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Abstract objective To assess whether the lack of water or the lack of sanitation facilities in either the home

or in health facilities is associated with an increased risk of maternal mortality and to quantify the

effect sizes.

methods Systematic review of published literature in Medline, Embase, Popline and Africa Wide

EBSCO since 1980.

results Fourteen articles were found. Four of five ecological studies that considered sanitation

found that poor sanitation was associated with higher maternal mortality. Meta-analysis of adjusted

estimates in individual-level studies indicated that women in households with poor sanitation had

3.07 (95% CI 1.72–5.49) higher odds of maternal mortality. Four of six ecological studies assessing

water environment found that poor water environment was associated with higher maternal

mortality. The only individual-level study looking at the adjusted effect of water showed a significant

association with maternal mortality (OR = 1.50, 95% CI 1.10–2.10). Two ecological and one

facility-based study found an association between a combined measure of water and sanitation

environment and maternal mortality.

conclusions There is evidence of association between sanitation and maternal mortality and

between water and maternal mortality. Both associations are of substantial magnitude and are

maintained after adjusting for confounders. However, these conclusions are based on a very small

number of studies, few of which set out to examine sanitation or water as risk factors, and only some

of which adjusted for potential confounders. Nevertheless, there are plausible pathways through

which such associations may operate.
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Introduction

Numerous studies link poor water and sanitation to

adverse child health outcomes, including mortality (Fink

et al. 2011). These adverse outcomes can stem from con-

taminated water sources alone, but are often mediated

via poor hand-hygiene, exacerbated by limited access to

water (Brown et al. 2013). Work by Gordon, Holmes

and Semmelweis as early as the end of the 18th century

showed that puerperal sepsis, an important cause of

maternal mortality, was contagious and linked to poor

hand-hygiene in delivery facilities (Semmelweis 1983;

Gould 2010). However, we have little information on the

extent to which poor water or sanitation environments,

in either facilities or homes, currently contribute to

maternal mortality. Improved understanding of this

relationship can enhance our ability to respond to the

problem of maternal mortality and help identify and

coordinate appropriate responses.

It seems plausible that poor water or poor sanitation

could cause maternal death, as there are numerous direct

and indirect mechanisms through which poor water or

sanitation may lead to ill health in women. One accepted

mechanism is through poor hygiene at the time of deliv-

ery, whereby infection may be introduced to the genital

tract either via poor hand-hygiene or contaminated sur-

faces. This can lead to death from sepsis. Recent global

estimates suggest 8% of all maternal deaths are due to

sepsis (World Health Organization, UNICEF 2012).

There are alternative infectious mechanisms. Infections

during pregnancy (e.g. hepatitis E) can be waterborne

and are associated with a high risk of death (Emerson &
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Purcell 2004). Poor sanitation can lead to hookworm

infestation which causes anaemia and may thus increase

the risk of maternal death (Brooker et al. 2008). Water

storage may encourage mosquitoes carrying malaria and

dengue to breed; both diseases pose high risks to preg-

nant women (Heymann 2008; Mota et al. 2012). Studies

from Mozambique and Zambia have shown that infec-

tious diseases such as HIV, malaria, respiratory infections

and septicaemia account for more than half of maternal

deaths in tertiary-level facilities (Ahmed et al. 1999;

Men�endez et al. 2008). Other potential mechanisms

include the life-course effect of childhood infection

(repeated early childhood infections resulting in stunting,

short stature in adulthood, cephalopelvic disproportion in

pregnancy and increased risk of obstructed labour), (Kon-

je & Ladipo 2000; Neilson et al. 2003; Toh-Adam et al.

2012) or the effect of harmful behaviours related to real

or perceived lack of adequate water and sanitation (e.g.

women not seeking institutional delivery care because of

lack of toilets) (Adugna et al. 2001).

This study systematically reviews existing published lit-

erature to assess whether the lack of water or the lack of

sanitation facilities in either the home or in health

facilities is associated with an increased risk of maternal

mortality and to quantify the effect sizes.

Methods

The review protocol was not registered. Medline,

Embase, Popline and Africa Wide EBSCO databases were

searched in September 2013. MeSH and free-text terms

for maternal mortality were combined with MeSH and

free-text terms for water or sanitation, in English (see

Table 1 for the complete electronic search strategy). All

studies, in all languages, published between 1980 and the

day of the search in all settings were eligible, provided

they considered water, sanitation or both as risk factors

for maternal or pregnancy-related mortality. The review

is reported according to the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) guide-

line (online-only Table S1) (Moher et al. 2009).

