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Abstract

Background: In higher income countries, work-related squatting and heavy lifting have been associated with
increased arthritis risk. Here, we address the paucity of data regarding associations between arthritis and work-
related physical stressors in lower- and middle-income countries.

Methods: Data were extracted from the Study on global AGEing and adult health (SAGE) Wave 1 (2007–10) for
adults (aged ≥50 years) from Ghana, India, Russia and South Africa for whom detailed occupation data was
available (n = 21,389; 49.2% women). Arthritis cases were identified using a symptom-defined algorithm (current)
and self-reported doctor-diagnosis (lifetime). A sex-specific Job Exposure Matrix was used to classify work-related
stressors: heavy physical work, kneeling/squatting, heavy lifting, arm elevation and awkward trunk posture. Using
the International Standard Classification of Occupations, we linked SAGE and the Job Exposure Matrix. Logistic
regression was used to investigate associations between arthritis and work-related stressors, adjusting for age
(10 year age groupings), potential socioeconomic-related confounders, and body mass index. Excess exposure risk
due to two-way interactions with other risk factors were explored.

Results: Doctor-diagnosed arthritis was associated with heavy physical work (adjusted odds ratios [OR] 1.12, 95%CI
1.01–1.23), awkward trunk posture (adjusted OR 1.23, 95%CI 1.12–1.36), kneeling or squatting (adjusted OR 1.25,
95%CI 1.12–1.38), and arm elevation (adjusted OR 1.66, 95%CI 1.37–2.00). Symptom-based arthritis was associated
with kneeling or squatting (adjusted OR 1.27, 95%CI 1.08–1.50), heavy lifting (adjusted OR 1.33, 95%CI 1.11–1.58),
and arm elevation (adjusted OR 2.16, 95%CI 1.63–2.86). Two-way interactions suggested excess arthritis risk existed
for higher body mass index, and higher income or education.
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Conclusions: Minimization of occupational health risk factors is common practice in higher income countries:
attention should now be directed toward reducing work-related arthritis burden in lower- and middle-income
countries.
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Background
In higher income countries, a greater prevalence of knee
osteoarthritis has been associated with work-related
stressors such as kneeling or squatting, heavy lifting, and
climbing [1–3], with similar findings for hip osteoarth-
ritis [4, 5]. In contrast, very little is known about the re-
lationship between physical work-related stressors and
arthritis in lower- and middle-income countries (LMICs).
This is despite occupational risk factors associated with
osteoarthritis, such as repetitive trauma, knee bending or
lifting heavy weights, being more prevalent in occupational
groups such as farmers and unskilled workers [6–8], and
therefore may be more often experienced by workers in
LMICs. There appears an inextricable link between occupa-
tion and education in higher income countries [9–11],
which may plausibly exist in LMICs with clear conse-
quences for arthritis. For instance, poverty and lower edu-
cational attainment may predispose populations to manual
labour tasks. Indeed, we have reported that higher arthritis
prevalence was associated with lower educational attain-
ment in over 44,000 residents from six LMICs enrolled in
the World Health Organization (WHO) Study on global
AGEing and adult health (SAGE) [12]. For those in LMICs,
high arthritis prevalence may also worsen poverty by
impacting on a person’s ability to work and fulfil commu-
nity roles. Taken together, the potential bi-directional rela-
tionship between poverty and arthritis presents a
concerning situation for populations of LMICs.
The social gradient of obesity in higher income

countries is well-documented [13], however, the obesity
epidemic is now a global concern, with the sharpest rise in
prevalence observed in LMICs [13, 14]. The WHO reports
that obesity paradoxically coexists with undernutrition in
lower-income countries [14]. Given that obesity is a strong
risk factor for the development of knee and hand osteo-
arthritis, likely through metabolic mechanisms [15], it is
also important to consider the relationship between over-
weight and obesity and arthritis, particularly osteoarthritis,
in LMICs to inform arthritis prevention efforts. Much of
the available data regarding obesity and arthritis come
from higher income countries (or from studies with high
representation from Caucasian populations), therefore, it
is imperative that this knowledge gap be addressed for
LMICs. In this context, it is important to understand
whether specific physical work-related stressors are more
likely associated with higher likelihood of arthritis

diagnosis and worse symptomatology, and also if obesity,
and social determinants, play a role in these associations.
The Job Exposure Matrix (JEM) provides an inter-

nationally comparable framework for evaluating major
work-related physical stressors (encompassing heavy phys-
ical work, kneeling or squatting, heavy lifting, arm eleva-
tion, and awkward trunk exposure). Linking the JEM to
population data from the SAGE cohort, this study aimed
to investigate the association between specific physical job
stressors and arthritis diagnosis and symptoms in LMICs,
and to explore the role of obesity and social determinants.

Methods
Study population and design
SAGE Wave 1 (2007–10) is a cross-sectional study in-
volving nationally representative samples of persons
aged ≥50 years and a smaller sample of adults aged 18–
49 years: Wave 1 includes a total of 44,747 adults aged
≥18 years from China, Ghana, India, Mexico, Russian
Federation and South Africa [16, 17]. The World Health
Organization’s Ethical Review Board provided ethics ap-
provals. Written, informed consent was obtained from
all participants.
This study adheres to the STROBE reporting guide-

lines [18].

Arthritis status: Doctor-diagnosed and symptom-based
Consistent with arthritis prevalence analyses for this co-
hort [12], doctor-diagnosed arthritis (lifetime) was based
on participant responses to the question; “Have you ever
been diagnosed with/told by a health care professional
you have arthritis (a disease of the joints; or by other
names rheumatism or osteoarthritis)?” As a secondary
endpoint, a symptom-based determination of arthritis
(current: yes/no) was also employed, using an algorithm
developed by the WHO SAGE study team [16], to iden-
tify a pattern of symptoms that are indicative of having
osteoarthritis, rather than symptoms most likely to indi-
cate inflammatory arthritis. This algorithm is presented
in Online Additional file 1: Table S1.

