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Abstract

Background: Water and sanitation access are known to be related to newborn, child, and maternal health. Our
study attempts to quantify these relationships globally using country-level data: How much does improving access
to water and sanitation influence infant, child, and maternal mortality?

Methods: Data for 193 countries were abstracted from global databases (World Bank, WHO, and UNICEF). Linear
regression was used for the outcomes of under-five mortality rate and infant mortality rate (IMR). These results are
presented as events per 1000 live births. Ordinal logistic regression was used to compute odds ratios for the
outcome of maternal mortality ratio (MMR).

Results: Under-five mortality rate decreased by 1.17 (95%CI 1.08-1.26) deaths per 1000, p < 0.001, for every quartile
increase in population water access after adjustments for confounders. There was a similar relationship between quartile
increase of sanitation access and under-five mortality rate, with a decrease of 1.66 (95%CI 1.11-1.32) deaths per 1000, p <
0.001. Improved water access was also related to IMR, with the IMR decreasing by 1.14 (95%CI 1.05-1.23) deaths per 1000,
p < 0.001, with increasing quartile of access to improved water source. The significance of this relationship was retained
with quartile improvement in sanitation access, where the decrease in IMR was 1.66 (95%CI 1.11-1.32) deaths per 1000, p
< 0.001. The estimated odds ratio that increased quartile of water access was significantly associated with increased
quartile of MMR was 0.58 (95%CI 0.39-0.86), p = 0.008. The corresponding odds ratio for sanitation was 0.52 (95%CI 0.32-
0.85), p = 0.009, both suggesting that better water and sanitation were associated with decreased MMR.

Conclusions: Our analyses suggest that access to water and sanitation independently contribute to child and
maternal mortality outcomes. If the world is to seriously address the Millennium Development Goals of reducing
child and maternal mortality, then improved water and sanitation accesses are key strategies.
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Background
A World Health Organization (WHO) report found that
almost one tenth of the global disease burden could be
prevented by improving water supply, sanitation, hygiene
and management of water resources [1]. Another esti-
mate reports that 4.0% of all deaths and 5.7% of total dis-
ability-adjusted life years can be attributed to water,
sanitation, and hygiene [2]. In addition, water quality and

safety related to environmental chemicals adds to the
considerable disease burden [3,4]. Although these reports
and others have calculated disease burden related to poor
water supply, sanitation, and hygiene there has not been
a quantification of the improvement in health related
outcomes due to improvements in water supply and sani-
tation. Quantification would further support the impor-
tance of investing in water and sanitation as a
development strategy and would provide a mechanism
for monitoring progress.
Worldwide, 1.4 million children die each year from

preventable diarrheal diseases and some 88% of diarrhea
cases are related to unsafe water, inadequate sanitation,
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or insufficient hygiene [2,5]. In addition, there are 860
000 preventable child deaths per year due to malnutri-
tion. Childhood underweight, defined as weight two
standard deviations below the mean, is implicated in
35% of all deaths of children under the age of five
worldwide, or about 70 000 deaths per year [5,6]. An
estimated 50% of this underweight or malnutrition is
associated with repeated diarrhea or with intestinal
nematode infections as a result of unsafe water, inade-
quate sanitation or insufficient hygiene [5]. Children
also bear 54% of the burden of illness from environmen-
tal exposure to chemicals–estimated to be 4.9 million
deaths in total worldwide–some of which is caused by
exposure through contaminated water [3].
Pregnant women face a similar, equally dire situation,

particularly because of their vulnerability to anemia, vita-
min deficiency, trachoma and hepatitis, all of which can
lead to increased morbidity and mortality [7]. The provi-
sion of safe water for medical purposes to treat such ill-
ness can improve newborn and child health in addition
to maternal health [8]. Currently, health centres provid-
ing maternal and delivery care can expose women to
unsafe water, poor sanitation and poor management of
medical waste: 15% of all maternal deaths are caused by
infections in the 6 weeks after childbirth and have mainly
been found to be due to unhygienic practices and poor
infection control during labour and delivery [9].
Despite the importance of water and sanitation and

the availability of interventions, 2.6 billion people in the
world currently lack access to basic sanitation, while 884
million people lack access to safe drinking water [10,11].
In order to promote access to improved water and sani-
tation, the Millennium Development Goals (MDG),
including access to safe drinking water and basic sanita-
tion (target 7 C), infant and child health (MDG 4), and
maternal health (MDG 5) guide development and plan-
ning policies [12].The MDGs, along with suggested indi-
cators for measure progress, are as follows:

