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Abstract: Many women in low-income countries carry heavy loads of drinking water for their
families in difficult terrain. This can adversely affect their health and well-being. The present study
is the first to investigate the physical burden of water carrying and women’s psychosocial well-being,
and how this relationship is moderated by environmental and health conditions. Trained local
interviewers conducted interviews with 1001 women across five rural communities in Nepal. In
addition, objective measurement was used to assess the weight carried and distance from the water
source. The physical burden of water carrying was calculated from weight, distance, and frequency
of trips. Its association with psychosocial well-being was modeled using generalized estimating
equations. Two additional models included the terrain and uterine prolapse as moderators. The
physical burden of water carrying is directly related to higher emotional distress and reduced daily
functioning. This correlation was exacerbated for women carrying in hilly versus flat terrain, and
for those who had uterine prolapse. Our results underline the importance of adequate water access
for women’s psychosocial well-being, especially for vulnerable populations such as women with
impaired health (e.g., uterine prolapse) or those living in hilly terrain. The results further highlight
the interconnectedness of the Sustainable Development Goal (SDG) 6: water access, SDG 3: health
and well-being, and SDG 5: gender equality.

Keywords: gender inequalities in health; water access; psychosocial well-being; unpaid work; low-
income population

1. Introduction

Water is needed in many areas of life, such as drinking water, food production, care
of domestic animals, hygiene, cleaning, and waste disposal [1]. In 2017, 25% of the global
population collected water from sources that are located off premises [2]. Previous research
on the health consequences of sub-optimal water access has described adverse impacts
of low water quality [3,4], the transport of water [5-7] water insecurity [8,9], and poor
menstrual hygiene management [10,11].

Traditionally, mostly women are responsible for collecting and providing water for
their families and livestock [12,13]. Particularly in water poor areas, the time required to
retrieve water can pose barriers to other activities, such as education, paid work, and health-
care, which results in impairment of women’s quality of life [14]. The responsibility of water
collection can further pose a serious threat to women’s psychosocial well-being [15-17].
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Psychosocial well-being is an integral part of health as defined by the World Health
Organization (WHO) [18] and represents a multidimensional construct which incorporates
emotional, social, and physical aspects [19]. Adverse psychosocial well-being has been
associated with water insecurity [15-17], with findings implying that high water insecurity
relates to increased emotional distress [15,17] and lower quality of life [16]. In addition,
evidence from sub-Saharan Africa shows that the risk of sexual harassment and violence
on the route to, or while queueing for, water can be a source of fear and stress [15]. The
physical burden of carrying water may be an additional source of distress. However,
studies on this are absent.

Research on carrying heavy loads in general supports a potential relationship between
water carrying and psychosocial well-being [20,21]. Excessive occupational workload
adversely affects a person’s emotional or physical energy and time available for other
activities. This, in turn, is linked to increased psychosocial distress [22,23].

Social and cultural norms created a gendered division of labor in many developing
countries, with women being primarily responsible for unpaid domestic work [24]. Do-
mestic work is substantial to the functioning of the household. However, women are often
not being acknowledged for their work [24]. Research suggests that a gendered division of
housework is one of the factors that generally contributes to the differences between men
and women in regard to adverse health effects, such as higher psychosocial distress for
women [25]. A study in Ghana also showed that strenuous domestic work had adverse
effects on women'’s well-being [20]. Moreover, a study in Nepal showed that anxiety and
depression were more prevalent among people who carried heavy loads [21]. In the context
of water carrying, this could imply that high physical burden, due to frequently carrying
heavy water containers, might relate to decreased psychosocial well-being.

Past research investigating the consequences of water carrying largely focused on
physical health effects and disability [26]. They neglected context-specific conditions
of water carrying that can pose an added risk to health [7]. For example, when water
containers are carried in challenging or uneven terrain, the risk of falling and injury is
high [7,13]. Hence, terrain could moderate the relationship between the physical burden of
water carrying and psychosocial well-being.

Another challenge is that frequent carrying of heavy water containers exerts significant
strain on women’s bodies [5]. This can lead to disabilities such as musculoskeletal disorders
or uterine prolapse [5,6,27]. Uterine prolapse indicates that the uterus descends from its
normal position into or out of the vagina [27]. Approximately 19% of women in low- and
middle-income countries are affected by pelvic organ prolapse, which also includes uterine
prolapse [27]. Uterine prolapse can severely affect women’s daily lives if they are unable
to work, have difficulties standing up, walking or lifting heavy loads, and are subject to
social stigmatisation within families and communities [28,29]. Moreover, uterine prolapse
is associated with increased emotional distress and lower quality of life [29,30]. Irrespective
of their health condition, e.g., uterine prolapse, women in rural areas are expected to
complete their assigned household tasks such as fetching water [29,31,32]. Not being able
to complete this responsibility, or having difficulties in doing so, is likely to put an extra
burden on women affected by uterine prolapse [31].

The Present Study

In the present study, we investigate the psychosocial consequences of water carrying
for women. Specifically, we investigate whether higher physical burden of water carrying
relates to lower psychosocial well-being, and whether terrain or having uterine prolapse
moderate this relationship. We study this at the example of Nepal. In 2017, only 26% of the
population in Nepal had access to an improved water source [33]. Due to the mountainous
regions, women in rural Nepal have to walk on unpaved roads, often uphill while carrying
water-filled containers [34]. At least 11% of women in the reproductive age in these areas
have had uterine prolapse [35]. Based on present literature, we hypothesize that: (1) high-
objective physical burden is related to lower psychosocial well-being; (2) carrying water in
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hilly terrain strengthens the relationship between water carrying and psychosocial well-
being, compared to carrying on a flat path; (3) having uterine prolapse strengthens the
relationship between water carrying and psychosocial well-being.

