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ABSTRACT
Introduction Water fetching for household needs can
cause injury, but documentation of the burden of harm
globally has been limited. We described the frequency,
characteristics and correlates of water-fetching injuries in
24 sites in 21 low-income and middle-income countries in
Asia, Africa and Latin America and the Caribbean.
Methods In a survey of 6291 randomly selected
households, respondents reported whether and how they
had experienced water-fetching injuries. Responses were
coded for injury type, mechanism, bodily location and
physical context. We then identified correlates of injury
using a multilevel, mixed-effects logistic regression model.
Results Thirteen per cent of respondents reported at
least one water-fetching injury. Of 879 injuries, fractures
and dislocations were the most commonly specified type
(29.2%), and falls were the most commonly specified
mechanism (76.4%). Where specified, 61.1% of injuries
occurred to the lower limbs, and dangerous terrain (69.4%)
was the most frequently reported context. Significant
correlates included being female (aOR=1.50, 95% CI
1.15 to 1.96); rural (aOR=4.80, 95% CI 2.83 to 8.15) or
periurban residence (aOR=2.75, 95% CI 1.64 to 4.60);
higher household water insecurity scores (aOR=1.09, 95%
CI 1.07 to 1.10) and reliance on surface water (aOR=1.97,
95% CI 1.21 to 3.22) or off-premise water sources that
required queueing (aOR=1.72, 95% CI 1.19 to 2.49).
Conclusion These data suggest that water-fetching
injuries are an underappreciated and largely unmeasured
public health challenge. We offer guidelines for
comprehensive data collection on injuries to better capture
the true burden of inadequate water access. Such data can
guide the design of interventions to reduce injury risk and
promote equitable water access solutions.

INTRODUCTION
Access to water is essential for ensuring
water security, food security, public health,
gender equity and economic development.1–5
While access to improved water sources
has increased globally,6 millions of individuals must still fetch water every day to meet

Key questions
What is already known?
►► Water fetching has been associated with pain, fa-

tigue and perinatal health problems, and is likely a
major contributing factor to musculoskeletal disease
burden globally.
►► Systematic documentation of water-fetching injuries
has been limited, and experts have recommended
empirical analyses of factors that could help explain
such injuries.

What are the new findings?
►► Of 6291 households across 24 sites in 21 low-

income and middle-income countries, 13% reported
one or more water-fetching injuries.
►► Significant correlates of water-fetching injuries included being female, rural or periurban residence,
higher household water insecurity scores, use of off-
premise water sources that increase distance and/or
queueing time, and increased time spent collecting
water.

What do the new findings imply?
►► The current global water, sanitation and hygiene

(WaSH) burden is likely being underestimated, such
that we propose items for systematic data collection
on water-fetching injury type, mechanism of injury,
bodily location and physical context of injury.
►► Future research should explore the links between
water-fetching injuries and diverse health and well-
being outcomes.
►► Progress towards Sustainable Development Goal 6.1
should include measures of physical safety in addition to traditional WaSH indicators of improved water
quality and source proximity.

