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The Impact of Heavy Load Carrying on Musculoskeletal
Pain and Disability Among Women in Shinyanga
Region, Tanzania

Jillian L. Kadota", Sandra I. McCoy", Michael N. Bates"f, Agatha Mnyippembe¥,
Prosper F. Njau*$, Ndola Pratall and Carisa Harris-Adamson'

Background: Heavy load carrying has been associated with musculoskeletal discomfort (MSD) and dis-
ability. However, there is a lack of research investigating this association in resource-constrained settings
where heavy load carrying by women is common.

Objective(s): We assessed the impact of heavy load carrying on musculoskeletal pain and disability among
women in Shinyanga Region, Tanzania, in an exploratory cross-sectional study.

Methods: Eligible participants were a convenience sample of women, at least 18 years of age, who passed
a study recruitment site carrying a load. We collected information on load-carrying practices, including
frequency and time spent carrying water, wood, agricultural products, coal, sand, or rocks, and measured
the weight of the load carried at the time. Outcomes included self-reported MSDs, defined as experi-
encing pain lasting >3 days in the neck, head, back, knees, feet and/or ankles within the last 1 year,
and related disability. Using multivariable logistic regression we assessed for associations between load
carrying exposures and MSDs and disability.

Findings: Results showed a high prevalence of MSDs across the body regions assessed and evidence to
suggest a relationship of back pain and related disability with several measures of load-carrying, including
duration, frequency, and weight. Multivariable analyses revealed associations of increased load carrying
exposures with low back pain (LBP) and related disability, including statistically significant increases in
odds of LBP with increasing weight, total duration of load carrying/week and cumulative loads/week.
Conclusions: Findings indicate a substantial burden of MSDs and disability in this population of women
who carry heavy loads daily. The extent of discomfort and disability increased with increasing exposure to
various load-carrying measures, especially for LBP. Larger epidemiologic studies that definitively assess
relationships of load carrying with MSDs and disability are warranted.

Introduction

Musculoskeletal injuries comprise as the largest burden
of disease globally. The 1990, 2005, and 2015 Global
Burden of Disease studies listed low back pain (LBP) and
neck pain as the primary global contributors to years lost
to disability (YLD), and in the top ten causes of YLDs in
all countries [1, 2]. Musculoskeletal injuries like LBP can
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affect an individual's capacity to carry out activities for
daily living, including the ability to work and care for chil-
dren. In low- and middle-income countries (LMIC) this can
have serious implications for livelihoods and household
welfare. As such, it is surprising that there has been rela-
tively little research in LMIC to identify and mitigate the
causes of musculoskeletal pain and disorders [3].

One possible cause of musculoskeletal discomfort
(MSD) and eventual disorders is heavy load carrying, a
common practice in many parts of the developing world
where roads are poor or non-existent, automotive trans-
portation is scarce or unaffordable, and household neces-
sities, such as water, food and firewood, must be manually
carried long distances. For example, in Nepal, a circular
band called a ‘namlo’ is strapped around the forehead
and used to carry loads, typically in a ‘doko’, a basket that
often holds loads around 20—-35 kg and sometimes much
more [4, 5]. In sub-Saharan Africa (SSA), load carrying is
typically done with buckets or baskets balanced atop the
head, commonly with loads of 25-35 kg, but up to 60
kg reported [3]. In many LMIC domestic load-carrying’ is
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regarded as a low-status activity and culturally assigned
to females; thus, women and girls bear much of the
carrying burden [3].

The scant published research on load carrying in LMIC
suggests that it negatively impacts musculoskeletal pain
and function, especially for women and girls [3, 6-8].
However, this evidence is mostly anecdotal or speculative
[3]. Indeed, despite the wide prevalence of load-carrying
activities amongst women and girls in LMIC there has
been little investigation among these populations of its
potential detrimental impacts [7]. Much of the existing
research on this topic has been conducted in high-income
countries or has largely focused on the experience of pain
in adult male workers [9—-12]. This evidence is not likely
to be generalizable to women and girls who have differ-
ent tissue capacities and injury tolerance associated with
load-carrying activities than men [6]. Although one recent
cross-sectional study conducted in South Africa, Ghana
and Vietnam found evidence for associations between
water carrying and upper back pain, assessments did not
consider other loading materials, such as firewood, agri-
cultural products, or sand/rocks [7].

Overall, this points to a need for more research assessing
the biomechanical (degenerative changes and risk of acute
injury), physiological (maternal and cardiovascular health)
and psycho-social (pain and disability) impacts among
women who carry different types of heavy loads in LMIC,
often from a very young age [3]. Addressing this largely
neglected topic, which may be responsible for a substan-
tial burden of disease and disability worldwide, will begin
to fill a significant knowledge gap and, if associations with
load carrying are found, will encourage further studies
of this relationship. If confirmed, the development and
implementation of interventions and/or policy recom-
mendations should be considered to reduce harm, pain,
and loss of function among women and girls in LMIC. The
aim of this study was to help fill the data gaps by collect-
ing preliminary data on potential associations between
heavy load carrying and musculoskeletal discomfort and
disability among women in Tanzania. As information on
this issue is scarce, we sought to cast a wide net to find
associations that might generate hypotheses that could be
followed up with more targeted future research.

Methods

The institutional review board of the University of
California, Berkeley and the National Institute of Medical
Research (NIMR) of Tanzania approved the study protocol
before data collection began.