2. Materials and Methods

The present survey was conducted between September and November 2019 in five
communities in the Kavre and Sindhupalanchowk district of Nepal. This is a typical rural
low-income region with a mixture of water supply on and off premises, such as private
taps in the court of houses, shared taps or surface water in neighborhoods, and community
taps or surface water around villages. The study areas were selected because they included
outreach centers of the Dhulikhel Hospital, our collaborator. Ethical clearance was given by
the Ethical Review Committee of the Health Research Council Nepal [Reg No. 517/2019]
and the Ethical Review Board of the University of Bern, Switzerland [2019-10-00003]. Study
aims and procedure were explained to all participants in the local language. All participants
provided written informed consent prior to the interview. Potential study participants who
were unable to sign their names indicated consent with their thumbprint.

2.1. Survey Procedure and Participants

Leading to a total sample size of 1001 women, four trained local health scientists and
four health practitioners selected approximately 200 women per community following
the random route method [36]. The data collectors started from a central point in an
assigned area of the community and assessed if there was an eligible person living in the
approached household who consented to participate. It was predetermined whether either
every second or third household in the community was approached, based on the total
number of households in the community (every second household for smaller communities,
every three households for larger communities). The selection criteria for respondents
targeted adult women (from 16 years in Nepal) in reproductive age who permanently
resided in the community, were involved in water carrying, and willingness to participate.
If there was more than one woman within the household who met the selection criteria,
the woman predominantly responsible for water carrying was interviewed. If no eligible
person was available in that household, the data collectors assessed if there was an eligible
person willing to participate in the household that was skipped before selecting the current
household.

The survey consisted of a computer-assisted personal face-to-face interview and
objective measurement of weight and distance. Health practitioners additionally carried
out physical health examinations. When a participant indicated symptoms of uterine
prolapse, a free screening at the local health centre was performed, and if necessary, free
treatment was offered.

2.2. Measures

The survey instruments were translated and back-translated from English to Nepali
and pretested in one community not included in the analyses. Please consult Table 1
for sample items and descriptives, and Table S1 in the Supplementary Material for all
questionnaire items.
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Table 1. Sample items and descriptive statistics.

Concept Items MIf SDIf %

Objective physical burden

Distance ! Enter distance between household and water source 81.3 162.0
(meters)

Weight (kg, sum) %3 Please indicate the number of different types of containers 19.4 9.7
being carried: 30 L Gagri/Plastic bucket; 20 L
Gagri/Plastic bucket; 10 L Gagri/Plastic bucket; 20 L
Plastic bottle; 10 L Plastic bottle; 2-5 L Plastic bottle;
others (in liters)

Trips per day How many trips do you conduct per day to your primary 2.6 2.4
drinking water source in rainy season?

Other loads carried 3, control variable ~ Approximately how many kilogram on average do you 32.6 14.8

carry per trip?
Psychosocial well-being

Emotional distress [37] 19 items (Cronbach’s Alpha = 0.81), e.g., Have you lost 0.2 0.2
interest in things? 0 = no; 1 = yes (19 items)

Quality of life [38] 12 items (Cronbach’s Alpha = 0.76), e.g., How would you 0.7 0.1
rate your quality of life? 0 = very poor to 1 = very good

Daily functioning [39] Please rate the severity by which water carrying reduces 0.8 0.3
your daily functioning (1 = not at all to 0 = very much)

Moderators

Terrain Do you have to walk uphill or downhill to carry the
container filled with water from the primary water source
back home?
uphill 159 16%
downhill 77 8%
uphill and downhill 42 4%
flat path 723 72%

Uterine prolapse Based on the examined symptoms, does the study 113 11%

participant have uterine prolapse? (% yes)

Note: n = 1001, M = Mean, SD = Standard deviation, f = frequency, f% = relative frequency. All continuous items were recoded to a range
between 0to 1; 1 7 =980, n = 21 missing; 211 =996, n =5 excluded (no regular carrying) 3 Outliers < 3 SD were adjusted to M + 3 SD [40].

2.2.1. Physical Burden

An adapted version of the risk assessment for lifting and carrying suggested by SUVA,
the Swiss National Accident Insurance Fund [41] was applied to calculate the objective
physical burden of water carrying. The adapted formula includes the following weighted
risk variables: (weight + environmental condition) x (carrying frequency x distance).

We assessed weight for all water containers carried in one trip (verified with a scale) and
distance from the house to the water source in meters. The distance was recorded with a
GPS device (Garmin CSX 60). Frequency represents the self-reported number of trips a day.
For the environmental condition, we decided to categorize all women to the second out of
three SUVA risk categories which includes: “Stability restricted by uneven, soft ground”. The
original formula presented by SUVA suggests also including body posture. As we wanted to
focus on the burden of environmental factors only, we decided to exclude this variable for
this analysis. Furthermore, we had many missings for this variable (1 = 105).

Missings for observed weight were replaced by the average of self-reported minimum
and maximum weight carried per trip, as perceived by the best guess [42]. Values were
missing due to technical difficulties (no scale unit given by interviewer, n = 76) or because
of missing information on carrying behavior due to current health conditions (n = 34). To
avoid bias in the statistical models, prior to modeling, outliers in weight were adapted
to M + 3 SD (55.8 kg) [40]. Missings for distance (1 = 21) were not replaced. These
adaptions resulted in a sample size of n = 978, which is 98% of the overall sample and
likely inconsequential for biases and loss of power [43]. Physical burden was thus used as
a continuous variable with higher scores representing higher burden.
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2.2.2. Psychosocial Well-Being

To assess psychosocial well-being we included measures of emotional distress (WHO'’s
SRQ-20, 36), quality of life (WHOQOL-12, 37) and one item on daily functioning (Functioning
rating scale, 38). Emotional distress («x = 0.81) consists of somatic, depressive/anxiety, and
cognitive/decreased energy symptoms [44]. Quality of life assesses the domains of physical,
psychological, social, and environmental well-being [38]. The goal to use all 26 items of the
quality of life scale was deemed too onerous by the local partners. Some psychological items
caused a feeling of redundancy because of overlap with the questions on emotional distress,
which may annoy participants and limit overall data quality [45]. Based on recommendations
by the local research team and feedback after the pretest, we selected the 12 items with the
highest relevance in this context and smallest overlap (ox = 0.76).

