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ABSTRACT
Background: Nitrate is an inorganic compound that occurs naturally in all surface and
groundwater, although higher concentrations tend to occur only where fertilizers are used
on the land. The regulatory limit for nitrate in public drinking water supplies was set to pro-
tect against infant methemoglobinemia, but other health effects were not considered. Risk
of specific cancers and congenital disabilities may be increased when the nitrate is ingested,
and nitrate is reduced to nitrite, which can react with amines and amides by nitrosation to
form N-nitroso compounds which are known animal carcinogens. This study aims to evalu-
ate the association between nitrate ingested through drinking water and the risk of devel-
oping cancers in humans.
Methods: We performed a systematic review following PRISMA and MOOSE guidelines. A lit-
erature search was performed using PubMed, EMBASE, the Cochrane Library databases, Web
of Science and Google Scholars in the time-frame from their inception to January 2020, for
potentially eligible publications. STATA version 12.0 was used to conduct meta-regression
and a two-stage meta-analysis.
Results: A total of 48 articles with 13 different cancer sites were used for analysis. The
meta-regression analysis showed stomach cancer had an association with the median dos-
age of nitrate from drinking water (t¼ 3.98, p¼ 0.0001, and adjusted R-squared ¼ 50.61%),
other types of cancers didn’t show any association. The first stage of meta-analysis showed
there was an association only between the risk of brain cancer & glioma (OR ¼ 1.15, 95%
CI: 1.06, 1.24) and colon cancer (OR ¼ 1.11, 95% CI: 1.04, 1.17) and nitrate consumption in
the analysis comparing the highest ORs versus the lowest. The 2nd stage showed there was
an association only between the risk colon cancer (OR ¼ 1.14, 95% CI: 1.04, 1.23) and nitrate
consumption in the analysis comparing all combined higher ORs versus the lowest.
Conclusion: This study showed that there is an association between the intake of nitrate
from drinking water and a type of cancer in humans. The effective way of controlling nitrate
concentrations in drinking water is the prevention of contamination (water pollution).
Further research work on this topic is needed.
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Introduction

Clean water interventions are constantly implemented
worldwide and include various methods boreholes,
like rock catchments, springs, kiosks, boreholes, etc.
The use of nitrogen fertilizers (inorganic and manure),
in agriculture to produce food is becoming increas-
ingly common.1,2 A fraction of the nitrogen-based

fertilizers is converted to plant matter and used up.
The remainder accumulates in the soil or is lost as
run-off.3 The major anthropogenic source of nitrogen
in the environment is nitrogen fertilizers, animal
waste, organic manure, poor sewerage system, com-
bined with the higher water solubility of nitrate leads
to contaminate surface and groundwater, nitrate
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concentrations in our water resources have also
increased.4–6

People who live close to farms or agricultural plan-
tation and get drinking water from household private
wells may be highly exposed or at risk of ingesting
nitrates than people who drink from public water sup-
plies or bottled water.1,7–9 The continuous consump-
tion of such water in these high-risk areas may pose
serious health issues in residents.

In the last twenty-eight years, several cohort and
case-control studies have evaluated historical nitrate
levels in a community or public water supplies, bot-
tled water and private wells (significantly below
10mg/l)10,11 and risk of several cancers even though
the standard maximum contaminant level in public
drinking water in the United States (U.S) is 10mg/L
as nitrate-nitrogen (NO3-N) which was put in place to
protect children from infant methemoglobin-
emia.1,12,13 A couple of studies have taken measure-
ments of nitrate intake from public water supplies and
have measured as low as 0.19mg/l1514 to as high as
75mg/l values of nitrates in the water.15,16 Another
study conducted in India measured nitrate level in
drinking water supplies from some villages ranged
from 7.1mg/l to 162mg/l.6 It has been noted that in
some areas of the world they have to be records of
nitrate level in drinking water which exceeded
100mg/l10. That said, data on levels and exposures to
people who gather water from private wells are still
scarce or not available.9

Nitrates in water are a significant problem because
exposures can contribute to cancer. Some epidemio-
logic studies have tried to find an association between
nitrate, nitrite, and N-nitroso compounds (NOCs)
from water and cancers.7,13,17–24 Once nitrate (NO3�)
is ingested through water, it is metabolizing to bio-
active nitrite (NO2�) and circulated through the
bloodstream in humans.25 In the oral cavity, com-
mensal facultative anaerobic bacteria can reduce
nitrate to nitrite by action of nitrate reductase
enzymes; this is known as entering salivary pathway.26

The produced nitrite enters the gastrointestinal tract
when swallowed.25,27–29 Nitrite in the body can react
with amines and amides by nitrosation to form
NOCs, which are known animal carcinogens in
experimental studies.30 Nitrosamines are produced by
chemical reactions of nitrates, nitrites and other pro-
teins (amino acids) in the stomach. N-nitroso dime-
thylamine (NDMA) is one of the most frequently
occurring nitrosamines in dietary foods.23,31,32

Approximately 300 NOCs have been tested carcino-
genicity in laboratory experimental.33–35 NOCs likes

NDMA and nitroso pyrrolidine (NPYR) has been pro-
ven by researches and experiments to be a known car-
cinogen capable of inducing malignant tumors in
various animal species in a variety of tissues including
pancreas, liver, lung, cervix and stomach.4,9,36–40

Scholars have found positive association between N-
nitroso dimethylamine intake and esophageal cancer
in humans.2,31,38,41–48 There is also supporting evi-
dence for a role of NOCs in the cause of certain can-
cers such as gastric, esophageal, rectal and colon
cancer in humans.30,40,42

Other confounding factors like alcohol intake,
smoking, fat intake, obesity, vegetable intake, fruit
intake, age, gender, race, average body mass index
(BMI), hypertension, education, exercise frequency,
and cancer in the family (a particular type of cancer
or cancer in any part of the body) have been known
in some way to increase or reduce the risk of cancers
in humans and they are sometimes adjusted when risk
ratios (RR), odds ratios (OR) and hazard ratios (HR)
are calculated.17,19,24,31,36,49–56 Few studies have tried
to evaluate interactions between nitrate intake from
drinking water with magnesium and calcium in the
risk of cancer, but these studies showed no evidence
of a significant interaction.22,57–59 Epidemiologic stud-
ies have tried to establish a relationship between
nitrate, nitrite and NOCs compounds and cancer in
humans from different exposures. Results have been
mixed, with some studies showing positive associa-
tions,7,16,27,60 many showing no association,12,31,59,61

and a few showing inverse associations for
humans.21,62 Therefore, this systematic review and
meta-analysis were mainly conducted to assess and
clarify the strength of association between nitrate
ingested through drinking water and risk of cancer in
the human body.

Methods

Search methods for identifications of studies

We performed a systematic review following PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) and MOOSE (Meta-Analysis of
Observational Studies in Epidemiology) guidelines.63

The study investigated the association of nitrite or
nitrate ingested through drinking water with the risk
of cancers in the human body. Two investigators
(ENO and Cote) independently searched PubMed,
EMBASE, the Cochrane Library databases, the Web of
Science and Google Scholars in the time-frame from
their inception to January 2020, for potentially eligible
publications. The core search terms of (nitrate� OR
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nitrite� OR N-nitroso compounds) AND (cancer OR
neoplasm� OR tumor� OR carcinoma OR carcinogen-
esis OR malignant OR adenocarcinoma OR non-
Hodgkin lymphoma OR glioma) AND (drinking
water) were used. The full search strategy is detailed
in the online supplementary Appendix 1. References
lists and related citations of relevant articles were
reviewed to identify any new eligible studies.