Study participants

A cross-sectional study was conducted amongst women
who carry loads as part of their activities for daily living
(collecting water, firewood, etc.), recruited from 6 dif-
ferent study sites in Shinyanga Region, Tanzania. This
region, which has a population of 1.6 million, is one of
the 26 regions of mainland Tanzania and is located in the
Lake Zone. Participant recruitment sites were established
at a convenience sample of locations near water collection
points and along farm and market routes; each site was

: Heavy Load Carrying and Musculoskeletal Pain in Tanzanian Women

chosen based on local knowledge, accessibility by foot or
by automobile, and consideration of the amount of foot
traffic in the area during daylight hours. Eligible partici-
pants were a convenience sample of women of at least
18 years of age who passed a study recruitment site carry-
ing a load and were able and willing to participate. Before
participation, consent forms were read to participants who
provided either a signature or a thumbprint indicating
their consent. Although most people living in Shinyanga
speak Sukuma, it is not traditionally a written language.
Because of this, and because generally the local popula-
tion could also speak and/or read Swahili, interviews were
administered in Swahili by a trained interviewer who was
a member of the study team. Subjects who did not speak
or understand Swahili were excluded.

Data collection

The primary data collection instrument was a structured
survey. In developing the survey, the main constructs were
informed by expert local knowledge, observations of study
locations, types of loads frequently carried there by women,
and existing literature on load carrying and related health
impacts. Information collected included social and commu-
nity factors and individual characteristics. The survey was
comprised of the following sections: 1) socio-demograph-
ics, 2) load-carrying practices, 3) overall health/reproduc-
tive health, 4) musculoskeletal pain and 5) disability due
to musculoskeletal pain. The interview took approximately
30 minutes. Participants’ height (centimeters) and weight
(kilograms) were measured and used to calculate the body
mass index (BMI) (kg/m?). Primary data collection took
place across 10 days in July and August of 2016.

Load-carrying exposures

Participants were asked about experiences carrying loads
of water, wood, agricultural products (grains, corn, ground
corn, etc.), coal, sand, and rocks. Questions asked about
the types of loads carried ever and within the last 7 days,
the frequency of load carrying, the average time and dis-
tance travelled while carrying loads in the last 7 days, and
the age that the participant first engaged in load carrying.
The Borg CR-10 rating scale was used to assess the per-
ceived difficulty in carrying loads; it has previously been
used in similar populations [7, 13]. Participants were asked
to quantify perceived difficulty of carrying various types
of loads on a 0—10 rating scale, with O being ‘no difficulty
at all’, 1 being ‘very slight’, 2 being ‘fairly slight’, 3 being
‘moderate’, 4 being ‘somewhat hard’, 5 being ‘hard’, 7
being ‘very hard’, and 10 being ‘very, very hard’ (maximal).
Additionally, the type of load carried on the interview
date, method of load carriage (i.e., on head, on back, in
hand, etc.), footwear, and additional loads carried by the
participant at the time of the interview, such as a baby,
were noted by the interviewer. Force gauges and scales
were used to measure the weight of the load carried on
the day of the interview.

For validation purposes, we collected corroborating evi-
dence for the distance and time spent carrying loads from a
sub-sample of the study participants using a wristwatch-like
device enabled with GPS capabilities. Using this device, we
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assessed distance traveled by women over a 24-hour wear-
ing period. Participants were instructed to record each time
a new load was carried by pressing a button on the device.
Their recall of load-carrying activities was also assessed in a
survey directly following the 24-hour wearing period.

Outcomes

The primary outcomes included self-reported musculo-
skeletal pain, defined in the survey as experiencing pain
lasting more than 3 days — in the neck, head, back, knees,
feet and/or ankles — within the last 1 year. Amongst
those with >3 days of pain, information on the pain fre-
quency (number of days in the last month) and severity
(0—10 NRS) was assessed by body region [14]. The occur-
rence of disability was assessed by interview and served as
a secondary outcome. This included the impact of mus-
culoskeletal pain over the prior year on activities for daily
living, such as: 1) cooking, 2) caring for others, such as
children or elderly, 3) taking care of the home, or 4) collect-
ing wood, water, or other household necessities. We also
assessed the number of missed workdays within the last
month due to the body region-specific musculoskeletal
pain. Finally, participants were asked to identify other
types of activities, if any, they found difficult to complete
because of musculoskeletal pain.

Statistical analysis

Covariates

Age, BMI (normal/underweight vs. overweight), marital
status (unmarried/single vs. married/with partner), over-
all health rating (good/very good/excellent vs. poor/fair),
parity, and age at first child were examined for associa-
tions with the outcome variables using unadjusted bivari-
ate logistic regression and were considered as potential
covariates in the primary exposure-outcome models. The
categories for the above-assessed covariates were deter-
mined according to established cut points previously
used in the literature and, when necessary, by combining
groups to ensure adequate sample size in each category.

Multivariable modeling

Multivariable models were constructed to assess the rela-
tionship between various measures of load carrying and
the odds of musculoskeletal pain across body regions.
Specific exposures assessed in our multivariable models
included the measured weight of the load carried on the
interview date (kilograms), the average duration of load
carrying per trip within the last week (minutes), and the
number of loads carried per week, both self-reported,
and a cumulative estimate calculated by multiplying the
average number of loads carried per day by the number
of days carrying loads within the last week. To assess
the combined factors of load weight, duration, and fre-
quency, two composite exposure measures were also
calculated: total duration of any load carrying per week
(duration*number of loads carried/week) and cumulative
load weight carried per week (measured weight of load in
kilograms*average duration in minutes*number of loads
carried/week). Each exposure variable was divided into
low, medium, and high exposure tertiles. The occurrences
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of musculoskeletal pain in each body region (head, neck,
back, knee, and/or feet/ankle pain) lasting more than 3
days over the last 12 months served as our primary out-
comes and were assessed as binary variables. We also
estimated the odds of musculoskeletal pain with weight
of load (kilograms) and load-carrying duration (minutes)
modeled as continuous variables.