2.3. Data Analysis

To model the psychosocial consequences of water carrying, we performed generalized
estimating equations (GEE), which accounted for the nested structure of the data (indi-
viduals nested in communities) [46]. We estimated three separate models for the outcome
variables of emotional distress, quality of life, and daily functioning. We included the
grand-mean centered physical burden as the predictor, which represents women’s physical
burden as compared to the average physical burden (i.e., the typical woman’s burden). For
the moderation analyses, we included terrain as three separate, dummy-coded variables
(uphill, downbhill, both uphill and downhill) and uterine prolapse in two additional GEE
models. Carrying on a flat path and not having uterine prolapse were used as reference
categories. We adjusted all models for socio-demographic measures (see Table 1), and
whether women were currently pregnant or had delivered in the last three months. We
adjusted for having uterine prolapse when not included as a moderator. We computed all
analyses in IBM SPSS Statistics 24 (IBM Corp., Armonk, N.Y., USA). Sample syntax in SPSS
can be found in Supporting Information S3.

3. Results

All sociodemographic information on our sample can be found in Table 2. The
average observed carrying distance was 81.3 m (SD = 162.0 m) with an average weight
of 19.4 kg (SD =9.7 kg) and 2.6 trips (SD = 2.4) per day. On average, women reported
low-to-moderate emotional distress, moderate quality of life, and moderate-to-high daily
functioning related to water carrying.

As can be seen in Table S2 in the Supporting Information, GEEs without considering
terrain or health indicated that women with higher physical burden of water carrying
reported 16% greater emotional distress and 39% lower functioning in daily activities
(B[SE] = 0.16[0.07]; p = 0.029; B[SE] = —0.39[0.09]; p < 0.001). The physical burden of water
carrying was not related to quality of life.

3.1. Moderation by Terrain

There were multiple interaction effects for physical burden and terrain, see Table 3.
The main effects in Table 3 indicate the terrain comparisons for women carrying water
with average physical burden. Among those women, those carrying on a flat path showed
no differences in emotional distress or functioning related to physical burden compared
to those carrying in hilly areas (see Table 3), although they showed 17% increased quality
of life (p = 0.029). Women carrying with average physical burden uphill reported only
slightly lower quality of life (2%, p < 0.001) and daily functioning (5%, p < 0.001) compared
to women walking on a flat path. Similarly, women carrying with average physical
burden walking downhill reported 4% greater emotional distress (p < 0.001) and 9% lower
functioning (p < 0.001), compared to those carrying on a flat path.
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Table 2. Sociodemographic data.

Concept Items MIf SDIf %
Age 33.7 9.0
Socioeconomic status ! 0.5 0.1
What kind of fuel do you use MAINLY for cooking?
Wood (= 0) 629 63%
Gas (=1) 372 37%
What is the average expenditure of your family per month?
Less than 2400 Nepali Rupees (~20 US$) 139 14%
2500 to 4800 Nepali Rupees (~40 US$) 104 10%
4900 to 9600 Nepali Rupees (~80 US$) 198 20%
9700 to 24,000 Nepali Rupees (~200 US$) 443 44%
>25,000 Nepali Rupees (~208 US$) 117 12%
Are you the owner of your house? (yes = 1) 980 98%
How much land does your family own? 56.1 75.0
How many rooms does your house have? 2.9 15
Does anyone from your household own any of these items? Radio, TV, 33 13
solar panel, mobile phone, bicycle, motor bike, car, fridge, watch (sum) ’ ’
Education Illiterate 180 18%
Informal education 262 26%
Pre-primary 51 5%
Primary passed 145 15%
Lower secondary passed 101 10%
Secondary 123 12%
Higher secondary and above 139 14%
Currently pregnant 1=yes 41 4%
Delivered in last 3 months 1 =yes 24 2%
Brahmin 304 30%
Tamang 304 30%
Newar 60 6%
Ethnicity Chhetri 59 6%
Dalit 121 12%
Rai and Limbu 139 13%
Others 14 1%

Note: n = 1001, M = Mean, SD = Standard deviation, f = frequency, f% = relative frequency. Sociodemographic data were used as control
variables in all analyses. ! An index (0.0-1.0) was calculated using principle component analysis [47].

Table 3. Generalized estimating equations of objective physical burden of carrying water and psychosocial well-being

(emotional distress, quality of life, and daily functioning) and its moderation by the terrain.

Emotional Distress Quality of Life Functioning in Daily Activities
95% CI 95% CI 95% CI

Estimate SE LL UL 4 Estimate SE LL UL 4 Estimate SE LL UL 4
Intercept 037 007 022 051 <0001 060 003 054 066 <0001 092 007 078 106  <0.001
Physical burden —0.01 004 —009 007 078 017 008 002 032 0029 —033 017 —066 <0.01 0.053
(carrying on flat path ')
Carrying uphill 0.03 002 <001 007 0052 —002 <001 -003 —001 <000l —005 001 —006 —004 <0.001
Carrying downhill 0.04 001 003 005 <0001 <001 001 —002 001l 0635 —009 002 —014 —004 <0.001
gggzg;ﬁul’hluand 0.01 002 —002 005 0459 —002 001 —005 001 0119 —010 004 —017 —0.03 0.003
fé‘ySiC?‘lburd?“ 033 014 006 061 0019 —025 009 —043 —007 0006 —022 017 —055 011  0.189
arrying uphill
Physical burden —008 010 —028 011 0409 —016 005 —027 —006 0001  0.64 024 017 111 0008
Carrying downhill
Physical burden
*Carrying uphill and 0.30 013 006 055 0017 <001 006 -011 012 0980 —012 015 —043 018 0428
downhill
Age <001 <001 <001 <001 0973 <001 <001 <001 <001 0699 <001 <001 <001 <001 0414
Education 2 —001 <001 —0.02 <001 0.9 0.01 <001 001 002 <0001 <001 <001 —001 001 0728
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Table 3. Cont.