Physical work-related stressors
The main occupation of each participant during the pre-
vious 12 months was self-reported to the SAGE field
staff of each country. The International Standard Classi-
fication of Occupation (ISCO-88) provides a coding
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system for classifying occupations according to the di-
mensions of skill level and skill specialisation [19–21].
Skill level is a function of the range and complexity of
the tasks involved. Skill specialisation reflects the type of
knowledge applied, tools and equipment used, materials
worked on (or with), and the nature of the goods and
services produced [19–21]. Based on skill levels, the
ISCO-88 [19–21] delineates the top aggregation level by
categorising occupations into ten major (hierarchical)
groups of 1 = legislators, senior officials and managers; 2
= professionals; 3 = technicians and associate profes-
sionals; 4 = clerks; 5 = service workers and shop and
market sales workers; 6 = skilled agricultural and fishery
workers; 7 = craft and related trade workers; 8 = plant
and machine operators and assemblers; 9 = elementary
occupations; 10 = armed forces. Further subdivision of
these occupations (using a 4–6 digit code, rather than
the single digit code described above that indicates the
top aggregation level only) results in 390 unit groups
based on skill-specialisation, representing the most de-
tailed level of the ISCO-88 structure and incorporating
thousands of detailed occupation descriptions [21]. At
this level of delineation, specific occupational-related ex-
posures are defined. Notably, 4–6 digit occupational data
were collected for all countries with the exception of
China and Mexico. Due to this reason, China and
Mexico were excluded from this study, and from the ini-
tial 44,747 participants in the SAGE Wave 1, we were
left with 21,514 individuals (49.2% female) from Ghana,
India, Russian Federation and South Africa for inclusion
in our current analyses.

Job exposure matrix (JEM)
The ISCO-88 code was also used to link SAGE partici-
pants with the JEM (physical exposure matrix only) devel-
oped by Solovieva et al. [21, 22]. For a given job or
occupation title, exposure level was assigned based on the
group-specific average of exposure. Performance of the
JEM was evaluated in terms of accuracy, sensitivity, speci-
ficity and predictive ability, and scored relatively high [21].
The JEM identifies five work-related exposures of (i) heavy
physical work, (ii) kneeling or squatting, (iii) heavy lifting,
(iv) arm elevation, and (v) awkward trunk posture.

Body mass index
Recorded weights and heights of participants were used
to calculate BMI (kg/m2), which were then categorised
as underweight (< 18.5 kg/m2), normal range (18.5–
24.99 kg/m2), overweight (25–29.99 kg/m2), Class 1
obese (≥30 kg/m2), and Class 2 obese [14, 23].

Social determinants
Household income was self-reported and categorised
into quintiles for analyses, whereby quintile 1 represented

the lowest income and quintile 5 represented the highest.
Participants were asked if they had ever been to school;
for those that indicated ‘yes’, they were also asked to iden-
tify the highest level of education completed. Education
was categorised as (i) ‘no formal schooling’, (ii) some pri-
mary school education but primary school not completed,
(iii) primary school completed, (iv) secondary school or
high school (or equivalent) completed, or (v) tertiary edu-
cation completed, including college, pre-university, uni-
versity, or post-graduate degree. Education levels were
mapped to an international standard [24]. Self-reported
marital status was categorised for analyses into three
groups of: (i) never married, (ii) currently married or co-
habiting, and (iii) separated/divorced or widowed. Region
was defined as urban versus rural.

Statistical analyses
We used multivariable logistic regression models to in-
vestigate associations between each of the physical
work-related stressors measured in the JEM and arth-
ritis, measured by a doctor-diagnosis or symptoms; ad-
justments were made for age (10-year age groupings)
and sex, with further adjustment for categories of BMI
(underweight and normal BMI were combined due to
small cell sizes), and simultaneous adjustments for edu-
cational attainment (none, some primary, primary com-
pleted, secondary completed, tertiary completed),
household income level (quintiles), marital status (never
married, married/cohabiting, separated/divorced/widowed),
region (urban vs. rural), and country. In multivariable
models, for each variable, with the exception of country,
the categorical group with the lowest risk of arthritis was
held as referent group (male; aged 30–39 years; BMI
< 24.99; highest income quintile; highest level of educa-
tional attainment; never married; urban resident). All
two-way interactions for significant risk factors/covariates
with the physical work-related stressors were investigated
through multivariate logistic regression models: whereby
BMI, income and education were treated as ordinal vari-
ables, with increasing values relating to higher levels of
these variables. The two-way interaction models contained
main effects for all significant risk factors/covariates from
step 1, and all two-way interactions of model factors with
all of the physical work-related stressors that were mea-
sured. A backward elimination variable selection method
(p-value entry = 0.1, and p-value exit = 0.05) was then im-
plemented to examine the interaction effects.

Results
Table 1 presents the characteristics of the study popula-
tion (n = 21,389; 49.2% female), stratified by country. For
each country, with the exception of Ghana where awk-
ward trunk posture was most common (72.6%), heavy
physical work was the most common physical job
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stressor (range: 24.4% in Russian Federation to 61.3% in
India). The greatest proportion of participants from
Ghana and India had normal BMI (61.1 and 53.9%, re-
spectively), whilst in Russian Federation and South

Africa the greatest proportion of individuals had a BMI
in the overweight or obese categories, respectively (40.3%
Russian Federation and 38.7% South Africa); 32.8% of par-
ticipants from India had a BMI < 25 kg/m2. For quintiles

Table 1 Characteristics of the study population (n = 21,389), stratified by country

Characteristics Ghana (n = 4140) India (n = 9210) Russian Federation (n = 5523) South Africa (n = 2516)

Exposure to the physical exposures measured in the Job Exposure Matrix

Heavy physical work 2955 (71.4%) 5650 (61.3%) 1345 (24.3%) 1136 (45.1%)

Kneeling or squatting 1278 (30.9%) 1440 (15.6%) 606 (11.0%) 783 (31.1%)

Heavy lifting 1762 (42.5%) 4077 (44.3%) 536 (9.7%) 329 (13.1%)

Arm elevation 148 (3.6%) 216 (2.3%) 354 (6.4%) 97 (3.9%)

Awkward trunk posture 3004 (72.5%) 2732 (29.7%) 698 (12.6%) 310 (12.3%)

Sex

Male 2435 (58.8%) 5528 (60.0%) 1906 (34.5%) 998 (39.7%)

Female 1706 (41.2%) 3682 (40.0%) 3617 (65.5%) 1518 (60.3%)