Each load-carrying exposure and body region-specific
musculoskeletal pain relationship was modeled sepa-
rately. Models were constructed using a generalized
linear structure with a logit link to estimate odds ratios
and corresponding 95% confidence intervals (95% Cls),
and were adjusted for covariates found to be associated
with outcome variables in our bivariate analyses and/
or were factors included as potential confounders in
similar previous studies, including age, parity, and BMI
[15-20]. We assumed the study population median age
for participants with unknown age (n = 9). Similarly, we
constructed body region-specific multivariable logistic
regression models in order to assess the impact of vari-
ous load-carrying exposures on our secondary outcome
of interest — experiencing disability due to musculoskel-
etal pain.

Results

Out of the 132 individuals approached, 95% (n = 125)
were eligible. Of these, 65.6% (n = 82) consented to par-
ticipate in the study. The primary reason given for non-
participation was lack of time.

Sample characteristics

Participating women had a mean age of 31.6 years
(SD: 12.2); although all participants confirmed being
over the age of 18, nine reported not knowing their
specific age. Most participants indicated their occupa-
tion as farming (95%) and were either married or living
with a partner (74.4%). The average household size was
7.5 people (SD: 3.8), and 77 (93.9%) had children. The
average number of children per participant was approx-
imately 4 (Table 1).

Table 1: Characteristics of the study sample of women,
Shinyanga Region, Tanzania, July—August 2016.

Participant Characteristic Mean N (%)
(SD)

Age (years) 31,6 (12.2)
18-30 47 (57.3)
>30 26 (31.7)
Unknown age 9(11.0)

BMI (kg/m?) 244 (4.2)
Underweight (<18.5) 2(2.4)
Normal (18.5-25) 55 (67.1)
Overweight (>25) 27 (32.9)

(Contd.)
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Participant Characteristic Mean N (%)
(SD)
Marital status
Married/with partner 61(74.4)
Unmarried/Single 21(25.6)
Occupation
Farmer 78 (95.1)
Other 4(4.9)
Primary Language
Swabhili 3(3.7)
Sukuma 77 (93.9)
Other 2(2.4)
Overall Personal Health Rating
Poor/Fair 50 (61.0)
Good/Very Good/Excellent 32(39.0)
Parity 4.0(2.5)
0-3 children 45 (54.9)
>4 children 37 (45.1)
Number of lifetime pregnancies 44(3.1)
None 3(3.7)
1-2 pregnancies 13(15.9)
3—4 pregnancies 33(40.2)
>5 pregnancies 33(40.2)
Age at first child (n = 66) 18.1(2.2)
13-19 years 42 (63.6)
>19 years 24 (36.4)

BMI = body mass index.
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Summary of load-carrying exposures

Within the prior week, 94% (n = 77) of the women had
carried water, 84% (n = 69) had carried agricultural prod-
ucts, and 70% (n = 57) had carried wood (Table 2). Half
(50%) of all study participants had ever carried sand, while
approximately 40% had ever carried rocks or coal. The
weight, frequency and duration of the load carried varied
by the material. For example, on average among wood
carriers, wood was collected 1.4 times per day (SD: 0.8),
2.4 days per week (SD: 1.6), with an average trip time of
81.2 minutes (SD: 53.1), while water, with an average trip
time of 18.8 minutes (SD: 12.3) was collected on average
5.3 days per week (SD: 2.0), 4.0 times per day (SD: 2.0)
(Table 2). Information collected using GPS devices and
follow-up surveys from a sub-sample of study participants
(n = 14) corroborates these self-reported data, revealing
an average of 3.64 load-carrying trips per day (range: 1-9
trips) covering an average distance of 5.32 miles over the
course of the 24-hour wearing period.

On the interview date, women were carrying water
(n = 51; 62.2%), wood (n = 17; 20.7%), and agricultural
products (n = 14; 17.1%). The average weight of all loads
measured (n = 80) was 18.8 kg (SD: 5.8): water weighed an
average of 18.9 kg (SD: 4.4), wood 20.9 kg (SD: 9.3), and
agricultural products 16.2 kg (SD: 4.6). All participants car-
ried their load atop their head, and almost all wore plas-
tic, open-toed shoes. Of the 82 participants, 16 (19.5%)
were carrying an additional load: 15 women were carry-
ing a baby on their back, and 1 participant was carrying a
bucket of ground maize in her hand.

Using the Borg CR-10 scale to quantify perceived
difficulty of carrying various types of loads, rocks
(X=6.9,5D:1.8), sand (X=6.7,SD:1.7), and bricks
(X =6.0,SD:2.4) were rated the most difficult (Table 2).
Among the products carried, water was rated on aver-
age as ‘Somewhat hard’ (X =4.0,SD:1.6), and wood and
agricultural products were rated between ‘Hard’ and
‘Very hard’ (wood: X =5.7,SD:1.7; agricultural products:
X =5.2,SD:2.0).

Table 2: Summary of load carrying exposure measures, Shinyanga Region, Tanzania, July—August 2016.