Inclusion and exclusion criteria

After duplicate citations were excluded, the PICOS
(Population, Intervention, Comparison Outcomes) cri-
teria63 were used to identify any potential studies.
Studies that met the following criteria were included
in the meta-analysis: (1) the study was either a cohort
or ecological studies; (2) the exposure of interest was
nitrate or nitrite intake from drinking water; (3) the
study reported the relationship between nitrite or
nitrate intake and the risk of cancer incidence or mor-
tality; and (4) the study reporting effect (relative risks
(RRs) or odds ratios (ORs)) estimates and 95% confi-
dence intervals (CIs) for comparisons of various cate-
gories and the lowest nitrite or nitrate intake. Six
authors (Kassim, Faran, Murad, Naveed, Xiaojin,
Weihua, Sun) screened titles, abstracts and, where
necessary, full text, to create a list of potentially rele-
vant full text articles. Discrepant views were resolved
by a group discussion to create the final list of
included articles based on the refined eligibility crite-
ria. Exclusion criteria comprised: (1) reviews, papers
not published in English, those for which the abstract
or full text were not available (2) all articles with ani-
mal experiments; (3) reported only qualitative data
derived from structured questionnaires; (4) articles
with short commentary, short notes, no data or no
records or incomplete results and letters
were excluded.

Data extraction and quality assessment

Data collection and quality assessment processes were
performed by two authors (Kassim and Abbas), and
any disagreement was settled by group discussion.
The collected information included the first author’s
surname, publication year, study design, country, sam-
ple size, assessment of exposure (nitrite/nitrate intake
mg/l) with the risk ratios (RR), odds ratios (OR) and
hazard ratios (HR) and their 95% CIs for each cat-
egory of exposure, cancer sites, and adjustment. The
Newcastle–Ottawa Scale (NOS), based on selection (4
stars), comparability (2 stars), and outcome (3stars);

was used to assess the quality of included studies in
the analysis. Scores ranged from 0 to 9, studies with
score � 7 were seen as higher quality studies.64

Statistical analysis

The relationship between nitrite or nitrate intake and
the risk of cancer were examined based on the effect
estimate. All nitrate dosage, OR, RR, HR, with 95%
CIs was extracted (both crude and adjusted OR, RR,
HR,). The RRs and HRs were assumed to be the
accurate estimates of ORs. The median intake of
nitrate dosage was calculated from the range given,
(formula¼ lowest dosage (lower limit) þ highest dos-
age (upper limit) divided by 2 in each given quartile).
When the median intake was given, the data was used
directly. When the interval of a quartile of any cat-
egory of nitrate dosage was not provided, the width of
the class interval of quartile before this quartile was
used to calculate and estimate the interval, (when the
shortest or longest category was open-ended, the
authors assumed that the open-ended interval length
had the same length as the adjacent interval). Also,
the logarithm of the ORs (Log OR) and standard
error (SE) was calculated using Microsoft Office Excel.
Mg/l was used as the standard unit for nitrate dosage
from drinking water for meta-regression analysis
because the majority of the selected studies have used
this unit in their research.

Meta-regression analysis was conducted to figure
out the associations between nitrate and nitrite expos-
ure and cancer risk, and recognize a positive meta-
regression coefficient (p� 0.05). The multiple categories
of nitrite or nitrate intake within a single study were
summarized into high or moderate nitrite/nitrate intake
using a fixed-effects model. In contrast, the pooled
results across included studies were evaluated using a
random-effects model.65,66 Heterogeneity test was per-
formed using the I-square and Q-statistic, and signifi-
cant heterogeneity was defined as P< 0.010.67,68 A
sensitivity analysis was conducted to assess the stability
of the pooled results.69

Furthermore, any cancer site that had less than 3
studies was not included in the meta-regression. Two
types of cancers that had similar sites or very close
location in the human body were merged together for
analysis (these included; brain cancer & glioma, ovar-
ian cancer & uterus corpus). Publication biases for
high or moderate nitrite/nitrate intake and the risk of
cancer were evaluated using funnel plots, Egger test70

and Begg test.71 The inspective levels for pooled
results are 2-sided, and p-values less than 0.05 were
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regarded as statistically significant. Stata software was
employed for all statistical analyses (version 12.0; Stata
Corporation, College Station, TX, USA).

Results

Selection of the studies

The total records identified through database search-
ing are 1,302 articles, there were none from any other
sources. Total records gotten after excluding articles
that are not related to nitrate exposure from drinking
water intake and cancer or that had animal experi-
ments and included only human studies by evaluating
titles and abstracts were 98 articles. Full-text articles
assessed for eligibility were 69 articles. After excluding
22 articles because they didn’t meet the inclusion cri-
teria, 48 articles with 13 different cancer sites were
used for quantitative analysis. The process of selection
of studies can be seen in Figure 1.

Meta-regression

The meta-regression analysis demonstrated the effect
size of stomach cancer had a statistically significant
association with the median dosage of nitrate from
drinking water (t¼ 3.98, p¼ 0.0001, and adjusted
R2¼50.61%; Figure 2a). There was no association
between the effect size of reproductive organs (ovarian
cancer and uterine corpus) and median dosage of
nitrate in the meta-regression analysis, (t¼ 1.55,
p¼ 0.152, and adjusted R2¼30.95%; Figure 2b). In the

meta-regression for breast, brain & glioma, non-
Hodgkin’s lymphoma, pancreatic, esophageal, bladder,
kidney, colon, and rectal cancer, there was no associ-
ation between the risk of cancer and median dosage
of nitrate from drinking water, because had very poor
adjusted R-squared and p-value was greater than 0.05.
A sensitivity analysis was conducted by removing one
study after another and analyzed to see if it will yield
different results or show a positive association, but it
didn’t (Table 1).

Meta-analysis

The first stage of meta-analysis showed that there was
an evidence in the association between the risk of
brain cancer & glioma (OR ¼ 1.15, 95% CI: 1.06,
1.24) as shown in the Figure 3a & Table 2, and simi-
larly with the colon cancer (OR ¼ 1.11, 95% CI: 1.04,
1.17; 2) and nitrate consumption in the analysis com-
paring the highest versus lowest category of dosage of
nitrate consumption from drinking water, as shown in
Figure 3b & Table 2. Little heterogeneity was observed
(I2 ¼ 0.0%, p¼ 0.551 and I2 ¼ 37.3%, p¼ 0.072,
respectively). There was no evidence in the association
between the risk of cancer of the reproductive organs
(ovary and uterine corpus) (OR ¼ 1.57, 95% CI: 0.38,
2.76), with a large heterogeneity (I2 ¼ 77.1%,
p¼ 0.013); breast cancer (OR ¼ 1.06, 95% CI: 0.94,
1.17) with little or no heterogeneity (I2 ¼ 0.0%,
p¼ 0.739); non-Hodgkin’s lymphoma (OR ¼ 0.98,
95% CI: 0.81, 1.16), with moderate heterogeneity (I2

¼ 62.8%, p¼ 0.004); stomach cancer (OR ¼ 1.09, 95%
CI: 0.97, 1.21) with moderate heterogeneity (I2 ¼
63.8%, p¼ 0.001); pancreatic cancer (OR ¼ 1.08, 95%
CI: 0.94, 1.22) with little or no heterogeneity (I2 ¼
1.1%, p¼ 0.386); esophageal cancer (OR ¼ 1.06, 95%
CI: 0.99, 1.13) with little or no heterogeneity (I2 ¼
0.0%, p¼ 0.936); bladder cancer (OR ¼ 0.94, 95% CI:
0.70, 1.17) with moderate heterogeneity (I2 ¼ 69.3%,
p¼ 0.0001); cancer of the kidney (OR ¼ 1.03, 95% CI:
0.78, 1.28) with little heterogeneity (I2 ¼ 8.2%,
p¼ 0.352) and rectal cancer (OR ¼ 1.07, 95% CI:
0.86, 1.28) with a large heterogeneity (I2 ¼ 76.6%,
p¼ 0.0001) and nitrate consumption in the analysis
comparing the highest versus lowest category of dos-
age of nitrate consumption from drinking water, as
reported in the Table 2.