Age groups (years)

30–39 84 (2.0%) 786 (8.5%) 246 (4.4%) 20 (0.8%)

40–49 246 (5.9%) 1295 (14.1%) 242 (4.4%) 113 (4.5%)

50–59 269 (6.5%) 1028 (11.2%) 209 (3.8%) 55 (2.2%)

60–69 1340 (32.4%) 2817 (30.6%) 2010 (36.4%) 1193 (47.4%)

70–79 1105 (26.7%) 2133 (23.2%) 1277 (23.1%) 663 (26.3%)

≥80 1096 (26.5%) 1151 (12.5%) 1539 (27.9%) 472 (18.8%)

Body mass index (BMI)

< 25 (kg/m2) 576 (14.2%) 2944 (32.8%) 65 (1.3%) 96 (3.9%)

25–29.99 (kg/m2) 2472 (61.1%) 4832 (53.9%) 1366 (26.7%) 603 (24.8%)

30–34.99 (kg/m2) 631 (15.6%) 1008 (11.2%) 2056 (40.2%) 807 (33.1%)

≥35 (kg/m2) 366 (9.0%) 183 (2.0%) 1631 (31.9%) 929 (38.1%)

Household income quintiles

Quintile 1 (lowest income) 866 (20.9%) 1662 (18.1%) 819 (14.9%) 423 (16.8%)

Quintile 2 816 (19.7%) 1616 (17.6%) 980 (17.8%) 620 (24.7%)

Quintile 3 737 (17.8%) 1804 (19.6%) 949 (17.2%) 443 (17.6%)

Quintile 4 821 (19.8%) 2037 (22.2%) 1232 (22.4%) 411 (16.3%)

Quintile 5 (highest income) 897 (21.7%) 2061 (22.4%) 1530 (27.8%) 616 (24.5%)

Educational attainment

No schooling 2065 (50.1%) 3678 (39.9%) 32 (0.6%) 457 (20.9%)

Some primary school 447 (10.8%) 964 (10.5%) 46 (0.8%) 418 (19.1%)

Primary school completed 492 (11.9%) 1479 (16.1%) 390 (7.1%) 484 (22.1%)

Secondary school completed 965 (23.4%) 2322 (25.2%) 3392 (61.4%) 640 (29.2%)

Tertiary education completed 152 (3.7%) 767 (8.3%) 1662 (30.1%) 192 (8.8%)

Marital status

Never married 141 (3.4%) 348 (3.8%) 303 (5.5%) 354 (14.6%)

Married/cohabiting 2650 (64.3%) 7593 (82.4%) 3231 (58.5%) 1302 (53.6%)

Separated/divorced/widow 1329 (32.3%) 1268 (13.8%) 1986 (36.0%) 772 (31.8%)

Region

Urban 1561 (37.7%) 2817 (30.6%) 4577 (82.9%) 1810 (72.0%)

Rural 2580 (62.3%) 6393 (69.4%) 946 (17.1%) 704 (28.0%)
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of household income levels, the greatest difference
between the lowest compared to the highest income
was in Russian Federation where the proportions were
14.9% vs. 27.7%. For each country, participants were
more likely to be married or cohabiting compared to
single or separated, divorced or widowed. Half of the
participants from Ghana, ~ 40% of participants from
India and South Africa, and 1.5% from the Russian
Federation had no formal schooling. Many of the par-
ticipants from Ghana and India resided in rural areas
(62 and 69%, respectively), compared to the minority
of participants from Russian Federation and South
Africa (17 and 28%, respectively).
The numbers of study participants with and without

arthritis according to exposure status for each of the five
physical work-related stressors, stratified by country, are
presented in Table 2. Overall, the numbers of persons
with doctor-diagnosed arthritis was 3778 (17.7%) and
with symptom-based arthritis was 1185 (5.9%). Arthritis,
using both definitions, was more prevalent among those
with physical work-related stressors.

Results for multivariable associations between physical
work-related stressors and doctor-diagnosed or
symptom-based arthritis are presented in Tables 3 and 4,
respectively. For doctor-diagnosed arthritis, heavy phys-
ical work was associated with a 12% increase in the ad-
justed odds of arthritis (AOR 1.12, 95%CI 1.01–1.23),
kneeling or squatting with a 25% increase (AOR 1.25,
95%CI 1.12–1.38), awkward trunk posture with ~ 20%
increase (AOR 1.23, 95%CI 1.12–1.36), and arm eleva-
tion showed almost a 70% greater odds for arthritis
(AOR 1.66, 95%CI 1.37–2.00): no significant association
was observed for heavy lifting (p = 0.15). For
symptom-based arthritis, kneeling or squatting and
heavy lifting were each associated with an almost 30%
increase in the adjusted odds of arthritis (AOR 1.27,
95%CI 1.08–1.50; AOR 1.33, 95%CI 1.11–1.58, respect-
ively), whilst arm elevation more than doubled the odds
of arthritis (AOR 2.16, 95%CI 1.63–2.86); neither heavy
physical work nor awkward trunk posture was associated
with arthritis (p = 0.53; p = 0.27, respectively). Factors
consistently observed to be significant in the associations

Table 2 Country-specific numbers (%) of participants with and without arthritis, across physical work-related stressors

Job
exposure,
and
exposure
status

Ghana (n = 3924) India (n = 8773) Russian Federation (n = 5144) South Africa (n = 2396)

Yes No Yes No Yes No Yes No

Doctor-diagnosed arthritis

HPW Yes 327 (11.1%) 2628 (88.9%) 828 (14.6%) 4822 (85.3%) 470 (34.9%) 875 (65.1%) 205 (18.0%) 931 (81.9%)

No 118 (9.9%) 1068 (90.0%) 483 (13.6%) 3077 (86.4%) 1132 (27.1%) 3046 (72.9%) 215 (15.6%) 1165 (84.4%)

K/S Yes 178 (13.9%) 1100 (86.1%) 246 (17.1%) 1194 (82.9%) 210 (34.6%) 396 (65.4%) 178 (22.7%) 605 (77.3%)

No 267 (9.3%) 2596 (90.7%) 1065 (13.7%) 6705 (86.3%) 1392 (28.3%) 3525 (71.7%) 242 (14.0%) 1491 (86.0%)