Type of load Ever Carried Days carrying Number of Minutes Borg

Carried item last loads last loads per pertrip CR-10

7 days' 7 days day last last rating

7 days 7 days

N (%) N (%) Mean Mean Mean Mean

(sD) (sD) (SD) (D)
Any Load 82 (100) - 5.3(1.8) 37(22) 29.5(18.8) -
Water 82(100) 77(93.9) 53(20)  4.0(20) 18.8(12.3) 4.0(16)
Wood 82(100) 57 (69.5) 24(16) 14(0.82) 812(53.1) 5.7(17)
Agricultural products 82 (100) 69 (84.2) 2.8(1.8) 1.8(1.0) 48.2(33.4) 5.2(2.0)
Coal 31(378)  7(22.6) 17(0.76)  1.3(0.49) 78.6(53.0) 3.2(1.6)
Sand 41(50.0)  6(14.6) 2.2(15) 3.8(1.2) 18.7(20.7) 6.7(1.7)
Rocks 33(40.2) 3(9.1) 20(17)  37(12) 64(100.5 6.9(1.8)
Bricks 17(20.7) 17 (100) 22(11)  11.8(47) 12.8(13.3) 6.0(2.4)

!Percentage of those who indicated having ever carried.
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Prevalence of MSDs and disability
Over two-thirds of participants reported experiencing neck
pain lasting more than three days within the last year and
40-50% of participants reported head, back, knee, or
feet/ankle pain lasting more than three days within the last
year (Table 3). On average, participants rated pain in all parts
of the body as being slightly above ‘Moderate’, or approxi-
mately equivalent to 6 on a 0—10 pain rating scale [14].
Disability, defined as having difficulty completing
activities for daily living due to musculoskeletal pain
within the last year, was experienced across musculoskel-
etal regions. In addition to the activities identified a pri-
ori (cooking, caring for the home, caring for others, and
collecting wood, water or other necessities), some par-
ticipants reported having difficulty farming. The most
prevalent activity affected by pain was collecting wood,
water, or other household necessities, with 51-90% of
participants reporting such disability (Table 3).
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Results from multivariable modeling of MSDs and
related disability

Overall, our primary multivariable analyses revealed con-
sistent associations between increasing load-carrying
exposures and greater odds of low back pain, and some
evidence for increased odds of knee pain. Generally, odds
of pain became greater as loads became heavier or trip
durations became longer. For example, 32.6% (95% Cl:
13.7-51.6) of those in the low load weight category, 50.6%
(95% CI: 31.6-69.7) in the medium category, and 64.8%
(95% CI: 44.8-84.7) of those in the high load weight cate-
gory experienced LBP lasting more than 3 days within the
last year (results not shown). Using the best-fitting line
for our regression with load weight modeled as a continu-
ous variable, a woman carrying the average load weight
of 18.8 kg had an approximately 50% predicted prob-
ability of low back pain within the last year (Figure 1).
There was a statistically significant increase in odds of

Table 3: Summary of musculoskeletal discomfort and disability outcome measures, Shinyanga Region, Tanzania,

July—-August 2016.

Musculo- Prevalence Severity Tasks difficult to complete among those with
skeletal musculoskeletal pain during last year)
Discom-  pain>3 Pain>3 Number Number Pain  Cooking Taking Caring Collect- Farming?
fort days daysin ofdaysof ofdays Rating care  forothers ingwood,

in last last pain, last unableto (0-10 of the (children, water,

lyear 1month 1month worklast scale)' home elderly) other

1 month necessities
due to
pain
N (%) N (%) Mean Mean Mean N (%) N (%) N (%) N (%) N (%)
(SD) (SD) (SD)

Neck 50(61.0) 25(30.5)  66(62) 21(27) 63(21) 24(480) 23(460) 19(380)  37(740)  6(120)
Head 35(427) 18(220)  6.3(6.8) 24(29) 6.1(21) 19(54.3) 21(60.0) 17 (486)  26(74.3) 3(8.6)
Back 30(48.8) 18(220) 121(113) 27(26) 65(22) 15(500) 14(467) 12(400)  27(90.0) 0(0)
Knees 35(427) 22(268) 151(121) 12(17) 58(23) 11(314) 10(286)  9(25.7)  22(62.9) 2(5.7)
Feet/ 39(476) 29(354) 140(123) 13(22) 6.1(26) 8(205 10(256)  8(205)  20(51.2) 3(7.7)
Ankles

!Scale was on a 0—10 rating, with 0 being ‘No pain’, 5 being ‘Moderate pain’, and 10 being ‘Worst Pain’.

2Self-identified.
MSD = musculoskeletal discomfort.

4 6 8 1
1 1 1 I

Predicted Probability of LBP last 1 year

2
1

Lower Back Pain and Measured Load Weight

20
Load weight (kg)

25 30 35

| ® QOdds of 1 year LBP

Fitted values |

Figure 1: Predicted probability of low back pain with measured load weight in kilograms (continuous), Tanzania,

July—-August 2016.
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LBP associated with increasing weight of load, total dura-
tion of load carrying/week, and cumulative loads/week
(Table 4). Models using measured load weight and load-
carrying duration as continuous exposure variables pro-
vided evidence of significantly increased odds of LBP, with
a 10% increase in odds for each one-kilogram increase in
load weight. We also found 2.2 times the odds for every
30-minute increase in load-carrying duration. Generally,
the odds of knee pain increased with increasing load-car-
rying exposures. The odds of experiencing head pain also
increased with greater average number of loads per week,
although the confidence interval included the null value.
Overall, we found no evidence for increased odds of neck
or foot/ankle pain with increasing load-carrying exposure.
To confirm our results, we conducted post-hoc analyses
including an assessment of severe pain (pain rating >5 on
a 10-point scale) within the last 12 months, as well as odds
of pain for every unit increase in load weight within the
last month. We found our results to be consistent with our
12-month primary outcome models, including increased
odds of severe back pain with increasing exposure to vari-
ous load carrying exposures, and increased odds of LBP
within the last month with each 1 kg increase in load
weight (aOR = 1.14, 95% CI: 1.02-1.28).