Titles and abstracts were screened by one of the authors

(LB). Once full-text articles were obtained, they were

abstracted by two independent abstractors (LB and

OMRC) using a structured form. Information abstracted

from ecological studies included the study sample, defini-

tion of the water or sanitation exposures, definition and

level of maternal or pregnancy-related mortality, crude

and adjusted associations, and confounding variables.

Information abstracted from individual-level studies

included study design, study population, definition of

water exposure, definition of sanitation exposure, maternal

or pregnancy-related mortality definition and level, crude

and adjusted estimates of association, confounding vari-

ables used in adjusted analyses (if available) and their defi-

nition. Differences between abstractors were reconciled.

The ecological studies were described in a narrative

format as we could not combine estimates. All individ-

ual-level studies that provided effect estimates were

included in the meta-analysis using the best available

(most fully adjusted) estimate of effect and a sensitivity

analysis was conducted by excluding estimates which did

not adequately control for confounding. In our study, we

use the term poor water and poor sanitation to reflect the

worst exposure category in each study. Investigators were

not contacted, but some crude estimates were recalcu-

lated based on reported data.

The Newcastle Ottawa case–control quality assessment

scale was used to assess the risk of bias in individual-level

studies, applied at the study level (Wells et al. 2006).

This information was used to interpret the findings. The

main summary measure was the odds ratio (OR). Meta-

analysis was conducted in Stata/SE v.12 (Stata Corpora-

tion, College Station, TX, USA) using a random effects

model. Heterogeneity was assessed using the Higgins and

Thompson’s I2 value and its confidence interval (Higgins

et al. 2003; Ioannidis et al. 2007).

Results

We identified 4162 unique papers. Figure 1 provides a

flow diagram of the number of studies screened, assessed

for eligibility and included in the review, with reasons for

exclusion at each stage. Table 2 presents the citation, defi-

nitions and characteristics of each included study. Among

the 14 identified articles, nine studies assessed the associa-

tion between sanitation and maternal mortality (three

individual-level, one individual-level sibling exposure and

five ecological), 11 assessed the association between water

and maternal mortality (four individual-level, one individ-

ual-level sibling exposure and six ecological), and three

studies combined sanitation and water in score with other

factors (two ecological, one facility level).

Definitions of the exposures and outcome used in the

literature are also presented in Table 2. In terms of

maternal mortality definitions used by individual-level

studies, one study used the ICD pregnancy-related mor-

tality definition, one used the ICD late pregnancy-related

mortality definition, two used the ICD maternal mortality

definition (one of these studies reduced the post-partum

period to 40 rather than 42 days), and one study did not

define the maternal mortality measure (World Health

Organization 2004). The facility-level study defined

maternal mortality as death of mother after admission in
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pregnancy, labour or after delivery, but before discharge

from the hospital. All eight ecological studies reported

using 100 000 live births as denominator. However, three

of these studies did not provide a definition of maternal

mortality for their numerator.

In the individual-level studies, the exposure variable for

water was binary in three studies and categorical in two

studies. No two studies used the same definition to cap-

ture poor water. In the binary classification, water was

described by source (tap or not, potable or not) or qual-

ity (clean or not), although no further rationale or clarifi-

cation was provided. The two studies with categorical

groups used water source alone (piped, standpipe, unpro-

tected, open source) or in combination with access (in

dwelling, yard or public). In the ecological studies, the

proportion of the population with poor water (described

in a binary fashion) was used. Water was characterised

as being safe or not; clean or not; an adequate amount of

safe water or not; or protected or improved or not. The

latter two are nearly identical and very similar to the

WHO/UNICEF Joint Monitoring Programme (JMP) for

water supply and sanitation classification which defines

an improved water source as one which is either piped,

from a tube well/borehole, protected dug well, protected

spring or rainwater (World Health Organization 2013).