MDG 4: Reduce child mortality
Target 4A: reduce by two thirds, between 1990
and 2015, the under-five mortality rate
Indicator 4·1: under-five mortality rate
Indicator 4·2: IMR

MDG 5: Improve maternal health
Target 5A: reduce by three-quarters, between
1990 and 2015, the MMR
Indicator 5·1: MMR

MDG 7: Ensure environmental sustainability
Target 7C: halve, by 2015, the proportion of peo-
ple without sustainable access to safe drinking
water and basic sanitation
Indicator 7·8: proportion of population using an
improved drinking water source

Indicator 7·9: proportion of population using an
improved sanitation facility [12].

Despite progress, the WHO/UNICEF Joint Monitoring
Programme reported that at the current rate, the world
will miss the MDG sanitation target by 13%, with 2.7
billion people lacking basic sanitation [11]. Even if the
target is met, there will still be 1.7 billion people with-
out access to improved sanitation [11]. More positively,
the world will meet the MDG water target at the cur-
rent rate [11]. However, even if the goal is met by 2015,
there will still be 672 million people without access to
improved water sources [11].
Although links have been made between water and

sanitation and newborn, child, and maternal health,
there have not been studies quantifying these relation-
ships globally using country-level data [13]. Will, for
example, the failure to provide water and sanitation jeo-
pardize the achievement of MDG four and five? In this
paper, we take the first steps towards quantifying the
relationship between water and sanitation and infant,
child, and maternal mortality: How much does safe
water and sanitation contribute to these mortality out-
comes on a global scale? This quantification would
further enforce the importance of investing in water and
sanitation as a development strategy.

Methods
Data source
Country level data were collected for 193 countries from
several organizations including the World Health Orga-
nization Statistical Information System [14], United
Nations Children’s Fund Childinfo [15], and World
Bank Open Data [16].

Outcome variables
Four key outcome variables were explored in this analy-
sis: under-five mortality rate, IMR, MMR, and propor-
tion of under-five deaths due to diarrhea. Under-five
mortality rate is defined as the probability of a child
born in a specific year or period dying before reaching
the age of five per 1000 live births, if subject to age-spe-
cific mortality rates of that period [17]. The proportion
of under-five deaths due to diarrhea is estimated by the
WHO based on the causes of death that are entered on
the medical certificate of cause of death in countries
and recorded by the civil (vital) registration systems. For
the analyses, the concept of the ‘underlying cause of
death’ is defined by ICD. In countries with incomplete
or no civil registration, causes of death are those
reported as such in epidemiological studies that use ver-
bal autopsy algorithms to establish cause of death [18].
IMR is defined as the probability of dying between birth
and exactly 1 year of age, expressed per 1 000 live births
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[19]. MMR is defined as number of maternal deaths per
100 000 live births during a specified time period,
usually 1 year [20]. All outcome variables were obtained
from the World Health Survey 2010, and the time per-
iod used for our analyses were from the year 2008.

Independent variables
The proportion of population with access to improved
water source and the proportion of population with
access to improved sanitation, as defined by the WHO/
UNICEF Joint Monitoring Programme, are our key pre-
dictors of interest. Data were obtained for the year 2008.
The following are detailed definitions of improved
access to water and sanitation:

Access to safe drinking water is measured by the
percentage of the population using improved drink-
ing-water sources.