Our secondary multivariable analysis assessing the
impact on activities for daily living revealed similar trends
to our primary analysis. Although confidence intervals
included the null, the odds of disability due to back pain
increased with increasing exposure to load weight, aver-
age carrying duration, and number of loads per week.
There was a significant increase in odds of disability due
to knee pain with increasing number of loads per week
and cumulative load (Table 5).

Discussion

Load carrying is an almost-ubiquitous activity amongst
women in African countries, especially in more rural
regions of the African continent where reliable and cheap
mechanized transportation is often scarce. Previous
reports, although mostly speculative or anecdotal, have
suggested that there could be significant musculoskeletal
impacts associated with heavy load-carrying activities, par-
ticularly for women and girls [3]. The present study inves-
tigates this claim in Shinyanga Region, Tanzania. Findings
from our analysis indicate a substantial burden of mus-
culoskeletal pain and disability in women carrying heavy
loads, usually daily. Generally, we found that the extent of
discomfort and disability increased with increasing expo-
sure to various load-carrying measures, especially for low
back pain.

Considering that all women in this study population
were observed carrying loads atop their head, it is sur-
prising that in our primary multivariable analysis of pain
within the last 12 months, we found no strong relationship
between neck or head pain and load exposure. Instead,
our main finding was a consistent relationship of low back
pain with measures of load-carrying duration, frequency,
and weight, with some point estimates showing three-fold
or more odds of one-year pain prevalence. Similar to our
primary analyses of musculoskeletal pain, our secondary
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assessment of impacts on activities for daily living sug-
gested increased odds of disability due to knee pain with
increasing number of loads carried per week and increas-
ing cumulative load, and increased odds of disability due
to back pain with increasing load weight, average carrying
duration, and number of loads/week.

While study results suggest important potential rela-
tionships between MSDs and load carrying, some effect
estimates had wide, imprecise confidence intervals. This
is likely to be because our modest sample size limited
statistical power to precisely measure associations. We
were also limited to a one-time, cross-sectional survey,
thus restricting our ability to draw any firm causal asso-
ciations between load carrying and MSDs and related
disability; ideally, future studies will be larger and longi-
tudinal. Additionally, our findings could be confounded
by other daily activities associated with load carrying for
which information was not obtained. This could include
sustained or repetitive forward bending while farming,
cooking, or caring for children. It is also probable that
the actual lifting and lowering technique of the objects
carried was a source of musculoskeletal discomfort, par-
ticularly for the lower back. Although we observed the
manner in which women lifted and lowered their car-
ried items, we did not formally document these expo-
sures. We suggest that future studies also attempt to
record static and repetitive bending, as well as the tech-
nique used to lift and lower loads throughout a typical
day. Some selection bias is possible since we included a
sample of convenience; it is plausible that our sample did
not represent the population of Shinyanga women car-
rying heavy loads. Although most women in the study
were approached by a study team member and assessed
for eligibility, we also accepted some eligible women who
approached a study site and expressed interest in partici-
pating (approximately 20 participants). If these women
were more likely to participate in the study because they
were experiencing or had experienced musculoskeletal
pain or disability, our results may be biased away from the
null. We believe that the possibility for this bias was low,
however, as we were not offering medical advice and/or
services as a part of study participation. Although typical
for similar studies conducted in comparable populations,
self-reported data always represent a potential source of
bias or misclassification [6, 7]. Indeed, because physical
maneuvers or examinations were not possible, we relied
on subjective, self-reported scale data. The perception
of pain varies: a recent ethnographic study conducted
in Botswana highlighted the challenges and complexi-
ties behind understanding how individuals perceive and
express musculoskeletal pain and disability, particularly
in cross-cultural settings, and emphasized the need to
consider the social, cultural, and behavioral contexts of
the population under investigation [21]. Such differences
in communication and context should be considered with
the results from this study conducted in a rural part of
northern Tanzania. It is for the reasons stated above that
we recommend that future studies include a physical
exam to increase the specificity of the outcome. Finally,
because we carried out multiple statistical tests there was



Art.17, page7 of 13

Kadota et al: Heavy Load Carrying and Musculoskeletal Pain in Tanzanian Women

(‘pruod)

(coer'el'l)  ¥6€ (zov)8L (S61)8  (S9€'9c0) ¥l (L¥E)Ll (062)6  (6S°€'8€0)  9L'L (r9e)z1  (867) 1L ysiH
(eLv'ovo)  Ly1 (z8d il (06€)9L  (b7'8T0) 880 (LT€)9L (§6E)LL (p£T'8T0) 880  (cog)or  (z9g) Ll wnipay
00l (9sz)or  (S1¥) L1 001 (zze)ar (gse) 1L 001 (eee)1r (0ve) 9L Mo

(08 = u) (399 /suru,3) peoj aane[nwn)
(6s1r's1')  oce (osy)8L (rel)8  (8re‘zeo) 101 (0ve)Zl (1'87)6  (S€€'L€0) Tl (eve)zl (867) 1L ysiH
(cre'seo)  vL (sl (18e)or  (z81'810) £s0  (00€)sL (sze)zt  (bSse'ze0) vl (Fre) i (ove) 9L wnipapy
001 (sL7) 1L (6Th) 8L 001 (09¢)8L (¥¥e) 1L 00l (eve)er  (z9g) L1 MO

(Z8 = u) (surw) 3290 /uonein( [ejor
(tev'ee0) Lzl (sl (geg)or  (es€'620) 001 (082wl (612)L (20Tl '260) €¥€ (eve)er (zel)6 UYSIH
(sre‘ge0) 601 (00V)9L (Sob) Ll (bTzT'Lz0) 8L0 (08€)6L (8E€EW)¥L (9U'G'650) L1 (oov ¥l (rov)6l wnipay
00l (gze)el  (Lsg)st 001 (0¥%€) Ll (F¥eE) 1L 001 (Ls7)e  (vov)el Mo

