sex, physical activity, BMI Pain intensity; Severe

knee pain (�7)

Leg to whole body fat

mass: OR 1.01 (0.98–1.05)

Fat mass in the leg, relative to whole body,

was not correlated with knee symptoms.

Ozer Kaya,

(2014) [120]

Pain was graded on the VAS, 0-

100mm. Scores of�70 were

excluded.

NA Knee pain vs no knee

pain (body fat percentage)

Mean (SD) = 39.29 (7.86)

vs 38.13 (7.67), p>0.05

Knee pain vs no knee

pain (fat mass, kg)

Mean (SD) = 30.46

(11.77) vs 28.64 (9.59),

p>0.05

There were no significant differences in

body fat percentage or fat mass between

knee pain and non-knee pain subjects.

Scott (2012)

[129]

Responded yes to the question “Do

you have pain at any of these

sites today?” (for knee pain).

NA Males

Knee pain vs no knee

pain (fat mass %)

% (SD) = 28.0 (5.2) vs 27.2

(4.4), p = 0.073

Percentage fat mass was significantly

higher in those with knee pain among

females, but not males.

Females

Knee pain vs no knee

pain (fat mass %)

% (SD) = 40.1 (5.5) vs 39.0

(5.0), p = 0.046

Case-control studies

Anthropometric fat measurement
Li (2016)

[110]

Pain intensity score�1 on the VAS NA Pain intensity

Knee OA vs controls

6.82+/-1.07, 5.93+/-0.88,

p = 0.005

A greater WC was associated with

increased pain intensity.

Sutbeyaz

(2007) [109]

Participants had knee pain most

days of the month

NA Pain most days vs no

pain (WHR)

Mean (SD) = 0.89 (0.08)

vs 0.90 (0.08), p = 0.80

WHR was not found to be significantly

associated with the presence of knee pain.

Direct fat measurement
Sutbeyaz

(2007) [109]

Participants had knee pain most

days of the month

NA Pain most days vs no

pain (fat mass, kg)

Mean (SD) = 29.40 (7.16)

vs 33.60 (7.52), p = 0.06

Total fat mass measured by skin fold was

not found to be significantly associated

with the presence of knee pain.

Cohort studies

Anthropometric fat measurement
Pan (2020)

[101]

Minimal pain’ group:

consistently low level of pain

Mild pain’ group: a mild level of

pain consistent throughout the

follow-up.

Moderate pain: relatively high level

of pain consistent throughout the

follow-up.

Age, sex, physical activity, smoking

history, unemployment, education level

and radiographic knee osteoarthritis.

10.7 year follow-up:

Mild vs minimal pain

trajectory (WC):

RR: 1.68 (1.25, 2.25)

Moderate vs minimal

pain trajectory (WC):

RR: 3.19 (2.12, 4.80)

Central obesity increased risk of ‘Mild

pain’ and ‘Moderate pain’ rather than

‘Minimal pain’.
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Table 5. (Continued)

Jin (2016)

[89]

Knee pain was defined as a score of

�1 on a scale of 0–10. Consistent

pain was assessed as any pain at

baseline and follow up. Fluctuating

pain was assessed as pain in any one

or two time-points.

Age, gender, height, radiographic OA Average 5.1 year follow-

up:

Consistent pain vs no

pain (WHR)

RR 1.25 (0.98–1.59)

Fluctuating pain vs no

pain (WHR)

RR 1.46 (1.18–1.80)

WHR and WC was found to be a

significant predictor of increasing knee

pain and more consistently associated

with non-weight bearing knee pain.

Similarly WHR and WC were

significantly associated with an increase

in knee pain, however no significant

relationship was found with total knee

pain.Consistent pain vs no

pain (WC)

RR 1.46 (1.18–1.80)

Fluctuating pain vs no

pain (WC)

RR 1.55 (1.27–1.89)

Average 5.1 year follow-

up:

Increase in knee pain

(WC)

OR 1.37 (1.18–1.59)

Total knee pain (WC)

OR 1.38 (0.97–1.80)

Increase in knee pain

(WHR)

OR 1.23 (1.03–1.47)

Total knee pain (WHR)

OR 1.36 (0.83–1.90)

Batsis (2014)

[91]

Pain as assessed on the WOMAC- 5

point Likert scale.