• Improved drinking water source is a source
that, by nature of its construction, adequately
protects the water from outside contamination,
in particular from fecal matter. Common
examples:

○ Piped household water connection
○ Public standpipe
○ Borehole
○ Protected dug well
○ Protected spring
○ Rainwater collection

Access to sanitation is measured by the percentage
of the population using improved sanitation facilities.

• Improved sanitation includes sanitation facil-
ities that hygienically separate human excreta
from human contact.
• Access to basic sanitation is measured against
the proxy indicator: the proportion of people
using improved sanitation facilities (such as
those with sewer connections, septic system con-
nections, pour-flush latrines, ventilated improved
pit latrines and pit latrines with a slab or covered
pit)
• Shared sanitation facilities are otherwise-accep-
table improved sanitation facilities that are
shared between two or more households. Shared
facilities include public toilets and are not con-
sidered improved [11].

Other covariates included in the analyses are: Gross
National Income (GNI) 2008 [16]; total fertility rate per
woman 2008 [14]; WHO world region, adult literacy
rate 2000-2008 [14]; percentage of births attended by
skilled health personnel 2000-2008 [14]; percentage of
women who used antenatal care provided by skilled
health personnel for reasons related to pregnancy at

least once during pregnancy, as a percentage of live
births in a given time period 2000-2009 [14]; and deaths
(1 000’s) attributable to diarrheal diseases 2002 [14].

Missing data
Due to the limited available sample size of 193 coun-
tries, attempts were made to preserve the power of the
study. Percentage of missing data ranged from 0 to 32%
(62/193). Missing data were imputed using a Multiple
Imputation by Chained Equation (MICE) approach to
obtain a full dataset [21]. See Table 1 for summary sta-
tistics of all raw variables in the study, including the
number of missing values.

Statistical analyses
Linear regression and ordinal logistic regression models
were used. The generic model for the linear regression
is as follows:

yi = β1xi1 + β2xi2 + ... + βpxip + εi, i = 1, ..., n,

where y is the outcome variable, b’s are the parameter
coefficients, and x’s are the predictor variable or covari-
ates, and ε an error term.
The generic model for the ordinal logistic regression is

as follows:

Logit[P(y ≤ j)] = αj + β1x1 + β2x2 + . . . + βpxp + εi, j = 1, ...J − 1,

where b’s describe the effect of X on the log odds of
response (y) in category j or below. This model assumes
an identical effect of x for all j-1. In other words, it
assumes proportional odds. This model was chosen for
its potential for greater power and easier interpretations
compared to multi-category logit models [22].
In order to satisfy the underlying assumption of linear

regression, positively skewed variables including GNI,
total fertility per woman, under-five mortality rate, and
IMR were log-transformed to follow a symmetrical dis-
tribution. Where log transformation was not possible,
quartiles were created: MMR, proportion with access to
improved water source, proportion with access to
improved sanitation, adult literacy rate, and percent
births attended by skilled health personnel.
For continuous outcomes–log-transformed under-five

mortality rate and log-transformed IMR–linear regres-
sion model was used with estimates subsequently
retransformed to their natural units. For categorical out-
comes–MMR quartiles and percent under-five mortality
rate due to diarrhea quartiles–the ordinal logistical
regression model was used. To test the assumption of
proportional odds, the Stata Brant test for parallel
regression was performed [23]. Predictor variables and
confounders included in each analysis were based on
past literature and expert opinion. Highly correlated
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covariates as defined by r > 0.8 were not included in the
same equation. Akaike Information Criteria was used as
an additional aid to help determine the optimal regres-
sion equation. All statistical analyses were performed
using Stata 10.0.
In all cases, adjusted and unadjusted models were esti-

mated. Unadjusted models included only the dependent
variable and water (sanitation) on the right hand side.
Adjusted models accounted for developmental effects.
Water and sanitation were considered in separate mod-
els in this study. Due to considerable overlap between
the two variables, water and sanitation access often can-
celled each other in effect in test regressions. Their
simultaneous effect, therefore, was not explored.
A note about variable interpretations: from this point

on GNI and fertility rate per woman should be under-
stood to be log transformed values. In addition, the fol-
lowing variables are presented as quartiles: percent
under-five mortality due to diarrheal diseases, MMR,
proportion of population with access to improved water
source, proportion of population with access to
improved sanitation, adult literacy rate, deaths (in thou-
sands) due to diarrhea, and percent births attended by
skilled health personnel. In ordinal logistic regression,
odds ratios (OR’s) represent the odds of being in a
higher quartile of the outcome variable compared to a
lower quartile.