(28 = u) y2am/speoj jo #
(0gz1'c60)  9r'e (0sgoL (61L)s  (961'910) Sss0 (o9L)8 (612)Z (061 ‘¥L'0) TS0 (evl)s (1)L ysiy
(L8s'2L0) Tz (osh)8L (eee)vl (861 '520) 1L0 (08E)6L (90F) €L (€€T'2€0) 980 (oor)vL  (€8€)8L wnipay
001 (00g)zL  (8%S) €T 001 (09p)€T (sLe) T 001 (Lsy)9L  (vov) 6l MOT

(Z8 = u) (surur) uonjeInp A1red peoj aseIaAy
(Lver'col)  eL€ (s8€)sl (0zg)e6  (ov'se0) 6Ll (LT€)9L (850)8  (L9€'ve0)  E€l1 (ree)el  (Fea) il YSiH
(989790) w7 (6se)vl (99g)sL  (08T'6T0) 160 (L¥E)Ll (L8€)2L (L60'60°0) 620 (crg) L (89v) e wnipay
001 (9sz)or  (S1¥)LL 001 (Lze)ar (gse) 1L 001 (re€)el  (8%67) 1L MOT

(08 = u) (33) peoj yo 1y31om

(ob=u) (zv=u) (0s=u) (ze=u) (se=u) (Ly =)
1D %S6 40 Sak ON 1D%S6 40 L5 ON 1D %S6 40 sax ON

syjuow z| ise|

‘skep ¢< Sunse] ured speg

syjuow 71 Ise|
‘skep g< Sunsej ured 3paN

syjuow z| Ise|
‘skep g< Sunsej ured peay

110JWODSI( [EIFASO[NISN sonsLReRIRY)

‘9107 1sndny—A[n[ ‘eruezue],

‘uo18ay eSuUBAUIYS ‘91nsodxa SUlALIED PEO[ JO SAINSEaUW! SNOLIBA 03 SUIPIOIJE JBIA ISB] 9] UIYIIM JIOJWOISIP [eI9[so[nasnw patiodal 10§ ,(sYQ) sonel sppo paisnlpy :§ 3jqeL



Kadota et al: Heavy Load Carrying and Musculoskeletal Pain in Tanzanian Women

Art. 17, page8 of 13

‘Aired pue ‘[Ng ‘98e 10§ paisnipy,

(09'9z0) €80 (89¢)¥L (987)7L (692'190) 9L'T (zge)er (e87) €l YSiH
(zer'ero) vso  (€9g)or (sov)Ll (sroL'zzo) 6LT  (ese)zt (9Te)sL wnipay
001  (89¥%L (01€) €L 001 (697)6  (I'6€)8L Mo

(08 = u) (99M/surur,3) peoj sAneNUINY
(89€'8c0) 61l (98€)SL (967) 11 (8€¥'Iy0)  GEL (rze)er  (LLo)er YSiH
(16'1'810) 850 (9sz)or (s6€) Ll (80F'SE0)  0OT'L (98z)oL  (z9g) L1 wnipapy
001 (69¥%L (6%€)sL 001 (eve)ar  (T9g) L1 MmoT

(Z8 = u) (surw) 3290 /uonein( jeior
(ese'6z0) o001l (087)¥L (617)L (20Tl 'L60) THE (eve)zr (zel)e UYSIH
(bzz'Lzo) 8L0 (08€)6l (8eh) vl (9U'S'65°0) w1 (cov)¥L  (vov) 6L wnipay
001 (0¥%€) Ll (F¥eE) 1L 001 (Ls7)e6  (vov)el MOT

(28 = u) yoam/speoj jo #
(099'zv'0) 91 (957)or (911)s  (Lzz'6l0) €0 (007)L (0L1)8 YSiH
(ser'oro) 90 (80€)zL (S9v)oz (6€1°21'0)  S¥O (eve)er (9zv)oe wnipapy
001 (9¢v) Ll (6'1%) 8L 00l (Lsy)aL  (€ov) 6l Mo

(z8 = u) (surur) uorjeinp A1red peoj aseIaAy
(zev'ee0) o1 (89€)¥L (8€r)ol (S5 'vE0) €T (G97)6  (9z€)sL YSiH
(88'1'810) 850 (067) 1L (6TP)8L (6€£8°1L0) ¥h'T (1vp) S (vog) vL wnipay
001 (zye)el (e€e) vl 00l (rez)or  (0cLg) LL Mo

(08 =u) (3%) peoj yo 1ysIam

(6e=u) (ev=u) (se=u) (Ly=u)
D%S6 40 Sak ON 1D %S6 40 sax ON

syjuow 71 Ise|
‘sfep g< sunse] ured apjuy /1934

syjuow 7| Ise|

‘skep g< Sunse| ured aauy]

110JwodsI( [eI2[A[SO[NISNA

sonsuaeIRY)



Art.17, page9 of 13

Kadota et al: Heavy Load Carrying and Musculoskeletal Pain in Tanzanian Women

(‘pruod)

(r99'c90) voT (e8F)€l (svT)el (6TT'sz0) sL0  (zve)el (o1€)el (9ze‘oc0) 660 (09€)6  (60€) LL YSiH
(L9z'ozo) L0 (zTa)L  (96€) 1z (S€1L'vl0) ¥¥0  (€92)oL (Sov)Ll (Lo2'vzo) 180 (082)L  (#'9€) 0T wnipapy
00L  (967)6 (6'S€)6lL 001L  (g6€)sL (987)TL 001 (09€)6  (LzE) 8L MO7]