The four individual-level studies examining sanitation

used binary variables (flush toilet or not, available sanita-

tion or not) or categories based on either type of facility

Table 1 MeSH and text search terms used in databases searched

Database

Search Concept Text search terms

MeSH terms

(Medline and Embase only)

Medline Search (1 AND (2 OR 3))
1. Maternal Mortality (Mortality or death or fatal*) ADJ3 (Maternal or obstetric or

pregnan* or postpartum or delivery or labo?r or prenatal

or antenatal or postnatal or childbirth or puerper* or
abortion or miscarriage)

Maternal mortality

2. Water Water ADJ3 (drinking OR household OR domestic OR tap?

Or piped or source or supply or improved or protected or

borehole or quality or treatment or contaminat* or point?
of?use or pump or connection or location or distance or

amenit* or access or provision or safe or clean)OR Soap or

hand?washing

Drinking water, water pollution,

water purification, water quality,

water supply, water wells, soaps,
handwashing

3. Sanitation Sanitation or toilet or latrine or flush* or sewer or sewage or
septic or hygiene or clean* or ((treatment OR disposal)

ADJ3 (faec* OR excreta))

Toilet facilities, sanitation, hygiene,
sewage

Embase (1 AND (2 OR 3))
1. Maternal Mortality (Mortality or death or fatal*) ADJ3 (Maternal or obstetric or

pregnan* or postpartum or delivery or labo?r or prenatal

or antenatal or postnatal or childbirth or puerper* or

abortion or miscarriage)

Maternal mortality

2. Water Water ADJ3 (drinking OR household OR domestic OR tap?

Or piped or source or supply or improved or protected or

borehole or quality or treatment or contaminat* or point?

of?use or pump or connection or location or distance or
amenit* or access or provision or safe or clean) OR Soap

or hand?washing

Drinking water, tap water, water

contamination, water pollution,

water quality, water supply, water

treatment, water well, soap,
handwashing

3. Sanitation Sanitation or toilet or latrine or flush* or sewer or sewage or
septic or hygiene or clean* or ((treatment OR disposal)

ADJ3 (faec* OR excreta))

Sanitation, sewage disposal, hygiene

Popline and African Index Medicus through Africa Wide EBSCO (1 AND 2)

1. Maternal Mortality (Mortality OR death OR fatal OR fatality) AND (Maternal OR obstetric OR pregnant OR pregnancy
OR postpartum OR delivery OR labor OR labour OR prenatal OR antenatal OR postnatal OR

childbirth OR puerperal OR abortion OR miscarriage)

2. Water or Sanitation Water AND (drinking OR household OR domestic OR tap OR piped OR source OR supply OR

improved OR protected OR borehole OR quality OR treatment OR contaminated OR contamination
OR use OR pump OR connection OR location OR distance OR access OR provision OR safe OR

clean) OR Soap OR handwashing OR handwashing OR sanitation OR toilet OR latrine OR flush OR

sewer OR sewage OR septic OR hygiene OR faeces OR excreta
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(flush, pit latrine or no facility) or access to it (private,

shared, pit or bush). Among ecological studies, two

defined sanitation environments in terms of the propor-

tion of population with access to excreta disposal facili-

ties or not; one study assessed access to a sanitary sewer

or not. The remaining two ecological studies specified

exposure as proportion of population with access to

improved sanitation or not, which according to the JMP

definition of improved sanitation includes flush or pour-

flush systems connected to a piped sewer, septic tank or

pit latrine; ventilated improved pit latrine; pit latrine with

slab or a composting toilet, if such facilities are private.

One of the two ecological studies to look at exposure

in terms of a combined water and sanitation environment

used the proportion of population with sustainable access

to water and sanitation or not, with no further descrip-

tion. The other study constructed a sanitation factor

including proportion of rural and urban populations with

access to sanitation and to safe water based on World

Bank definitions. The facility-based study incorporated

descriptions of sanitation and water environment in deliv-

ery facilities into a score with other aspects of facility

hygiene. If all else was equal, facilities with better water

and sanitation would score lower.

The individual and facility-level studies all examined

the association of interest in low- and middle-income

countries (World Bank classification). Four of the eight

ecological studies examined the whole spectrum of high-,

middle- and low-income countries, three focused specifi-

cally on African countries, and one study conducted a

time-series analysis for Chile. The maternal mortality

ratios in the contexts analysed by the 14 studies varied

from three to 2000 per 100 000 live births. Likewise, the

proportion of study population with poor sanitation

(worst category if categorical) ranged from 0% to 99%

and with poor water from 0% to 87%. Table 3 shows

the results of the studies with crude and adjusted effect

estimates and confidence intervals, and a list of con-

founders adjusted for in final analysis (if provided).

