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Abstract
Background: Water, sanitation and hygiene have a very important role in public health. Poor sanitation is the

cause of water contamination, which causes many types of diseases. The aim of this paper was to present the
attributable death and disability adjusted life year (DALYs) of untreated water and insanitary environments
from 1990 to 2010 in Iran.

Methods: In the Global Burden of Disease 2010 study, using the comparative risk assessment, the proportion
of death and DALYs attributable to untreated water source and insanitary environment has been calculated in
1990 to 2010. The certain outcomes were intestinal infectious diseases for both untreated water source and in-
sanitary environments. Estimated attributable deaths and DALYs were reported with 95% uncertainty interval
(UI).

Results: DALY number for untreated water source and insanitary environments was 5838 (95% UI: 198-
14837) in 1990, which decreased to 326 (95% UI: 9-863) in 2010 and the percent of decrease was 94.42%. In
addition, DALY rate was 5667 (95% UI: 192-14402) DALY per 100,000 in 1990, which decreased to 453 (95%
UI: 13-1199) DALY per 100,000 in 2010 and the percent of the reduction was 92.01%. The greatest percentage
of decrease in the attributed number of deaths was also found in the late neonatal age group (95.45%).

Conclusion: A significant decrease has occurred in a number of DALYs and deaths between 1990 and 2010,
which was attributed to the development of new water systems and environmental sanitations in Iran.
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Introduction
Water is crucial for all aspects of life.

Failure to ensure drinking-water safety may
expose the community to the risk of out-
breaks of intestinal and other infectious
diseases. Water-borne diseases are caused
by ingestion of contaminated water with
pathogens contained in human or animal
excreta. The disease burden of unsafe wa-
ter, sanitation and hygiene (WSH) was first
estimated at a global level in 1990 (1).
More recently, the impact of WSH on the
disease has been reassessed in a more com-
prehensive way (2), which estimated that
almost one tenth of the global burden of
disease could be attributed to water, sanita-
tion and hygiene. Poor sanitation is the
cause of water contamination, which causes
many types of diseases. If sewage treatment
is not appropriate, water related diseases
would spread to the human environments.

Diseases associated with untreated water,
poor sanitation and hygienic conditions
comprise on average 6-7% of the annual
mortality in developing countries (3). Some
researches suggest that WSH interventions
are effective and capable of delivering large
health benefits to target populations (4,5).
Prüss et al. estimated the disease burden
from water, sanitation and hygiene to be
4.0% of all deaths and 5.7% of the total
disease burden occurring worldwide, taking
into account diarrheal diseases, schistoso-
miasis, trachoma, ascariasis, trichuriasis,
and hookworm disease. (6). Most water-
borne diseases cause diarrheal illness. Ac-
cess to safe drinking water, basic sanitation
and proper hygiene could not only prevent
diarrheal diseases by nearly 90% (7) but
may also lead to improved health, poverty
reduction and socio-economic develop-
ment.

Owing to the increased attention to the
impact of environmental pollutants on hu-
man health, the environmental health risk
assessment has gradually become a neces-
sary approach before risk control and risk
management (8,9). Therefore, with regards
to the environmental pollution effect on
health, the adoption of quantifiable indica-

tors, such as the disability adjusted life year
(DALYs), is necessary for the assessment
of health impact caused by environmental
contaminants (10).

DALYs has been widely used since 1990s
to assess global or regional burden of dis-
eases. Many environmental pollutants are
hazardous to human health, so DALYs is
recognized as an indicator to quantify the
health impact of these pollutants related to
disease burden (11). DALYs measure the
population impact of specific health condi-
tions, accounting for both premature death
and morbidity. In addition, environmental
risk factors play an important role in the
burden of disease, both globally and na-
tionally (12). As a disease burden indicator,
DALYs combines the estimation of time
lived with disability and time lost due to
premature mortality with adjustment by a
set of social preference values (13). WHO
and World Bank developed DALYs to
quantify the disease burden and injury on
human populations in the Global Burden of
Disease (GBD) study (14).