Emotional Distress Quality of Life Functioning in Daily Activities
95% CI 95% CI 95% CI

Estimate SE LL UL p Estimate SE LL UL 4 Estimate SE LL UL 4
Socio-economic status 3 <001 <001 <001 <001 <0.001 0.10 003 005 015 <0001 021 010 001 040  0.041
Currently pregnant <0.01 002 003 003 094 003 002 001 007 0120 —006 002 —010 —001 0.017
gﬂ;‘;ﬁ;edmlas”’ 0.01 004 —007 009 080 <001 003 —007 006 0888 <001 005 —009 010 0951
Other heavy loads —001 002 —005 002 049 001 002 —003 005 0510 001 010 —018 021  0.89%
carried (in kg)
Uterine prolapse 0.12 002 007 016 <0001 —005 <001 -006 —005 <000l —0.06 001 —0.08 —0.03 <0.001
Ethnicity *
Brahmin 0.03 001 <001 005 0057 -002 00l —004 001 0145 —014 001 —016 —0.I3 <0.001
Tamang —003 001 —005 —001 0001 —002 001 —004 —001 0010 —016 001 —019 —0.13 <0.001
Newar 0.02 001 —001 004 0166  <0.01 001 —0.02 002 0931 —014 003 —019 —0.09 <0.001
Chhetri 0.02 002 —002 005 0324 —001 002 —005 004 0739 —016 006 —027 —0.05 0.003
Dalit 0.07 002 002 011 0008 —001 001 —002 <001 015  —0.08 002 —011 —0.04 <0.001
Rai and Limbu —002 001 —004 <001 002 —001 001 —004 001 0330 —006 001 —008 —0.03 <0.001

Note: n = 978 (n = 21 distance missing, n = 2 information on uterine prolapse missing). Five communities. Estimate = Parameter Estimates.
SE = Standard Error. CI = Confidence interval. Probability distribution: normal, link function: identity. All p-values are two-tailed.
1 Reference category. 2 Higher values refer to a higher level of education: 0 = Illiterate, 1 = Informal education, 2 = Pre-primary, 3 = Primary
passed 4 = Lower secondary passed, 5 = Secondary, 6 = Higher secondary and above. * An index (0.0-1.0) was calculated using principle
component analysis [47]. * Reference category = other. * indicates the interaction effect (moderator).

3.2. Moderation by Uterine Prolapse

However, of the women carrying with above-average physical burden, those who
carried uphill reported 33% greater emotional distress (p = 0.019) and 25% lower quality
of life (p = 0.006) compared to those walking on a flat path (moderation effect). Women
with above-average physical burden reported 16% lower quality of life (p = 0.001) but 64%
higher functioning (p = 0.008) when carrying downhill compared to walking on a flat path.
Women with above-average physical burden carrying both uphill and downhill reported 30%
greater emotional distress (p = 0.017) compared to women walking on a flat path.

There were significant interactions of physical burden and uterine prolapse for emo-
tional distress and quality of life, but not for daily functioning, see Table 4. Women with
uterine prolapse and average physical burden reported 11% greater emotional distress
(p < 0.001), 6% lower quality of life (p < 0.001), and 7% lower functioning in daily activities
(p < 0.001) compared to women without uterine prolapse. Women with uterine prolapse
and above-average physical burden reported 19% more emotional distress (p = 0.028) and
14% higher quality of life (p < 0.001) compared to women without uterine prolapse.

Table 4. Generalized estimating equations of objective physical burden of carrying water and psychosocial well-being and
its moderation by uterine prolapse.

Emotional Distress Quality of Life Functioning in Daily Activities
95% CI 95% CI 95% CI

Estimate SE LL UL p Estimate SE LL UL 4 Estimate SE LL UL p
Intercept 0.39 007 025 053 <0001 057 003 052 063 <0001 085 008 068 101  <0.001
Physical burden (without 0.07 006 —006 019 0293 0.04 006 —009 016 0577  —042 011 —064 —020 <0.001
uterine prolapse ')
Uterine prolapse 0.11 002 007 015 <0001 —0.06 001 —007 —005 <0001 —0.07 002 —011 —0.04 <0.001
Physical burden 0.19 009 002 036 0028 0.14 004 006 022 <0001 023 013 —003 049  0.077

*uterine prolapse

Note: n =978 (n = 21 distance missing, n = 2 information on uterine prolapse missing). Five communities. Estimate = Parameter Estimates.
SE = Standard Error. CI = Confidence interval. Probability distribution: normal, link function: identity. All p-values are two-tailed.
! Reference category. These results were adjusted for the same sociodemographic variables as displayed in Table 3 but not reported in this
table. * Interaction term as this is a moderation analysis.

4. Discussion

The present study indicates how the physical burden of water carrying relates to psy-
chosocial well-being. It highlights that context-specific factors may potentially exacerbate
this relationship. In line with our hypotheses, our results indicated that hilly terrain and
uterine prolapse aggravate adverse psychosocial consequences of water carrying.
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The physical burden of water carrying is directly related to women’s higher emotional
distress and reduced functioning in other daily activities besides water carrying. Due
to its undeniable necessity, carrying water is an everyday work task [10,11,29]. Our
results are in line with those from high-income populations that showed that high chronic
physical burden in the working environment adversely affects functioning and emotional
distress [20,21], especially with challenging environmental demands and low resources [48].