Table 4 includes our assessment of the risk of bias among

individual-level studies included in meta-analysis.

Sanitation

Four of the five ecological studies considering sanitation

found that poor sanitation was associated with higher

maternal mortality, with the remaining study showing a

borderline association (P = 0.09). Three of these studies

adjusted for potential confounders (shown in Table 3 sec-

tion A). All three individual-level studies found a crude

association with sanitation and two found an association

after adjusting for confounders. Table 3 section B shows

the individual-level studies (with their potential con-

founders where studied). Figure 2 presents the meta-

analysis for the effect of sanitation on maternal mortality

using the best available estimates from the three individ-

ual-level studies included. The pooled odds ratio for the

effect of poor home sanitation on maternal mortality was

3.14 (95% CI 1.98–4.99). The I2 value indicated low het-

erogeneity (<0.01%; 95% CI 0–90%), suggesting the var-

iation in effect sizes estimated by the various studies may

be compatible with chance alone. However, the confi-

dence interval was very wide, reflecting the small number

of studies. A sensitivity analysis conducted by excluding

crude estimates of effect removed the study by Urassa

et al. from the analysis, resulting in a pooled odds ratio

Medline
509

Embase
1164

Popline
1819

Africa Wide EBSCO
1618

Total de-duplicated &
abstracts screened: 4162

4132 references excluded in title and abstract screening:
• Unpublished (reports): 566
• Not human: 135
• Outcome not maternal mortality: 3283
• Outcome maternal mortality but exposure not water or 
sanitation: 148

Full text reviewed: 31

Included: 14
8 ecological
5 individual

1 facility

17 references excluded:
• Full text not available: 2
• Outcome not maternal mortality: 6 
• Outcome maternal mortality but exposure not water or 

sanitation: 9 

1 reference identified in 
reference lists

Figure 1 Flow diagram of studies included in the systematic review.
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of 3.07 (95% CI 1.72–5.49) for the remaining two

adjusted studies.

Golding et al. investigated cause-specific mortality and

found a larger relative risk of combined infection/haem-

orrhage maternal mortality (5.7 times higher for women

living in households with poor sanitation, P < 0.05),

compared with the relative risk hypertensive disorders of

pregnancy (1.4, P > 0.05), or other causes (2.1,

P > 0.05). Urassa and colleagues also looked for and

found a dose–response relationship in crude analysis

between three types of sanitation facilities and maternal

mortality [chi-square test for trend P < 0.001, comparing

flush toilet OR = 1.0 (reference category), pit latrine

OR = 3.1 and no facility OR = 8.3]. The individual-level

study by Graham and colleagues showed a statistically

significant crude correlation between the maternal death

of the respondent’s sibling and the respondent’s own lack

of toilet in eight of 11 assessed DHS surveys. This study

did not present odds ratios and considered the water and

sanitation situation among siblings of women who died

from maternal causes; it was therefore not included in

the meta-analysis for either exposure.

Water

Four ecological studies found an association between

poor water availability and higher maternal mortality,

two did not. Four of these six ecological studies adjusted

for potential confounders (see Table 3 section A). Three

of the four individual-level studies showed an association

between poor water access and maternal death; one of

these adjusted for potential confounders. Based on the

four available estimates for water in individual-level stud-

ies, the pooled odds ratio for the effect of poor home

water environment was 1.75 (95% CI 1.21–2.54), shown

in Figure 2. This pooled estimate showed a medium level

of heterogeneity (I2 = 57.5%; 95% CI 0–86%). As with

the I2 value for sanitation, the confidence interval was

wide, partly due to the small number of studies. It is

unclear whether the crude estimate by Golding et al.

should be included in the ‘best estimate’ meta-analysis, as

the authors conducted an adjusted analysis but did not

report the effect size for water. This is most probably

because the adjusted water effect was not statistically sig-

nificant and may well have been reduced in size. Restrict-

ing the analysis to adjusted estimates for the effect of

water left only the study by Fikree et al., with its point

estimate of 1.50 (95% CI 1.10–2.10).
In terms of other supportive evidence, a dose–response

relationship between four types of water source and

maternal mortality was seen in Golding et al.’s crude
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water piped into dwelling OR = 1.0 (reference category)

with piped into yard OR = 1.8, public standpipe

OR = 3.0 and other source OR = 2.1). Fikree et al. esti-

mated the population attributable risk proportion of

maternal mortality linked to the lack of access to potable

water to be 21.2%. Graham et al. showed a statistically

significant crude correlation between a sibling’s maternal

mortality and the respondent’s lack of water in nine of

11 assessed DHS surveys.