The second stage of meta-analysis showed that
there was an evidence in the association between the
risk colon cancer (OR ¼ 1.14, 95% CI: 1.04, 1.23) and
nitrate consumption in the analysis comparing all
combined higher dosages versus the lowest category

Figure 1. Flow chart of the studies selection.
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of nitrate consumption from drinking water, as shown
in the Figure 4 & Table 2. Moderate heterogeneity
was observed (I2 ¼ 54.4%, p¼ 0.006). There was no
evidence in the association between the risk of cancer
of reproductive organs (ovarian cancer and uterine
corpus) (OR ¼ 1.38, 95% CI: 0.75, 2.01) with a large
heterogeneity (I2 ¼ 80.6%, p¼ 0.006); breast cancer
(OR ¼ 1.00, 95% CI: 0.94, 1.06) with little or no het-
erogeneity (I2 ¼ 0.0%, p¼ 0.523); brain cancer & gli-
oma (OR ¼ 0.98, 95% CI: 0.80, 1.17) with moderate
heterogeneity (I2 ¼ 64.4%, p¼ 0.010); non-Hodgkin’s
lymphoma (OR ¼ 1.02, 95% CI: 0.90, 1.13) with mod-
erate heterogeneity (I2 ¼ 65.0%, p¼ 0.002); stomach
cancer (OR ¼ 1.02, 95% CI: 0.94, 1.10) with moderate
heterogeneity (I2 ¼ 65.2%, p¼ 0.000); pancreatic can-
cer (OR ¼ 0.99, 95% CI: 0.77, 1.21) with a large het-
erogeneity (I2 ¼ 72.4%, p¼ 0.012); esophageal cancer
(OR ¼ 1.03, 95% CI: 0.99, 1.07) with little or no het-
erogeneity (I2 ¼ 0.0%, p¼ 0.631); bladder cancer
(OR ¼ 0.95, 95% CI: 0.78, 1.11) with a large hetero-
geneity (I2 ¼ 75.1%, p¼ 0.000); cancer of the kidney
(OR ¼ 0.99, 95% CI: 0.84, 1.13) with little or no het-
erogeneity (I2 ¼ 0.0%, p¼ 0.547); and rectal cancer
(OR ¼ 0.99, 95% CI: 0.81, 1.17) with a large hetero-
geneity (I2 ¼ 82.9%, p¼ 0.0001) and nitrate

consumption in the analysis comparing all combined
higher dosages versus the lowest category of nitrate
consumption from drinking water. The remaining
Figures are shown in the supplementary file
Appendix 2 for the two stages.

Publication bias

Majority of the funnel plot didn’t show asymmetry
except the Egger’s test showed statistical evidence of
bias for stomach (p¼ 0.013) and rectal cancer
(p¼ 0.017), as shown in Figure 5 & Table 2. The
Begg’s test didn’t show any bias for stomach
(p¼ 0.567) and rectal cancer (p¼ 0.080). Other can-
cers didn’t show any bias in the two test, ovary &
uterine corpus (Egger, p¼ 0.097; Begg, p¼ 0.297),
breast (Egger, p¼ 0.217; Begg, p¼ 0.069), brain & gli-
oma (Egger, p¼ 0.060; Begg, p¼ 0.284), non-
Hodgkin’s lymphoma (Egger, p¼ 0.370; Begg,
p¼ 0.221), pancreatic (Egger, p¼ 0.595; Begg, p¼ 0.337),
esophagus (Egger, p¼ 0.113; Begg, p¼ 0.216), bladder
(Egger, p¼ 0.659; Begg, p¼ 0.568), kidney (Egger,
p¼ 0.319; Begg, p¼ 0.464), and colon cancer (Egger,
p¼ 0.766; Begg, p¼ 0.173). The remaining figures are
shown in the supplementary file Appendix 2.

Figure 2. Meta- regression; the association between the risk of logarithm ORs and median dosage of nitrate consumption from
drinking water for each type of cancer.
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Table 1. Characteristics of the included studies from association nitrate (mg/l) intake from drinking water and cancer.

First Author,
Year, Country Study Design

Exposure
Categories

Nitrate intake
mg/l)

Reported
OR/RR/HR 95% CI Cancer sites Adjustment NOS

Maki Inoue-Choi et al,
2015, USA1

Cohort study, from 1986
to 2010.

0.01–0.472
0.473–1.08
1.09–2.97
2.98–25.34

1 (Reference)
1.41 (0.82–2.41)
1.66 (1–2.76)

2.34 (1.42–3.84)

Ovary Age-adjusted 8

Peter J. Weyer, et al,
2001, USA2

Cohort study, from 1986
to 1998.

0–0.36
0.36–1

1.01–2.46
2.46–3.91

1 (Reference)
1.47 (0.73–2.98)
1.87 (0.95–3.68)
2.04 (1.05–3.96)

Ovary Unadjusted 7

0–0.36
0.36–1

1.01–2.46
2.46–3.91

1(Reference)
1.01 (0.66–1.52)
1.08 (0.72–1.63)
0.73 (0.46–1.15)

Uterine corpus

� Maki Inoue-Choi
et al, 2012, USA3

Prospective cohort study,
from 1986 to 2008

0–1.4
1.5–3.95
4.0–7.05
7.15–16.65
16.75–72.65

1(Reference)
1.07 (0.89–1.28)
0.96 (0.80–1.16)
1.05 (0.88–1.27)
1.14 (0.95–1.36)

Breast Age, total energy intake,
BMI, WHR, education,
smoking, physical activity
level, alcohol intake,
family history of breast
cancer, education,
smoking status, age at
menopause, age at first
live birth, estrogen use,
total intake of folate,
vitamin C and E intake
and flavonoids, intake of
cruciferae and red meat.

8

� Nadia Espejo-Herrera
et al, 2016, Spain4

Multicase–Control study,
from 2008 to 2013.

0–1.1
1.1–1.9
1.9–4.05
4.05–6.2

1 (Reference)
0.96 (0.77–1.19)
1.04 (0.8–1.31)
1.09 (0.83–1.43)

Breast Study area, age
and education

7

Julia Green Brody et al,
2006, USA5

Case-control study,
from 1988–1995

0–0.3
0.3–0.6
0.6–0.9
0.9–1.2
1.2–1.5

1 (Reference)
1 (0.7–1.3)
0.9 (0.6–1.2)
0.9 (0.6–1.2)
0.9 (0.5–1.7)

Breast Diagnosis/reference year, age
at diagnosis/reference
year, birth decade, study,
vital status, previous
breast cancer diagnosis,
age at first birth, family
history of breast cancer,
and education.