Age, sex, education level, race, cohort

type (incident, progression and

control), Charlson co-morbidity score,

current smoking status, baseline scores

where available

6 year follow-up:

Right knee pain intensity

(WC, quartiles)

Mean (SD) = 8.4 (11.9) vs

10.8 (13.4) vs 12.3 (14.3)

vs 14.2 (15.3): ANOVA,

p<0.01

Left knee pain intensity

(WC, quartiles)

Mean (SD) = 7.8 (12.6) vs

10.8 (14.6) vs 12.0 (15.3)

vs 13.8 (16.1): ANOVA,

p<0.01

WOMAC scores were significantly higher

in the higher quartile WC groups

compared to the lower quartiles.

Direct fat measurement
Pan (2017)

[94]

Yes response to presence of pain Age, sex, height, smoking history,

physical activity, emotional problems,

education level and employment

5 year follow-up:

Presence of pain (fat

mass)

OR 1.99 (1.59–2.49)

Knee pain was significantly associated

with fat mass and FMI in an older cohort.

Presence of pain (FMI)

OR 2.06 (1.60–2.64)

Jin (2016)

[89]

Knee pain was defined as a score of

�1 on a scale of 0–10. Consistent

pain was assessed as any pain at

baseline and follow up. Fluctuating

pain was assessed as pain in any one

or two time-points.

Age, gender, height, radiographic OA Average 5.1 year follow-

up:

Consistent pain vs no

pain (fat mass)

RR 1.89 (1.43–2.51)

Fluctuating pain vs no

pain (fat mass)

RR 1.78 (1.41–2.25)

Body fat mass was found to be a

significant predictor of increasing knee

pain and more consistently associated

with non-weight bearing knee pain.

Increase in knee pain (fat

mass)

OR 1.36 (1.20–1.55)

Total knee pain (fat

mass)

OR 1.17 (0.76–1.59)
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Body fat percentage. Three cross sectional and two cohort studies examined the association

between body fat percentage and knee pain. Two cross sectional studies found an association

between body fat percentage and knee pain [128], however one found this association only in

females [129], while the remaining cross-sectional study found no association between body

fat percentage and knee pain [120]. Of the two cohort studies, one study found an association

between body fat percentage and consistent and fluctuating knee pain [89], while the other

found no association between body fat percentage and incident patellofemoral pain [86].

Summary of the evidence. Overall there was evidence from nine of the 13 identified stud-

ies for an association between adiposity and knee pain (Table 3). There was evidence to indi-

cate that central adiposity is a risk factor for knee pain (six of 8 studies) and there is a

longitudinal relationship between adiposity and the presence of knee pain (three of three

cohort studies) (Table 4). However, there was limited evidence for a relationship between adi-

posity and incident and increasing knee pain with a limited number of cohort studies identi-

fied in each case.

Relationship between adiposity and foot pain

Anthropometric fat measures. Waist circumference. One cohort study found that indi-

viduals with a larger waist circumference were at greater risk of incident and increasing foot

pain [98] (Table 6).

Waist-hip ratio. One cross-sectional study, which examined the association between waist-

hip ratio and foot pain, found no significant association [126].

Direct fat measures. Body fat mass. Seven studies, including two cross-sectional, one case

control and five cohort studies, examined the association between fat mass measures and foot

pain (Table 6). Both cross -sectional studies found significant associations between fat mass and

foot pain [119,126], while the case-control study did not find any significant difference between

total fat mass in individuals with foot pain compared to those without [106]. Five cohort studies

found significant positive relationships between direct fat measures and foot pain, with two

studies reporting an association with the presence of foot pain [90,94], three studies finding a

relationship with incident foot pain [85,90,99] and two studies reporting an association with

progression of foot pain [98,99]. While Laslett and colleagues reported a relationship between

fat measures and increasing foot pain, no association was found for incident foot pain [98].