Water and sanitation combined

Andoh et al. found that higher score of the ‘sanitation’ fac-

tor (combining the proportions of the urban and rural pop-

ulations’ access to sanitation and to safe water) was

significantly associated with lower maternal mortality in all

six adjusted models. Muldoon et al.’s ecological study

found a significant association between having a lower pro-

portion of population with ‘sustainable access to water and

sanitation combined’ and a higher maternal mortality. The

facility-based study by Galadanci et al. incorporated sanita-

tion and water into a score with other aspects of facility

hygiene and found that a high (=worse) score was associ-

ated with high in-hospital maternal mortality (Table 3).

Discussion

This systematic review showed some evidence of an

association between poor sanitation and high levels of

maternal mortality and of an association between inade-

quate water access and high maternal mortality. The

meta-analysis of best estimates suggested women in

households with poor sanitation had 3.14 times the odds

of dying compared to women with better sanitation. The

sensitivity analysis after removing a study which only

adjusted for age produced a similar estimate of 3.07. The

pooled estimate of association between water and mater-

nal mortality suggested that women with poor water sup-

ply had roughly 1.75 the odds of maternal mortality

compared to those with adequate water, but only one

study adjusted for confounders (adjusted OR 1.5). Our

confidence in the above conclusions is bolstered by the

magnitude of the effect sizes, the dose–response effects

seen for both exposures, the biologically plausible cause-

specific effect on maternal deaths from infection and

haemorrhage, and the compatible findings from the large

majority of ecological studies. However, we also

acknowledge that the results are based on very few stud-

ies that explicitly set out to test sanitation or water as

risk factors, a small number of individual-level studies

with differing definitions of exposure, and limited atten-

tion to carefully adjusting for confounding.

Strengths and limitations

In assessing data quality of each study, we considered

selection bias, information bias and confounding. Most

of the individual-level studies were well conducted. They

Table 4 Risk of bias assessment for individual-level papers included in meta-analysis

Key: + Low risk of bias ? Potential/unclear risk of bias – High risk of bias. Wat, Water; San, Sanitation; n/a, Not analysed.
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did not appear to suffer from selection bias as they

included all deaths in the target population with an

apparently unbiased comparison group (all births or con-

trols, nested within a population-based sample) (Table 4).

In terms of information bias, outcome status was clear

cut, with a remote chance that some maternal deaths

might have been missed or misclassified. The sources of

information for the controls came from the women them-

selves, while information on cases, such as water and

sanitation environment, was from relatives’ reports. This

opens up the possibility of recall bias. Furthermore, it is

unclear from the studies whether the water and sanitation

status of the household was assessed at the time the cases

died or at the time of interview. However, we believe

that these potential sources of bias are unlikely to be

important. In our judgement, the largest source of poten-

tial bias is uncontrolled or residual confounding by socio-

economic status, which may be linked with, for example,

poor underlying health status, access to health services or

quality of maternal care, which in turn may cause mater-

nal mortality. New studies and analyses to explicitly test

the hypothesis that either water or sanitation is risk fac-

tor for maternal mortality could resolve some of these

concerns.

It was not possible to assess the data sources of the

ecological studies thoroughly. Many used UN maternal

mortality ratios (MMR), which mix empirical measures

with estimates derived from predictive models generated

using other measures of development, such as GDP per

capita. Fortunately, none of the models used water or

sanitation measures as predictors, (World Health Organi-

zation 2012) as this would have led to a spurious associa-

tion and invalid findings. In comparison with MMR,

more countries had empirical data on water and sanita-

tion provision, including from DHS/MICS surveys. The

years for which exposure and outcome data are available

are generally aligned in rather broad bands, but not all

studies provided this information.

