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Background The Sustainable Development Goals include commitments to end poverty, and promote education for all, gender
equality, the availability of water and decent work for all. An important constraint is the fact that each day, many millions of women and children, and much less frequently men, carry their household’s water home from off-plot sources. The burden of fetching
water exacerbates gender inequality by keeping women out of
education and paid employment. Despite speculation about the
potential health impacts of fetching water, there is very little empirical evidence. We report the first large study of the health impacts of carrying water on women and children.
Methods A cross-sectional survey was conducted in South Africa,
Ghana and Vietnam during 2012. It investigated water carrying
methods and health status. Because areas of self-reported pain
were correlated we undertook factor analysis of sites of reported
pain, to interpret patterns of pain reporting. Regression analysis
using Generalised Estimating Equations (GEE) investigated water
carrying as a risk factor for general health and self-reported pain.
Results People who previously carried water had increased relative
risk of reporting pain in the hands (risk ratio RR 3.62, 95% confidence interval CI 1.34 to 9.75) and upper back (RR 2.27, 95% CI
1.17 to 4.40), as did people who currently carry water (RR hand
pain 3.11, 95% CI 1.34 to 7.23; RR upper back pain 2.16, 95% CI
1.25 to 3.73). The factor analysis results indicate that factor 1, ‘axial compression’, which is correlated with pain in the head and upper back, chest/ribs, hands, feet and abdomen/stomach, is associated with currently (0.30, 95% CI 0.17 to 0.43) or previously (0.21,
95% CI 0.01 to 0.42) carrying water. Factor 2, ‘soft tissue strain’,
which is correlated with pain in the neck, shoulders/arms, lower
back and hips/pelvis or legs, is marginally negatively associated
with currently (-0.18, 95% CI -0.32 to -0.04) carrying water. The
factor ‘axial compression’ was more strongly associated with carrying water containers on the head.
Conclusions Participants who reported a history of current or past
water carrying more frequently reported pain in locations most
likely to be associated with sustained spinal axial compression in
the cervical region. Given the fact that cervical spinal conditions
are globally one of the more common causes of disability, our findings suggest that water carrying, especially by head loading is a major contributing factor in musculoskeletal disease burden in low
income countries. Our findings support the proposed indicator for
monitoring SDG6.1: “Percentage of population using safely managed drinking water services at home.”
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The United Nations Sustainable development goal (SDG) 6: ‘to ensure access to water and sanitation for
all’ includes target 6.1: ‘By 2030, achieve universal and equitable access to safe and affordable drinking
water for all’ [1]. The percentage of population using safely managed drinking water services at home has
been proposed as the indicator for monitoring achievement of target 6.1 [2]. This represents a major shift
toward recognising important differences in access, to distinguish water accessible within the home or
yard, (‘at-house’ access), from water accessible at a supply point or source away from home (‘off-plot’ access). A difference is the work of water carriage required to bring water home from off-plot access. Perhaps the most influential study on the social and other impacts of water carriage was “Drawers of Water”
[3], followed up some 30 years later by Drawers of Water II [4]. Conducted in East Africa, these studies
raised awareness of the burden of fetching water for many Africans, especially women. The work of carrying water each day continues to mainly fall on women and girls, as reflected in a 2017 report of the
WHO/UNICEF Joint Monitoring Programme, which found that women and girls were responsible for
water collection in ‘eight out of ten households with water off premises’ with women responsible for water collection in 73.5% and girls in 6.9% of households of 61 DHS and MICs surveys [5]. Water carriage
will be a major constraint on the achievement of diverse SDGs, including:
• SDG 1 “End poverty in all its forms” – when women have to spend much of their day fetching water they will not have the time to devote to activities that could increase their income.
• SDG 4 “Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all” – when children, most often girls, spend time carrying water this prevents them from
accessing education.
• SDG 5 “Achieve gender equality and empower all women and girls” – it is difficult to see how girls
and women could be fully empowered when they spend much of their time fetching water [6].
• SDG 8 “Promote sustained, inclusive and sustainable economic growth, full and productive employment and decent work for all” – sustainable economic growth is less likely in those societies where