Results
In our analyses, increased access to improved water
sources was significantly associated with decreased

under-five mortality rate, decreased odds of under-five
mortality due to diarrhea, decreased IMR, and decreased
odds of MMR in our analyses (see Table 2 for univari-
able models and Table 3 for multivariable models and
results). Under-five mortality rate was seen to decrease
by 2.25 (95%CI 2.05-2.50) deaths per 1000 with
increased water access in the unadjusted regression.
After adjustments for GNI, fertility per woman, MMR,
and region of the world as potential confounders, this
decrease continued to be significant at p < 0.001, 1.17
(95%CI 1.08-1.26) deaths per 1000. The estimated odds
ratio that increased access to water was significantly
associated with increased odds of under-five child mor-
tality due to diarrhea was 0.20 (95%CI 0.14-0.28). This
odds ratio changed to 0.46 (95%CI 0.30-0.70), p < 0.001
in the adjusted model. IMR, in the unadjusted model,
decreased by 2.12 (95%CI 1.93-2.29) deaths per 1000
with increased access to improved water source. This
relationship retained its significance in the multivariable
analysis, and the decrease in IMR was 1.14 (95%CI 1.05-
1.23) deaths per 1000, p = 0.001. The estimated odds
ratio that increased water access was significantly asso-
ciated with increased MMR is 0.20 (95%CI 0.14-0.28).
This odds ratio was 0.58 (95%CI 0.39-0.86), p = 0.008 in
the adjusted analysis.
Increasing access to improved sanitation was signifi-

cantly associated with decreased under-five mortality
rate, decreased odds of under-five mortality due to diar-
rhea, decreased IMR, and decreased odds of MMR in
our analysis. Under-five mortality rate was seen to
decrease by 2.45 (95%CI 2.27-2.66) deaths per 1000 with

Table 1 Summary table of all variables used in regression analyses

Variable Mean Standard
Deviation

25th
percentile

50th
percentile

75th
percentile

Minimum
value

Maximum
value

Number of
missing values

% access to improved water
source

85.99 17.00 80 94 100 30 100 24

% access to improved sanitation 71.14 30.18 48 84 98 9 100 23

Under-five mortality rate (per 1
000 live births)

48.30 55.01 10 23 69 2 257 0

% under-five mortality due to
diarrheal disease

7.15 7.26 1 5 13 0 29 0

IMR (per 1 000 live births) 33.80 33.38 9 21 53 1 165 0

MMR (per 100 000 live births) 206.60 307.66 8 44 317 0 1600 24

GNI 10790.76 16203.34 1045 3730 11940 140 87070 9

Fertility per woman 2.88 1.44 1.80 2.40 3.85 1.20 7.10 1

Adult literacy rate 80.77 19.80 71 88.50 97 26 100 57

Deaths due to diarrhea (1 000’s) 8792.47 33797.29 0 300 5000 0 402200 7

% birth attended by skilled
health personnel

79.80 25.62 61 94.5 100 6 100 15

% using antenatal care (at least
1 visit)