7

Peter J. Weyer, et al,
2001, USA2

Cohort study, from 1986
to 1998.

0–0.36
0.36–1

1.01–2.46
2.46–3.91

1 (Reference)
1.01 (0.83–1.22)
0.9 (0.74–1.09)
1 (0.83–1.22)

Breast Unadjusted 7

Jennifer Barrett et al,
1998, England6

Ecological study from
1975 to 1994.

2.4
5

13.7
29.8

1 (Reference)
1.14 (1.04–1.26)
1.13 (1.03–1.25)
1.18 (1.08–1.3)

Brain Age and gender 6

Beth A. Mueller, et al,
2001, USA7

Case-control study from
1984 to 1991.

0
10–24.9
25–49.9
50–100

1 (Reference)
0.4 (0.1–1)
0.6 (0.2–2.4)
1.4 (0.1–15)

Brain Child sex and child age 6

Beth A Mueller, et al,
2004, USA8

Case-control study from
1976 to 1994

0
10–25
25–50
50–75

1 (Reference)
0.7 (0.5–1.1)
0.5 (0.3–1.0)
0.8 (0.4–1.5)

Brain Centre, age, sex and
diagnosis year

7

Hsu-Huei Weng, et al,
2011, Taiwan9

Matched case-control
study, from 1999
to 2008.

0–0.31
0.31–0.62

1 (Reference)
1.4 (1.07–1.84)

Brain Age, gender, and
urbanization level
of residence.

8

Steindorf, K., et al,
1994, Germany10

Case-control study, from
1987 to 1988.

0–2
2–11.3

11.3–25.2
25.2–39.1

1(Reference)
0.99 (0.6–1.63)
1.12 (0.69–1.83)
1 (0.61–1.64)

Brain Age, and sex. 7

Chi-Kung Ho, et al,
2011, Taiwan11

Case-control, from 2003
to 2008.

0–0.38
0.38–0.76

1(Reference)
1.04 (0.85–1.27)

Brain Age, gender, marital status,
and urbanization level
of residence.

8

Mary H. Ward, et al,
2005, USA12

Case-control study from
1983 to 1994.

0–2.38
2.38–2.57
2.58–4.32
4.32–6.06

1 (Reference)
1.4 (0.7–2.7)
1.2 (0.6–2.3)
1.3 (0.7–2.6)

Glioma Age, gender, respondent
type, education, and ever
live/work on a farm.

7

Age, and gender 6

(Continued)
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Table 1. Continued.

First Author,
Year, Country Study Design

Exposure
Categories

Nitrate intake
mg/l)

Reported
OR/RR/HR 95% CI Cancer sites Adjustment NOS

Chih-Ching Chang,
et al,
2010, Taiwan13

Case-control study from
2000 to 2006.

0–0.18
0.19–0.45
0.48–2.86

1 (Reference)
1.05 (0.89–1.23)
1.08 (0.91–1.27)

Non-
hodgkin’s
lymphoma

Michal Freedman, D.,
et al, 2000, USA14

Case-control study from
1947- 1982.

0–0.5
0.5–1.5
1.5–2.5

1 (Reference)
1.4 (0.7–2.5)
0.3 (0.1–0.9)

Non-
hodgkin’s
lymphoma

Not described 6

Mary H. Ward, et al,
2006, USA15

Case-control study from
1998 to 2000.

0–0.63
0.63–1.36
1.37–2.89
2.9–4.42

1 (Reference)
0.9 (0.5–1.7)
0.8 (0.4–1.4)
0.9 (0.5–1.6)

Non-
hodgkin’s
lymphoma

Age, education, and sex 7

� Mary H. Ward, et al,
1996, USA16

Case-control study, from
1950 to 1987.

0–1.25
1.25–1.95
2.0–3.1
3.15–4.25

1 (Reference)
1.5 (0.7–3.0)
1.6 (0.8–3.2)
1.9 (1.0–3.9)

Non-
hodgkin’s
lymphoma

Age, gender, and family
history of cancer.

7

Graham Law, et al,
1999,
United Kingdom17

Population-based study,
from 1984 to 1993.

0–3.24
3.24–14.85
14.85–26.46

1 (Reference)
1.17 (1.01–1.35)
1.21 (1.04–1.41)

Non-
hodgkin’s
lymphoma

Not described 5

0–3.24
3.24–14.85
14.85–26.46

1 (Reference)
1.069 (0.92–1.25)
0.917 (0.78–1.08)

Gabriel Gulis, et al,
2002, Slovakia18

Ecologic study
from 1985� 1995.

0–10
10.1–20
20–29.9

0.36 (0.11–1.11) (Ref)
1.26 (0.82–1.93)
1.22 (0.76–1.96)

Non-
hodgkin’s
lymphoma

Not described 6

P Cocco, et al,
2003, Italy17

Cohort study, from 1974
to 1993

0–2
2.01–3
3.01–4
4.01–5
5.01–7
7.01–10
10.01–15

15.01–26.64

1 (Reference)
1.13 (0.87–1.47)
1.21 (0.91–1.61)
1.15 (0.88–1.49)
1.01 (0.76–1.33)
1.4 (0.99–1.99)
1 (0.74–1.36)

1.32 (0.88–1.97)

Non-
hodgkin’s
lymphoma

Not described 6

Peter J. Weyer, et al,
2001, USA2

Cohort study, from 1986
to 1998.

0–0.36
0.36–1

1.01–2.46
2.46–3.91

1 (Reference)
0.88 (0.52–1.47)
0.75 (0.44–1.29)
0.78 (0.46–1.33)

Non-
hodgkin’s
lymphoma

Not described 7

Martha G. Rhoades
et al, 2013, USA19

Case-control study, from
1999 to 2002.

0–1.99
2–8

1(Reference)
0.9 (0.5–1.4)

Non-
hodgkin’s
lymphoma

Age 6

Janos Sandor, et al,
2001, Hungary20

Ecological study, from
1980 to 1993.

5.58
22.26
38.19
51.98
64.61
79.95
97

127.94
194.16
310.64

1(Reference)
0.89 (0.56–1.43)
0.9 (0.6–1.35)
1.02 (0.7–1.49)
1.26 (0.81–1.97)
1.14 (0.69–1.87)
1.79 (1.26–2.55)
1.86 (1.18–2.93)
1.46 (0.96–2.23)
1.5 (0.95–2.37)

Stomach Not described 6

� A. J. M. van Loon,
et al, 1998, The
Netherlands21

Cohort Study, from 1986
to 1992.

0.01
0.83
1.93
3.46
8.25

1(Reference)
0.91(0.62–1.34)
0.87 (0.59–1.28)
0.86 (0.59–1.27)
0.94 (0.64–1.38)

Stomach Age, and sex. 6

John J. Rademacher,
et al, 1992, USA22

Case-control study, from
1982 to 1985.

0–0.5
0.6–2.5
2.6–5
5.1–10

0.92 (0.75–1.12) (Ref)
0.97 (0.74–1.35)
0.86 (0.69–1.08)
1.5 (0.12–18.25)

Stomach Not described 6

Hui-Fen Chiu, et al,
2012, Taiwan23

Case-control study, from
2006 to 2010.