household needs when there is no reliable or
acceptable water on premises.7 Water fetching
typically involves travelling to a water access
point, queuing for some period of time, filling
containers that quickly become heavy and
lifting and carrying heavy containers home by
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that injuries would be positively associated with the
following water access factors: greater household water
insecurity, reliance on water sources located outside the
home, longer time spent collecting water and being the
person responsible for water collection in the home.9 21
METHODS
Study setting and data collection
Data were drawn from the Household Water Insecurity
Experiences (HWISE) study, the primary objective of
which was the development and validation of a cross-
culturally equivalent scale to measure household water
insecurity.23 As described elsewhere, a range of cross-
sectional data on sociodemographics and experiences
with water access and use were collected in 2017–2018
from approximately 250 individuals in each of 29 sites
across Central, South and Southeast Asia, sub-Saharan
Africa, the Middle East and Latin America and the Caribbean (n=8633).24 Sites were selected to maximise heterogeneity of region, urbanicity, water infrastructure and
problems with water. In most sites, households were
selected using simple random sampling.23 24 Adults were
considered eligible if they ‘were knowledgeable about
their household’s water situation.’24
Enumerators sought verbal or written informed
consent in the respective local language per local institutional review board agreements. (online supplemental
table 1).
Definitions and variable creation
Two survey questions probed water-related injury in 24
HWISE sites, which we defined as physical harm caused
to a person in the process of water acquisition. The first
was a yes/no item: ‘Have you ever been injured while
fetching water?’ If the respondent affirmed having been
injured, the interviewer asked ‘How?’ and recorded as
many injuries as the respondent could recall. Injuries
that were not directly experienced by the respondent
were excluded to increase accuracy and to ensure a
standardised denominator. Injury-related questions were
not asked in five HWISE sites because principal investigators in those sites did not opt to include those questions
in their survey.
To characterise water-fetching injuries, we first exported
open-ended response(s) from those who reported injuries into a qualitative data analysis program (Atlas.ti 8). A
qualitative coding framework was developed with codes
from a prior systematic review on water fetching14 as a
starting point. The final codes were harmonised with the
International Statistical Classification of Diseases and
Related Health Problem-11 codes25 to ensure the use of
universal definitions with future applicability. Responses
were coded into four injury-related categories: (A) type
of injury or injury-related symptoms (pain and fatigue),
(B) mechanism of injury, (C) bodily location of injury
and (D) physical context in which the injury occurred
(see online supplemental table 2 for details). When a
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foot, bicycle, pack animal or motor vehicle.8 In addition
to causing significant opportunity costs, such as time that
might otherwise be spent on education or income generation,9 each component of the water-
fetching process
increases exposure to hazards and risk of injury.
To date, the consequences of suboptimal water access
have largely focused on water-related diseases, such as
the widely used ‘Bradley Classification’ of waterborne,
water-washed, water-based and vectorborne diseases.10–13
However, recent studies and reviews on water carriage
have underscored the need to better understand the prevalence of water-fetching injuries and factors that could
help explain such injuries.2 8 9 14 15 Such data would help
to more accurately determine the public health costs and
consequences of poor water access.16 For example, recent
estimates suggest that 105 million (3.9%) disability-
adjusted life years (DALYs) can be attributed to inadequate water, sanitation and hygiene (WaSH).10 However,
these estimates do not account for water-fetching injuries
because current data are not disaggregated by mechanism of injury, such that, for example, the proportion of
musculoskeletal injuries attributable to WaSH cannot be
calculated.10 17 18
Indeed, myriad other injuries have been documented
in conjunction with water acquisition. For example,
those who fetch water may experience assault or violence
en route to or while queueing for water,4 attacks from
dangerous animals at the water source,19 musculoskeletal injury when hauling up buckets of water8 20 and road
accidents when returning home.16 These risks likely exacerbate social disparities, gender inequality and maternal
and child health problems, as women and children typically bear the burden of water fetching.7 21
A more robust documentation and characterisation
of water-fetching injuries would also help track progress
towards achieving Sustainable Development Goal (SDG)
6, that is, the universal and equitable access to safe and
affordable drinking water for all.22 WHO and UNICEF
Joint Monitoring Programme’s (JMP)’s drinking water
service ladder currently emphasises safety in terms of
water quality, but safety of acquisition is a critical and
underexplored dimension.6
Therefore, we sought to characterise water-
fetching
injuries in households from a diversity of sites in low-
income and middle-
income countries using what we
believe to be the largest and most comprehensive global
dataset on physical injuries relating to acquiring water.
We first describe the frequency and characteristics of
water-
fetching injuries, including the type of injury,
mechanism of injury, bodily location of the injury and
physical context in which the injury occurred. Second, we
sought to identify potential sociodemographic and water
access-related correlates of water-fetching injuries based
on the burgeoning literature on the subject. Specifically,
we hypothesised that injuries would be positively associated with the following sociodemographic factors: being
female, being older, having lower socioeconomic status
and residing in rural areas.7 9 16 20 We also hypothesised
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Statistical analysis
We summarised categorical variables as percentages,
normally distributed continuous variables as means and
skewed data as medians. For our first objective, we summarised injury frequency and characteristics by site. We also
tested for differences by gender using Pearson’s χ² test.