half the work force spends much of its time fetching water.
Neither of the Drawers of Water studies were definitive about the impact of fetching water on health, or
of health on capacity to fetch water. If carrying water adversely affects health, then it would also be a constraint on achieving SDG 3 “Ensure healthy lives and promote well-being for all at all ages”. Although
there has been speculation, there has been little concrete evidence on the adverse health impacts of water
carrying [7]. Research on water access has focussed on water source type, location or distance to water
source rather than the work of water carriage, and on health outcomes such as acute diarrhoeal disease
affecting children under 5 rather than household members who fetch water [8]. For example, in a systematic review Wang and Hunter [9] found an association between distances to water source and diarrhoeal disease. In another study Pickering and Davis found that both diarrhoeal disease and mortality in
children under 5 were associated with time taken to fetch water from the nearest source [10]. However,
in both these studies the adverse health impact was on children in the home and did not address the
health of the person carrying the water.
Studies have reported detrimental effects of load carriage on the head [11-15] and limited evidence suggests that musculoskeletal disorders may be associated with water carrying [7,16-19]. Carrying water containers, particularly on the head (head loading), may impart physical stress to the bones and soft tissues of
the neck and upper back through vertical compression or ‘axial loading’, and/or shear forces generated by
translation in the horizontal plane [7,12,20,21]. The stress may tend to be greatest at specific regions or
vertebral levels of the spine due to differences in structural anatomy of the vertebrae, with some variation
due to age or gender [22], or an individual’s habits of posture and movement [23]. Peak or cumulative tissue stress loading during water carriage may be sufficient to produce pain, and if focussed at different regions of the spine may produce symptoms perceived in different locations of the body through well reported mechanisms of “referred” pain [7,23-26]. Therefore, given the substantial disease burden of
musculoskeletal disorders in low and middle income countries [27,28], the substantial amount of women’s
time spent carrying water [6,10] and the small amount of evidence suggesting an association between water carriage and musculoskeletal disorders [7,16-18], it is important to investigate and better understand
how water carriage affects health, especially women’s and children’s health. Because a key feature of musculoskeletal disorders is pain, we hypothesized that water carriage would be significantly associated with
self-reported pain and general health. We report the first large scale study undertaken across three countries to attempt to identify adverse health impacts on people who collect and who have to carry their family’s water home. Our objective was to evaluate the relationship between water carriage from an off-plot
water source and physical health status as indicated by self-reported general health, pain and disability.
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METHODS
A cross-sectional survey was conducted, with recruitment and data collection occurring during June to
December 2012 in Ghana, South Africa and Vietnam [29]. We selected geographical districts which were
typical of low-income regions with sub-optimal water supply, and known to have communities with a
mix of households with at-house and off-plot supplies, as the sampling frame in each country. We used
a computer generated random number sequence to randomly select communities from each district to
be included in the survey. In Ghana our research was conducted in four communities near Kumasi in the
Ashanti region. All four communities were located around a main road and could broadly be defined as
urban or peri-urban. Water was supplied through a combination of private taps, public taps, private boreholes and purchase of “sachet” water. In Vietnam our research was conducted in the remote, rural and
mountainous Lao Cai province. The communities in Lao Cai were generally small scattered rural hamlets
and most households accessed water from several sources, including piped water supply to the home,
private boreholes and wells and public springs. In South Africa we carried out fieldwork in three periurban communities in Vhembe District in the northern parts of Limpopo Province in South Africa. Two
communities were located in the dry, flat area west of Makhado town. The water sources here were communal taps or private drilled wells with either a yard tap or in-house connection. The third community
was located in the foothills of the Soutpansberg mountain range. Shared water sources in the area are
protected springs and communal taps, while some households had yard-taps or in-house taps.