HL Yes 152 (8.6%) 1610 (91.4%) 585 (14.3%) 3492 (85.6%) 187 (34.9%) 349 (65.1%) 36 (10.9%) 293 (89.1%)

No 293 (12.3%) 2086 (87.7%) 726 (14.1%) 4407 (85.6%) 1415 (28.4%) 3572 (71.6%) 384 (17.6%) 1803 (82.4%)

AE Yes 5 (3.4%) 143 (96.6%) 53 (24.5%) 163 (75.5%) 138 (39.0%) 216 (61.0%) 9 (9.3%) 88 (90.7%)

No 440 (11.0%) 3553 (89.0%) 1258 (14.0%) 7736 (86.0%) 1464 (28.3%) 3705 (71.7%) 411 (17.0%) 2008 (83.0%)

AP Yes 335 (11.1%) 2669 (88.8%) 440 (16.1%) 2292 (83.9%) 228 (32.7%) 470 (67.3%) 64 (20.6%) 246 (79.3%)

No 110 (9.7%) 1027 (90.3%) 871 (13.4%) 5607 (86.5%) 1374 (28.5%) 3451 (71.5%) 356 (16.1%) 1850 (83.9%)

Symptom-defined arthritis

HPW Yes 279 (9.9%) 2538 (90.1%) 191 (3.6%) 5153 (96.4%) 151 (12.0%) 1105 (88.0%) 30 (2.8%) 1057 (97.2%)

No 134 (12.1%) 973 (87.9%) 41 (1.2%) 3388 (98.8%) 332 (8.5%) 3556 (91.5%) 27 (2.1%) 1282 (97.9%)

K/S Yes 161 (13.3%) 1046 (86.7%) 55 (4.1%) 1276 (95.9%) 100 (17.2%) 482 (82.8%) 25 (3.4%) 716 (96.6%)

No 252 (9.3%) 2465 (9.7%) 177 (2.4%) 7265 (97.6%) 383 (8.4%) 4179 (91.6%) 32 (1.9%) 1623 (98.1%)

HL Yes 128 (7.6%) 1551 (92.4%) 139 (3.6%) 3711 (96.4%) 98 (18.8%) 423 (81.2%) 2 (0.6%) 320 (99.4%)

No 285 (12.7%) 1960 (87.3%) 93 (1.9%) 4830 (98.1%) 385 (8.3%) 4238 (91.7%) 55 (2.6%) 2019 (97.3%)

AE Yes 13 (10.7%) 108 (89.3%) 8 (5.1%) 149 (94.9%) 55 (16.2%) 285 (83.8%) 1 (1.1%) 90 (98.9%)

No 400 (10.5%) 3403 (89.5%) 224 (2.6%) 8392 (97.4%) 428 (8.9%) 4376 (91.1%) 56 (2.4%) 2249 (97.6%)

AP Yes 273 (9.5%) 2590 (90.5%) 91 (3.5%) 2487 (96.5%) 79 (11.8%) 592 (88.2%) 11 (3.6%) 293 (96.4%)

No 140 (13.2%) 921 (86.8%) 141 (2.3%) 6054 (97.7%) 404 (9.0%) 4069 (91.0%) 46 (2.2%) 2046 (97.8%)

Abbreviations: HPW heavy physical work, K/S kneeling/squatting, HL heavy lifting, AE arm elevation, AP awkward trunk posture
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Table 3 Multivariable results (simultaneous adjustments)a for associations between physical work-related stressors and doctor-
diagnosed arthritis

Doctor-diagnosed arthritis

Model 1 Model 2 Model 3 Model 4 Model 5

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Physical stressors in the Job Exposure Matrix

Heavy physical work 1.12 (1.01–1.23)* – – – –

Kneeling/squatting – 1.25 (1.12–1.38)** – – –

Heavy lifting – – 1.08 (0.97–1.20) – –

Arm elevation – – – 1.66 (1.37–2.00)** –

Awkward trunk posture – – – – 1.23 (1.12–1.36)**

Sex

Male 1.00 1.00 1.00 1.00 1.00

Female 1.65 (1.51–1.81)** 1.58 (1.44–1.74)** 1.69 (1.54–1.86)** 1.69 (1.54–1.86)** 1.68 (1.54–1.85)**

Age groups (years)

30–39 1.00 1.00 1.00 1.00 1.00

40–49 3.13 (2.06–4.74) 3.19 (2.10–4.84) 3.11 (2.05–4.72) 3.15 (2.07–4.77) 3.18 (2.10–4.82)

50–59 4.16 (2.74–6.30) 4.21 (2.77–6.38) 4.16 (2.74–6.31) 4.18 (2.75–6.34) 4.22 (2.79–6.41)

60–69 5.73 (3.87–8.46) 5.82 (3.94–8.61) 5.74 (3.89–8.49) 5.87 (3.97–8.68) 5.84 (3.95–8.63)

70–79 8.95 (6.04–13.26) 9.11 (6.15–13.50) 8.97 (6.05–13.28) 9.18 (6.20–13.60) 9.05 (6.11–13.41)

≥80 14.30 (9.63–21.24) 14.54 (9.78–21.59) 14.37 (9.67–21.34) 14.69 (9.89–21.82) 15.57 (9.81–21.65)

Overall p-valueb ** ** ** ** **

Body mass index (BMI)

< 25 (kg/m2) 1.00 1.00 1.00 1.00 1.00

25–29.99 (kg/m2) 1.06 (0.94–1.21) 1.06 (0.93–1.20) 1.07 (0.94–1.21) 1.05 (0.93–1.19) 1.07 (0.94–1.21)

30–34.99 (kg/m2) 1.85 (1.59–2.14) 1.83 (1.58–2.12) 1.85 (1.60–2.15) 1.80 (1.55–2.08) 1.85 (1.60–2.14)

≥35 (kg/m2) 3.74 (3.19–4.39) 3.70 (3.16–4.34) 3.72 (3.17–4.37) 3.65 (3.11–4.28) 3.76 (3.21–4.41)

Overall p-valueb ** ** ** ** **

Household income quintiles

Quintile 1 (lowest) 1.42 (1.24–1.63) 1.46 (1.27–1.68) 1.42 (1.24–1.63) 1.43 (1.24–1.64) 1.45 (1.26–1.66)