Interestingly, quality of life was not related to the physical burden of water carrying.
Quality of life represents a more general concept of well-being including physical, social,
and environmental aspects [38], whereas emotional distress measures the psychological
state specifically [44]. The reason why physical burden was not directly related to quality
of life may be that many other individual and contextual factors can influence quality of
life [49,50].

Our moderation analyses indicated that the relationship between physical burden and
psychosocial well-being depended on terrain and personal health. Even greater emotional
distress was observed for women who carried heavy loads uphill, or uphill and downbhill.
While the physical burden of water carrying was not related to quality of life, a relation was
observed between the terrain and quality of life: lower quality of life occurs among those
who carry uphill or downhill. Interestingly, higher functioning in daily activities was found
for women carrying downbhill. These findings align with previous studies that showed that
certain terrains can put an added risk to physical health [7]. Beyond previous results, our
study showed that terrain also moderates the relationship between physical burden and
psychosocial well-being. Future studies might explore whether further characteristics of
the physical environment (e.g., poor roads or weather conditions [7]) or other contextual
factors when retrieving water, such as violence, sexual assault, or dangerous animals, might
increase the adverse impact of water carrying on psychological well-being [13,15].

Women with uterine prolapse reported lower psychosocial well-being which is con-
sistent with previous research [29,30]. More importantly, consistent with our hypothesis,
uterine prolapse acted as a moderator of the relationship between the physical burden of
water carrying and psychosocial well-being. Physical burden related to greater emotional
distress for women with uterine prolapse than those without. Since families often depend
on women's ability to work in terms of providing water and food [28,51,52], women may
still need to collect water even if affected by uterine prolapse [28,32]. This responsibility
possibly adds to the already great psychosocial burden of women with uterine prolapse [31].
Considering that uterine prolapse is also a physical health consequence of frequent water
carrying [27], the fact that it additionally seems to exacerbate the emotional burden of
water carrying is alarming. Due to the symptoms of uterine prolapse, such as difficulty
and pain while walking and lifting, the work performance is not only reduced but also
handicapped, which can relate to greater emotional distress [28,29].

Interestingly, for women with uterine prolapse, higher physical burden of water
carrying was related to higher quality of life. This result can be an indicator that women
who are still able to perform a high physical workload despite suffering from uterine
prolapse are likely to be less affected in other areas of life, e.g., economic activities and
family life [28,31,32]. This sublines that having access to a close water source is particularly
relevant for vulnerable groups. Improvements in infrastructure can support women with
uterine prolapse in completing their usual working routine to maintain their social and
economic role, improve their quality of life, and reduce emotional distress. For future
research, we suggest to also consider other prevalent health conditions, e.g., spinal axial
compression, which is more prevalent in African countries due to head-carrying [6] as a
moderator on how stressful women perceive the physical workload of water carrying.

Strengths, Limitations, and Future Directions

The present study is the first to use observed physical variables related to water
carrying, e.g., weight and carrying distance, to study its relation to psychosocial well-being.
As a limitation, we conducted the study shortly after a rainy season, which may have led to
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an underestimation of carrying distances and physical burden as many women use farther
sources during dry season [35]. Future studies should aim to observe water carrying during
both seasons. As a limitation in the measurement, we did not use all items of the quality of
life scale to prevent redundancy with questions on emotional distress. This variable may
therefore not cover all aspects of quality of life.

The cross-sectional nature of our data does not allow causal conclusions. Future
randomized and controlled trials may investigate whether the reduction in physical burden
can increase women's psychosocial well-being.

5. Conclusions

Overall, the findings of the association between the physical burden of water carrying
and psychosocial well-being bring a new perspective to health research related to water
access. They demonstrate not only the complexity, but also the multiple impacts in life that
water provision can have for women, and how this interacts with environmental and health
factors. Our results underline the interconnectedness of the Sustainable Development Goal
(SDG) 6: access to safe water, SDG 3: ensure healthy lives, and SDG 5: gender equality [53].

This study highlights the importance of adequate access to water for women to prevent
health impacts such as uterine prolapse and facilitate the quality of life of those already
affected. Improvement in the water supply infrastructure, promotion of intermediary
solutions such as carts, bicycles, and self-supply options [54], especially for women living
in hilly areas, or interventions on behavioural changes, e.g., respecting a water load limit,
can hopefully reduce the physical burden of water carrying [55].

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph18157908 /51, Table S1: Items. Table S2: Generalized estimating equations of objective
physical burden of carrying water and psychosocial well-being (emotional distress, quality of life,
and daily functioning). S3: Sample Syntax for SPSS.

Author Contributions: VM.].T.: conceptualization, methodology, Software, investigation, data
curation, formal analysis, writing—original draft preparation, and writing—review and editing; J.5.B.:
conceptualization, methodology, investigation, data curation, formal analysis, writing—original draft
preparation, and writing—review and editing; A.S.: conceptualization, Software, investigation, data
curation, project administration, resources, and writing—review and editing. R.M.: conceptualization,
Software, project administration, resources, supervision, and writing—review and editing; J.I.:
conceptualization, methodology, project administration, resources, supervision, validation and
writing—review and editing. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethical Review Committee of the Nepali Health
Research Council [Reg No. 517/2019] and the Ethical Board of the University of Bern, Switzerland
[2019-10-00003].

Informed Consent Statement: All participants provided written informed consent prior to their
interviews and objective measurement of weight and distance. Potential study participants who
could not sign their names were permitted to indicate consent with a thumbprint.

Data Availability Statement: The data is available from V.M.].T at request.