One of the most important advantages of
using the DALYs is its aggregation of dif-
ferent impacts on the quality and quantity
of life and its focus on actual outcomes ra-
ther than potential risks, so it supports ra-
tional public health priority setting. DALYs
can be used to define tolerable burden of
disease and the related risk (15). Exposure
to contaminants may also cause health loss;
DALYs was used to quantify the impacts of
this environmental pollution (16-19). The
aim of this paper was to present the global
assessment of untreated water and insani-
tary environment attributable death and
DALYs by sex and age from 1990 to 2010
for Iran. The impact of the development of
water and wastewater treatment plants, wa-
ter distribution systems and sewerage col-
lection systems on burden of disease and
the amount of DALYs number were also
investigated over this period in Iran.

Methods
The GBD study in 2010 was a compre-

hensive effort with a standard basis and
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structure of collecting data, modeling, and
processing estimations, which are ex-
plained elsewhere (3,20-26). The data and
methods used for a wide set of risk factors
to compute global and regional compara-
tive risk assessment of death and disease
burden attributable to particular defined
risk factors such as untreated water and
sanitation are also described in detail (3).

There were five main steps for estimation
of disease burden due to risk factors ac-
cording to the basic approach of the GBD
study in 2010. In the first step, risk–
outcome pairs were selected to enter the
analysis based on the criteria for causal as-
sociation. The definition of untreated water
source was “proportion of households using
an unimproved water source (unprotected
wells or springs, vendor-provided water,
tanker trucks, surface water, and other un-
specified sources)”, and insanitary envi-
ronment was defined as “proportion of
households using unimproved sanitation
(traditional latrines, open latrines without
squatting slabs, bucket latrines, hanging
latrines, open defecation or no facilities,
and other unspecified facilities). The certain
outcomes were intestinal infectious diseas-
es for both unimproved water source and
unimproved sanitation (3).

Second, the distribution of exposure to
each risk factor was estimated by means of
doing a systematic search to identify pub-
lished and unpublished data sources. Popu-
lation surveys and censuses were the main
data sources for untreated water source as
well as unimproved sanitation (3). Statisti-
cal models were developed to use the exist-
ing data for exposures in countries for sev-
eral years and for sex and different age
groups to generate a complete and compre-
hensive dataset of exposure distributions.
The exposure estimation method for unim-
proved water source and unimproved sani-
tation was Spatiotemporal Gaussian process
regression (27-29). Extensive ranges of co-
variates originating from covariates in da-
tabases generated at the Institute for Health
Metrics and Evaluation (IHME) for the
GBD 2010 were defined, and the analysis

considered important study characteristics
to estimate the distribution of exposure to
risk factors (3).

In the third step, effect size per unit of
exposure for each risk-outcome pair was
assessed. The source of relative risk to pro-
vide effect sizes for untreated water source
and insanitary environment was based on
new meta-analysis. The epidemiological
evidence for the effects of water and sanita-
tion was revised by reviewing the relation
between water, sanitation and hygiene and
diarrhea, regarding previous reviews
(17,29,30,32) and a meta-regression was
done for studies, which was designed to
adjust for intervention and baseline group
characteristics (3).

Using the theoretical-minimum-risk ex-
posure distributions for alternative compar-
ison was the next step. For untreated water
source and unimproved sanitation, the theo-
retical-minimum-risk exposure distribu-
tions were as follows: “All households use
a safe water source (household connection,
a public tap or standpipe, a tube well or
borehole, a protected well or spring, or
rainwater collection), and “All households
use improved sanitation (public sewers,
septic systems, flush or pour-flush facilities,
ventilated improved latrines, simple pit la-
trines with squatting slabs, and composting
toilets)”, respectively.

Finally, mortality and disease burden at-
tributable to risk factors (population at-
tributable fraction) were calculated through
comparing the current distribution of expo-
sure to the theoretical minimum risk expo-
sure distribution for each year, sex, age
group and cause. Uncertainty in the esti-
mates was also assessed by simulation
analysis to take 1000 draws from the poste-
rior distribution of exposure, relative risk,
and each related outcome for each country,
year, sex and age. At the end, the mean
deaths and DALYs caused by each risk fac-
tor and the mean rank for the risk factors in
the ranking list were calculated (3). Uncer-
tainty in the exposure estimates, relative
risks, theoretical minimum risk distribu-
tions and uncertainty in the relevant out-
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come rates were distributed into the final
estimates.