Quintile 2 1.38 (1.21–1.58) 1.40 (1.22–1.60) 1.38 (1.21–1.58) 1.37 (1.19–1.57) 1.39 (1.21–1.59)

Quintile 3 1.44 (1.26–1.64) 1.45 (1.27–1.65) 1.44 (1.26–1.64) 1.43 (1.26–1.6) 1.45 (1.27–1.65)

Quintile 4 1.60 (1.42–1.80) 1.61 (1.42–1.81) 1.61 (1.42–1.81) 1.60 (1.42–1.81) 1.60 (1.42–1.80)

Quintile 5 1.00 1.00 1.00 1.00 1.00

Overall p-valueb ** ** ** ** **

Educational attainment

No schooling 0.70 (0.59–0.84) 0.70 (0.59–0.83) 0.73 (0.61–0.86) 0.73 (0.61–0.86) 0.70 (0.59–0.83)

Some primary 1.28 (1.06–1.55) 1.28 (1.07–1.55) 1.32 (1.10–1.59) 1.29 (1.07–1.56) 1.28 (1.06–1.54)

Primary complete 0.76 (0.64–0.91) 0.77 (0.65–0.91) 0.79 (0.67–0.93) 0.77 (0.66–0.91) 0.76 (0.65–0.90)

Secondary complete 0.77 (0.67–0.87) 0.77 (0.68–0.87) 0.78 (0.69–0.88) 0.76 (0.67–0.86) 0.76 (0.67–0.86)

Tertiary complete 1.00 1.00 1.00 1.00 1.00

Overall p-valueb ** ** ** ** **

Marital status

Never married 1.00 1.00 1.00 1.00 1.00

Married/cohabiting 1.31 (1.03–1.67) 1.31 (1.03–1.66) 1.30 (1.02–1.65) 1.30 (1.02–1.65) 1.28 (1.00–1.62)

Separated/widow 1.16 (0.90–1.48) 1.15 (0.90–1.47) 1.15 (0.90–1.47) 1.15 (0.90–1.48) 1.13 0.88–1.44)
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between work-related stressors and doctor-diagnosed or
symptom-based arthritis were female sex, obesity (BMI
≥30 kg/m2), lower income and educational attainment,
and being married/cohabiting. Rurality status was only
associated with kneeling or squatting, heavy lifting and
arm elevation, and only for doctor-diagnosed arthritis.
Two-way interaction terms between sociodemo-

graphic characteristics and work-related stressors for
doctor-diagnosed (lifetime) arthritis or symptom-based
(current) arthritis are presented in Table 5. The major
findings for interaction terms related to social determi-
nants and doctor-diagnosed arthritis are as follows. For
the four stressors of heavy physical work, kneeling or
squatting, heavy lifting, and awkward trunk posture, every
one level increase in quintile of household income (higher
income) showed > 10% additional increased odds for
doctor-diagnosed arthritis. For heavy lifting, every one in-
crease in the level of educational attainment increased the
odds by 10%, whilst for arm elevation the odds of
doctor-diagnosed arthritis was decreased by 20%. For
symptom-based (current) arthritis, and for all physical
stressors, every one level increase in category of educa-
tional attainment additionally increased the odds by be-
tween 40 and 55% (range: awkward trunk posture, to
heavy physical work, respectively). Varying interaction
terms were observed for BMI, depending on the definition
of arthritis and physical stressor. No country-specific
interaction terms were identified, indicating that no fur-
ther country-specific models were required.

Discussion
In our study population from the LMICs of Ghana,
India, Russian Federation and South Africa, four of the
five work-related stressors were associated with in-
creased odds of doctor-diagnosed arthritis (heavy phys-
ical work, kneeling or squatting, arm elevation, and
awkward trunk posture), while three stressors increased
the odds of symptom-defined arthritis (kneeling or
squatting, heavy lifting, and arm elevation). Obesity, de-
fined as a BMI of ≥30 kg/m2, was independently associ-
ated with doctor-diagnosed (lifetime) and symptom-based

(current) arthritis, as were the social determinants of
lower income and lower educational attainment. Being
married/cohabiting was associated with doctor-diagnosed,
but not symptom-based, arthritis. We observed that ex-
cess risk for arthritis, due to statistical two-way interac-
tions, may exist for those with higher BMI, and that those
with higher income are more likely to be diagnosed with
arthritis, whilst those with higher education are more
likely to report symptoms compared to those with lower
education.
Musculoskeletal pain associated with arthritis poses a

significant threat to exacerbating poverty in LMICs, as
physical ability can be imperative to livelihoods and
associations between arthritis and occupation has poten-
tial to worsen poverty for those affected. Common
work-related exposures in LMICs include sustained
squatting or kneeling over longer periods of time, carry-
ing heavy loads for long distances, and climbing up and
down steep terrain [25, 26]: occupations that are related
to agricultural or cleaning tasks, or transporting food,
water and/or building supplies, amongst others. Our
findings show that heavy physical work was the most
common physical job stressor in each LMIC, and that
heavy lifting and kneeling/squatting were associated with
increased odds of arthritis in our study population. Im-
portantly, our study includes older persons from LMICs,
and as such there is potential for a healthy worker selec-
tion; the implications of which are an underestimation
of associations between occupational exposures and
arthritis. Our data suggests that attention be directed to-
ward addressing work-related kneeling or squatting and
arm elevation (repetitive arm lifting movements, and/or
sustained arm elevation) in LMICs to reduce arthritis
burden. Minimization of occupational risk factors has
already been underway for many years in high income
countries; indeed, countries such as Denmark and
Germany have acknowledged that knee osteoarthritis is
an occupational disease [27]. Compounding this issue in
LMICs, and despite advances in diagnosis and treatment
of arthritis during the last few decades in higher income
countries [28], these advances have not impacted on

Table 3 Multivariable results (simultaneous adjustments)a for associations between physical work-related stressors and doctor-
diagnosed arthritis (Continued)

Doctor-diagnosed arthritis

Model 1 Model 2 Model 3 Model 4 Model 5

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Overall p-valueb ** ** ** * *