85.37 16.56 80 91 97 16 100 62

Regions of the world is a categorical variable. Its values are defined as the following: 1-African Region; 2-Europe; 3-Eastern Mediterranean; 4-Americas; 5-
Southeast Asia; 6-Western Pacific
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increasing access to sanitation quartile in the unadjusted
regression. After adjustments for GNI, fertility per
woman, MMR, and region of the world as potential con-
founders, this decrease continued to be significant at p <
0.001, 1.66 (95%CI 1.11-1.32) deaths per 1000. See Table
2 for univariable results and Table 3 for the multivari-
able models and results. The estimated odds ratio that
increased access to sanitation was significantly asso-
ciated with increased odds of under-five child mortality
due to diarrhea was 0.20 (95%CI 0.14-0.28). This odds
ratio changes to 0.66 (95%CI 0.41-1.05), p = 0.08 in the
adjusted model. IMR, in the unadjusted model,
decreased by 2.29 (95%CI 2.12-2.48) deaths per 1000

with increasing access to improved sanitation. This rela-
tionship retained its significance in the multivariable
analysis, and the decrease in IMR was 1.66 (95%CI 1.11-
1.32) deaths per 1000, p < 0.001. The estimated odds
ratio that increased sanitation access was significantly
associated with increased MMR is 0.14 (95%CI 0.10-
0.20). This odds ratio was 0.52 (95%CI 0.32-0.85), p =
0.009 in the adjusted analysis.

Discussion
Our analyses show interesting and statistically significant
relationships between water and maternal, infant, and
child mortality. Increasing access to water and sanitation

Table 2 Unadjusted Regressions

Coefficient (95% Confidence interval (CI)) p-value

Predictor: proportion of population with access to improved water sourcea

Under-five mortality rate (per 1 000 live births) -2.25 (-2.50,-2.05)b < 0·001

% under-five mortality due to diarrheaa OR:0·20 (0·14, 0·28)c < 0·001

IMR (per 1 000 live births) -2.12 (-2.29,-1.93) < 0·001

MMRb (per 100 000 live births) OR:0·20 (0·14, 0·28) < 0·001

Predictor: proportion of population with access to improved sanitationa

Under-five mortality rate (per 1 000 live births) -2.45 (-2.66,-2.27) < 0.001

% under-five mortality due to diarrheaa OR: 0.20 (0.14, 0.28) < 0.001

IMR (per 1 000 live births) -2.29 (-2.48,-2.12) < 0.001

MMRb (per 100 000 live births) OR: 0.14 (0.10, 0.20) < 0.001
avariable divided into quartiles
bSample interpretation: under-five mortality rate is seen to decrease by 2.25 (95%CI 2.05, 2.50) with increasing quartile of proportion of population with improved
water access
cSample interpretation: the estimated odds ratio that increased population quartile access to water is significantly associated with increased odds of under-five
child mortality due to diarrhea is 0.20 (95%CI 0.14, 0.28)