Results
There was a significant decline in DALYs

number and DALYs rate attributable to un-
treatedwater and insanitary environment
from 1990 to 2010. The highest percentage
of decrease was demonstrated in the late
neonatal age group. The number of DALYs
decreased (94.42%) from 5,838 (95% UI:
198-14,837) in 1990 to 326 (9-863) in
2010. In addition, the rate of DALYs de-
clined (92.01%) from 5,667 (95% UI: 192-
14,402) per 100,000 in 1990 to 453 (13-
1,199) per 100,000 in 2010.  There was al-
so 75.0% reduction in the age-standardized
DALYs rate per 100,000 population over
this period (Table 1).

The greatest percentage of decrease in the
attributed number of deaths was also found
in the late neonatal age group (95.45%),
which was 66 (95% UI: 2-169) in 1990 and
declined to 3 (95% UI: 0-9) in 2010. The
age standardized death rate per 100,000
population decreased 100% as well as death

rate in some age groups such as 1-4 years
and 50-69 years (Table 2).

Years life lost (YLLs) number and years
lived with disability (YLLs) rate decreased
over this period in all age groups due to
upgrading water supply systems and envi-
ronmental sanitation. The highest decrease
was also observed in the age group of late
neonatal. The number of YLLs declined
(95.43%) from 5,694 (95% UI: 191-14,553)
in 1990 to 260 (7-744) in 2010, and the rate
of YLLs decreased (93.47%) from 5,527
(95% UI: 185-14,126) per 100,000 in 1990
to 361 (10 -1,034) per 100,000 in 2010.
Furthermore, the decrease in the age stand-
ardized YLLs rate per 100,000 population
was 84.09% (Table 3).

The highest percentage of decrease in
YLDs number and YLDs rate due to un-
treated water and insanitary environment
was found in the age group of 5-14 years,
59.98% and 41.67%, respectively. The re-
markable point was that the number of
YLDs increased in the age group of 15-49
years and higher, while the rate of YLDs
decreased in all age groups. The age stand-

Table 1. DALYs Rate and Number Attributed to Unimproved Water and Sanitation in Iran in 1990 and 2010
Ages Number of DALYs Rates of DALYs (per 100,000)

1990 2010 %Δ1 1990 2010 %Δ1

Early Neonatal 2,706[95-6,951] 221[6-625] -91.83 7,799[274-20,032] 913[23-2,586] -88.29
Late Neonatal 5,838[198-14,837] 326[9-863] -94.42 5,667[192-14,402] 453[13-1,199] -92.01
Post Neonatal 44,026[1,341-106,742] 3,855[109-10,009] -91.24 2,661[81-6,451] 335[10-870] -87.41
1 to 4 27,186[964-62,117] 5,178[131-12,475] -80.95 370[13-845] 106[3-255] -71.35
Under 5 79,756[2,588-182,498] 9,581[264-22,877] -87.99 873[28-1,997] 156[4-373] -82.13
5-14 years 6,223[187-14,744] 2,025[53-5,125] -67.46 39[1-93] 19[0-47] -51.28
15-49 years 5,056[162-12,193] 5,625[158-13,651] 11.25 21[1-51] 12[0-30] -42.86
50-69 years 1,887[80-4,280] 1,187[34-2,765] -37.1 38[2-85] 14[0-32] -63.16
70+ years 810[29-1,814] 693[20-1,587] -14.44 86[3-192] 26[1-60] -69.77
All Ages 93,731[3,116-210,689] 19,111[509-44,603] -79.61 171[6-384] 26[1-60] -84.8
Age-standardized ------------------- -------------------- ----------- 108[4-243] 27[1-63] -75

DALY: Disability adjusted life year, 1 Between 1990 and 2010

Table 2. Deaths Rate and Number Attributed to Unimproved Water and Sanitation in Iran in 1990 and 2010
Ages Number of Deaths Rates of Deaths(per 100,000)

1990 2010 %Δ1 1990 2010 %Δ1

Early Neonatal 31[1-80] 2[0-7] -93.55 89[3-230] 10[0-27] -88.76
Late Neonatal 66[2-169] 3[0-9] -95.45 64[2-164] 4[0-12] -93.75
Post Neonatal 487[15-1,183] 33[1-88] -93.22 29[1-71] 3[0-8] -89.66
1 to 4 224[7-548] 21[1-55] -90.63 3[0-7] 0[0-1] -100
Under 5 808[25-1,844] 59[2-152] -92.7 9[0-20] 1[0-2] -88.89
5-14 years 57[2-142] 17[0-48] -70.18 0[0-1] 0[0-0] ..
15-49 years 52[2-137] 51[1-142] -1.92 0[0-1] 0[0-0] ..
50-69 years 49[2-114] 17[0-41] -65.31 1[0-2] 0[0-0] -100
70+ years 53[2-121] 37[1-89] -30.19 6[0-13] 1[0-3] -83.33
All Ages 1,019[33-2,284] 180[5-438] -82.34 2[0-4] 0[0-1] -100
Age-standardized ------------------- -------------------- ----------- 1[0-3] 0[0-1] -100

1 Between 1990 and 2010
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ardized YLDs rate per 100,000 population
also decreased 35.00% (Table 4).