Next, to identify correlates of water-
fetching injury,
we first estimated the odds ratio (OR) of injury for each
covariate of interest. We then fitted a multilevel, mixed-
effects logistic regression model of injury occurrence
with random effects to control for study sites and within-
site sampling clusters. We included theoretically plausible
independent variables identified a priori, namely gender,
age, socioeconomic standing, urbanicity, household
water insecurity, water source by injury risk, time spent
collecting water per week and responsibility for water
collection. Stata V.15.1 was used for all statistical analysis.
Patient and public involvement
This research was done without patient involvement. It
was not appropriate or possible to involve patients or the
public in this work.
RESULTS
Of the 7401 respondents in the 24 HWISE sites where the
injury question had been asked, 6291 (85.0%) reported
on personal experiences with water-fetching injuries, and
thus comprised the analytic sample for our first objective.
Nearly three-
fourths of respondents were female
(72.3%), and the mean age was 37.6 years (SD 13.5)
(table 1). Forty-three per cent of respondents lived in
rural settings and 18.4% reported using on-
premise
drinking water sources. The mean water insecurity
score was 7.2 (SD 7.7), indicating a relatively low level
of water insecurity across the sample. Respondents
reported spending a median of 1.5 hours (IQR 7.0) per
week collecting water. Half of the respondents said they
bore the primary responsibility of making sure there was
enough water in the house.
The prevalence of any reported injury was 13.4%
(n=845). A total of 879 injuries were reported, as 30
individuals each reported two injuries, and two individuals each reported three injuries. Sites with the greatest
proportion of respondents reporting injuries included
Gressier, Haiti (38.4%); Kisumu, Kenya (31.9%); Chiquimula, Guatemala (29.1%); Punjab, Pakistan (29.1%)
and Accra, Ghana (23.8%) (table 1). The mean age of
respondents reporting water-fetching injuries was 37.7
years (SD 13.7).
Of the injuries for which “type” was specified (n=185),
fractures or dislocations (29.2%), pain (22.2%) and
lacerations (20.0%) were the most common (figure 1A).
Most injury types were of an unspecified nature (65.4%)
or missing (13.5%), even when other details were
provided, for example, ‘Hit my foot and hurt my hand
while carrying the water’ (Gressier, a 24-year-old woman).
Where the “mechanism” of injuries was specified
(n=554), falls were the most common (76.4%) (figure 1B).
People described slipping or tumbling while queuing or
carrying water, as well as falling into wells or bodies of
water. For example, in Malawi, a respondent ‘was running
to be first in line and fell in the process’ (Lilongwe, a
22-year-old woman), and in Ghana, someone reported
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respondent reported more than one type of injury, a new
observation was created, such that the unit of analysis was
the injury, not the individual.
Gender, age and socioeconomic standing were self-
reported. Socioeconomic standing was assessed using the
MacArthur Scale of Subjective Social Status; participants
were asked to select which rung on a ladder they believed
their household stood compared with their community (top rung scored as ‘10’ and bottom rung as ‘1’).26
Household urbanicity was determined by enumerators as
rural, periurban or urban.
Household water insecurity was measured using the
HWISE Scale, which queries 12 different experiences with
water access and use over the prior 4 weeks.23 Responses
are ‘never’ (scored as 0), ‘rarely’ (1), ‘sometimes’ (2) and
‘often’ or ‘always’ (3). An earlier version of the HWISE
Scale that contained only 11 of the 12 final HWISE items
was administered in the first 17 sites.24 Regression analyses of the scores for the 11 HWISE items asked across all
sites against scores for those sites for which 12 items were
available showed that the 11 items accounted for 99.3% of
the variation (p<0.001). We, therefore, used the 11-item
HWISE indicator (0-33) as a proxy for the validated 12-item
HWISE Scale to leverage data across all 24 sites.
Data about water source types, number of trips to
source per week and round-trip time to water source
were collected per JMP guidelines.6 Although these three
variables are often combined to generate the single ‘JMP
drinking water service level’ variable, there is reason to
think that distance to water source poses a distinct risk
of injury from type of water source.2 Therefore, we first
created a variable for hours spent collecting water per
week by multiplying the number of trips to source per
week by the round-trip time to a household’s primary
drinking water source. We then reclassified primary
drinking water sources into four types in increasing order
of hypothesised risk of injury: (1) on premise (source
on premise or neighbouring plot); (2) small vended
quantity (eg, bottled water, sachet water or from small
vendors); (3) off-
premise with queueing (off-
premise
wells, off-premise standpipes or off-premise tanker trunks
where the risk of injury or violence while queuing may be
higher) and (4) surface waters (surface water, springs or
small dams that may require carrying heavy loads across
greater distances).
Potential answers to questions about who was responsible for water collection were ‘self,’ ‘spouse, child other
family’, or ‘shared,’ where at least one other household
member was involved with water collection including the
respondent.
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*Using MacArthur Scale of Subjective Social Status; score out of 10, with 10 being the highest, comparing one’s own standing to the community.
†Score out of 33, where higher scores indicate greater household water insecurity.
‡On-premise or neighbouring plot, compared with small vended quantity, off-premise with queueing and surface waters.
§Compared with shared responsibility, or responsibility of spouse, child or other family.
¶Some respondents in these sites reported >1 injury.
**In Gressier, socioeconomic standing was asked as a three-part question, and we therefore could not compute a score; time to water source was asked as a categorical variable, so these data were also not available.
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26.8
9.1 (5.3)
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Reporting any
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63.7

Hours spent
fetching water/
On-premise water week, median
source, %‡
(IQR)
Water insecurity
score, mean
(SD)†
Socioeconomic
standing, mean
(SD)*