Summary of the evidence. Overall there was evidence from seven of the eight identified

studies for an association between adiposity measures and foot pain (Table 3). While there was

limited evidence for a relationship between central adiposity and foot pain (two conflicting

studies), there was evidence for a longitudinal relationship between adiposity and the presence

of pain (two of two studies), incident foot pain (three of four studies) and progression of foot

pain from 6 months to 5 years (two of two studies) (Table 4).

Table 5. (Continued)

Barber

(2012) [86]

Pain was assessed on a 0–100 scale.

Scores of 100 represented no pain.

NA 2 year follow-up:

Incident patellofemoral

pain vs no patellofemoral

pain

Mean body fat % (95%

CI): 22.2 (19.4–24.9) vs

22.9 (21.8–24.1), p>0.05

No significant difference in body fat

percentage was found between middle

school female basketball players who

developed patellofemoral pain and those

who did not.

FMI = fat mass index, HC = hip circumference, NA = not available, OR = odds ratio, RR = relative risk, WC = waist circumference, WOMAC = Western Ontario and

McMaster Universities Arthritis Index, WHR = waist-hip ratio.

https://doi.org/10.1371/journal.pone.0256720.t005
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Table 6. Results of the studies investigating the relationship between adiposity and foot pain.

Foot pain

Cross-sectional studies

Anthropometric fat measurement
Butterworth

(2016) [126]

Foot pain was defined as a score of�1 with

minimum and maximum scores ranging

from 0–19

Age, depression, mobility and

education.

Foot pain vs no

foot pain (WHR)

OR 1.02 (0.99–1.06)

Presence of foot pain was not associated with

WHR.

Direct fat measurement
Butterworth

(2016) [126]

Foot pain was defined as a score of�1 with

minimum and maximum scores ranging

from 0–19

Age, depression, mobility,

education, residual of weight on

fat mass or BMI on FMI

respectively.

Foot pain vs no

foot pain (total fat

mass)

OR 1.02 (1.003–

1.05)

Foot pain vs no

foot pain (FMI)

OR 1.08 (1.01–1.15)

In men, fat mass, but not WHR, was

associated with having foot pain.

Tanamas

(2012) [119]

Foot pain was classified as having current

foot pain and pain in the last month as well

as a score of�1 with minimum and

maximum scores ranging from 0–19

Total fat mass: age, sex, skeletal

muscle mass

FMI: age, sex, FFMI

All others: age, sex

Foot pain vs no

foot pain (total fat

mass)

OR 1.05 (1.02–1.09)

The effect of obesity on foot pain was related

to an increase in adiposity, particularly in the

android distribution of fat. In contrast, the

gynoid distribution of fat was found to have

a beneficial effect.Foot pain vs no

foot pain (FMI)

OR 1.16 (1.06–1.28)

Foot pain vs no

foot pain (total

body fat %)

OR 1.10 (1.05–1.14)

Foot pain vs no

foot pain (android/

total body fat ratio)

OR 1.42 (1.11–1.83)

Foot pain vs no

foot pain (gynoid/

total body fat ratio)

OR 0.83 (0.73–0.93)

Foot pain vs no

foot pain (trunk/

total body fat ratio)

OR 1.05 (0.98–1.12)

Case control studies

Direct fat measurement
Walsh (2017)

[54]

Score of� 1 on the VAS N/A Foot pain group vs

control group

(fat mass, kg)

33.1 vs 31.5

p = 0.578

There was no significant difference in total

fat mass between the foot pain and control

groups.

Cohort studies

Anthropometric fat measurement
Laslett (2018)

[98]

Pain (yes/no) Age, gender 5 year follow-up:

Incident foot pain

(WC)

RR 1.22 (1.01–1.49)

Change in foot

pain (WC)

RR 1.26 (1.19–1.34)

Individuals with a greater WC were at higher

risk of incident foot pain and an increase in

foot pain.

However, individuals with greater WHR

were only at risk of an increase in foot pain.