Table 5 demonstrates the percentage of
DALYs, deaths, YLLs and YLDs attributed
to untreated water and unimproved sanita-
tion to total DALYs, deaths, YLLs and
YLDs in Iran, which decreased significant-
ly from 1990 to 2010.

Discussion
Recent World Health Organization

(WHO) estimates for children (0–14 years)
put the annual global diarrheal death toll at
over 1.8 million far in excess of the toll for
tuberculosis (81,000), malaria (844,000)
and HIV/AIDS (302,000) put together
(WHO 2008a). In addition, it has been es-
timated that 50% (range 39–61%) of the

malnutrition (i.e. under nutrition), burden
of disease alone is attributable to the envi-
ronment, mainly because of insufficient or
substandard water supply systems and poor
environmental sanitation provision (33).
WHO estimates of diarrheal mortality were
changed to DALYs using standard formu-
las from the global burden of disease study
(34). According to Table 1, a significant
decease has occurred in the number and
rate of DALYs between 1990 and 2010 due
to the development of new water systems
and environmental sanitations of urban and
rural areas in Iran. However, the number of
DALYs increased 11.25% in 15-49 age
group. Annette Prüss et al. estimated the
disease burden from water, sanitation and
hygiene to be 4.0% of all deaths and 5.7%

Table 3. YLLs Rate and Number Attributed to Unimproved Water and Sanitation in Iran in 1990 and 2010
Ages Number of YLLs Rates of YLLs(per 100,000)

1990 2010 %Δ1 1990 2010 %Δ1

Early Neonatal 2,658[92-6,876] 199[5-567] -92.51 7,661[265-19,816] 822[21-2,347] -89.27
Late Neonatal 5,694[191-14,553] 260[7-744] -95.43 5,527[185-14,126] 361[10-1,034] -93.47
Post Neonatal 41,787[1,259-101,490] 2,823[88-7,597] -93.24 2,525[76-6,133] 246[8-661] -90.26
1 to 4 18,801[626-45,955] 1,727[44-4,620] -90.81 256[9,-25] 35[1-94] -86.33
Under 5 68,941[2,129-157,387] 5,008[143-12,948] -92.74 754[23-1,722] 82[2-211] -89.12
5-14 years 4,383[139-10,995] 1,289[27-3,675] -70.59 28[1-69] 12[0-34] -57.14
15-49 years 3,018[116-7,963] 2,929[68-8,138] -2.95 13[0-33] 6[0-18] -53.85
50-69 years 1,248[51-2,905] 454[11-1,134] -63.62 25[1-58] 5[0-13] -80
70+ years 651[22-1,509] 382[10-904] -41.32 69[2-160] 14[0-34] -79.71
All Ages 78,242[2,488-176,979] 10,062[273-25,471] -87.14 143[5-323] 14[0-34] -90.21
Age-standardized ------------------- -------------------- ----------- 88[3-196] 14[0-36] -84.09

YLL: Years life lost, 1 Between 1990 and 2010

Table 4. YLDs Rate and Number Attributed to Unimproved Water and Sanitation in Iran in 1990 and 2010
Ages Number of YLDs Rates of YLDs(per 100,000)