0–0.38
0.38–0.76

1 (Reference)
1.16 (1.05–1.29)

Stomach Age, gender, marital status,
and urbanization level
of residence.

6

Chun-Yuh Yang, et al,
1998, Taiwan24

Case-control study, from
1987 to 1991.

0–0.22
0.23–0.44
0.45–0.65

1 (Reference)
0.95 (0.87–1.03)
1.02 (0.93–1.11)

Stomach Not described 6

Jennifer Barrett et al,
1998, England6

Ecological study, from
1975 to 1994.

2.4
5

13.7
29.8

1(Reference)
1.02(0.98–1.07)
0.86(0.82–0.9)
0.91(0.87–0.95)

Stomach Age and gender 6

Stomach Not described 6

(Continued)
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Table 1. Continued.

First Author,
Year, Country Study Design

Exposure
Categories

Nitrate intake
mg/l)

Reported
OR/RR/HR 95% CI Cancer sites Adjustment NOS

Maria M. Morales-
Suarez-
Varela, et al,
1995, Spain25

Cross-sectional study,
from 1975 to 1980.

25–50
50–75

0.93 (0.5–1.75) (Ref.)
1.57(0.75–3.3)

25–50
50–75

0.79 (0.32–1.91) (Ref.)
0.67 (0.17–2.67)

25–50
50–75

0.88 (0.64–1.23) (Ref)
1.91 (1.36–2.67)

25–50
50–75

1.11 (0.74–1.66) (Ref)
1.81 (1.15–2.87)

25–50
50–75

0.67 (0.37–1.22)(Ref)
1.13 (0.56–2.27)

25–50
50–75

0.92 (0.57–1.49) (Ref)
1.42 (0.81–2.51)

Gabriel Gulis, et al,
2002, Slovakia18

Ecologic study, from 1985
to 1995.

0–10
10.1–20
20–29.9

0.96 (0.71–1.3) (Ref)
0.87 (0.69–1.1)
1.08 (0.87–1.35)

Stomach Not described 6

Mary H. Ward, et al,
2008, USA26

Case-control study,
from 1965 to 1984

0–2.45
2.45–2.58
2.58–4.32
4.32–5.97

1 (Reference)
2.1 (1–4.4)
1.2 (0.5–2.6)
1.2 (0.5–2.7)

Stomach Year of birth, gender,
education, smoking,
and alcohol.

6

Chun-Yuh Yang, et al,
2009, Taiwan27

Case-control study, from
2000 to 2006.

0–0.18
0.19–0.45
0.48–2.86

1(Reference)
1.05 (0.92–1.2)
1.13 (0.98–1.29)

Pancreas Age and gender 6

Arbor J.L. Quist, et al,
2018, USA28

Cohort study, from 1986
to 2011.

0–0.47
0.47–1.08
1.09–2.97
2.98–5.69
5.69–8.4

1(Reference)
1.4 (0.88–2.24)
1.51 (0.96–2.37)
1.14 (0.67–1.93)
1.18 (0.52–2.67)

Pancreas Age and smoking status 5

Peter J. Weyer, et al,
2001, USA2

Cohort study, from 1986
to 1998.

0–0.36
0.36–1

1.01–2.46
2.46–3.91

1 (Reference)
0.77 (0.37–1.58)
1.2 (0.63–2.28)
0.65 (0.31–1.39)

Pancreas Unadjusted 7

Angela Coss, et al,
2004, USA29

Case-control study, from
1960 to 1987.

0–0.6
0.6–1.3
1.3–2.8
2.8–4.3

1(Reference)
1.2 (0.79–1.8)
0.54 (0.33–0.89)
0.99 (0.64–1.5)

Pancreas Age, gender, and
cigarette use

6

Jennifer Barrett et al,
1998, England6

Ecological study, from
1975 to 1994.

2.4
5

13.7
29.8

1(Reference)
1.01 (0.93–1.09)
1.01 (0.94–1.09)
1.06 (0.98–1.14)

Esophagus Age and gender 6

Yen-Hsiung Liao, et al,
2013, Taiwan30

Case-control study, from
2006 to 2010.

0–0.38
0.39–0.65
0.66–0.92

1(Reference)
0.99 (0.88–1.12)
1.04 (0.91–1.19)

Esophagus Age, and gender 6

Mary H. Ward, et al,
2008, USA26

Case-control study,
from 1965 to 1984

0–2.45
2.45–2.58
2.58–4.32
4.32–5.97

1(Reference)
2.1 (1–4.6)
1.2 (0.5–2.7)
1.2 (0.6–2.7)

Esophagus Year of birth, gender, body
mass index, smoking,
and alcohol.

6

Maria M. Morales-
Suarez-Varela, et al,
1995, Spain25

Cross-sectional study,
from 1975 to 1980.

25–50 0.83 (0.2–3.41) Bladder Not described 6
25–50
50–75

0.85 (0.52–1.37) (Ref)
1.4 (0.8–2.48)

25–50
50–75

0.69 (0.31–1.54) (Ref)
0.53 (0.14–2.07)

Nadia Espejo-Herrera
et al, 2015, Spain31

Case–Control study, from
1998 to 2001.

0–2.5
2.5–8
8–13.5

1(Reference)
0.84 (0.56–1.26)
0.66 (0.4–1.07)

Bladder Age, sex and area
of residence

6

0–2.5
2.5–8
8–13.5

1(Reference)
0.79 (0.54–1.17)
0.63 (0.39–1.03)

Hui-Fen Chiu, et al,
2007, Taiwan32

Case-control study, from
1999 to 2003.

0–0.18
0.19–0.45
0.48–2.86

1 (Reference)
1.75 (1.27–2.41)
1.96 (1.41–2.73)

Bladder Age and gender 6

Rena R. Jones, et al,
2016, USA33

Cohort study from 1986
to 2010.

0–0.47
0.47–1.07

1 (Reference)
1.16 (0.7–1.91)

Bladder Age 6

(Continued)
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Table 1. Continued.

First Author,
Year, Country Study Design

Exposure
Categories

Nitrate intake
mg/l)

Reported
OR/RR/HR 95% CI Cancer sites Adjustment NOS

1.08–2.97
2.97–4.86

1 (0.6–1.67)
1.49 (0.92–2.41)� Maurice P. Zeegers,

et al, 2006,
Netherlands34

Cohort Study, from 1986
to 1995.

0–0.45
0.45–1.2
1.2–2.2
2.2–3.85
3.85–46.35

1 (Reference)
0.86 (0.66–1.1)
1.1 (0.86–1.4)
1.05 (0.82–1.34)
1.11 (0.87–1.41)

Bladder Age, and sex 5

Mary H. Ward, et al,
2003, USA35

Case-control study from
1986 to 1989.

0–0.6
0.6–1.4
1.4–3.09
3.09–4.78

1 (Reference)
0.9 (0.6–1.2)
0.8 (0.6–1.1)
0.5 (0.4–0.8)

Bladder Age, education, and cigarette
smoking, years chlorinated
surface water and
study period

6

0–0.67
0.67–1.18
1.18–2.48
2.48–3.78

1 (Reference)
0.7 (0.4–1.2)
0.6 (0.3–1.1)
0.8 (0.4–1.3)

Peter J. Weyer, et al,
2001, USA2

Cohort study, from 1986
to 1998.