Region

Urban 1.00 1.00 1.00 1.00 1.00

Rural 1.09 (0.99–1.20) 1.11 (1.01–1.22)* 1.10 (1.00–1.21)* 1.12 (1.02–1.23)** 1.09 (0.99–1.20)
aAnalyses were adjusted for country of residence; b overall p-values provided for variables with more than one category; * p < 0.05; ** p ≤ 0.01
Results presented as adjusted odds ratios (OR) with 95% confidence intervals (95%CI) and p value
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Table 4 Multivariable results (simultaneous adjustments)a for associations between physical work-related stressors and symptom-
defined arthritis

Symptom-defined arthritis

Model 1 Model 2 Model 3 Model 4 Model 5

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Physical stressors in the Job Exposure Matrix

Heavy physical work 0.95 (0.81–1.12) – – – –

Kneeling/squatting – 1.27 (1.08–1.50)** – – –

Heavy lifting – – 1.33 (1.11–1.58)** – –

Arm elevation – – – 2.16 (1.63–2.86)** –

Awkward trunk posture – – – – 0.91 (0.77–1.07)

Sex

Male 1.00 1.00 1.00 1.00 1.00

Female 1.44 (1.23–1.69)** 1.33 (1.13–1.57)** 1.62 (1.36–1.94)** 1.50 (1.28–1.75)** 1.43 (1.22–1.67)**

Age groups (years)

30–39 1.00 1.00 1.00 1.00 1.00

40–49 2.55 (0.97–6.67) 2.65 (1.01–6.94)* 2.53 (0.96–6.61) 2.55 (0.97–6.68) 2.53 (0.96–6.62)

50–59 3.34 (1.28–8.72) 3.36 (1.28–8.78) 3.26 (1.25–8.52) 3.38 (1.29–8.86) 3.31 (1.27–8.66)

60–69 4.35 (1.76–10.74) 4.38 (1.77–10.80) 4.35 (1.76–10.73) 4.43 (1.80–10.94) 4.34 (1.76–10.70)

70–79 10.30 (4.18–25.37) 10.45 (4.24–25.72) 10.44 (4.24–25.69) 10.55 (4.28–26.00) 10.29 (4.18–25.32)

≥80 12.74 (5.16–31.46) 12.65 (5.13–31.24) 12.60 (5.10–31.10) 12.67 (5.13–31.31) 12.70 (5.14–31.33)

Overall p-valueb ** ** ** ** **

Body mass index (BMI)

< 25 (kg/m2) 1.00 1.00 1.00 1.00 1.00

25–29.99 (kg/m2) 1.14 (0.92–1.40) 1.15 (0.93–1.41) 1.16 (0.94–1.42) 1.13 (0.92–1.39) 1.13 (0.92–1.40)

30–34.99 (kg/m2) 1.35 (1.04–1.75) 1.38 (1.06–1.79) 1.39 (1.07–1.81) 1.33 (1.02–1.72) 1.34 (1.03–1.74)

≥35 (kg/m2) 3.49 (2.68–4.56) 3.62 (2.78–4.72) 3.65 (2.80–4.76) 3.47 (2.67–4.52) 3.47 (2.66–4.52)

Overall p-valueb ** ** ** ** **

Household income quintiles

Quintile 1 (lowest) 1.00 (0.80–1.25) 1.03 (0.82–1.29) 0.98 (0.77–1.21) 0.99 (0.79–1.24) 1.00 (0.80–1.25)

Quintile 2 1.24 (1.00–1.54) 1.25 (1.01–1.55) 1.22 (0.98–1.50) 1.19 (0.96–1.48) 1.24 (1.00–1.54)

Quintile 3 0.62 (0.49–0.79) 0.63 (0.50–0.80) 0.61 (0.48–0.77) 0.61 (0.48–0.78) 0.62 (0.49–0.79)

Quintile 4 0.68 (0.54–0.86) 0.69 (0.55–0.86) 0.67 (0.53–0.84) 0.68 (0.54–0.85) 0.68 (0.54–0.86)

Quintile 5 1.00 1.00 1.00 1.00 1.00

Overall p-valueb ** ** ** ** **

Educational attainment

No schooling 7.15 (4.84–10.57) 6.54 (4.47–9.56) 6.28 (4.28–9.20) 6.71 (4.60–9.79) 7.13 (4.87–10.44)

Some primary 9.76 (6.55–14.53) 9.13 (6.18–13.51) 8.83 (5.96–13.09) 9.11 (6.17–13.47) 9.69 (6.55–14.34)

Primary complete 3.02 (2.04–4.48) 2.84 (1.93–4.18) 2.78 (1.89–4.10) 2.78 (1.89–4.09) 3.01 (2.04–4.44)

Secondary complete 2.83 (2.09–3.84) 2.72 (2.01–3.69) 2.71 (2.00–3.68) 2.64 (1.95–3.58) 2.84 (2.09–3.85)

Tertiary complete 1.00 1.00 1.00 1.00 1.00

Overall p-valueb ** ** ** ** **

Marital status

Never married 1.00 1.00 1.00 1.00 1.00

Married/cohabiting 1.05 (0.67–1.63) 1.04 (0.66–1.62) 1.01 (0.65–1.58) 1.04 (0.67–1.62) 1.06 (0.68–1.66)

Separated/widow 1.22 (0.78–1.91) 1.19 (0.76–1.86) 1.20 (0.76–1.87) 1.23 (0.79–1.93) 1.23 (0.79–1.93)
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LMICs, which are primarily resource-poor. In addition,
there is a wide variation in occupational structures, con-
ditions of work, quality of the work environment, and
health status of workers in different regions of the world,
and different sectors of economies [29]. In LMICs, there
is a greater prevalence of small-scale industrial and agri-
cultural enterprises, which are characterised by fewer re-
sources, heavier workloads, and often necessitates longer
hours working and therefore increased exposure to
stressors [29]. Multifactorial interventions would be ne-
cessary, including screening for pre-existing musculo-
skeletal conditions, ergonomic modifications, adequate
medical treatment, and, in the first instance, equitable
access to healthcare for diagnosis and disease manage-
ment. Indeed, greater access to formal education would
increase the ability of populations from LMICs to access
healthcare.