1990 2010 %Δ1 1990 2010 %Δ1

Early Neonatal 48[2-115] 22[1-56] -54.17 138[5-330] 91[3-234] -34.06
Late Neonatal 144[5-367] 66[2-172] -54.17 140[5-356] 92[3-239] -34.29
Post Neonatal 2,239[82-5,539] 1,032[28-2,601] -53.91 135[5-335] 90[2-226] -33.33
1 to 4 8,385[287-20,403] 3,451[96-8,438] -58.84 114[4-278] 71[2-172] -37.72
Under 5 10,816[365-25,808] 4,572[133-11,332] -57.73 118[4-282] 74[2-185] -37.29
5-14 years 1,839[65-4,321] 736[23-1,888] -59.98 12[0-27] 7[0-17] -41.67
15-49 years 2,038[79-4,551] 2,696[83-6,662] 32.29 9[0-19] 6[0-15] -33.33
50-69 years 639[25-1,444] 734[22-1,810] 14.87 13[1-29] 8[0-21] -38.46
70+ years 158[6-361] 311[9-776] 96.84 17[1-38] 12[0-29] -29.41
All Ages 15,490[553-36,631] 9,049[275-22,109] -41.58 28[1-67] 12[0-30] -57.14
Age-standardized ------------------- -------------------- ----------- 20[1-47] 13[0-32] -35

YLD: Years lived with disability, 1 Between 1990 and 2010

Table 5. The Percentage of Total DALYs, Deaths, YLLs and YLDs due to Unimproved
Water and Sanitation in Iran from 1990 to 2010
In all ages, all causes and both genders 1990 2010
DALYs 0.43[0.01-0.99] 0.1[0-0.22]
Deaths 0.32[0.01-0.73] 0.05[0-0.13]
YLLs 0.49[0.02-1.14] 0.1[0-0.24]
YLDs 0.27[0.01-0.61] 0.1[0-0.24]

DALY:Disability adjusted life year; YLL: Years life lost; YLD: Years lived with disability
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of the total disease burden (in DALYs)
worldwide taking into account diarrheal
diseases, schistosomiasis, trachoma, ascari-
asis, trichuriasis and hookworm disease (6).

According to the results of Table 2,
deaths rate and number attributed to water
supply development and environmental
sanitation decreased from 1990 to 2010.
One of the reasons for this reduction may
be due to the development of water and
wastewater treatment plants by water and
wastewater company in Iran. Figure 1
shows the progress in construction of water
and wastewater treatment plants in Iran. Up
to 1997, this country had only 16
wastewater treatment plants (WWTPs), so

most of the wastewater discharged to the
environment and water bodies without any
treatment. At 2013, this number reached to
150 WWTPs, so too much proportion of the
wastewater was treated. Consequently, pol-
lution of water bodies and reservoir waters
decreased (Table 2).

Quality of consuming water is another
important parameter in reduction of
DALYs that have been considered in the
period of 1997-2010. In 1997, only in a few
big province centers, such as Tehran, Isfa-
han, Mashhad, Tabriz and Shiraz, the mu-
nicipal drinking water resources were treat-
ed by conventional water treatment (coagu-
lation, flocculation, slow/rapid sand filters

Fig.1. The Number of Constructed Water and Wastewater Treatment Plants in Iran from 1997 to 2013

Fig. 2. Development of Sewerage Pipeline and Water Distribution Systems Length from 1997 to 2013
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and chlorination). In other regions, the
manual chlorination was probably the only
treatment technology for potable waters.
However, in 2010, the number of cities
with water treatment plant was raised to
124 plants (Fig. 1). In these cities, conven-
tional treatment applied for water treat-
ment. Even in some rural communities, a
central water treatment plant is constructed
and operated for delivery of finished water
to cover populations. DALYs or disease
incidence rates can be used as a measure
for disease burden associated with known
levels of risk for a direct comparison be-
tween different risk-reduction strategies .
Another reason for the reduction in DALYs
number is attributed to the development of
water distribution systems and sewerage
pipelines. These two parameters have a
very important role in prevalence of some
diseases that are transmitted by water con-
sumption and pollution. In 1997, only a few
had access to fresh and treated water (Fig.
2), but in 2013 about 168,000 Km pipeline
delivered treated water to people. In addi-
tion, in 1997, Iran had only 9,900 meter
sewerage, but in 2013 it reached to 75,000
Km. sewerage systems have a very im-
portant role in the reduction of communi-
cable diseases by water (like cholera); and
this has been approved by many studies
(35,36).