0–0.36
0.36–1

1.01–2.46
2.46–3.91

1 (Reference)
2.01 (0.81–4.98)
1.16 (0.42–3.19)
2.59 (1.08–6.21)

Bladder Unadjusted 7

Gabriel Gulis, et al,
2002, Slovakia18

Ecologic study from 1985
to 1995.

0–10
10.1–20
20–29.9

1.22 (0.9–1.64) (Ref)
1.01 (0.8–1.28)
0.93 (0.71–1.2)

Bladder Not described 6

Mary H. Ward, et al,
2007, USA36

Case-control study, from
1986 to 1989.

0–0.62
0.62–1.27
1.27–2.78
2.78–4.29

1 (Reference)
0.88 (0.56–1.38)
0.83 (0.53–1.3)
0.89 (0.57–1.39)

Kidney Age, gender, body mass
index and average
population size residences

6

Rena R. Jones, et al,
2017, USA37

Cohort study, from 1986
to 2010.

0–0.47
0.47–1.07
1.08–2.97
2.97–5
5–7.03

1 (Reference)
0.98 (0.58–1.7)
1.3 (0.81–2.1)
0.76 (0.41–1.4)
2.3 (1.2–4.3)

Kidney Age, smoking status, pack-
years of smoking, and
body mass index.

6

Peter J. Weyer, et al,
2001, USA2

Cohort study, from 1986
to 1998.

0–0.36
0.36–1

1.01–2.46
2.46–3.91

1 (Reference)
1.23 (0.51–2.97)
1.46 (0.63–3.43)
1.35 (0.57–3.19)

Kidney Unadjusted 7

Gabriel Gulis, et al,
2002, Slovakia18

Ecologic study from 1985
to 1995.

0–10
10.1–20
20–29.9

0.81 (0.51–1.29) (Ref)
1.05 (0.78–1.4)
1.05 (0.77–1.44)

Kidney Not described 6

Maria M. Morales-
Suarez-Varela, et al,
1995, Spain25

Cross-sectional study,
from 1975 to 1980.

25–50 1.3 (0.47–3.58) Colon Not described 6
25–50
50–75

0.24 (0.04–1.49) (Ref)
1.05 (0.4–2.25)

25–50
50–75

0.98 (0.58–1.66) (Ref)
0.66 (0.25–1.75)

25–50
50–75

1.19 (0.74–1.9) (Ref)
1.15 (0.57–2.31)

25–50
50–75

0.65 (0.24–1.75) (Ref)
1.13 (0.36–3.53)

25–50
50–75

0.32 (0.11–0.95) (Ref)
0.94 (0.35–2.52)

Anneclaire J. De Roos
et al, 2003, USA38

Case-Control study, from
1986 to 1990

0–1
1–3
3–5
5–7

1 (Reference)
1 (0.8–1.3)
0.7 (0.4–1.1)
1.2 (0.8–1.7)

Colon Age, sex, and chlorinated
surface water.

7

Peter J. Weyer, et al,
2001, USA2

Cohort study, from 1986
to 1998.

0–0.36
0.36–1

1.01–2.46
2.46–3.91

1 (Reference)
1.49 (1.07–2.08)
1.61 (1.16–2.24)
1.11(0.78–1.59)

Colon Unadjusted 7

Nadia Espejo-Herrera
et al, 2016, Spain39

Case-control study, from
2008 to 2013.

0–5
5–10
10–15

1 (Reference)
1.28 (1.06–1.55)
1.52 (1.24–1.86)

Colon Sex, age, education, body
mass index, physical
activity, non-steroidal anti-
inflammatories use, family
history of colorectal
cancer, intake of energy
and oral
contraceptives use.

7

Chun-Yuh Yang, et al,
2007, Taiwan40

Case-control study, from
1999 to 2003.

0–0.22
0.23–0.45
0.48–2.86

1 (Reference)
0.98 (0.85–1.12)
0.92 (0.79–1.06)

Colon Age, and sex 6

(Continued)

ARCHIVES OF ENVIRONMENTAL & OCCUPATIONAL HEALTH 9



Discussion

This is likely the first research work to evaluate the
relationship between nitrate exposure from drinking
water and all types of cancers using meta-regression
and meta-analysis. In this systematic review, a total of
48 articles were used for quantitative analysis after
proper selection. The meta-regression analysis showed
there was an association between nitrate exposure
from drinking water and stomach cancer (p¼ 0.0001).

All other types of cancers didn’t show any association
even after the sensitivity analysis. The meta-analysis
showed there was an evidence of the association
between the risk of brain cancer & glioma (OR ¼
1.15, 95% CI: 1.06, 1.24), and colon cancer (OR
¼1.10, 95% CI: 1.03, 1.17), and nitrate consumption
in the analysis comparing the highest versus the low-
est category of dosage of nitrate consumption from
drinking water, other types of cancers didn’t show any

Table 1. Continued.

First Author,
Year, Country Study Design

Exposure
Categories

Nitrate intake
mg/l)

Reported
OR/RR/HR 95% CI Cancer sites Adjustment NOS

Jӧrg Schullehner, et al,
2018, Denmark41

Cohort study from 1978
to 2011.

9.25–14.63 1.15 (1.05–1.26) Colon Age, sex, year of birth and
previous cancer diagnosis.

7

� Hui-Fen Chiu et al,
2010, Taiwan42

Case-control study, from
2003 to 2007

0–4.86
5.04–7.38
7.74–10.08

1 (Reference)
1.07 (0.94–1.2)
1.22 (1.01–1.36)

Colon Age and gender 6

� Jane A. McElroy,
et al, 2008, USA43 Case-control of two

studies, from 1990 to
1992 and 1999–2001.

0–0.5
0.5–1.9
2–5.9
6–9.9
10–13.9

1 (Reference)
1.6 (1.05–2.43)
1.42 (0.96–2.11)
1.41 (0.85–2.37)
1.18 (0.57–2.44)

Colon Age, and interview period. 6

0–0.5
0.5–1.9
2–5.9
6–9.9
10–13.9

1 (Reference)
1.35 (0.82–2.24)
1.43 (0.91–2.27)
1.33 (0.73–2.44)
2.91 (1.52–5.56)

Rena R. Jones, et al,
2019, USA44

Cohort study, from 1986
to 2010.

0–0.36
0.37–0.8
0.81–1.35
1.36–3.51
3.51–5.66

1 (Reference)
1.13 (0.88–1.45)
1.32 (1.03–1.69)
0.98 (0.76–1.27)
0.97 (0.75–1.26)

Colon Age, physical activity,
smoking status, and NO3-
N or TTHM

7

Anneclaire J. De Roos
et al, 2003, USA38

Case-Control study, from
1986 to 1990

0–1
1–3
3–5
5–7

1 (Reference)
0.8 (0.6–1.1)
0.7 (0.5–1.2)
1.2 (0.8–1.8)

Rectum Age, sex, and chlorinated
surface water.

7

Peter J. Weyer, et al,
2001, USA2

Cohort study, from 1986
to 1998.

0–0.36
0.36–1

1.01–2.46
2.46–3.91

1 (Reference)
0.76 (0.45–1.28)
0.98 (0.61–1.6)
0.49 (0.27–0.89)

Rectum Unadjusted 7

Nadia Espejo-Herrera
et al, 2016 Spain39

Case-control study, from
2008 to 2013.