Continued
Table 1

that they ‘broke (their) leg due to falling on hilly rocks
(and) slipped’ (Accra, a 37-year-old woman). Traffic accidents, which included vehicular accidents, bicycle accidents or those incurred while riding an animal during
water fetching, contributed to 8.7% of specified injury
mechanisms, with nearly all in Punjab, Pakistan (n=17),
Kahemba, Democratic Republic of Congo (DRC) (n=13)
and Kisumu, Kenya (n=8) (figure 1B). Physical confrontation led to 6.9% of all specified injury mechanisms
(figure 1B). Typical confrontations included quarrelling
or fighting with neighbours or while waiting in the queue
for water: ‘One time when the standpipe wasn’t working,
I went to the well instead and people fought and beat me’
(Kampala, a 39-year-old woman). There were also intimations of sexual assault: ‘The caretaker of the pre-paid
meter wanted to fall in love with me, but I told him that
I am married and have children which led him to hate
me and he has hit me before’ (Kampala, a 46-year-old
woman). Injuries occurring from carrying water
containers or collecting water from wells accounted for
6.5% of specified injury mechanisms and were reported
in more than half of all sites.
“Bodily location” was specified for 211 reported injuries. Nearly two-thirds of these were injuries to the lower
limbs (61.1%) (figure 1C).
Information on “physical context” was available for 85
(9.7%) injuries (figure 1D). Of the specified contexts,
69.4% occurred due to dangerous terrain (eg, falling
into bushes, stepping on nails), 23.5% due to poor roads,
and 7.1% due to weather, for example, heat or rain.
In bivariate analyses, there were several significant
gender differences in characteristics of injuries. Men
were significantly more likely than women to report
fatigue (8.3% vs 2.0%) (figure 2A) and traffic accidents
(14.8% vs 3.5%) (figure 2B). Women were nearly twice as
likely to fall as men (61.4% vs 33.7%) (figure 2B). Men
were also significantly more likely than women to report
injuries from physical confrontation (10.7% vs 3.5%)
(figure 2B).
We began investigating our second objective, understanding the covariates of any injury, using single-predictor
regression analyses [table 2 (1)]. Most characteristics of
those who reported injuries were significantly different
from those who did not. Notably, women were significantly more likely to report injuries than men (OR 1.35;
95% CI 1.05 to 1.74).
Our fully adjusted model [table 2 (2)] comprised
4169 observations with full information on all covariates.
Individuals excluded because of incomplete data were
similar in age to those included, but were significantly
more likely to be female, live in rural or periurban areas,
have a higher household water insecurity score, report
water-fetching injuries, and use off-premise water sources
(online supplemental table 3).
In the full model of predictors of any injury, women
had 1.50 (95% CI 1.15 to 1.96) times greater odds of
injury than men [table 2 (2)]. The odds of injury for
rural dwellers and periurban dwellers were 4.80 (95% CI
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2.83 to 8.15) and 2.75 (95% CI 1.64 to 4.60) times higher,
respectively, than for urban dwellers.
Greater household water insecurity was significantly
associated with greater odds of reporting a water-fetching
injury (adjusted OR (aOR)=1.09, 95% CI 1.07 to 1.10).
For example, a person with a household water insecurity
score of 10 out of 33 would have a 90% greater odds of
reporting injury than someone with a household water
insecurity score of zero.
Off-
premise water sources requiring queuing
(aOR=1.72, 95% CI 1.19 to 2.49) and surface waters
(aOR=1.97, 95% CI 1.21 to 3.22) were associated with
greater odds of injury than on-premise sources. Each
additional hour spent collecting water per week was associated with a two percent increase (95% CI 1.01 to 1.03)
in the odds of water-fetching injury.
Reporting that someone else was responsible for ensuring
sufficient household water (aOR=1.32, 95% CI 1.01 to
1.73), or that the responsibility was shared (aOR=1.39, 95%
6

CI 1.07 to 1.81) were both associated with increased odds
of injury.
DISCUSSION
Using some of the most comprehensive global data on
physical injuries relating to acquiring water, we described
the frequency and characteristics of water-fetching injuries and identified several significant sociodemographic
and water access-
related correlates. We found that
13% of respondents across 24 sites in low-income and
middle-
income countries reported at least one injury.
As hypothesised, significant correlates of injury included
being female, residing in rural settings, household water
insecurity, time spent collecting water and accessing
off-premise water sources. These findings demonstrate
that water-fetching injuries are an important and under-
appreciated consequence of inadequate water access and
contribute to the true burden of inadequate WaSH.
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Figure 1 Characteristics of the 879 reported water-fetching injuries by (A) type of injury, (B) mechanism, (C) bodily location
and (D) physical context across 24 HWISE sites in 21 low-income and middle-income countries. Note: sites are ordered within
each geographical region by descending proportion of any reported injuries. Bars are stacked by descending proportion
reported within each category across all sites. Colours represent different categories in each panel. Respondents in Honda,
Colombia did not report any injuries and are not shown in this figure. HWISE, Household Water Insecurity Experiences.
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Notably, women were 1.5 times more likely to report
injury than men, adjusting for other sociodemographic
and water access-related covariates (table 2). Our finding
supports existing literature that strongly emphasises the
link between gender and suboptimal water access.4 7 This
may be a result of social norms (women are more likely to
be the primary water fetchers), unequal access to modes
of transporting water and physiological differences. For
example, the relatively slender spines of young women
and girls are more vulnerable to injury from axial loading
(eg, carrying water on one’s head).27 Therefore, water
interventions that aim to address issues of gender equity
have the added potential to reduce incidence of water-
fetching injuries. Our analysis also indicates that prioritising such interventions in rural and peri-urban settings
are likely to have an even more substantial impact on
harm reduction.
We also found that each point increase in household
water insecurity was associated with a nine per cent
increase in the odds of water-
fetching injury. These
results demonstrate that injuries are yet another manifestation of water insecurity beyond singular measures