Health care during pregnancy, birth and
infancy plays an important role in reducing
illness and complications due to childbirth.
Polluted water, poor environmental sanita-
tion and hygiene accounted for 62,800
deaths and 2.81 million DALYs in China in
2008. Most (83%) of the attributable dis-
ease burden and most (97%) of the deaths
occurred in young children. Diarrheal dis-
ease accounted for 98% of the attributable
DALYs. According to Elizabeth J Carlton
et al., unsafe water, poor sanitation and hy-
giene are particularly detrimental to the
health of young children, as they account
for 61,200 deaths and 2.33 million DALYs
in children under five, predominantly at-
tributable to diarrheal diseases. Geograph-
ically, the disease burden attributable to

polluted water, poor sanitation and hygiene
are concentrated in China’s poorest, inland
provinces. Diarrheal disease accounted for
98% of the attributable DALYs. Soil-
transmitted helminthiases were the second
leading cause of attributable DALYs: An
estimated 287 million such infections oc-
curred in China in 2008, accounting for
29,800 DALYs (37).

Table 3 demonstrates that YLL rate and
number attributed to developed water sys-
tems and sanitation decreased in all age
groups. The highest and lowest reduction of
number of YLL and rates of YLL occurred
in the late neonatal and 15-49 year age
groups, respectively.

According to Table 4, YLD number at-
tributed to enhanced water systems, and
sanitation dropped from early neonatal to 5-
14 years but increased from 15 until >70
years.

This study has some limitations as the
same as the limitations in the GBD study
2010, which are described elsewhere (3,20-
27). The limitations in data sources had an
effect on the exposure estimations of risk
factors such as unimproved water and sani-
tation in Iran. Iran General Census of Popu-
lation and Housing 2006, as a nationally
representative collected data, which is pro-
vided by International Integrated Public
Use Micro data Series (IPUMS), was the
main source for unimproved water and san-
itation estimates in Iran. The data sources
that were not considered for water pollution
estimates included population-based epi-
demiological studies, as well as national
and sub-national health surveys. Due to the
lack of access to data sources used for un-
treated water and insanitary environment
estimates in Iran along with the extensive
uncertainties, there was a substantial limita-
tion to reach accurate estimates. Because of
the incomplete or missing data on risk fac-
tor exposure, models were used to provide
a complete and comprehensive dataset of
exposure distribution. Estimation of expo-
sure was made by statistical models, which
used the predictors relevant to the expo-
sure.
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Considering the GBD limitations and the
importance of measuring the burden of dis-
eases, injuries and risk factors in Iran, a na-
tional systematic study titled National and
Sub-national Burden of Disease
(NASBOD) study was carried out in Iran to
estimate the burden of diseases, injuries,
and risk factors at national and sub-national
levels from 1990 to 2013. The NASBOD
study used a standardized protocol of data
collection and estimation methods, provid-
ing comprehensive information to estimate
health status at provincial level over a long
period. Evaluating diseases and risk factor
distributions at sub-national level would be
the main source to identify the public
health priorities and interventions among
sub-national people and to inform policy
makers in planning public health strategies
(38).

National and sub-national Environmental
Burden of Disease as a sub-component of
NASBOD study can estimate the trends in
the prevalence and health burden of unim-
proved water and sanitation at the national
and sub-national levels between 1990 and
2013 (39). The results can help us provide
the most effective strategies for policy
making in Iran.

Conclusion
A significant decrease has occurred in the

number of DALYs and deaths in Iran be-
tween 1990 and 2010 due to the develop-
ment of new water distribution systems,
waste water collection systems, instruction
of water and wastewater treatment plants
and subsequently environmental sanitations
in Iran.

Acknowledgements
In terms of the publication of the present

data, permission was granted from Profes-
sor Christopher J.L. Murray, the director of
IHME, to the Non-Communicable Diseases
Research Center, Endocrinology, and Me-
tabolism Population Sciences Institute of
Tehran University of Medical Sciences.

References
1. Murray CJL, Lopez AD, eds. The global burden

of disease: a comprehensive assessment of mortality
and disability from diseases, injuries and risk factors
in 1990 and projected to 2020. Global Burden of
Disease and Injury. 1996a, Vol 1. Harvard School of
Public Health on behalf of WHO, Cambridge, MA.

2. Lozano R, Naghavi M, Foreman K, Lim S,
Shibuya K, Aboyans V, et al. Global and regional
mortality from 235 causes of death for 20 age
groups in 1990 and 2010: a systematic analysis for
the Global Burden of Disease Study 2010. Lancet
2012; 380(9859):2095-2128.

3. Lim SS, Vos T, Flaxman AD, Shibuya K,
Adair-Rohani H, Amann M, et al. A comparative
risk assessment of burden of disease and injury at-
tributable to 67 risk factors and risk factor clusters
in 21 regions, 1990–2010: a systematic analysis for
the Global Burden of Disease Study 2010. Lancet
2012;380(9859):2224-2260.