Table 3 Adjusted Multivariable Regressions

Coefficient (95% Confidence interval (CI)) p-value

Predictor: proportion of population with access to improved water sourcea

Under-five mortality rateb (per 1 000 live births) -1.17 (-1.26,-1.08)f < 0.001

% under-five mortality due to diarrheaa, c OR: 0.46 (0.30, 0.70)g < 0.001

IMRb (per 1 000 live births) -1.14 (-1.23,-1.05) 0.001

MMRa, e (per 100 000 live births) OR: 0.58 (0.39, 0.86) 0.008

Predictor: proportion of population with access to improved sanitationa

Under-five mortality rateb (per 1 000 live births) -1.66 (-1.32,-1.11) < 0.001

% under-five mortality due to diarrheaa, c OR: 0.66 (0.41, 1.05) 0.08

IMRd (per 1 000 live births) -1.66 (-1.32,-1.11) < 0.001

MMRa, e (per 100 000 live births) OR: 0.52 (0.32, 0.85) 0.009
avariable divided into quartiles
blinear regression, controlled for GNI, fertility per woman, maternal mortality ratio, region of the world
cordinal logistic regression, controlled for GNI, deaths due to diarrhea (1 000 s), MMR, region of the world
dlinear regression GNI, fertility per woman, MMR, region of the world
eordinal logistic regression controlled for GNI, fertility per woman,% births attended by skilled health personnel, region of the world
fSample interpretation: under-five mortality rate is seen to decrease by 1.17 (95%CI 1.08, 1.26) with increasing quartile of percent of population with improved
water access
gSample interpretation: the estimated odds ratio that increased population quartile access to water is significantly associated with increased odds of under-five
child mortality due to diarrhea is 0.46 (95%CI 0.30, 0.70)
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are significantly associated with decreases in the nega-
tive health outcomes of interest, namely under-five child
mortality, under-five child mortality due to diarrhea,
IMR, and MMR. These associations remain significant
after adjusting for known and expected confounders,
except in the case of under-five mortality due to diar-
rhea and poor access to sanitation. For the linear out-
comes, under-five mortality rate and IMR, the R2 value
stands at 91% and 89%, respectively, for both access to
water and sanitation. This allows confidence that the
models account for a large part of the variability in the
outcome measures. This is not to say that access to
improved water and sanitation account for such high
percentages of the outcome, but that in they do so in
combination with all other variables. Indeed, we see that
the partial R2 of water access is 8.86% for under-five
mortality rate, and 5.82% for IMR. Sanitation access
shows partial R2 of 9.23% for under-five mortality rate,
and 8.38% for IMR. A similar measure cannot be calcu-
lated for ordinal logistic regression, although the regres-
sions were highly significant as measured by the log-
likelihood.
Under-five mortality rate is significantly related to

increasing water access, decreasing by 1.17 deaths per
1000, after adjustments for GNI, fertility per woman,
MMR, and region as potential confounders. A similar
relationship is seen for sanitation access and under-five
mortality rate, with a decrease of 1.66 deaths per 1000.
We then performed an additional analysis of under-five
mortality rate due to diarrhea since diarrhea is the sec-
ond leading cause of death in children under five [5].
We found that increased access to water is significantly
associated with decreased odds of under-five child mor-
tality due to diarrhea, supporting the argument that
water access is significantly associated with decreased
odds of diarrhea mortality. Children are more suscepti-
ble to poor outcomes from diarrhea–such as life-threa-
tening dehydration–in part because water makes up a
larger percentage of their body weight [5]. Diarrhea can
also contribute to under-nutrition through mal-absorp-
tion. Diarrhea, along with nematode infections caused
by poor sanitation, can lead to 3.5 million under-five
child deaths per year [5]. A World Bank publication
found that in the absence of diarrhea, the nutritional
status of those who are undernourished improves
quickly [24]. These known relationships between water,
sanitation and child health support the relationships
identified in our models.
Access to water and sanitation have also been found

to be related to IMR, with the IMR decreasing by 1.14
deaths per 1000 with increasing access to improved
water source. This relationship retains its significance in
the sanitation analysis, where the decrease in IMR was
1.66 deaths per 1000. This pattern of findings can be

explained in several different ways. Access to clean
water is essential for mothers who do not breastfeed;
the use of dirty containers and unsafe water for formula
preparation puts infants’ health at risk. Infants who are
not breastfed are six times more likely to die from infec-
tious diseases, including diarrhea, in the first 2 months
of life than those who are breastfed [25]. In addition,
many basic birth practices, including hand washing, can
affect infant mortality outcomes [26]. Unhygienic prac-
tices and poor infection control have also been shown
to influence maternal mortality, which in turn will have
an effect on infant mortality, as evidence shows that
children who lose their mother are 10 times more likely
to die before their second birthday [8,27].
The estimated odds ratio that increased water access is

significantly associated with increased MMR is 0.58 in the
adjusted analysis. The corresponding odds ratio for sanita-
tion is 0.52. Both odds ratios suggest that better access to
water and sanitation are associated with decreased mater-
nal mortality. Several reasons articulated in the scientific
literature may contribute to this relationship. Better water
quality and sanitation help women to reduce physical bur-
dens of carrying water, which translates into improvement
in the expectant mothers’ health. This improvement in
maternal health in turn enables parents to provide better
care to their children as they themselves are less vulner-
able to diseases. In addition to being vulnerable to water
and sanitation related disease such as anemia, vitamin
deficiency, trachoma and hepatitis, the effects of such ill-
nesses can be more serious. For example, anemia and
associated nutritional deficiency can contribute to up to
20% of maternal deaths [28]. Maternal mortality can also
be increased by exposure to unsafe water and sanitation
and poor management of medical waste in health centers.
Half of all infection-related deaths can be averted by hygie-
nic childbirth techniques employed by skilled birth atten-
dants. Both clean water and skilled birth attendants are
necessary for lower maternal mortality [29].
Our study is an observational and cross-sectional