Sampling strategy
Assuming a sample size of 1000 participants and using the approach outlined by Hsieh et al [30], based
upon simple logistic and linear regression, we calculated that a Power of 90% would be obtained even
with a relatively small proportion of subjects with the outcome of interest. In South Africa 210 households were enrolled, in Ghana 255 and in Vietnam 208 generating a total of 997 participants who were
asked about the variables of interest (Table 1). Stratified random sampling from within strata based on
source of drinking water was used to recruit an even number of households with at-house and off-plot
water supplies. All household members usually resident in selected households were eligible study participants.

Table 1. Demographic characteristics
Ghana
Population of study communities
Number of households (HH) in study communities
HH enrolled in survey N (%)
Number of participants enrolled in survey N (%)
Adults and children responding to pain, disability, general health
and history of water carriage questions (1 adult and 1 child from
each household) N (%)
Female gender whole survey: N (%)
Female gender participants responding to pain, disability, general health and history of water carriage questions: N (%)
Mean age (standard deviation): whole survey
Mean age (standard deviation): participants responding to pain,
disability, general health and history of water carriage questions
Adult* respondents to pain, disability, general health and history
of water carriage questions with at home water supply N (%)
Adult* respondents to pain, disability, general health and history
of water carriage questions with off plot water supply N (%)
Child† respondents to pain, disability, general health and history
of water carriage questions with at home water supply N (%)
Child† respondents to pain, disability, general health and history
of water carriage questions with off plot water supply N (%)

Vietnam

Total Number

5160
–
–
2113
255 (37.9%) 210 (31.2%)
1326 (39.4%) 1230 (36.5%)
397 (39.8%) 333 (33.4%)

South Africa

–
264
208 (30.9%)
809 (24.1%)
267 (26.8%)

N/A
N/A
673 (100%)
3365 (100%)
997 (100%)

753 (57.6%)
334 (84.8%)

639 (52.0%)
234 (70.3%)

401 (49.7%)
221 (82.8%)

1793 (53.6%)
789 (79.4%)

22.2 (23.5)
25.5 (16.3)

27.7 (21.3)
31.6 (22.2)

29.8 (20.9)
33.5 (20.5)

25.9 (22.4)
29.7 (19.8)

97 (43.1%)

103 (51.0%)

142 (77.2%)

342 (56.0%)

128 (47.6%)

99 (49.0%)

42 (22.8%)

269 (44.0%)

76 (45.5%)

73 (55.7%)

25 (30.5%)

174 (45.8%)

91 (54.5%)

58 (44.3%)

57 (69.5%)

206 (54.2%)

*Adult identified at Q14 as main survey respondent for households with at-house supply or usual water carrier for households with
off-plot supply.
†Child identified at Q15 for response to health, disability and pain questions.
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Variables
The household survey collected demographic information about all household members, and included
a questionnaire which asked respondents about exposure variables; whether their main water supply was
currently obtained from an at-house or off-plot supply point, whether they currently or had ever carried
water and their usual method of water carriage. Health outcome variables included self-reported pain,
general health, disability and functioning; questions about these variables were addressed to a subset of
participants. The questions were administered to one adult respondent (93% women) and one child (57%
girls) from each household. In houses with off-plot water supply, the questions were addressed to an adult
and child identified by participants as a person in the household who would normally collect water, in
households with at-house supply an adult and a child who would be responsible for collecting water if it
were necessary. If a child was not present, the adult was asked to respond on their behalf.
A verbal descriptor of pain severity indicated as “mild”, “moderate” or “severe”, and experienced in the
previous seven days [31-33], followed by additional questions to gather information about pain location,
frequency and duration were used. To indicate general health, respondents were asked ‘In general, how
would you rate your health today?’ and could select their response from a five point rating scale (1 = Very
good; 2 = Good; 3 = Moderate; 4 = Bad; 5 = Very Bad). The short set of questions on disability developed
and recommended for use in national surveys by the Washington Group on Disability Statistics [34] were
used. Respondents were asked to rate whether they had difficulty in doing the activities of seeing, breathing, hearing, walking or climbing steps, remembering or concentrating, self-care and communicating.
The response options were “no difficulty”, “some difficulty”, “a lot of difficulty” or ‘cannot do it at all’.
Questions on functioning used by Atijosan et al, shown to have excellent reliability and validity in developing country settings [35] were used to indicate impairment of functioning. Respondents were asked
whether they had difficulty using their arms, legs, any other part of their body such as the back or neck
and whether they have “fits” or “epilepsy”. Response options were ‘no’, ‘yes, lasted less than 1 month’ or
‘yes, lasted more than one month or is permanent’. Information was also gathered on the potential confounding factors of age and gender.
Prior to commencement of any fieldwork activities, the data collection tools and protocol were revised,
refined and standardised at a project workshop attended by the principle investigator (PI), co-investigators and field work team leads for each country in June 2012. The questions were then separately piloted
in all three project locations and fieldworkers trained to administer the survey by the team leads within
each country.
We addressed potential sources of bias by using stratified random sampling of households to reduce selection bias, limiting information about pain severity to pain experienced in the previous 7 days to reduce
recall bias, training field-workers in a standardised interview protocol and monitoring the quality of data
collection during fieldwork to reduce interviewer bias, and surveyed households about exposure variables
and outcome variables on separate days to minimise response bias.