In addition to limitations of the studies identified, we

also assessed the limitations of the search strategy and

potential for publication bias. We had complete retrieval

of identified research. However, our search may have

NOTE: Weights are from random effects analysis

.

.

Sanitation

Golding

Urassa

Taguchi

Subtotal  (I-squared = 0.0%, p = 0.983)

Water

Golding

Urassa

Fikree

Taguchi

Subtotal  (I-squared = 57.5%, p = 0.070)

Author

1989

1995

2003

1989

1995

1997

2003

Year

Jamaica

Tanzania

Indonesia

Jamaica

Tanzania

Pakistan

Indonesia

Country

Other v. WC

Other v. flush

No facility v. any

Other v. piped

Not tap v. tap

Not potable v. potable

Not clean v. clean

Comparison

Adjusted

Crude

Adjusted

Crude

Crude

Crude

Best_estimate_type

3.16 (1.56, 6.41)

3.27 (1.52, 7.04)

2.90 (1.00, 7.70)

3.14 (1.98, 4.99)

2.04 (1.21, 3.46)

2.60 (1.70, 4.00)

1.50 (1.10, 2.10)

0.90 (0.39, 1.98)

Ratio (95% CI)

Odds

100.00

23.73

28.27

33.72

14.27

100.00

Weight

%

1.75 (1.21, 2.54)

Ratio (95% CI)

Odds

42.93

36.49

20.58

Weight

%

1.5 7.7

Adjusted

Figure 2 Meta-analysis and pooled odds ratios for the effect of toilet and water facilities on maternal mortality in individual-level
studies.
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missed studies which reported results in the text, but

where water or sanitation was not listed in the title, key-

words or abstract. Studies of maternal mortality that used

composite measures of socio-economic status incorporat-

ing water or sanitation may not have estimated or

reported the effect of these two exposures separately. It is

also possible that studies that failed to find an association

did not report the crude or adjusted estimates, or were

not submitted for publication or not published. All

identified studies assessed a large number of general

risk factors for maternal mortality, except the study by

Cheng et al., which looked specifically for the effect of

water and sanitation on maternal, infant and child

mortality. This may have led to an overrepresentation

of studies that found a statistically significant

association between a water exposure or a sanitation

exposure and maternal mortality in the published

literature.

If the effects of sanitation and water on maternal mor-

tality are real, we need to understand the mechanisms

through which they operate. The most obvious potential

mechanism is puerperal sepsis introduced at the time of

delivery through unhygienic environment or practices.

Clinical guidelines require practice of hand-hygiene

around delivery, and lack of availability of water and

sanitation infrastructure in the location of delivery may

inhibit or preclude consistent adherence (World Health

Organization 2009). All the studies identified in this

review, except Galadanci et al., assessed water or sanita-

tion in the home environment, irrespective of where the

delivery took place. None of the included studies directly

considered the role of water and sanitation infrastructure

as determinants of hygienic practice during pregnancy

and childbirth. To assess whether infection was intro-

duced at the time of delivery, we would need to consider

exposure at the place of delivery, an analysis not avail-

able in the studies identified. The Golding et al. study

identified a larger effect size of both poor water and poor

sanitation on combined infection and haemorrhage

deaths compared with all deaths, suggesting this direct

infection route at the time of delivery is plausible. How-

ever, this cause of death category is broad and includes

causes beyond puerperal sepsis.

Other infections during pregnancy and the puerpe-

rium, such as influenza (linked to poor hand-hygiene),

malaria (mosquitoes can breed in open water sites) or

hookworm (common in environments with heavy faecal

contamination), could also arise in poor water or sani-

tation environments. Looking at the time of death (i.e.

deaths occurred during pregnancy, delivery or post-par-

tum) and causes of death (e.g. severe anaemia) could

elucidate whether the association is a direct effect of

puerperal sepsis introduced at the time of delivery or

via some other infectious mechanism. Furthermore,

non-infectious routes affecting health during pregnancy

could also be implicated, for instance, as a result of

chemical contamination of drinking water, physical

effects of carrying heavy water loads, or other harmful

behaviours related to unavailability of sufficient quanti-

ties of water or conveniently located improved sanita-

tion facilities.