Acknowledgments: We thank the Kathmandu University Hospital and the health professionals in
the associated community health centers in Kavre and Sindhupalanchowk districts who supported
the coordination and organization of this study. We thank Anjana Singh Dangol (Obstetrics &
Gynecology, Kathmandu University Hospital), Richa Amatya (Psychiatry, Kathmandu University
Hospital) and Helena Luginbiihl (Physiotherapy, Bern University of Applied Sciences) for sharing
their expertise on women’s physical and mental health for this study. We further thank our data
collectors for their invaluable support in the field. We thank all study participants in Kavre and
Sindhupalanchowk districts.


https://www.mdpi.com/article/10.3390/ijerph18157908/s1
https://www.mdpi.com/article/10.3390/ijerph18157908/s1

Int. J. Environ. Res. Public Health 2021, 18, 7908 10 of 11

Conflicts of Interest: The authors declare no conflict of interest.

References

1. UN Water Gender. Water and Sanitation: A Policy Brief; UN: New York, NY, USA, 2006.

2. World Health Organization. Progress on Household Drinking Water, Sanitation and Hygiene 2000-2017: Special Focus on Inequalities;
World Health Organization: Geneva, Switzerland, 2019.

3.  Flanagan, S.; Johnston, R.; Zheng, Y. Arsenic in Tube Well Water in Bangladesh: Health and Economic Impacts and Implications
for Arsenic Mitigation. Bull. World Health Organ. 2012, 90, 839-846. [CrossRef]

4. George, C.M,; Sima, L.; Arias, M.H.].; Mihalic, J.; Cabrera, L.Z.; Danz, D.; Checkley, W.; Gilman, R.H. Arsenic Exposure in
Drinking Water: An Unrecognized Health Threat in Peru. Bull. World Health Organ. 2014, 92, 565-572. [CrossRef]

5. Geere, ].-A,; 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. [CrossRef]

6.  Geere, ].-A,; Bartram, J.; Bates, L.; Danquah, L.; Evans, B.; Fisher, M.B.; Groce, N.; Majuru, B.; Mokoena, M.M.; Mukhola, M.S.;
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. [CrossRef]

7.  Venkataramanan, V.; Geere, ].-A.; Thomae, B.; Stoler, J.; Hunter, PR.; Young, S.L. In Pursuit of ‘Safe” Water: The Burden of Personal
Injury from Water Fetching in 21 Low-Income and Middle-Income Countries. BM] Glob. Health 2020, 5, e003328. [CrossRef]

8.  Adams, E.A; Stoler, J. Water Insecurity and Urban Poverty in the Global South: Implications for Health and Human Biology. Am.
J. Hum. Biol. 2020, 32, €23368. [CrossRef] [PubMed]

9.  Rosinger, A.Y.; Young, S.L. The Toll of Household Water Insecurity on Health and Human Biology: Current Understandings and
Future Directions. WIREs Water 2020, 7, €1468. [CrossRef]

10. Das, P; Baker, KK; Dutta, A.; Swain, T.; Sahoo, S.; Das, B.S.; Panda, B.; Nayak, A.; Bara, M.; Bilung, B.; et al. Menstrual Hygiene
Practices, WASH Access and the Risk of Urogenital Infection in Women from Odisha, India. PLoS ONE 2015, 10, e0130777.
[CrossRef]

11. Ademas, A.; Adane, M,; Sisay, T.; Kloos, H.; Eneyew, B.; Keleb, A.; Lingerew, M.; Derso, A.; Alemu, K. Does Menstrual Hygiene
Management and Water, Sanitation, and Hygiene Predict Reproductive Tract Infections among Reproductive Women in Urban
Areas in Ethiopia? PLoS ONE 2020, 15, e0237696. [CrossRef]

12.  Cortobius, M.; Geere, ].-A. Who Carries the Weight of Water? Fetching Water in Rural and Urban Areas and the Implications for
Water Security. Water Altern. 2017, 10, 28.

13.  Sorenson, S.B.; Morssink, C.; Campos, P.A. Safe Access to Safe Water in Low Income Countries: Water Fetching in Current Times.
Soc. Sci. Med. 2011, 72, 1522-1526. [CrossRef] [PubMed]

14. Curtis, V. Women and the Transport. of Water; Intermediate Technology Publications: London, UK, 1986.

15. Bisung, E.; Elliott, S.J. Psychosocial Impacts of the Lack of Access to Water and Sanitation in Low- and Middle-Income Countries:
A Scoping Review. |. Water Health 2017, 15, 17-30. [CrossRef]

16. Shrestha, S.; Aihara, Y.; Bhattarai, A.P,; Bista, N.; Kondo, N.; Futaba, K.; Nishida, K.; Shindo, J. Development of an Objective
Water Security Index and Assessment of Its Association with Quality of Life in Urban Areas of Developing Countries. SSM Popul.
Health 2018, 6, 276-285. [CrossRef]

17. Workman, C.L.; Ureksoy, H. Water Insecurity in a Syndemic Context: Understanding the Psycho-Emotional Stress of Water
Insecurity in Lesotho, Africa. Soc. Sci. Med. 2017, 179, 52-60. [CrossRef] [PubMed]

18. Conference, .H. Constitution of the World Health Organization. 1946. Bull. World Health Organ. 2002, 80, 983-984.

19. Eiroa-Orosa, FJ. Understanding Psychosocial Wellbeing in the Context of Complex and Multidimensional Problems. Ijerph 2020,
17,5937. [CrossRef]

20. Owoo, N.S.; Lambon-Quayefio, M.P. Mixed Methods Exploration of Ghanaian Women’s Domestic Work, Childcare and Effects on
Their Mental Health. PLoS ONE 2021, 16, €0245059. [CrossRef] [PubMed]

21. Risal, A.; Manandhar, K.; Linde, M.; Steiner, T.].; Holen, A. Anxiety and Depression in Nepal: Prevalence, Comorbidity and
Associations. BMC Psychiatry 2016, 16, 102. [CrossRef] [PubMed]