Incident foot pain

(WHR)

RR 1.23 (0.95–1.61)

Change in foot

pain (WHR)

RR 1.27 (1.16–1.39)

(Continued)
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Discussion

This systematic review found that both body fat and its central distribution are associated with

musculoskeletal pain. There was evidence of a relationship between central adiposity and low

back and knee pain, but limited or conflicting evidence for hip and foot pain. There was also

evidence of a longitudinal relationship between adiposity and the presence of low back, knee

and foot pain, as well as both incident and increasing foot pain. Taken together, these findings

further our understanding of the mechanisms underlying obesity-related musculoskeletal pain

Table 6. (Continued)

Direct fat measurement
Laslett (2018)

[98]

Pain (yes/no) Age, gender 5 year follow-up:

Incident foot pain

Total fat mass

RR 0.92 (0.71–1.19)

FMI

RR 1.16 (0.93–1.46)

Individuals with greater total fat mass and

FMI were at higher risk of increases in foot

pain. However, greater total fat mass and

FMI were not associated with incident foot

pain.

5 year follow-up:

Change in foot

pain

Total fat mass

RR 1.28 (1.18–1.40)

FMI

RR 1.21 (1.18–1.24)

Walsh (2018)

[99]

Assessed by Manchester-Oxford foot

questionnaire and converted to 100 scale

Age, gender, depression,

treatment group

4–20 year follow-

up:

Change in foot

pain (FMI)

β coefficient 1.5

(0.2–2.8)

FMI was a predictor of change in foot pain.

Pan (2017)

[94]

Presence of pain (yes/no) Age, sex, height, smoking

history, physical activity,

emotional problems, education

level and employment

5 year follow-up:

Presence of pain

(fat mass)

OR 1.87 (1.51–2.32)

Foot pain was associated with fat mass and

FMI in an older cohort.

Presence of pain

(FMI)

OR 1.99 (1.57–2.53)

Walsh (2016)

[90]

Prevalent (presence of) pain defined as

responding yes to “On most days, do you

have pain, aching, or stiffness in either of

your feet?”

Future foot pain was defined as responding

yes to “Over the past month, have you had

pain, aching, or stiffness in either of your feet

on most days?”

BMI, FFMI, WHR, age, IL-6

level, TNF level

3–4 year follow-up:

Presence of foot

pain vs no foot

pain (FMI)

OR 1.08 (1.04–1.12)

FMI was positively associated with both the

presence of foot pain and future foot pain.

3-4year follow-up:

Future foot pain vs

no foot pain (FMI)

OR 1.06 (1.02–1.11)

Butterworth

(2013) [85]

Foot pain was defined as a score of�1 with

minimum and maximum scores ranging

from 0–19

Age, gender, mental component

summary, total fat-free mass/

FFMI respectively

3 year follow-up

Incident foot pain

vs no foot pain

(total fat mass)

OR 1.11 (1.03–1.20)

Total fat mass was found to be a predictor of

incident foot pain.

Incident foot pain

vs no foot pain

(FMI)

OR 1.28 (1.04–1.57)

BMI = body mass index, FFMI = fat free mass index, FMI = fat mass index, OR = odds ratio, WHR = waist-hip ratio, WHtR = Waist-height ratio.

https://doi.org/10.1371/journal.pone.0256720.t006
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and highlight adiposity as a potential therapeutic target in the management of back and lower

leg pain.

This systematic review is the first to examine the relationship between fat distribution and

musculoskeletal pain. We found evidence that central adiposity, defined as the accumulation

of extra subcutaneous and visceral fat concentrated just above or around the waistline, was

associated with pain in the lower back and knee. This was based on evidence of a significant,

positive association in 16 of the 22 studies of low back pain, including five of six cohort studies,

and 6 of 8 studies of knee pain, including 3 of 3 cohort studies. This finding is consistent with

evidence that central adiposity is associated with a greater risk of major public health condi-

tions, such as cardiovascular disease and diabetes, which are associated with huge socioeco-

nomic burdens globally [11]. Given visceral fat associated with central adiposity is an

important correlate of metabolic disturbances [139], and the cells in central, visceral fat have a

much higher turnover than subcutaneous fat cells in other regions of the body [140], central

adiposity may be an important way to target obesity. For instance, management strategies tar-

geted to enhance weight loss around the abdominal region may be particularly beneficial.