of water scarcity or access to water infrastructure.28 The
association between water-fetching injury and household
water insecurity adds to the emerging literature on other
correlates of household water insecurity, including food
insecurity, depression, diarrhoea and less resilience to
cholera.3 29–31
Time spent collecting water and using off-
premise
drinking water sources (‘off-premise with queueing’ and
‘surface waters’ categories) were also significantly associated with water-fetching injury. As hypothesised, ‘surface
waters’ had the highest odds of injury, likely due to people
walking longer distances to fetch water.6 Although those
accessing off-premise sources such as wells, standpipes
and tanker trucks may walk shorter distances and spend
less time collecting water than those accessing surface
waters, we had hypothesised that they would be more
likely to face a higher risk of injuries through conflict
while queueing for water.2 Indeed, nearly all the physical
confrontation reports occurred among those primarily
using off-premise wells, standpipes and tanker trucks. By
categorising water sources based on potential injury risk
rather than potential water quality, and by disaggregating
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Figure 2 Gender differences in reported water-fetching injuries by (A) type of injury, (B) mechanism, (C) bodily location and
(D) physical context across 24 HWISE sites in 21 low-income and middle-income countries (n=716). HWISE, Household Water
Insecurity Experiences.
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(1) Single-predictor models

(2) Full model

OR (95% CI)

aOR (95% CI)

n=4169†

n=4169†

Female (ref: male)
Respondent age (years)

1.35* (1.05 to 1.74)
1.00 (0.99 to 1.01)

1.50** (1.15 to 1.96)
1.00 (0.99 to 1.01)

Socioeconomic standing (range 1–10)§

1.14*** (1.08 to 1.20)

1.06 (1.00 to 1.12)

Urbanicity (ref: urban)

 

 Rural

5.86*** (3.66 to 9.40)

4.80*** (2.83 to 8.15)

 Periurban

3.44*** (2.10 to 5.65)

2.75*** (1.64 to 4.60)

HWISE score (range 0–33)¶

1.08*** (1.06 to 1.09)

1.09*** (1.07 to 1.10)

 Small vended quantity

1.75* (1.10 to 2.79)

1.48 (0.92 to 2.37)

 Off-premise with queueing

2.34*** (1.69 to 3.24)

1.72** (1.19 to 2.49)

 Surface waters

2.57*** (1.61 to 4.08)

1.97** (1.21 to 3.22)

Hours/week collecting water

1.04*** (1.03 to 1.04)

1.02*** (1.01 to 1.03)

Water source by injury risk (ref: on premise)

Responsibility for water (ref: self)

 

 Shared

1.37* (1.06 to 1.76)

1.39* (1.07 to 1.81)

 Spouse, child, other family

1.29 (0.99 to 1.66)

1.32* (1.01 to 1.73)

Study site variance
Cluster variance

varies
varies

1.25 (0.80 to 1.94)
1.53 (0.81 to 2.92)

Exponentiated coefficients; 95% CIs in brackets.
Bold values indicate statistically significant associations.
*P<0.05, **p< 0.01, ***p< 0.001.
†This represents complete-case observations.
§ Using MacArthur Scale of Subjective Social Status; score out of 10, with 10 being the highest, comparing one’s own
standing to the community.)
¶11-item scale.
aOR, adjusted OR; HWISE, Household Water Insecurity Experiences; SES, socioeconomic status.

source type and time spent collecting water, our findings suggest that the globally used aggregate indicator of
‘safely managed water’ monitored by the JMP does not
entirely capture the risks that people face during water
acquisition for various household needs.
One unexpected result was that having the sole responsibility for water collection was not associated with higher
risk of water-fetching injury, as we had hypothesised. It
is possible that the sharing of responsibility reflects a
coping strategy, where previously injured individuals—
or those with any physical limitation that increases the
risk of injury—delegate water fetching to another household member or require help to fetch water.9 It may also
indicate that such households are so water insecure that
multiple people are required to fetch enough water for
household needs. Furthermore, responsibility may be
shared unequally, such that for some, water-
fetching
may be an infrequent activity, whereas for others, it may
approach their maximum loading injury tolerance. This
may occur in settings with unreliable water supplies
where women try to collect as much water as possible in
limited time, perhaps with assistance from children, but
still endure most of the burden.7 21 It will be interesting to
8