4. Hutton G, Haller L, Bartram J. Global cost-
benefit analysis of water supply and sanitation inter-
ventions. J Water Health 2007;5(4):481-502.

5. Clasen T, Schmidt WP, Rabie T, Roberts I,
Cairncross S. Interventions to improve water quality
for preventing diarrhoea: systematic review and
meta-analysis. BMJ 2007;334(7597):782.

6. Pruss A, Kay D, Fewtrell L, Bartram J. Estimat-
ing the burden of disease from water, sanitation and
hygiene at a global level. Environ Health Perspect
2002;110(5):537-542.

7. Walker CL, Aryee MJ, Boschi-Pinto C, Black
RE. Estimating diarrhea mortality among young
children in low and middle income countries. PLoS
One 2012;7(1):e29151.

8. Biesiada M. Simulations in risk assessment. Int
J Occup Med Environ Health 2001;14(4):395-400.

9. Biesiada M, Sokal JA. Environmental health risk
assessment as a tool in the management of environ-
ment and health. Pol J Environ Stud 2003;12: 29-34.

10.Prüss-Ustün A, Bartram J, Clasen T, Colford
JM Jr, Cumming O, Curtis V, et al. Burden of dis-
ease from inadequate water, sanitation and hygiene
in low- and middle-income settings: a retrospective
analysis of data from 145 countries. Trop Med Int
Health 2014;19(8):894-905.

11. Gao T, Wang XC, Chen R, NgoHH, Guo W.
Disability adjusted life year (DALY): A useful tool
for quantitative assessment of environmental pollu-
tion. Sci Total Environ 2015;511:268-287.

12. Gharehchahi E, Mahvi AH, Amini H, Nabi-
zadeh R, Akhlaghi AA, Shamsipour M, et al. Health
impact assessment of air pollution in Shiraz, Iran: A
two-part study. J Environ Health Sci Eng 2013;
11(1):11.

13. World Health Organization Global compara-
tive assessment in the health sector. In: Murray CJL,
Lopez AD, editors. Disease burden, expenditures
and intervention packages. Switzerland: the World
Health Organization Press; 1994.

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
23

-0
5-

23
 ]

 

                               8 / 9

http://mjiri.iums.ac.ir/article-1-4002-en.html


A. Ebrahimi, et al.

9Med J Islam Repub Iran 2016 (15 October). Vol. 30:424. http://mjiri.iums.ac.ir

14. Murray CJL, Lopez AD. Global health statis-
tics: a compendium of incidence, prevalence and
mortality estimates for over 200 conditions. Cam-
bridge, MA: Harvard University Press; 1996a.

15. WHO, Guidelines for Drinking-Water Quality,
4th ed., World Health Organization, Geneva, 2011.

16. Fewtrell L, Kaufmann RB, Kay D, Enanoria
W, Haller L, Colford JM. Water, sanitation, and
hygiene interventions to reduce diarrhoea in less
developed countries: a systematic review and meta-
analysis. Lancet Infect Dis 2005;5(1):42-52.

17. Ragas Ad MJ, Oldenkamp R, Preeker NL,
Wernicke J, Schlink U. Cumulative risk assessment
of chemical exposures in urban environments. Envi-
ron Int 2011;37(5):872-81.

18. Machdar E, van der Steen NP, Raschid-Sally
L, Lens PNL. Application of quantitative microbial
risk assessment to analyze the public health risk
from poor drinking water quality in a low income
area in Accra, Ghana. Sci Total Environ 2013;
449:134-42.

19. An W, Zhang D, Xiao S, Yu J, Yang M. Risk
assessment of Giardia in rivers of southern China
based on continuous monitoring. J Environ Sci
2012;24(2):309-13.

20. Murray CJ, Ezzati M, Flaxman AD, Lim S,
Lozano R, Michaud C, et al. GBD 2010: design,
definitions, and metrics. Lancet 2012;380(9859):
2063-2066.

21. Wang H, Dwyer-Lindgren L, Lofgren KT, Ra-
jaratnam JK, Marcus JR, Levin Rector A, et al.
Age-specific and  sex-specific mortality in 187
countries, 1970–2010: a systematic  analysis for the
Global Burden of Disease Study 2010. Lancet
2012;380(9859):2071-2094.