We speculate as to why some of the physical work-related
stressors were associated with doctor-diagnosed arthritis
but not symptom-related arthritis, and vice versa. These dif-
ferences may be related to the time element that is inherent
in the diagnosis of arthritis which encompasses the
longer-term of ‘ever’, whilst symptom-based refers to the
more ‘current’ period of time. For instance, having already
been diagnosed with arthritis is more likely to mean that
symptoms have been present over a longer-term, and that
some systemic damage to the skeletal system may be
present. Self-reported doctor diagnosis of arthritis is more
likely to identify inflammatory arthritis as well as osteoarth-
ritis, thereby resulting in different observations in terms of
work-related stressors. Individuals who answered ‘yes’ to the
symptomatic arthritis question but not the diagnosis ques-
tion may have less severe arthritis, in that they may not have
sought medical care and thus received a diagnosis. In

Table 4 Multivariable results (simultaneous adjustments)a for associations between physical work-related stressors and symptom-
defined arthritis (Continued)

Symptom-defined arthritis

Model 1 Model 2 Model 3 Model 4 Model 5

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Overall p-valueb NS NS NS NS NS

Region

Urban 1.00 1.00 1.00 1.00 1.00

Rural 1.11 (0.95–1.30) 1.08 (0.92–1.27) 1.07 (0.91–1.25) 1.09 (0.93–1.28) 1.11 (0.95–1.30)
aAnalyses were adjusted for country of residence; b overall p-values provided for variables with more than one category; * p < 0.05; ** p ≤ 0.01; NS = not significant
Results presented as adjusted odds ratios (OR) with 95% confidence intervals (95%CI) and p value

Table 5 Two-way interaction terms for associations between physical work-related stressors and arthritis

Heavy physical work Kneeling or squatting Heavy lifting Arm elevation Awkward trunk posture

OR (95%CI) p OR (95%CI) p OR (95%CI) p OR (95%CI) p OR (95%CI) p

Doctor-diagnosed arthritis

Age (years)a 0.96 (0.90–1.03) 0.27 1.06 (0.97–1.51) 0.20 0.93 (0.86–1.00) 0.04 1.02 (0.87–1.19) 0.81 0.99 (0.92–1.07) 0.85

Body mass indexa 0.88 (0.81–0.96) 0.006 1.01 (0.91–1.13) 0.80 0.96 (0.87–1.06) 0.46 1.43 (1.12–1.82) 0.004 0.76 (0.69–0.84) ≤0.001

Household incomea 1.13 (1.06–1.20) ≤0.001 1.12 (1.04–1.20) 0.003 1.10 (1.03–1.18) 0.005 0.99 (0.85–0.15) 0.90 1.08 (1.01–1.15) 0.03

Educationa 1.03 (0.97–1.11) 0.32 1.00 (0.92–1.08) 0.97 1.09 (1.01–1.17) 0.02 0.80 (0.66–0.96) 0.02 1.03 (0.96–1.10) 0.42

Never married 1.23 (0.76–1.99) 0.40 1.51 (0.89–2.57) 0.13 0.84 (0.43–1.67) 0.62 0.52 (0.13–2.04) 0.35 0.60 (0.25–1.44) 0.25

Married/cohabiting 1.22 (1.02–1.47) 0.03 1.17 (0.94–1.46) 0.16 1.12 (0.90–1.39) 0.32 0.95 (0.59–0.53) 0.83 1.40 (1.15–1.71) 0.001

Separated/widowb 1.00 – 1.00 – 1.00 – 1.00 – 1.00 –

Symptom-defined arthritis

Age (years) a 0.94 (0.82–1.07) 0.35 1.47 (1.26–1.71) ≤0.001 1.02 (0.89–1.16) 0.80 1.83 (1.27–2.63) 0.001 1.12 (0.97–1.28) 0.11

Body mass indexa 0.58 (0.49–0.68) ≤0.001 0.97 (0.81–1.15) 0.70 0.83 (0.71–0.98) 0.03 1.53 (1.03–2.30) 0.04 0.69 (0.59–0.81) ≤0.001

Household incomea 1.10 (1.00–1.22) 0.06 1.10 (0.99–1.23) 0.08 1.03 (0.92–1.15) 0.53 1.05 (0.83–1.32) 0.70 1.11 (1.00–1.23) 0.048

Educationa 1.55 (1.39–1.73) ≤0.001 1.45 (1.28–1.65) ≤0.001 1.49 (1.33–1.68) ≤0.001 1.45 (1.03–2.03) 0.03 1.44 (1.29–1.61) ≤0.001

Never married 0.89 (0.37–2.19) 0.81 1.53 (0.53–4.48) 0.43 0.29 (0.06–1.31) 0.11 c c 0.19 (0.02–1.47) 0.11

Married/cohabiting 1.16 (0.87–1.55) 0.32 2.92 (2.10–4.04) ≤0.001 0.87 (0.63–1.21) 0.42 3.12 (1.53–6.33) 0.002 1.12 (0.84–1.50) 0.44

Separated/widowb 1.00 – 1.00 – 1.00 – 1.00 – 1.00 –
aVariables treated as ordinal in models; breference group; cempty cells due to small counts; significant interaction terms are bolded
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addition, long-term arthritis status may explain why four of
the five work related stressors were associated with arthritis,
given the potential of movements to aggravate an existing
condition where joint damage may already be present, as
opposed to only three of the stressors observed to be associ-
ated with current symptoms of a condition that may not be
diagnosed and thus untreated. Notably, the three stressors
associated with symptom-related arthritis were kneeling/
squatting, heavy lifting, and arm elevation, most of which
have been previously reported as being associated
with arthritis [2]. Furthermore, the prevalence of other
non-communicable diseases in SAGE varies markedly
when defined by self-reported diagnosis compared to stan-
dardized criteria, suggesting that, amongst the poorest of
the poor, there is more likely to be under-diagnosis and
under-reporting of non-communicable diseases [30, 31].
These differences may also plausibly be influenced by vari-
ations between countries in health literacy, access to care,
and how health is understood.
LMICs are no longer absent from discussions regard-