(08 = u) (99 /surur,3) peof aanenWNY
(89L'cL0) 9gz  (Fov)el (1vg)el (061 '120) ¥90 (80g)el (9z€)vl (06C'620) 760 (€€€)6  (60€) LL Ysiy
(ee'szo) 160 (0s2)e  (oLg)oz (ev'1'sio) syo  (z87)LL (zie)ol (vL'e'8T0)  ¥60 (962)8 (9+€)6l wnipay
001  (987)8  (6'8€) 1T 001 (o1r) 9L (zog el 001 (ozg)or  (9v€) 6L MOT

(z8 = u) (suru) yaam /uoneinq [ejor
(trv'eco) ozt (98208  (1vg)el (pzi'oro) 9c0  (08L)Z  (9ze)vL (9€9'6%0) 91 (962)8 (9€T) €L LS
(cee've0) 901 (e6€) 1L (Lov)Tr (LeT'oc0) ¥80  (9€v) Ll (TLe)ol (eTv'vb0)  Le1  (Lov) 1L (00F)TT wnipay
001 (1ze)e  (Tse)el 001  (s8g)sL (zog) €l 001 (967)8  (¥'9€)0C MoT

(z8 = u) >}93M/speoT Jo #
(to1r'szo) ez (8og)s  (e91)L  (beT'6l0) 10 (121)9  (S92)6 (29T'9r0) 990 (8%L)¥  (00T) L1 YsIH
(oge‘iro) sz1L  (€zy) il (88¥) 1z (zzz'8e0) zol  (Lsy)9r (1zp)9L (Lze‘oro) vl (Fvb)Tl  (1'9€) 0T wnipapy
0oL (697)L (6%€)SL 001 (rze)er (592)6 001 (zov)1L (9€p) T Mo7]

(Z8 = u) uonyeanp A11ed peoj aseIaAY
(6Ls'ty0) 991 (oLe)ot  (#90) ¥l (sze'zeo) zol  (zve)el (z9g) 1L (#91'vL0)  L¥O  (082)L (6°0€) LL ysIH
(re'zeo) 601 (ce€e)6  (LLe)oz (p91'810) ¥S0  (062) 1L (6Tv)8L (FO1'800) 620 (0%2)9 (81¥)€T wnipapy
0oL (967)8  (6'S€)6lL 001 (89¢)¥L (0'1€) €L 001 (o8y)zL (€L7)sL Mo7]

(08 = u) peoj jo 1ys1om

(8z=u) (ys=u) (6ge=u) (¥ =u) (Lz=u) (s5=u)
1D %S6 40 sk ON 1D%S6 40 sk ON 1D %S6 40 saK ON

syjuour g Ise|
‘ured yoeq o3 anp Ayjiqesiq

syjuour g ise|
‘ured >au 01 anp Ayiqesiq

syjuouw Z ise|
‘ured peay o3 anp Ayjiqesiq

ured o3 anp Ayiqesiq

sonsuaeIeY)

19107 1sndny—A[n[ ‘eluezug],

‘uo189y eSUBAUIYS ‘Insodxa SUIALIEd pEO] JO SAINSEAW SNOLIBA 0] SUIPI0JE JedA SB[ 3yl uIyim uted [e19[eyso[nasnui 03 anp Ajiqesip pajodal 10} (sYQ) sonel sppo :S 3qeL



Kadota et al: Heavy Load Carrying and Musculoskeletal Pain in Tanzanian Women

Art.17, page10 of 13

(6¥'2'L1'0) ¥90 (91€)9  (87T€)0T
(89°¢ ‘¥z0) Ss60 (91€)9  (b¥E) 1T
001  (89g)L (8T€)0T

(6L7'L1'0) 890 (0sg)L  (Log)6l
(ze1'200) 1€0  (057)s  (ss€) 2T
o001 (os¥)8 (6€€) 1T

(sze‘oz0) 080 (00€)9 (T¥T)sl
(eg1'c1'0) 60 (00£)9 (9°€h) LT
ool (oov)8 (gz€)oz

(9s'ze0) 20 (€97)s  (002) 01
(svz'0z0) 020 (89g)L (0°0S) ST
001  (89g)2 (00g)st

(9s¥'8z0) 21l (91€)9  (567) 81
(L9v'0c0) 61T (89¢)L (19¢)TT
00T  (91€)9  (F¥e)1c

‘Aured pue ‘[Ng ‘98e 10j paisnlpy

(egoL'650) sz (18¢)8  (S0¢€) 8L ysiH
(Le0z'vO'l) L9% (6TH)6  (S0€) 8L wnipap
oor (I6l)¥ (06€) €T MOT

(08 = u) (9aMm/suru,3¥) peoj aane[nwn)
(0z6'ss0) 97T (60v)6  (€87)LL ysiH
(61'¥'2z0) 901  (#'9€)8  (L1€)6L wnipapy
00L (£zg)s (oov)¥e MOT]

(z8 = u) (surw) )33 /uoneinq [eor
(8e€l'65°0) 8T (€L7)9  (0sT)sl UysiH
(6rz1'60'l) € (9¥S)TL (0°S€) 1T wnipapy
o0L (zs)¥ (00¥) ¥ MOT]

(z8 = u) ]9 /speoT Jo #
(bss'eco)  se1 (8€T)s  (807)oL sty
(zee'zeo) €01 (6Tv)6  (6Lb) €T wnipapy
001 (e€€)L  (e1€)sl MOT

(z8 = u) uoneinp A11ed agesany
(Lg€'sz0) 660 (987)9 (S0¢€)8L YSIH
(Lev'ee0) 6Ll (186)8  (95¢) 1T wnipap
001 (e€e)L  (6€€)oT MoT

(08 = u) 1yS1am painseapy

(0z=u) (09=u)
D%S6  ¥0 sk oN

(zz=u) (09=u)
1D %S6 40 sag oN

syjuow 7|
1se] ‘ured apjue/193) 03 anp Aiqesiq

syjuow
Z1 1se] ‘ured sawyj 01 anp A31iqesiq

ured o3 anp Ayiqesiq

sonsudjdeIey)



Kadota et al: Heavy Load Carrying and Musculoskeletal Pain in Tanzanian Women

the possibility of type I error; thus, results of this analysis
should be interpreted with caution and viewed as explora-
tory and hypothesis-generating.