22. Lozano R, Naghavi M, Foreman K, Lim S,
Shibuya K, Aboyans V, et al. Global and regional
mortality from 235 causes of death for 20 age
groups in 1990 and  2010: a systematic analysis for
the Global Burden of Disease Study 2010. Lancet
2012;380(9859):2095-2128.

23. Salomon JA, Vos T, Hogan DR, Gagnon M,
Naghavi M, Mokdad A, et al. Common values in
assessing health outcomes from disease and injury:
disability weights measurement study for the Global
Burden of Disease Study 2010. Lancet 2012;
380(9859):2129-2143.

24. Salomon JA1, Wang H, Freeman MK, Vos T,
Flaxman AD, Lopez AD, et al. Healthy life expec-
tancy for 187 countries, 1990–2010: a systematic
analysis for the Global Burden Disease Study 2010.
Lancet 2012; 380(9859):2144-2162.

25. Vos T, Flaxman AD, Naghavi M, Lozano R,
Michaud C, Ezzati M, et al. Years lived with disa-
bility (YLDs) for 1160 sequelae of 289 diseases and
injuries 1990–2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet 2012;
380(9859):2163-2196.

26. Murray CJL, Vos T, Lozano R, Naghavai M,
Flaxman AD, Michaud C, et al. Disability-adjusted

life years  (DALYs) for 291 diseases and injuries in
21 regions, 1990–2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet 2012;
380(9859):2197-2223.

27. Wiener N. Extrapolation, interpolation, and
smoothing of stationary time series. Cambridge,
MA, MIT Press, 1949.

28. Paciorek P. Nonstationary Gaussian process
for regression and spatial modeling. Pittsburgh, PA,
Carnegie Mellon University; 2003.

29. Thompson P. Optimum smoothing of two-
dimensional fields. Tellus 1956;8:84-93.

30. Cairncross S, Hunt C, Boisson S, Bostoen K,
Curtis V, Fung IC, et al. Water, sanitation and hy-
giene for the prevention of diarrhoea. Int J Epidemi-
ol 2010;39(suppl 1):i193-i205.

31. Taylor DL, Kahawita TM, Cairncross S, En-
sink JH. The Impact of Water, Sanitation and Hy-
giene Interventions to Control Cholera: A Systemat-
ic Review. PLoS One 2015;10(8):e0135676.

32. Clasen TF, Bostoen K, Schmidt WP, Boisson
S, Fung IC, Jenkins MW, et al. Interventions to im-
prove disposal of human excreta for preventing diar-
rhoea. Cochrane Database Syst Rev 2010 16;(6):
CD007180.

33. Cronin A, Shrestha D, Spiegel P, Gore F, He-
ring H. Quantifying the burden of disease associated
with inadequate provision of water and sanitation in
selected sub-Saharan refugee camps. J Water Health
2009;7(4):557-68.

34. Rheingans R, Anderson JD, Luyendijk R,
Cumming O. Measuring disparities in sanitation
access: does the measure matter? Trop Med Int
Health 2014;19(1):2-13.

35. World Bank Water Partnership Program.
Estimating relative benefits of differing strategies
for management of wastewater in Lower Egypt
using quantitative microbial risk analysis (English).
School of Civil Engineering, University of Leeds,
the World Bank and the Holding Company for
Water and Wastewater, Government of Egypt with
support from the National Research Centre, Cairo,
Egypt. February 2012.

36. U.S. Environmental Protection Agency. Safe
and Sustainable Water Resources. Strategic
Research Action Plan 2012 – 2016.

37. Carlton EJ, Liang S, McDowell JZ, Li H, Luo
W, Remais JV. Regional disparities in the burden of
disease attributable to unsafe water and poor sanita-
tion in China. Bull World Health Organ
2012;90(8):578-87.

38. Farzadfar F, Delavari A, Malekzadeh R, Mes-
daghinia A, Jamshidi HR, Sayyari A, et al.
NASBOD 2013: Design, definitions and metrics.
Arch Iran Med 2014;17(1):7-15.

39. Amini H, Shamsipour M, Sowlat MH,
Parsaeian M, Kasaeian A, Hassanvand MS, et al.
National and sub-national environmental burden of
disease in Iran from 1990 to 2013-study profile.
Arch Iran Med 2014;17(1):62-70.

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
23

-0
5-

23
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

http://mjiri.iums.ac.ir/article-1-4002-en.html
http://www.tcpdf.org