Data analysis
Summary descriptive statistics for each country compare self-reported pain, general health, and disability of people with at-house supply to those using off-plot water supplies. Categorisation into at-house or
off-plot water supply did not distinguish between people who did or did not engage in water carriage.
Therefore, personal history of carrying water (by any method, categorised as currently carrying water,
previously carried water or no history of water carriage) was used as the predictor variable. Analyses for
health outcomes of pain reported in the previous seven days, pain location and self-rating of general health
“today” were done using Generalised Estimating Equations (GEE) adjusted for age and gender and accounting for clustering at the household and country level. Participants with missing data were excluded
from the analyses. Where the outcome variable was binary we used negative binomial regression with a
log link, and where the outcome variable was scalar we used linear regression models. Because reporting
of pain location at different parts of the body was correlated, we undertook a factor analysis of the different pain location variables. Two factors extracted from the overall data correlation matrix which accounted for the largest proportion of the total variance in the data were identified. Published literature was used
to develop a theoretical construct offering a plausible explanation of the observed correlations between
variables in each factor and to name each factor [36]. GEE with linear regression was then repeated for
each factor and adjusted for age and gender, as well as to evaluate the strength of association with water
carriage by head loading compared to other methods.
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This study was approved by the Ethical Committee of the School of International Development at the
University of East Anglia for work in South Africa, the University of Leeds Ethical Committee, for work
in Vietnam and the University of North Carolina for work in Ghana. In South Africa ethical clearance was
also granted by the Tshwane University of Technology central ethical clearance committee, and the research team were invited by local chiefs within the study area to present their proposed research. In Ghana ethical approval was obtained from both the District Director of Health Services for Atwima Nwabiagya and the Atwima Nwabiagya District Assembly. In Vietnam, ethical clearance was obtained by the
ethical research board of the Hanoi School of Public Health. Participants were included only after they
had given informed written voluntary consent if ≥18 years old or if they and their guardian had given informed voluntary consent if <18 years old.

RESULTS
Patterns of water carriage
Respondents with at-house or off-plot water supplies were recruited in each country (Table 1). In South
Africa and Ghana, substantial numbers of adults (South Africa SA 36.9%; Ghana GH 61.9%) and children (SA 19.2%; GH 43.4%) with at-house supply who were asked questions about general health, pain
and disability, categorised themselves as currently carrying water. Whilst proportionately more women
and children with off-plot supply in Ghana carried water by head loading, a considerable proportion of
women and children with at- house supply also did so. A larger proportion of people with at-house supply in South Africa carried water by head loading compared to those with off-plot supply, as 42.4% of
respondents with off-plot supply used a wheelbarrow to transport water (Figure 1). In both countries,
participants reported episodes of interruption to at-house water supplies requiring water carriage from
off-plot sources, which has also been reported in previous literature [37,38]. In all countries, substantial
numbers of women with at-house supply had previously carried water (SA = 56.3%; GH 21.6%; Vietnam V 26.8%). The mean number of years in which they had engaged with water carrying were 25.4
(SD = 19.4) for South Africa, 19.7 (SD = 14.5) for Ghana and 7.1 (SD = 10.2) for Vietnam (Table S11 in
Online Supplementary Document).

Figure 1. Water
carriage method by
supply type and
country.
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Overall, comparing people with at-house vs off-plot supply within countries, there was no significant difference in reporting of pain experienced in the previous seven days (Table S1 and S4 in Online Supplementary Document). Irrespective of at-house or off-plot supply categorisation, in South Africa proportionately fewer adults and children reported feeling pain in the previous seven days (SA adults 36.1%;
children 4.6%) than in Ghana (adults 57.3%; children 18%) or Vietnam (adults 54.3%; children 21.7%).
History of water carriage did not significantly affect likelihood of reporting pain experienced in the previous seven days (Table 2). However pain reported in particular locations of the body was related to personal history of water carriage. Compared to people who had never carried water, people who previously carried water had increased relative risk of reporting pain in the hands and upper back (Figure 2,
Table 3), as did people who currently carry water (Figure 3, Table 3). The factor analysis [36] results
(Table 4) indicated that factor 1, interpreted as representing the effects of ‘axial compression’ is correlated with pain in the head and upper back, chest/ribs, hands, feet and abdomen/stomach, and is associated with currently (0.30, 95% CI 0.17 to 0.43) or previously (0.21, 95% CI 0.01 to 0.42) carrying water
(Table 5). Factor 2, interpreted as indicating ‘soft tissue strain’ is correlated with pain in the neck, shoulders/arms, lower back and hips/pelvis or legs and is marginally negatively associated with currently car-

Figure 2. Sites of reported pain by past vs never water carrying.