see if this finding is replicated elsewhere, and if so, what
the reason(s) are for this relationship.
Taken together, our findings are relevant to policy and
programming in that they help identify various additional
barriers to accessing safely managed drinking water (ie,
SDG 6) beyond water quality and quantity. For example,
is it simply the distance to a household’s primary water
source that is a barrier, or is it the physical context or
terrain, the fear of violence when water fetching, and/
or the physical and financial cost of hauling water to the
home?32 Our findings suggest several such opportunities
for implementers to help mitigate the effects of water-
fetching injuries through existing programming. For
example, providing and maintaining numerous shared
water points throughout rural and peri-urban communities and supporting affordable local water delivery systems
can reduce overall water-fetching trip distance and time
spent in queues. Providing access to affordable equipment, such as wheelbarrows, can further help mitigate
pain and fatigue.14 33 Maintaining clear pathways along
water collection routes can enable easy use of wheelbarrows or other equipment, and reduce the risk of injury
due to slips, falls and traffic hazards.9 15 Encouraging men
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Table 2 Odds of injury during water fetching in single-predictor and multivariable models among 4169 respondents
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predictor in multivariable models because we based it
on subjective self-report.26 Similarly, enumerators determined rural/urban/periurban classifications subjectively rather than based on objective criteria, such that
the classification may have been idiosyncratic. Because
these injury data were self-reported, it was impossible to
assess mortality; this could be assessed in future studies
through a review of medical records or other reports
that may reveal data such as deaths from drowning while
fetching water. Further, because a majority of responses
to the open-ended question about the nature of injury
were unspecified, and we did not ask survey respondents
about frequency of injuries, our understanding of the
characteristics of injuries is limited. It is also possible that
a better-prescribed recall period could lead to greater
specificity in the description of the injury. With such high
numbers of unspecified answers, we also could not build
multivariable models for each characteristic (ie, type,
mechanism, bodily location, physical context) of injury.
This shortcoming can be remedied by using a survey
module per the above (figure 3). As such, our results are
likely an underestimate of water-fetching injuries, which
highlights the importance of systematically documenting
injury prevalence in future global water insecurity and
WaSH research.
In sum, these data point to the burden of injury attributable to water acquisition. There is a clear need for safe
water interventions that prioritise personal safety alongside the traditional goals of improved water quality and
proximity to the home. Future research and programming should collect data on water-fetching injuries to
more accurately represent the true burden of inadequate
WaSH on health and well-being.
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to help with water carriage, e.g. through public health
campaigns, can reduce women’s injury risk and other
adverse maternal and child health outcomes associated
with water fetching.2 Lastly, locating water points in
visible, open, public places can reduce the risk of gender-
based violence or abuse.4
In this manner, we demonstrate that documenting and
understanding the nature of water-fetching injuries and
associated barriers would provide valuable data on physical safety and accessibility not covered by available international WaSH indicators. Not only can such indicators
guide the design of interventions to reduce injury risk,
but also the development of equitable solutions for water
access. As such, our findings support Bartram and Hunter’s recommendation to revise Bradley’s classification of
water-related hazards to incorporate the class of ‘water
access-related disease’ with subclasses inclusive of ‘injury
and violence associated with water collection.’11 Being
able to attribute global injury data to water fetching
would allow this new class of water access-related disease
to be included in the DALY measurements for WaSH
burden of disease estimates.
To this end, we propose the collection of data that
more comprehensively capture the diversity of potential
water-fetching injuries (figure 3). This suggested module
would benefit from validation by experts, for example,
using a Delphi method, as well as field testing. Once
validity is established, these data can determine cause-
and-
effect relationships, long-
term consequences of
injury and risk management strategies. Future research
and WaSH monitoring and evaluation should therefore
measure the (1) prevalence of water-
fetching injuries
within a given timeframe (eg, in the past year), (2) injury
type, mechanism, bodily location and physical context,
and (3) severity and impact of the injury and related
symptoms or disability. For example, the inclusion of a
symptom severity scale, such as the New Injury Severity
Score,34 would help reveal the intensity of the pain and
fatigue documented across several sites. If resources
exist, optimal data collection procedures should include
a simple physical examination, adequate questioning
to capture a subjective history, general health, detail of
injury mechanisms and noting clusters of symptoms in
different parts of the body.14
Future research should also explore the links between
water-fetching injuries and other health consequences,
particularly psychosocial stress. While the association
between stress and water insecurity has been increasingly
well documented,35 we suggest that other contributors
to this stress may include persistent pain, fear of re-injury or fear of further conflict or violence.4 36 Stress and
fear of injury can also contribute to fatigue, a common
symptom attributed to water fetching in these data and
elsewhere.15 Both stress and fatigue are associated with
pain intensity,37 a key symptom of physical injury.
Despite the notable strengths, our analyses were
limited by the cross-sectional study design. It is possible
that socioeconomic standing was not a significant
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Figure 3 Suggested survey module for assessing water-fetching injuries and related symptoms. Note: Illustrative ICD-11
codes are listed next to each option when possible. Each injury can have multiple ICD-11 codes for mechanism, body location
and context. See online supplemental table 4 for an editable version of this suggested survey module. ICD, International
Statistical Classification of Diseases.