Overall, the evidence for an association between central adiposity and low back and knee pain

indicates that it is not just extra body fat that contributes to poor health and chronic pain, but

also the distribution of the fat.

This review found evidence of a longitudinal relationship between adiposity and the pres-

ence of low back, knee and foot pain, as well as incident and increasing foot pain. The findings

suggest that increased adiposity can lead to back and lower limb pain in the future, and in the

case of foot pain, the development or increasing intensity of pain. Our results, which take into

account 17 cohort studies, build on the conclusions of a previous review of seven cohort stud-

ies [10], which suggested that such associations may exist, but was limited by a lack of high

quality studies. Our results highlight the need for high quality clinical trials to examine the effi-

cacy of approaches that target weight loss, be it through physical activity, diet and/or medical

options, in the management of back and lower limb pain in overweight and obese individuals.

They also suggest that investigating the efficacy of the targeted interventions, such as exercise

programs that focus on reducing adipose tissue and nutrition plans that optimize health but

minimize fat intake. Moreover, given current evidence collectively indicates that musculoskel-

etal pain has an important systemic inflammatory component, there is an exciting opportunity

to examine the efficacy of pharmaceutical and complementary medicines as potential treat-

ment targets to reduce inflammation in individuals with musculoskeletal pain with a specific

overweight/obese profile.

Moreover, evidence from this review informs our knowledge of the mechanisms that

underlie obesity-related musculoskeletal pain. Several mechanisms, including increased physi-

cal loading and systemic metabolic processes, have been proposed to explain the role of obesity

in musculoskeletal pain. In overweight or obese individuals, excess adipose tissue may result in

increased load on a region and subsequently, altered posture and abnormal movement pat-

terns resulting in pain and disability. There is also growing evidence to support systemic meta-

bolic processes, with evidence that adiposity is associated with pain in non-weight-bearing

regions, such as the hand [94]. Adipose tissue is metabolically active, releasing a multitude of

pro-inflammatory cytokines and adipokines, which may potentiate inflammatory changes in a

region resulting in pain [141]. Moreover, inflammation has been shown to alter the excitation

thresholds and responses to stimuli of peripheral nerves, subsequently leading to peripheral

and central sensitisation [142,143]. Our findings provide evidence that both mechanical and

metabolic mechanisms may be at play in lower back, knee and foot pain, with the potential for

total body fat and central obesity to load these regions and increased visceral and subcutaneous

fat to alter metabolic processes. However, preliminary evidence from studies that reported
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adiposity to be associated with pain in non-weight bearing regions, such as the neck and hand,

suggest that future research examining these regions may further our understanding of the

pathogenesis of obesity-related musculoskeletal pain.

This systematic review has several important strengths, including conducting a comprehen-

sive, systematic search of the literature based on six electronic databases, performing a risk of

bias assessment of studies using the Cochrane risk of bias assessment, and conducting a best

evidence synthesis to summarise the strength of the available evidence. Moreover, this review

is novel, as it is the first to provide evidence of the role of central adiposity in site-specific mus-

culoskeletal pain, as well as an updated summary of the evidence examining the longitudinal

association between adiposity and back and lower limb pain. While this review was not regis-

tered a priori with an international prospective register, we have provided a detailed descrip-

tion of our review methodology from development of our search strategy to the assigning of

levels of evidence and documented any changes in our initial methodology in this publication.

Furthermore, while the review was limited by the paucity of high quality cohort studies, as well

as significant heterogeneity in the identified studies, which meant a meta-analysis could not be

performed, we used established levels of evidence to summarise the data for each musculoskel-

etal pain region

This systematic review found that both body fat and its distribution are associated with site-

specific musculoskeletal pain. There was evidence of a positive relationship between central

adiposity and low back and knee pain and a longitudinal association between adiposity and

the presence of back, knee and foot pain, as well as incident and worsening foot pain. These

findings are not only important in understanding the mechanisms which underlie chronic,

musculoskeletal pain, but in the development of innovative treatment approaches for these

debilitating conditions.
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