ing the increasing prevalence of obesity; indeed, we ob-
served that more than 70% of our study populations
from Russian Federation and South Africa were in Clas-
ses 1 and 2 of the obese BMI categories. We acknow-
ledge, however, that some of that proportion may
plausibly be related to the greater weight, muscle or
bone mass of these populations, rather than excess body
fat. Whilst our study populations from Ghana and In-
dian were primarily in the normal BMI category, almost
25% of those from Ghana and 13% of those from India
were represented in the overweight and obese BMI cat-
egories. A study that focused on the Ghana population
from SAGE showed that BMI in the obese category in-
creased the likelihood of arthritis (OR 1.65, 95%CI 1.14–
2.39) [32]. Our data suggest that BMI of ≥30 kg/m2 is in-
dependently associated with arthritis in all four countries
investigated; however, and except for arm elevation, BMI
did not explain the associations between work-related
stressors and the likelihood of arthritis. The implications
of these data are that weight management may be espe-
cially critical for workers that are exposed to repeated
arm elevation movements, and indeed weight manage-
ment should form an important component of primary
and secondary arthritis prevention in LMICs, as for
higher income countries.
Our investigations into statistical two-way interaction

terms highlighted some interesting findings regarding
associations between social determinants and arthritis.
For each of the work-related stressors (with the excep-
tion of arm elevation), significant interaction terms sug-
gested that individuals with higher income were more
likely to report a doctor-diagnosis of arthritis. For many
individuals and households in LMICs, there are inad-
equate financial resources to manage the cost of a

chronic disease such as arthritis, with an impoverishing
effect of paying for healthcare services out-of-pocket
[33]. These significant interaction terms may be indica-
tive of the increased likelihood for individuals with
higher income to have the resources to access a doctor
for a diagnosis. Indeed, a study of 4724 adults aged
≥50 years from Ghana [32] also reported that the preva-
lence of doctor-diagnosed arthritis was greater for those
with the highest compared to the lowest income (16.1%
vs 11.0%). Another issue that may influence a
doctor-diagnosis is the geographical location: the avail-
ability of doctors is metro-centric, and likely related to
the overall socioeconomic status of communities. For
symptom-defined arthritis, and for each of the
work-related stressors, consistently significant inter-
action terms suggested that individuals with higher edu-
cation were more likely to have symptom-based arthritis.
We speculate that higher educated persons may have
higher expectations of their physical health, and/or are
more apt to verbalise symptoms compared to less edu-
cated persons who may ‘accept their lot’. Indeed, cultural
variations in the way that pain is perceived, and linguis-
tic variation in the way that pain is defined and classi-
fied, have been identified [25, 34, 35].
It was promising that no country-specific interaction

terms were identified; a result likely indicating that (i)
our ‘pooled across countries’ models that adjusted for
country may explain associations between exposures and
risk factors and (lifetime) arthritis, and (ii) during the
development of the JEM [21, 22], any potential
between-country differences in physical work-related
stressors were addressed. Although the JEM was devel-
oped using Finnish population-based data, that we did
not observe any country-specific two-way interactions
between job stressors and arthritis also suggests that the
use of the ISCO-88 introduces comparability and thus
increases the potential for use of the JEM in other coun-
tries. Although the ISCO-88 is now succeeded by the
ISCO-08, the International Labour Organization re-
ported in 2010 that the principles and top structure of
ISCO-88 correspond with the more recent ISCO-08 ver-
sion [36].
Our study has several strengths. The JEM is valid for

physical exposure assessment in large-scale epidemio-
logical assessments [21, 22], and it has been reported to
have relatively high specificity, with little compromise on
sensitivity [21]. The SAGE study consists of a large,
multi-national cohort, with nationally representative
samples. Our sample size provided sufficient statistical
power to detect even small effect sizes on interactions.
SAGE data were collected using standardized survey in-
struments and methodologies thus ensuring consistency.
The integrity of SAGE data is overseen by WHO, collab-
orating closely with leading institutions from each of the
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countries involved and with national health authorities
[16]. Ours is the first study to link data from populations
of LMICs to a JEM to investigate the role of physical
work-related stressors on arthritis risk. The method of
exposure assessment employed for the development of
the JEM is less likely to be prone to recall bias and con-
fers a degree of objectivity. The use of the JEM also
limits the likelihood of recall bias regarding work-related
exposure. Our study also has some limitations. Although
the JEM was initially developed to identify high-risk oc-
cupations for lower back pain, the mechanical physical
stressors included within the JEM are also appropriate
for the investigation of osteoarthritis. However, we are
unable to identify which joints were affected by arthritis.
There is a possibility that non-differential misclassifica-
tion of work-related stressors may lead to the attenu-
ation of the observed associations toward null [21].
However, should there be greater physical work-related
stressors in LMICs compared to Finland, for instance
due to variation in work processes associated with spe-
cific jobs, this would result in our estimates being con-
servative and thus an underestimation of associations.
Cumulative years in specific jobs would likely increase
the risk of arthritis, as has been shown by others [37],
thus whilst cumulative data was not available, this would
also result in an underestimation of associations. Data
were not available regarding specific types of arthritis
diseases; however, we investigated the symptom-based
algorithm in order to identify symptoms most likely as-
sociated with osteoarthritis rather than inflammatory
arthritis. This was important, as the physical stressors
measured by the JEM are also more likely to be associ-
ated with osteoarthritis. Due to the nature of the data,
we cannot analyse the time pressure and safety-related
issues in each work place, not for each individual coun-
try or person. Such stressors in the workplace have been
shown to biopsychosocial impacts which can alter pain
modulation and sensation.

Conclusions
In conclusion, these data suggest that attention be di-
rected toward addressing work-related kneeling/squat-
ting and arm elevation in LMIC to reduce arthritis
burden, especially given that minimization of occupa-
tional risk factors has been underway for many years in
high income countries. Observed excess risk for arthritis,
due to interactions, appears to exist for those with BMI
in the overweight and obese categories. In addition, indi-
viduals with higher income are more likely to be diag-
nosed with arthritis, whilst those with higher education
are more likely to report symptoms. Future studies could
evaluate whether (i) there is a threshold time of expos-
ure to physical work-related stressors to the develop-
ment of arthritis, and (ii) arthritis is a determinant of

reduced work capacity in those exposed to these physical
risk factors in their employment.

Additional file

Additional file 1: Table S1: Symptom-based questions and related al-
gorithm to ascertain prevalent arthritis. (DOCX 13 kb)
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