BMJ Global Health

Competing interests None declared.
Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.
Patient consent for publication Not required.
Ethics approval Study activities were reviewed and approved by all relevant ethical
review boards.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on request.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://c reativecommons.org/licenses/by-nc/4.0/.
ORCID iDs
Vidya Venkataramanan http://orcid.org/0000-0002-4986-4884
Jo-Anne L Geere http://orcid.org/0 000-0002-9071-2778
Justin Stoler http://o rcid.org/0000-0001-8435-7012
Paul R Hunter http://o rcid.org/0000-0002-5 608-6144
Sera L Young http://orcid.org/0 000-0002-1 763-1218

REFERENCES

1 Bartram J, Cairncross S, Hygiene CS. Hygiene, sanitation, and
water: forgotten foundations of health. PLoS Med 2010;7:e1000367.
2 Geere J-AL, Hunter PR. The association of water carriage, water
supply and sanitation usage with maternal and child health. A
combined analysis of 49 multiple indicator cluster surveys from 41
countries. Int J Hyg Environ Health 2020;223:238–47.
3 Brewis A, Workman C, Wutich A, et al. Household water insecurity
is strongly associated with food insecurity: evidence from 27 sites in
low‐ and middle‐income countries. Am J Hum Biol 2020;32.
4 Sommer M, Ferron S, Cavill S, et al. Violence, gender and WASH:
spurring action on a complex, under-documented and sensitive
topic. Environ Urban 2015;27:105–16.
5 Wutich A, Brewis A. Food, water, and scarcity: toward a broader
anthropology of resource insecurity. Curr Anthropol 2014;55:444–68.
6 United Nations Children’s Fund (UNICEF) and World Health
Organization (WHO). Progress on household drinking water,
sanitation and hygiene 2000-2017: special focus on inequalities. New
York: United Nations Children’s Fund (UNICEF) and World Health
Organization (WHO), 2019.
7 Geere J-A, Cortobius M. Who carries the weight of water? Fetching
water in rural and UrbanAreas and the implications for water security,
2017: 28.
8 Geere J-A, Bartram J, Bates L, et al. Carrying water may be a major
contributor to disability from musculoskeletal disorders in low
income countries: a cross-sectional survey in South Africa, Ghana
and Vietnam. J Glob Health 2018;8:010406.
9 Geere J-AL, Hunter PR, Jagals P. Domestic water carrying and its
implications for health: a review and mixed methods pilot study in
Limpopo Province, South Africa. Environ Health 2010;9:52.
10 Prüss-Ustün A, Wolf J, Bartram J, et al. Burden of disease from
inadequate water, sanitation and hygiene for selected adverse health
outcomes: an updated analysis with a focus on low- and middle-
income countries. Int J Hyg Environ Health 2019;222:765–77.
11 Bartram J, Hunter P. Bradley classification of disease trasnmission
routes for water-related hazards. In: Bartram J, ed. Routledge
Handbook of water and health. London and New York: Routledge,
2015.
12 Younes M, Bartram J. Waterborne health risks and the who
perspective. Int J Hyg Environ Health 2001;204:255–63.