Table 2. Adults and children self-report of pain in previous 7 days against history of water carriage
Pain previous 7 days

Predictor variable

Adults

No history of water carriage
Previous history of water carriage
Currently carries water
No history of water carriage
Previous history of water carriage
Currently carries water

Children

N

RR

130
145
329
228
11
139

1
0.97
1.00
1
NA
0.89

L95% CI

U95% CI

0.77
0.82

1.23
1.23

P-value
0.962

0.640
0.55

1.44

RR – relative risk, L95% CI – lower 95% confidence interval, U95% CI – upper95% confidence interval
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Table 3. Relative risk of pain location from personal history of water carriage
Predictor variable

Abdominal pain

No history of water carriage
Previous history of water carriage
Currently carries water
No history of water carriage
Previous history of water carriage
Currently carries water
No history of water carriage
Previous history of water carriage
Currently carries water
No history of water carriage
Previous history of water carriage
Currently carries water
No history of water carriage
Previous history of water carriage
Currently carries water
No history of water carriage
Previous history of water carriage
Currently carries water
No history of water carriage
Previous history of water carriage
Currently carries water
No history of water carriage
Previous history of water carriage
Currently carries water
No history of water carriage
Previous history of water carriage
Currently carries water
No history of water carriage
Previous history of water carriage
Currently carries water

Chest/rib pain

Feet

Hands

Head

Hips/pelvis/legs

Lower back

Neck

Shoulders/arms

Upper back

N

RR

364
159
474
364
159
474
364
159
474
364
159
474
364
159
474
364
159
474
364
159
474
364
159
474
364
159
474
364
159
474

1
1.43
1.70
1
1.60
2.13
1
1.70
1.55
1
3.62
3.11
1
1.16
1.53
1
1.13
0.85
1
0.86
0.96
1
1.26
0.95
1
0.91
0.59
1
2.27
2.16

L95% CI

U95% CI

0.76
1.07

2.69
2.69

0.71
1.14

3.60
4.00

0.74
0.77

3.91
3.13

1.34
1.34

9.75
7.23

0.67
1.03

2.02
2.27

0.74
0.61

1.72
1.20

0.53
0.68

1.40
1.38

0.74
0.62

2.16
1.45

0.52
0.38

1.60
0.92

1.17
1.25

4.40
3.73

P-value
0.082

0.054

0.394

0.020

0.071

0.373

0.828

0.512

0.053

0.017

RR - relative risk, L95% CI – lower 95% confidence interval; U95% CI – upper 95% confidence interval

Figure 3. Sites of reported pain by current vs never water carrying.
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Table 4. Factor analysis of self-reported pain locations*
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Pain location

Factor 1: axial compression
(correlation)

Factor 2: soft tissue
strain (correlation)

0.632
0.706
0.695
0.706
0.616
0.179
0.223
0.340
0.238
0.608

0.131
0.151
0.221
0.266
0.272
0.757
0.750
0.697
0.790
0.347

Abdomen/stomach
Chest/ribs
Feet
Hands
Head
Hips/pelvis or legs
Lower back
Neck
Shoulders/arms
Upper back

rying water (-0.18, 95% CI -0.32 to -0.04) (Table 5). Further
analysis of people currently carrying water showed that the
factor axial compression is significantly increased in people
reporting head loading compared to those carrying by other
means (Table 5). In an ordinal logistic regression analysis,
those with higher axial compression scores tended to report
shorter pain duration. Soft tissue strain scores were not associated with change in pain duration (Table 6).

Physical functioning and disability
In Vietnam, proportionately more adults with at-house supply reported problems using their legs (ꭓ2 = 8.8; P = 0.01) or
body (ꭓ2 = 8.8; P = 0.01) which had lasted for more than a
month or was permanent (Table S7 and S8 in Online Supplementary Document).

*Extraction method: Principal components; rotation: Equamax. Variance explained: 54.8%.