0–5
5–10
10–15

1 (Reference)
0.93 (0.7–1.23)
1.62 (1.23–2.14)

Rectum Sex, age, education, body
mass index, physical
activity, non-steroidal anti-
inflammatories use, family
history of colorectal
cancer, intake of energy
and oral
contraceptives use.

7

Hsin-Wei Kuo et al,
2007 Taiwan45

Case-control study, from
1999 to 2003

0–0.18
0.19–0.45
0.48–2.85

1 (Reference)
1.13 (0.92–1.39)
1.27 (1.04–1.56)

Rectum Age, and gender 6

Jӧrg Schullehner et al,
2018 Denmark41

Cohort study, from 1978
to 2011.

3.87–9.25 1.17 (1.04–1.32) Rectum Age, sex, year of birth and
previous cancer diagnosis.

7

Chih-Ching Chang
et al, 2010 Taiwan13

Case-control study, from
2003 to 2007.

0–0.38
0.38–0.76

1 (Reference)
1.15 (1.01–1.32)

Rectum Age, gender, marital status,
and urbanization level
of residence.

6

Rena R. Jones et al,
2019, USA44

Cohort study, from 1986
to 2010.

0–0.36
0.37–0.8
0.81–1.35
1.36–3.51
3.51–5.66

1 (Reference)
0.48 (0.28–0.84)
0.86 (0.53–1.38)
0.94 (0.6–1.48)
0.64 (0.38–1.07)

Rectum Age, physical activity,
smoking status, and NO3-
N or TTHM

7

� Jane A. McElroy,
et al, 2008, USA43

Case-control of two
studies, from 1990 to
1992 and 1999–2001.

0–0.5
0.5–1.9
2–5.9
6–9.9
10–13.9

1 (Reference)
1.32 (0.74–2.33)
1.21 (0.7–2.07)
1.03 (0.49–2.17)
1.14 (0.43–3.05)

Rectum Age, and interview period. 6
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association. There was evidence of the association
between the risk of colon cancer (OR ¼ 1.14, 95% CI:
1.04, 1.23) and nitrate consumption in the analysis
comparing all combined higher dosages versus the
lowest category of nitrate consumption from drinking
water, other types of cancers didn’t show any associ-
ation. Furthermore, the intake of nitrate/nitrite from
drinking water for a while, can be associated with the
possibility of getting a type of cancer in humans.

Different ranges of dosages of nitrates intake
showed a relationship with the risk of having cancer.
Weyer et al,10 showed an association with nitrates
intake as low as 0.36 to 1mg/l and colon cancer in a
cohort study, RR: 1.49 (95% CI: 1.07, 2.08) for
women, between the ages of 55–69 years, while
Morales-Suarez-Varela et al15 showed an association
at high nitrates intake level 50 to 75mg/l and stomach
cancer in a cross-sectional study, RR:1.91 (95% CI:
1.36–2.67); RR:1.81 (95% CI: 1.15–2.87) for males and
females between the ages of 55–75 years respectively.
It will be better if all studies can show the association
with several different ranges of dosages of nitrates
without so much gap or missing data for a better
understanding. In some studies, researchers did not
find any association between nitrate and cancer but
some studies have tried to observe if the duration of
exposure (number of years) combined with certain
nitrate levels in drinking water showed a significant
association or not (some articles have reported for 4
or 5 years and above). Ward et al72 observed a positive
association between nitrate concentrations level at >

5mg/l in public drinking water for � 5 years and inci-
dent thyroid cancer (RR ¼ 2.59, 95% CI ¼ 1.09–6.19)
but not for �4 years. A cohort study of postmeno-
pausal women in Iowa from 1986 to 2011, who con-
sumed water from public water supplies for 1 to
4 years to exposure levels >1=2 MCL, >5mg/l NO3-N
showed a significant positive association for pancreatic

cancer (HR ¼ 1.66, 95% CI ¼ 1.22, 2.44) but it was
not significant for �4 years.39 This was completely
contradictory with the case-control study on pancre-
atic cancer in Iowa, from 1960� 1987, which showed
no association for the few individuals exposed to com-
munity water supply with nitrate level at 7.5mg/l and
10mg/l for >4 years and >2 years respectively.41 This
is similar to a study done for adult glioma and year of
using Nebraska public water supply with nitrate level
at � 5 and � 10mg/l from 1947 to 1984. There was
no positive association between the number of years
of exposure, including more 9 and 10 years.73 All
studies need to include the number of years of expos-
ure together with nitrate levels, age, race, BMI, phys-
ical activity and gender to help with early diagnosis
and detection of each type of cancer.

Other studies have tried to evaluate if the presence
of calcium and magnesium in drinking water com-
bined with nitrate intake can increase the risk of can-
cer. Liao et al57 conducted a case-control study in
Taiwan which showed no evidence of a significant
interaction between drinking water nitrate and cal-
cium (high and low) intake and esophageal cancer.
The study also suggested individuals with the highest
nitrate exposure (1.16mg/l median intake) and low
magnesium intake (<9.3mg/l) have a 1.27 fold
increased risk of esophageal cancer (OR¼ 1.27; 95%
CI ¼ 1.03–1.57), but those with the same nitrate
exposure and high magnesium intake (�9.3mg/l)
showed no association. Chiu et al74 conducted a case-
control study in Taiwan which showed individuals
with nitrate exposure (both high ¼ �0.38mg/l and
low ¼ <0.38mg/l) and low calcium <34.6mg/l intake
from drinking water (OR: 1.70, 95% CI ¼ 1.43–2.03)
and (OR: 1.30, 95% CI ¼ 1.11–1.52) respectively had
a statistically significant risk of having gastric cancer.
These results were also similar to that with nitrate
exposure (both high ¼ �0.38mg/l, and low ¼

Table 2. Meta-analysis of pooled ORs (95% CI) of the highest versus lowest category & all combined higher versus the lowest
category of nitrate consumption from drinking water for each type of cancer.

Cancer site

highest versus the lowest all combined higher versus the lowest Publication Bias

Pooled OR (95 % CI)
I-squared (I2)
and p-value Pooled OR (95 % CI)

I-squared (I2)
and p-value

Egger’s test
p-value

Begg’s test
p-value

Ovary & Uterine corpus 1.57, (0.38, 2.76) 77.1%, p¼ 0.013 1.38, (0.75, 2.01) 80.6%, p¼ 0.006 0.097 0.297
Breast 1.06, (0.94, 1.19) 0.0%, p¼ 0.739 1.00, (0.94, 1.06) 0.0%, p¼ 0.523 0.217 0.069
Brain & Glioma 1.15, (1.06, 1.24) 0.0%, p¼ 0.551 0.94, (0.73, 1.15) 64.4%, p¼ 0.010 0.060 0.284
Non-Hodgkin’s Lymphoma 0.98, (0.81, 1.16) 62.8%, p¼ 0.004 1.02, (0.90, 1.13) 65.0%, p¼ 0.002 0.370 0.221
Stomach 1.09, (0.97, 1.21) 63.8%, p¼ 0.001 1.02, (0.94, 1.10) 65.2%, p¼ 0.000 0.013 0.567
Pancreas 1.08, (0.94, 1.22) 1.1%, p¼ 0.386 0.99, (0.77, 1.21) 72.4%, p¼ 0.012 0.595 0.337
Esophagus 1.06, (0.99, 1.13) 0.0%, p¼ 0.936 1.03, (0.99, 1.07) 0.0%, p¼ 0.631 0.113 0.216
Bladder 0.94, (0.70, 1.17) 69.3%, p¼ 0.000 0.95, (0.78, 1.11) 75.1%, p¼ 0.000 0.659 0.568
Kidney 1.03, (0.78, 1.28) 8.2%, p¼ 0.352 0.99, (0.84, 1.13) 0.0%, p¼ 0.547 0.319 0.464
Colon 1.11, (1.04, 1.17) 37.3%, p¼ 0.072 1.14, (1.04, 1.23) 54.4%, p¼ 0.006 0.766 0.173
Rectum 1.07, (0.86, 1.28) 76.6%, p¼ 0.000 0.99, (0.81, 1.17) 82.9%, p¼ 0.000 0.017 0.080

I-squared (I2), a statistic representing the amount of total variation attributed to heterogeneity; p-value of Cochran’s Q test for heterogeneity.