13 Wang X, Hunter PR, Systematic Review A. A systematic review and
meta-analysis of the association between self-reported diarrheal
disease and distance from home to water source. Am J Trop Med
Hyg 2010;83:582–4.
14 Geere J-AL, Cortobius M, Geere JH, et al. Is water carriage
associated with the water carrier's health? A systematic review
of quantitative and qualitative evidence. BMJ Glob Health
2018;3:e000764.
15 Robson E, Porter G, Hampshire K, et al. Heavy loads: children's
burdens of water carrying in Malawi. Waterlines 2013;32:23–35.
16 Sorenson SB, Morssink C, Campos PA. Safe access to safe water in
low income countries: water fetching in current times. Soc Sci Med
2011;72:1522–6.
17 Haagsma JA, Graetz N, Bolliger I, et al. The global burden of injury:
incidence, mortality, disability-adjusted life years and time trends
from the global burden of disease study 2013. Inj Prev 2016;22:3–18.
18 Lim SS, Vos T, Flaxman AD, et al. A comparative risk assessment
of burden of disease and injury attributable to 67 risk factors
and risk factor clusters in 21 regions, 1990-2010: a systematic
analysis for the global burden of disease study 2010. Lancet
2012;380:2224–60.
19 Mercer N, Hanrahan M. "Straight from the heavens into your
bucket": domestic rainwater harvesting as a measure to improve
water security in a subarctic indigenous community. Int J
Circumpolar Health 2017;76:1312223.
20 Hoy D, Geere J-A, Davatchi F, et al. A time for action: opportunities
for preventing the growing burden and disability from
musculoskeletal conditions in low- and middle-income countries.
Best Pract Res Clin Rheumatol 2014;28:377–93.
21 Majuru B, Suhrcke M, Hunter PR. How do households respond to
unreliable water supplies? A systematic review. Int J Environ Res
Public Health 2016;13:1222.
22 Hutton G, Chase C. The knowledge base for achieving the
sustainable development goal targets on water supply, sanitation
and hygiene. Int J Environ Res Public Health 2016;13:536.
23 Young SL, Boateng GO, Jamaluddine Z, et al. The household water
insecurity experiences (HWISE) scale: development and validation of
a household water insecurity measure for low-income and middle-
income countries. BMJ Glob Health 2019;4:e001750.
24 Young SL, Collins SM, Boateng GO, et al. Development and
validation protocol for an instrument to measure household water
insecurity across cultures and ecologies: the household water
insecurity experiences (HWISE) scale. BMJ Open 2019;9:e023558.
25 World Health Organization. ICD-11 - mortality and morbidity
statistics, 2018. Available: https://icd.who.int/browse11/l-m/en
[Accessed 27 Nov 2018].
26 Adler N, Singh-Manoux A, Schwartz J, et al. Social status and
health: a comparison of British civil servants in Whitehall-II
with European- and African-Americans in cardia. Soc Sci Med
2008;66:1034–45.
27 Pal GP, Routal RV. A study of weight transmission through the
cervical and upper thoracic regions of the vertebral column in man. J
Anat 1986;148:245–61.
28 Geere J. Health impacts of water carriage. In: Bartram J, ed.
Routledge Handbook of water and health. London and New York:
Routledge, 2015.
29 Miller JD, Vonk J, Staddon C, et al. Is household water insecurity
a link between water governance and well-being? A multi-site
analysis. J Water Sanit Hyg Dev 2020;10:320–34.
30 Boateng GO, Workman CL, Miller JD, et al. The syndemic effects
of food insecurity, water insecurity, and HIV on depressive
symptomatology among Kenyan women. Soc Sci Med
2020;113043:113043.
31 Schuster RC, Butler MS, Wutich A, et al. "If there is no water, we
cannot feed our children": The far-reaching consequences of water
insecurity on infant feeding practices and infant health across 16
low- and middle-income countries. Am J Hum Biol 2020;32:e23357.
32 Smiley SL, Stoler J. Socio‐environmental confounders of safe water
interventions. WIREs Water 2020;7.
33 Evans B, Bartram J, Hunter P, et al. Public health and social benefits
of at-house water supplies. final report, 2013. Available: https://
www.gov.uk/dfid-research-outputs/public-health-and-social-
benefits-of-at-house-water-supplies-final-report [Accessed 9 Mar
2020].
34 Osler T, Baker SP, Long W. A modification of the injury severity
score that both improves accuracy and simplifies scoring. J Trauma
1997;43:922–6.
35 Wutich A, Brewis A, Tsai A. Water and mental health. WIREs
Water2020;7.
36 Martinez-Calderon J, Flores-Cortes M, Morales-Asencio JM, et al.
Pain-Related fear, pain intensity and function in individuals with

Venkataramanan V, et al. BMJ Global Health 2020;5:e003328. doi:10.1136/bmjgh-2020-003328

11

BMJ Glob Health: first published as 10.1136/bmjgh-2020-003328 on 28 October 2020. Downloaded from http://gh.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

Funding This project was funded by the Competitive Research Grants to Develop
Innovative Methods and Metrics for Agriculture and Nutrition Actions (IMMANA).
IMMANA is funded with UK Aid from the UK Government. The Household Water
Insecurity Experiences Research Coordination Network (HWISE RCN) is supported
by the National Science Foundation (NSF) BCS-1759972. The project was also
supported by the Buffett Institute for Global Studies, the Center for Water Research,
and the Resnick Family Social Impact Fund, Institute for Sustainability and Energy
at Northwestern University; and the Office of the Vice Provost for Research of the
University of Miami.

BMJ Global Health

12

37 Reyes-Gibby CC, Mendoza TR, Wang S, et al. Pain and fatigue in
community-dwelling adults. Pain Med 2003;4:231–7.

Venkataramanan V, et al. BMJ Global Health 2020;5:e003328. doi:10.1136/bmjgh-2020-003328

BMJ Glob Health: first published as 10.1136/bmjgh-2020-003328 on 28 October 2020. Downloaded from http://gh.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

chronic musculoskeletal pain: a systematic review and meta-
analysis. J Pain 2019;20:1394–415.