Table 5. Linear regression analysis of personal history of water carriage on Factor 1 (axial compression) and Factor
2 (soft tissue strain)

Factor correlated pain locations

Predictor variable

N

B

L95%CI U05%CI

P-value

Factor 1: Axial compression

No history of water carriage
364
0
0.000045
Previous history of water carriage
159
0.21
0.01
0.42
Currently carries water
474
0.30
0.17
0.43
Currently carries water – no head loading
214
0
0.034
Currently carries water – head loading*
260
0.36
0.03
0.70
Factor 2: Soft tissue strain
No history of water carriage
364
0
0.023
Previous history of water carriage
159
-0.03 -0.25
0.19
Currently carries water
474
-0.18 -0.32
-0.04
Currently carries water – no head loading
214
0
0.64
Currently carries water – head loading1
260
-0.07 -0.35
0.22
B – linear regression coefficient, L95% CI – lower 95% confidence interval; U95% CI – upper 95% confidence interval
*Subgroup “currently carries water – head loading” only contains participants from South Africa and Ghana, as no-one in Vietnam
carried water by head loading.

Table 6. Ordinal logistic regression of pain duration against
Factor 1 (axial compression) and Factor 2 (soft tissue strain) with
pain defined in three categories as <1 months, ≥1 months <3
months and ≥3 months (n = 333)

Predictor

OR

Factor 1: “Axial compression”
Factor 2: “Soft tissue strain”

0.61
1.30

L95%CI U95%CI P-value
0.44
0.59

0.84
2.86

0.003
0.521

OR – odds ratio, L95% CI – lower 95% confidence interval; U95% CI –
upper 95% confidence interval

Numbers of people reporting disability were very small
and there were no significant differences in disability related to walking or self-care comparing people with athouse to those with off-plot supply within or across countries (Table S9 in Online Supplementary Document).

General health

Most people in South Africa and Ghana rated their health
as very good, good or moderate with no significant difference according to whether they had at-house or off-plot
water supply (Tables S9 and S10 in Online Supplementary Document). In Vietnam, most adults rated
their general health as moderate or bad (76.1%), none rated it as very good. A larger proportion of adults
in Vietnam with off-plot supply rated their health as bad, and a smaller proportion as moderate, compared to those with at-house supply (χ2 = 9.8; P = 0.01) (Table S9 in Online Supplementary Document).

Interestingly, adults who previously carried water had a mean general health rating score 0.58 less (ie,
healthier) than adults who never carried water (β = -0.58, 95% CI -0.80 to -0.35, P < 0.001) and adults
who currently carried water had a mean general health rating score 0.91 less (ie, healthier) than adults
who had never carried water (β = -0.91, 95% CI -1.12 to -0.70, P < 0.001) (Table 7). Children who currently carry water had a better mean score rating for general health than children who had never carried
water (β = -0.20, 95% CI -0.37 to -0.31, P = 0.003). Children who previously carried water had a worse
mean score rating for general health (β = 0.39, 95% CI 0.02 to 0.75), however the number of children in
this category was very small (n = 10).
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Table 7. Impact of personal history of water carriage rating of general health
Predictor variable

Rating of general health today
(adults)

No history of water carriage
Previous history of water carriage
Currently carries water
No history of water carriage
Previous history of water carriage
Currently carries water

Rating of general health today
(children)

N

Β

123
143
325
204
10
128

0
-0.58
-0.91
0
0.39
-0.20

L95%CI

P-value

U95%CI

<0.000001
-0.80
-1.12

-0.35
-0.70

0.02
-0.37

0.75
-0.31

0.003

B - linear regression coefficient L95% CI – lower 95% confidence interval; U95% CI – upper 95% confidence interval