22. Bowling, N.A,; Alarcon, G.M.; Bragg, C.B.; Hartman, M.]. A Meta-Analytic Examination of the Potential Correlates and
Consequences of Workload. Work Stress 2015, 29, 95-113. [CrossRef]

23. Bakker, A.B.; Costa, P.L. Chronic Job Burnout and Daily Functioning: A Theoretical Analysis. Burn. Res. 2014, 1, 112-119.
[CrossRef]

24. Rao, N. Male ‘Providers’ and Female ‘Housewives”: A Gendered Co-performance in Rural North India. Dev. Chang. 2012, 43,
1025-1048. [CrossRef]

25. Bird, C.E. Gender, Household Labor, and Psychological Distress: The Impact of the Amount and Division of Housework. |. Health
Soc. Behav. 1999, 40, 32-45. [CrossRef] [PubMed]

26. Geere, ].A.L.; Cortobius, M.; Geere, ]. H.; Hammer, C.C.; Hunter, P.R. Is Water Carriage Associated with the Water Carrier’s
Health? A Systematic Review of Quantitative and Qualitative Evidence. BM] Glob. Health 2018, 3, e000764. [CrossRef]

27.  Walker, G.J.A.; Gunasekera, P. Pelvic Organ Prolapse and Incontinence in Developing Countries: Review of Prevalence and Risk

Factors. Int. Urogynecol. . 2011, 22, 127-135. [CrossRef]


http://doi.org/10.2471/BLT.11.101253
http://doi.org/10.2471/BLT.13.128496
http://doi.org/10.1186/1476-069X-9-52
http://doi.org/10.7189/jogh.08.010406
http://doi.org/10.1136/bmjgh-2020-003328
http://doi.org/10.1002/ajhb.23368
http://www.ncbi.nlm.nih.gov/pubmed/31769124
http://doi.org/10.1002/wat2.1468
http://doi.org/10.1371/journal.pone.0130777
http://doi.org/10.1371/journal.pone.0237696
http://doi.org/10.1016/j.socscimed.2011.03.010
http://www.ncbi.nlm.nih.gov/pubmed/21481508
http://doi.org/10.2166/wh.2016.158
http://doi.org/10.1016/j.ssmph.2018.10.007
http://doi.org/10.1016/j.socscimed.2017.02.026
http://www.ncbi.nlm.nih.gov/pubmed/28254659
http://doi.org/10.3390/ijerph17165937
http://doi.org/10.1371/journal.pone.0245059
http://www.ncbi.nlm.nih.gov/pubmed/33529183
http://doi.org/10.1186/s12888-016-0810-0
http://www.ncbi.nlm.nih.gov/pubmed/27075664
http://doi.org/10.1080/02678373.2015.1033037
http://doi.org/10.1016/j.burn.2014.04.003
http://doi.org/10.1111/j.1467-7660.2012.01789.x
http://doi.org/10.2307/2676377
http://www.ncbi.nlm.nih.gov/pubmed/10331320
http://doi.org/10.1136/bmjgh-2018-000764
http://doi.org/10.1007/s00192-010-1215-0

Int. J. Environ. Res. Public Health 2021, 18, 7908 11 of 11

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.
43.
44.
45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

Radl, C.M.; Rajwar, R.; Aro, A.R. Uterine Prolapse Prevention in Eastern Nepal: The Perspectives of Women and Health Care
Professionals. IJWH 2012, 4, 373. [CrossRef] [PubMed]

Shrestha, B.; Onta, S.; Choulagai, B.; Poudyal, A.; Pahari, D.P; Uprety, A.; Petzold, M.; Krettek, A. Women’s Experiences and
Health Care-Seeking Practices in Relation to Uterine Prolapse in a Hill District of Nepal. BMC Women’s Health 2014, 14, 20.
[CrossRef]

Ghetti, C.; Lowder, ].L.; Ellison, R.; Krohn, M.A.; Moalli, P. Depressive Symptoms in Women Seeking Surgery for Pelvic Organ
Prolapse. Int. Urogynecol. ]. 2010, 21, 855-860. [CrossRef]

Earth, B.; Sthapit, S. Uterine Prolapse in Rural Nepal: Gender and Human Rights Implications. A Mandate for Development.
Cult. Health Sex. 2002, 4, 281-296. [CrossRef]

Schaaf, ]. M.; Dongol, A.; van der Leeuw-Harmsen, L. Follow-up of Prolapse Surgery in Rural Nepal. Int. Urogynecol. J. 2008, 19,
851-855. [CrossRef] [PubMed]

World Health Organisation; United Nations Children’s Fund (UNICEF). Progress on Drinking Water, Sanitation and Hygiene: 2017
Update and SDG Baselines; World Health Organization: Geneva, Switzerland, 2017.

Komatsu, S.; Yamamoto, Y.; Ito, Y.; Kaneko, S.; Dhital, R.P. Water for Life: Ceaseless Routine Efforts for Collecting Drinking Water
in Remote Mountainous Villages of Nepal. Environ. Dev. Sustain. 2019, 22, 7909-7925. [CrossRef]

Meierhofer, R.; Tomberge, V.M.].; Inauen, J.; Shrestha, A. Water Carrying in the Hills of Nepal—Associations with Women’s
Musculoskeletal Disorders, Uterine Prolapse and Spontaneous Abortions. PLoS ONE 2021, under review.

Hoffmeyer-Zlotnik, ] H.P. New Sampling Designs and the Quality of Data. Dev. Appl. Stat. 2003, 19, 13.