Another potential mechanism includes the long-term

effects of infectious and non-infectious exposures related

to poor water and sanitation experienced in utero, dur-

ing childhood or pre-pregnancy, leading to long-term

harms complicating pregnancy and childbirth. For

instance, repeated childhood infections may lead to

stunting, short adult stature and an increased risk of

obstructed labour leading to death. Graham et al.’s

findings that a sibling’s water and sanitation

environment is a risk factor for maternal mortality in

the majority of DHS surveys assessed may partly

reflect such shared water and sanitation exposures in

childhood.

To identify the mechanisms of effect implicated in

these associations, further research is needed to elucidate

which specific causes of maternal mortality are associated

with poor water, sanitation or both. Two studies which

considered the effects of different types of sanitation

(Urassa et al.) and water access (Golding et al.) found a

dose–response relationship, suggesting that not just access

is important, but also the quality of that access. In addi-

tion to analysing the water and sanitation environment in

the place of delivery to elucidate the effects of the direct

infectious route, a wider approach could be adopted to

assess the association of maternal mortality with water

exposure and/or sanitation exposure at various points in

the life course, as related to the pathway(s) under investi-

gation. If both biological and social (behavioural) mecha-

nisms on the individual as well as population level

underpin the association between poor water or sanita-

tion environments and maternal mortality, the strength of

association and size of effect would be expected to differ

in various contexts. This is especially the case in those

with different attributes (prevalence, quality, quantity,

distance to water or sanitation facilities) of improved

water and sanitation, as well as cultural and hygienic

behaviours related to water and sanitation. Studies in a

variety of contexts would help clarify the potential

mechanism.

In summary, there is a critical need for more research

to explicitly explore water and sanitation, its character-

istics and associated hygiene practices (individual as well

as societal) as risk factors, as well as the multiple
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plausible pathways (including lifelong and intergenera-

tional) that might explain the associations reported for

a variety of cause-specific mortality outcomes. A better

understanding of the mechanisms and the long-term and

short-term risks that poor water and sanitation present

will help identify appropriate interventions. The SHARE

consortium is undertaking such analyses in three

countries.

Conclusion

The importance of water and sanitation to health is well

known, and the link between hand-hygiene and infection

during childbirth and in the post-partum period was dem-

onstrated over 200 years ago. However, the contributions

of water and sanitation in general to maternal mortality

are poorly understood, as are the direct and indirect

mechanisms linking them. This systematic review identi-

fied 14 studies published since 1980 exploring links

between water or sanitation or both and maternal mor-

tality. Our meta-analysis of individual-level studies and

synthesis of evidence from ecological and facility-based

studies suggests evidence of an association between

increased maternal mortality and poor sanitation

environment, as well as an association with poor water

environment.

The findings reported here are pertinent to two tradi-

tionally distant areas of public health policy: water and

sanitation, and maternal health. This distance may be

due in part to maternal health being largely the domain

of medicine and midwifery, and water and sanitation one

of infrastructure and engineers. The evidence reviewed

suggests that there are potentially important linkages

between the water and sanitation environment and

maternal mortality, and this is relevant to all concerned

with the broader public health outcome of reducing

maternal mortality. It is possible to make policy recom-

mendations even in the absence of further research, and

there is room for increasing the scope of collaboration

between the water and sanitation and maternal health

efforts. There is an urgent and undisputable need to

ensure that healthcare facilities have adequate sanitation

and water availability. However, this review suggests that

even if the main maternal health strategy is to increase

the proportion of facility deliveries, we must also con-

sider the water and sanitation environment in house-

holds.

Although the MDG7 water target was declared met in

2010, 780 million people remain without safe water and

2.5 billion people are estimated to live without access to

improved sanitation (UNICEF 2012). If women with

poor sanitation at home indeed have three times higher

maternal mortality, and the relationship is causal, a siz-

able number of maternal deaths may be averted by

improving access to water and sanitation. Finally, we

must go beyond solely identifying the mechanisms and

estimating of effect size and population attributable frac-

tion of poor water and sanitation on maternal mortality.

Living, working and receiving health care in poor quality

water and sanitation environments is an affront to

women’s (and men’s) dignity, human rights, as well as a

preventable cause of reproductive morbidity, mortality

and poor mental health. While more research on the spe-

cific links to maternal mortality will strengthen our

understanding and response, efforts to improve the provi-

sion of water and sanitation should not be stopped or

delayed.
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