DISCUSSION
Current and past history of water carriage was associated with location of self-reported pain and ratings
of general health. Reported pain locations were correlated and factor analysis revealed that Factor 1, which
has been interpreted as the effects of ‘axial compression’, was associated with current or past water carriage, whilst Factor 2, interpreted as the effects of ‘soft tissue strain’ was slightly negatively associated with
current water carriage. The factor ‘axial compression’ was most strongly associated with water carriage by
head loading. The findings highlight that the experience of pain needs to be qualified in some detail to
discriminate between people with different exposures to water carriage and with potentially different underlying causal mechanisms for their pain. The risk of reporting pain anywhere in the body indicated by
a yes/no response to the question ‘in the past week (7 days) have you had any physical pain?’ was not
significantly associated with different water supply or history of water carriage, likely reflecting the fact
that physical pain is a common phenomenon in the general population. However, among those who did
report pain, risk of reporting pain in specific parts of the body was significantly associated with history
of water carriage. This is consistent with approaches to the clinical assessment of pain, in which location
of pain is used to inform a differential diagnosis [39], and clinical pain research, in which the importance
of pain location and multiple sites of pain is recognised [40]. Researchers should ask people where they
feel pain, in addition to whether or not they have had any pain.
There is biological plausibility in the increased relative risk of pain in specific locations of the body in
people with a current or past history of water carriage, as well as the correlation of pain areas in each factor and the association of axial compression with pain duration, water carriage and head loading in particular. Sustained axial compressive loading through the cervical spine and upper back, as occurs with
carrying water filled containers on the head, is a plausible mechanism by which intervertebral discs or
vertebrae of the upper cervical spine and cervico-thoracic junction may be stressed. Pal and Routal [22]
described weight transmission through the cervical and thoracic spine and found that the second cervical vertebra and the cervico-thoracic junction anatomy indicate that load transference between the columns of the spine occurs at these levels, increasing tissue stress to make them more susceptible to bending or buckling deformity. Pal and Routal [22] cite Taylor and Twomey [41] to highlight that pubescent
females have more slender spines and may be most vulnerable to adverse effects. Adverse effects due to
axial loading stress could occur gradually, leading to degenerative changes in the intervertebral disc and
associated zygoapophyseal joints, known as cervical spondylosis [12,13,42,43], or during head loading
cause acute tissue stress or deformation to stimulate pain sensitive structures [20]. Through recognised
pain referral mechanisms, such loading stress could cause pain to be perceived in the head, upper back
and chest region, or hands. The pain from cervical degenerative disc disease tends to be associated with
headache and inter-scapular (upper back) pain and may also cause irritation of spinal neural tissues to
produce symptoms such as pain in the hands [24-26,44]. Because the cervical spinal canal protects both
the spinal cord and peripheral nerve roots descending to lower regions of the spine, cervical problems
can potentially cause more widespread symptoms and neurological impact than problems in the lumbar
spine. Particularly in Africa, regular head loading has been linked to cervical spondylosis [12,13,42,43,45,46]
and very heavy cervical loading to severe trauma and death [14]. People with cervical spondylosis causing spinal canal stenosis have been shown to be more at risk of serious spinal cord injury and its severely disabling consequences after even minor, indirect trauma to the cervical spine [47-51].
Our study is the first to find an association between water carriage and a pattern of correlated pain locations, which we believe is most likely due to a specific spinal musculoskeletal disorder caused by axial
loading. Musculoskeletal disorders are within the top ten causes of years lived with disability in develop-
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ing countries. Combined with fractures and soft tissue injuries they accounted for 20.8% of global years
lived with disability in 2013, which would be even greater if years lived with disability due to sequelae
of cervical disorders such as neurological impairment and headache were added [28]. Because water carriage is a modifiable activity, our study highlights at-house water supply as an important potential mechanism to reduce the burden of years lived with disability due to serious musculoskeletal disorders affecting children and adults, particularly women due to the gendered role of water carriage, in developing
countries. Our findings also indicate that where people must continue to access their water from off-plot
sources, enabling them to use alternative water carriage methods rather than head loading is a good first
step. This could involve provision of affordable equipment, such as wheelbarrows, or improving access
pathways to facilitate their use [16,19].
The correlation of pain locations with factor 2 (soft tissue strain) are more typical of simple non-specific
spinal pain which produces somatic referred pain in the upper and lower limbs respectively. It may be
due to the effects of soft tissue strain, for example generated by shear or translation stress, which can be
reduced through better postural muscle control and functioning [23]. Water carriage and regularly walking to an off-plot water source could develop and maintain a level of muscle function and endurance
which is slightly protective of joint or soft tissue strain [52-54]. It is plausible that whilst some individuals may experience pain associated with detrimental effects of axial compression; others may in fact benefit from the protective effect of exercise and better muscle control minimising soft tissue strain. Differential effects may be influenced by differences in total work load; for some water carriage may represent
a major fraction of activity, and for others a minor fraction. Alternatively, water carriage patterns may be
affected by unreliable water supplies [38], which could force women to collect as much water as possible