Youngmann, R.; Zilber, N.; Workneh, F,; Giel, R. Adapting the SRQ for Ethiopian Populations: A Culturally-Sensitive Psychiatric
Screening Instrument. Transcult Psychiatry 2008, 45, 566-589. [CrossRef] [PubMed]

Whogqol Group. Development of the World Health Organization WHOQOL-BREF Quality of Life Assessment. Psychol. Med. 1998,
23, 551-558.

de Jong, K.; Ariti, C.; van der Kam, S.; Mooren, T.; Shanks, L.; Pintaldi, G.; Kleber, R. Monitoring and Evaluating Psychosocial
Intervention Outcomes in Humanitarian Aid. PLoS ONE 2016, 11, e0157474. [CrossRef]

Tabachnick, B.G.; Fidell, L.S. Using Multivariate Statistics; Harper & Row: New York, NY, USA, 1983.

SUVA Gefdhrdungsermittlung: Heben und Tragen [Risk Assessment for Lifting and Carrying of the SUVA, Swiss National
Accident Insurance Fund] 2019. Available online: https:/ /www.suva.ch/de-CH/material/Dokumentationen/beurteilung-der-
koerperlichen-belastung-heben-und-tragen-von-lasten-88190d1812918129 (accessed on 9 March 2021).

Acock, A.C. Working With Missing Values. ]. Marriage Fam. 2005, 67, 1012-1028. [CrossRef]

Graham, J.W. Missing Data Analysis: Making It Work in the Real World. Annu. Rev. Psychol. 2009, 60, 549-576. [CrossRef]
Harpham, T. Measuring Mental Health in a Cost-Effective Manner. Health Policy Plan. 2003, 18, 344-349. [CrossRef]

Heath, W. Psychology Research Methods: Connecting Research to Students’ Lives; Cambridge University Press: New York, NY, USA,
2017; ISBN 978-1-107-46111-6.

Liang, K.-Y.; Zeger, S.L. Longitudinal Data Analysis Using Generalized Linear Models. Biometrika 1986, 73, 13-22. [CrossRef]
Krishnan, V. Constructing an Area-Based Socioeconomic Index: A Principal Components Analysis Approach. Ph.D. Thesis,
National Convention Centre, Canberra, Australia, May 2010.

Alarcon, G.M. A Meta-Analysis of Burnout with Job Demands, Resources, and Attitudes. J. Vocat. Behav. 2011, 79, 549-562.
[CrossRef]

Ohkura, Y.; Ichikura, K.; Shindoh, J.; Ueno, M.; Udagawa, H.; Matsushima, E. Relationship between Psychological Distress and
Health-Related Quality of Life at Each Point of the Treatment of Esophageal Cancer. Esophagus 2020, 17, 312-322. [CrossRef]
Wang, Q.; Hay, M.; Clarke, D.; Menahem, S. Associations between Knowledge of Disease, Depression and Anxiety, Social Support,
Sense of Coherence and Optimism with Health-Related Quality of Life in an Ambulatory Sample of Adolescents with Heart
Disease. Cardiol Young 2014, 24, 126-133. [CrossRef]

Wodon, Q.; Blackden, C.M. Gender, Time Use, and Poverty in Sub-Saharan Africa; Blackden, C.M., Wodon, Q., Eds.; World Bank
Working Paper; World Bank: Washington, DC, USA, 2006; ISBN 978-0-8213-6561-8.

Halbrendyt, J.; Kimura, A.H.; Gray, S.A.; Radovich, T.; Reed, B.; Tamang, B.B. Implications of Conservation Agriculture for Men’s
and Women'’s Workloads Among Marginalized Farmers in the Central Middle Hills of Nepal. Mt. Res. Dev. 2014, 34, 214-222.
[CrossRef]

United Nations. Transforming Our World: The 2030 Agenda for Sustainable Development; United Nations: New York, NY, USA, 2015.
Mustafa, A.; Mustafa, U.; Khalid, M. Rooftop Rain Water Harvesting Technology and Women Time Allocation in District Bagh
and Battagram Pakistan. Pak. Dev. Rev. 2011, 50, 459-470. [CrossRef]

Sharma, R.; Singh, R. Determination of Safe Carrying Load Limit for Women Carrying Water. |. Ergon. 2012, 2. [CrossRef]


http://doi.org/10.2147/IJWH.S33564
http://www.ncbi.nlm.nih.gov/pubmed/22927768
http://doi.org/10.1186/1472-6874-14-20
http://doi.org/10.1007/s00192-010-1106-4
http://doi.org/10.1080/13691050110090248
http://doi.org/10.1007/s00192-007-0542-2
http://www.ncbi.nlm.nih.gov/pubmed/18185902
http://doi.org/10.1007/s10668-019-00552-9
http://doi.org/10.1177/1363461508100783
http://www.ncbi.nlm.nih.gov/pubmed/19091726
http://doi.org/10.1371/journal.pone.0157474
https://www.suva.ch/de-CH/material/Dokumentationen/beurteilung-der-koerperlichen-belastung-heben-und-tragen-von-lasten-88190d1812918129
https://www.suva.ch/de-CH/material/Dokumentationen/beurteilung-der-koerperlichen-belastung-heben-und-tragen-von-lasten-88190d1812918129
http://doi.org/10.1111/j.1741-3737.2005.00191.x
http://doi.org/10.1146/annurev.psych.58.110405.085530
http://doi.org/10.1093/heapol/czg041
http://doi.org/10.1093/biomet/73.1.13
http://doi.org/10.1016/j.jvb.2011.03.007
http://doi.org/10.1007/s10388-019-00710-y
http://doi.org/10.1017/S1047951113000012
http://doi.org/10.1659/MRD-JOURNAL-D-13-00083.1
http://doi.org/10.30541/v50i4IIpp.459-470
http://doi.org/10.4172/2165-7556.1000103

	1
	Materials and Methods 
	Survey Procedure and Participants 
	Measures 
	Physical Burden 
	Psychosocial Well-Being 

	Data Analysis 

	Results 
	Moderation by Terrain 
	Moderation by Uterine Prolapse 

	Discussion 
	References