Given its predominance in many societies across the
globe, low back pain has been the sole focus of much pre-
vious MSD research, although research in LMIC remains
scant [15]. Findings from such studies include a 35.6%
one-year prevalence of reported LBP amongst female
farmworkers in rural Nigeria and 61% one-year prevalence
reported in female rice farmers living in a rural commu-
nity in Thailand [22—-23]. A systematic review from 2007
found the one-year prevalence of LBP reported amongst
adults in various African countries to range anywhere
from 14 to 72%; however, these data were not representa-
tive of rural populations [11]. Results from the present
study, with approximately half of our study participants
experiencing LBP over the course of the past year, are
comparable to what has been reported in these similar
settings and populations. The apparent lack of literature
investigating MSDs other than LBP in LMIC make it diffi-
cult to make similar comparisons across settings for other
assessed body regions. As such, ours may be one of the first
studies to attempt to quantify the prevalence of multiple
types of musculoskeletal pain (i.e., neck, head, knees, and
feet/ankle pain) and related disability amongst women
living in a LMIC. Similar to reported LBP, we found a high
prevalence of musculoskeletal pain in all assessed body
regions: one-year prevalence of pain ranged from 43-61%
across assessed body regions, with neck pain within the
last 12 months being the most prevalent, although not
the most strongly associated with load carrying in this
study. We also found a high prevalence of associated dis-
ability. Taking also into consideration the high severity of
the reported pain, results from our assessment of MSDs
reflect a significant amount of disability in this popula-
tion of Tanzanian women.

Our primary exposure assessment revealed that par-
ticipants completed an average of 20 load-carrying trips
per week while transporting loads weighing an average
of 18.8 kg, with typical trips lasting an average of 29.5
minutes. Water, wood, and agricultural products were
reported as the most frequently carried items, and, in gen-
eral, participants reported all types of loads as requiring
a great deal of physical exertion to carry. These exposure
data reflect the substantial amount of time and physical
work required to obtain basic daily household necessities,
such as water, food, and fuel, in this population. To put
the immense workload of African women into perspec-
tive, research using psychophysical methods to provide
an estimate of the percent of the female population who
could carry various weights for different distances and fre-
quencies during a work shift can be referenced. Although
a direct comparison of a Tanzanian women'’s workload to
a typical American female is difficult, based on the aver-
age water load (18.9 kilograms), duration (18.8 minutes)
and frequency (4 times per day and 5.3 days/week), and
using an average comfortable walking speed of 141.5
cm/second the psychophysical tables indicate that less
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than 10% of the US female population would find this
task acceptable [24-25]. Given this level of exposure, the
innovation and implementation of culturally appropriate
interventions could ease a significant daily burden of load
carrying in such populations. In this region of the world
where household welfare greatly depends on females’
capacity to complete daily work, such potential interven-
tions could have a profound impact on the livelihoods of
these women and those who depend on them.

Some existing interventions have focused on facilitat-
ing water carrying in similar resource-constrained set-
tings. Examples include rolling water wheels such as
the Hippo Roller, greater access to bicycles for quicker
transport of water to and from homes, and funding to
increase the construction of water wells closer to villages
[26]. However, our findings indicate that participants in
this study population perceived loads other than water as
requiring greater amounts of exertion to transport: build-
ing materials such as rocks, sand, and bricks received the
highest exertion scores, and, of the most commonly car-
ried items in this population, wood was rated as requiring
the most exertion. This finding may be the result of sev-
eral factors, including the relatively long average amount
of time required to collect wood, or, based on our meas-
urements, its heavy average weight compared to other
typically carried loads. This agrees with evidence from
other similar populations indicating that firewood was
perceived and recorded as the heaviest type of load car-
ried [3]. It could also be likely that the unwieldy size and
shape of firewood bundles compared to buckets of water
or bags of food make them more difficult to transport.
Overall, these findings suggest that while it is imperative
to continue to improve water accessibility and the ease of
its transport in rural locations, expanding existing inter-
ventions to improve the transport of other types of mate-
rials could be crucial for increasing access to basic goods,
decreasing overall daily workload, and potentially lessen-
ing the risk of musculoskeletal injury. However, while the
associations we found between LBP and exposure to load
carrying provide justification for interventions that focus
on these relationships, it is also necessary to establish a
stronger evidence base for the impacts of heavy load car-
rying, including by using physical examinations and other
objective measurement methods, particularly amongst
women and girls.

Overall, data from the present study highlight the need
for further research investigating load-carrying risk fac-
tors for MSDs and the impact that related disability has on
health and welfare amongst similar populations. If rela-
tionships between load carrying and MSDs are confirmed,
it will provide even stronger evidence for the develop-
ment of appropriate interventions or preventive measures
to reduce the considerable amount of pain experienced
amongst women who carry heavy loads, particularly for
the lower back. Because heavy load carrying by women in
LMICs is so prevalent, in addressing this largely neglected
topic significant strides may be made towards improving
the health and wellbeing of women around the world.
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