study based on major databases from international
sources. We have found strong associations between
access to water and sanitation and child, infant, and
maternal mortality on a global scale. This is supported
by previous literature on smaller scales and reinforces
the importance of water and sanitation access to child,
infant, and maternal mortality. Due to the ecological,
observational nature of the study, this relationship can-
not be proven to be causal, though there is a strong sug-
gestion of the interconnections. Such connections
should be explored with longitudinal analyses to deter-
mine the causative relationships.
Ecological studies such as this one have been viewed

unfavorably within the epidemiological literature. They
have been criticized because of ecological fallacy and the
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problem of geographic scale, the lack of statistical rigor,
and the inability to appropriately define risks or health
measures [30,31]. However, despite the disadvantages of
ecologic studies, there are also a number of advantages,
including the ability to study a large population and to
address questions of environmental health before turning
to expensive and intensive case-control or cohort studies
[30]. For example, ecological studies of mortality and
morbidity at the regional scale (including counties) have
demonstrated important findings, while generating new
avenues of research at the same time [30,32-38]. In parti-
cular, ecologic studies provide a relatively inexpensive
way to examine regional variations in the health of large
populations. While the authors fully recognize the weak-
nesses of this approach, there is significant value to this
type of analysis in determining the relationships studied
on a global scale. The associations between water and
sanitation and health outcomes need to be further eluci-
dated with longitudinal approaches and controlled stu-
dies. Other types of analyses were considered, such as a
time series comparison. However, with the large amount
of missing data on the global scale, the level of uncer-
tainty added by other approaches was considered by our
group to be too large. With current available data, this
approach was considered the most suitable and the best
available by the authors for the research question posed.
An issue we were not able to address in our models is

the rural-urban divide. The known differences in water
and sanitation access, as well as mortality outcomes
between rural and urban areas cannot be examined
through country-level analysis. These differences may lead
to bias in our calculations, especially in countries where
rural and urban populations experience large differences
in the indicators we used. Similar issues exist for other
types of heterogeneity within a country–such as gender,
race, and cultural differences. Lastly, we did not assess
water quality and safety related to environmental chemi-
cals (eg, exposure to arsenic from drinking water in deep
wells). While exposure to toxic chemicals in drinking
water adds further to the considerable disease burden
[3,4], this area was beyond the scope of our study. One
element that is crucial to this type of analysis is the quality
of the data collected by the various countries. Does access
to improved water source mean safe water? What does
safe water really mean? Are the current measurements of
water access the most useful? The rapid assessment of
drinking-water quality (RADWQ) measurement is an
alternative to the current measurement of access. How-
ever, RADWQ is not economically viable to perform glob-
ally, and carries with it opportunity costs [39]. A cost-
effective and meaningful measurement for safe water is yet
to be determined. Sanitation indicators are even more dif-
ficult to measure. The current standard for improved sani-
tation measures access, not use. Both water and sanitation

indicators are only estimates of what we hope to measure.
Similarly, there are numerous impediments to having an
accurate assessment of MMR, as noted in a recent article
by Hogan et al. [40], while infant and child mortality data
are often lacking or have very low coverage for countries
with high mortality rates [41,42]. New tools and methods
need to continue to be developed for better measure and
monitor the global situation of water, sanitation, and
infant, child and maternal mortality outcomes; our analysis
along with past literature strongly support the existence of
such relationships.

Conclusions
Our analyses show interesting and statistically significant
relationships between access to water and sanitation and
maternal, infant, and child mortality. With this knowl-
edge, plans for development should include improving
water and sanitation access. This will allow fuller
achievement in MDGs four and five–improving child
and maternal health.
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