when it is available, rather than pacing their work to avoid fatigue or pain due to tissue overload. Thus
individual, task and environmental differences may lead to real differences in the experience of pain and
therefore ability to fetch sufficient quantities of water, exacerbating inequalities in water access between
households [16,27].
In all countries, proportionately more adults with off-plot supply, as compared to adults with at-house
supply complained of pain lasting for less than a month, which was significantly associated with axial
compression pain location patterns. The most common clinical pattern of degenerative disc disease or
cervical spondylosis is episodic exacerbation or ‘flare up’ of symptoms followed by periods of remission
or stability [44]. Constant pain is more typically a feature of serious pathology such as fracture, infection
or cancer [55,56].
The better ratings of general health in those who previously or currently carry water may indicate some
health benefits linked to increased physical activity. It could also indicate a greater sense of well-being
linked to positive social interactions associated with water carriage. Results from the latest South African
census also support the finding that the majority of the population in South Africa rate themselves as being in good health [57]. However, this finding may indicate that healthier people tend to become the
household water carriers. Not everyone in a household will be tasked with carrying water and generally,
people with more severe disabilities or illness are less likely to carry water [58]. Alternatively, in South
Africa, the concept of ‘good health’ has been linked to ability to perform water carriage [17], an example
of how cultural groups may define ‘health’ in terms of capacity to perform activities or to participate in
society [59]. Such cultural differences in how health is conceptualised may to some extent influence selfrating of general health amongst water carriers, and may also explain the greater proportion of adults rating their health as moderate or bad in Vietnam.
The findings of no difference in perceived health with on-plot or off-plot supplies in Ghana and SA, yet
better health among water carriers past and present than non-carriers indicate that there is an association
with the activity of water carriage, but not with the type of household water supply. This is likely due to
the large number of people categorised as having at-house water supply, who actually had previously carried water, or still have to carry water because of interruptions to supply, as shown in Figure 1. Our finding that water carriage is associated with pain location, and more weakly associated with better rating of
general health may seem contradictory. However, it is possible to perceive that one’s general health, as a
broader indicator, is good, but at the same time experience pain related to specific activities. For example,
trained athletes or people who engage with high levels of physical activity may perceive that they have
good general health related to their level of physical fitness, but do commonly experience musculoskeletal pain related to the activities they participate in. Pain location or patterns of pain are frequently used
to indicate the underlying pathology or type of disorder causing the pain.
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We did not include data about load carriage of materials other than water to reduce the size of the questionnaire and subsequent respondent burden, and to keep the focus on water access which was the primary aim of the research. However we do acknowledge that head loading of other materials, such as firewood [43,60], could be a confounding factor. In the multivariable analysis, we accounted for clustering
at country, village and household level and this would have adjusted for the potential confounding effect
of other activities associated with differences in geographic location, such as collecting wood, likely to be
more similar within sites but different between the sites.
Although a limitation of the study was the use of a main survey respondent to answer health questions
for household members if they were not present, the main respondent was most often an adult female
who would be likely to have more insight into the health and medical history of her family members and
have personal experience of water carriage herself. Clinical assessment of participants by a trained health
professional would allow more informed interpretation of underlying causes of self-reported pain. Cause
and effect must be established from a range of evidence including that derived from studies involving
clinical assessment, and longitudinal cohort studies, which may reveal more complicated relationships
between physical, psychological and social factors associated with water fetching and health. Nevertheless, previous studies have reported good correlation across populations between subjective symptoms
and underlying radiological findings, and even in affluent countries, a diagnosis would usually be based
on reported symptoms without reliance on ancillary investigations [44,61]. However, our study provides
important evidence in support of the hypothesis that water carriage is significantly associated with pain
and general health. Further research investigating the relationship between water fetching and health,
ideally to include clinical assessment of water carriers by trained health professionals, is warranted.

CONCLUSIONS
We have shown that people reporting a past or current history of water carriage were much more likely
to report pain in locations typically associated with cervical compression syndromes. Cervical compression is associated with far more serious sequelae than back pain and can lead to serious long term disability in later life. Given that in 2015, 663 million people still use unimproved drinking water sources
[5] it is likely that the burden of musculoskeletal disease from water carriage is substantial. Our findings
support the ambition of the SDG target 6.1: ‘universal and equitable access to safe and affordable drinking water for all’ and indicate that to achieve the target, individual differences in the health impacts of
water carriage must be recognised and addressed. Where access to water is likely to remain off-plot, alternative methods to load carriage on the head should be supported. Our findings also support the proposed shift to monitoring the percentage of the population using safely managed drinking water services
at home as a key indicator.
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