ARCHIVES OF ENVIRONMENTAL & OCCUPATIONAL HEALTH 11



Figure 3. pooled ORs (95% CI) of the highest dosage versus lowest category of dosage of nitrate consumption from drinking
water for each type of cancer.
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<0.38mg/l) and low magnesium intake (<9.3mg/l),
(OR: 1.49, 95% CI ¼ 1.24–1.80) and (OR: 1.21, 95%
CI ¼ 1.02–1.43) respectively. A study done on nitrates
in drinking water and the risk of death from brain
cancer by Ho et al22 showed the risk of adult brain
cancer development with both high (� 0.38mg/l) and
low intake (<0.38mg/l) of nitrate levels (OR: 1.43,
95% CI ¼ 1.04–1.97) and (OR: 1.43, 95% CI ¼
1.07–1.92) respectively from drinking water was seen

among individuals with lower calcium levels
(<34.6mg/l). There was no significant evidence of
interaction of drinking water nitrate levels with and
low magnesium intake (<9.3mg/l). Further studies
are needed to understand and control the intake of
these chemical elements both from drinking water
and food.

The combined effect with endogenous nitrosation
factors and other dietary covariables with nitrate

Figure 4. pooled ORs (95% CI) of all combined higher dosages versus the lowest category of nitrate consumption from drinking
water for Colon Cancer.

Figure 5. Funnel plot of nitrates and (a) Stomach cancer risk; and (b) Rectal Cancer risk for publication bias.
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intake from drinking water is extremely important in
this kind of study to see if they can influence the out-
come or not. It was seen in some cases people who
take in high Vitamin C, high Vitamin E, folate intake,
alpha-tocopherol and low intake of red meat (or any
meat) while being exposed to nitrate at the same time
had a lower risk of having cancer.26,75 Ward et al76

observed the highest ORs for distal stomach cancer
among those with higher water nitrate ingestion and
higher processed meat intake compared with low
intakes of both; however, the test for interaction was
not significant (p¼ 0.213). Espejo-Herrera et al7

observed individual with high red meat intake (>29 g/
day) together with high nitrate intake from drinking
water (>4.4mg/day) were at risk of getting colon can-
cer (OR ¼ 1.66, 95% CI: 1.30, 2.12) compared to
those who with low red meat intake together with
high nitrate intake from drinking water. This result
was the same for rectal cancer. Individuals with high
vitamin C intake (>137mg/day) together with high
nitrate intake from drinking water (>4.4mg/day)
were not at risk of getting colon cancer (OR ¼ 0.92,
95% CI: 0.73, 1.15) compared to those who with low
vitamin C intake together with high nitrate intake
from drinking water (OR ¼ 1.36, 95% CI: 1.08, 1.71).
These results were similar to the analysis for vitamin
E and fiber for colon cancer. This result wasn’t the
same for rectal cancer, ORs were low for all the com-
bination (both for vitamin C E, and fiber). Inoue-
Choi et al12 observed in a large prospective cohort
study among women with adequate or higher total
folate intake (�400lg/d), breast cancer risk was statis-
tically significantly increased among those using pub-
lic water with the highest quintile of (HR ¼ 1.40,
95%CI ¼ 1.05–1.87) and private well users (HR ¼
1.38, 95%CI ¼ 1.05– 1.82) compared to public water
users with the lowest nitrate quintile; in contrast, there
was no association among those with lower folate
intake. Many studies didn’t show any analysis about
the joint effect with endogenous nitrosation factors and
other dietary covariables when studying nitrate intake.
Further studies need to add this analysis so that it can
be better understood in a larger population to see if
these factors can be protective factors against cancer
since some results are contradictory.

Cancer of different parts of the digestive system
(stomach, gastric, bladder, colon, and rectum) had the
highest number of studies and showed more risk com-
pared to other types of cancer. Majority of these stud-
ies were done in Europe and the U.S., with reported
nitrate levels from private wells, and community or
public drinking water supply. Very few or no studies

have been conducted in other countries, especially in
South America, Africa, Australia and Asia. A proper
and comprehensive assessment of nitrate and even
nitrite from drinking water including bottled water
and private wells as well as confounders, including
inhibitors of endogenous nitrosation, and intakes of
antioxidants are needed in future studies. Many stud-
ies lacked information about study participants’ water
consumption from bottled water and private wells,
which may be an essential determinant of exposure to
drinking water contaminants.22 Future studies should
also pay close attention to the different duration or
length (years) of usage from various sources of drink-
ing water with nitrate or nitrite levels, especially to
understand the effects from the duration of exposure.
There is still no precise standard maximum contamin-
ant level for nitrate-nitrogen (NO3-N) in drinking
water put in place to protect people from non-com-
municable diseases like cancer. This might be because,
non-communicable diseases like cancer can take a
long time to occur and the casualty hasn’t yet been
fully established, significantly since other factors can
increase or reduce the risk of having said disease. Few
articles have tried to find the association between the
nitrate from drinking water, and thyroid cancer, pros-
tate cancer, lung and bronchus cancer, cancer of other
parts of the digestive tract, skin cancer (melanoma),
leukemia, nasophargeal carcinoma, and cancer in the
neck region with epidemiological studies of humans.

Limitations of this study

Using two different statistical analysis for each cancer
sites is the strength of this research work, and it can
help to understand the association better using other
methods and see if the results will be same or not.
However, the limitations of the study are followed;
first, only very few articles were available for each
type of cancer, some with 3 or fewer studies, and so
the results for this analysis should be treated with cau-
tion. More detailed, well-designed studies with accur-
ate and precise information about study participants’
water consumption, which may be an essential deter-
minant of exposure to drinking water contaminants is
needed to show a true association. Secondly, this
research work couldn’t evaluate if other confounders
could affect the outcome of the disease. Pertinent
details, records of analysis of the intake of other com-
pounds (especially the dosage) or nutrients, from food
and drinking water which could affect the process of
nitrosation in the body should be added and shown
in all studies. Thirdly, there was a wide range of
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dosage of nitrate intake values from different studies
for the lowest and highest categories and also incom-
plete results (especially for private wells) which might
pose an issue for the meta-regression analysis or to
conduct dose-response analysis. At the same time this
might pose a problem to set a limit or precise stand-
ard maximum contaminant level put in place to pro-
tect people from having cancer.

Conclusion

In summary, the results from the meta-regression and
meta-analysis showed that there is an association
between nitrate from drinking water and a type of can-
cer. Even though pollution (especially water pollution)
is a severe problem around the world today, not so
much work and research has been done between the
exposure of nitrates and nitrites from drinking water
and risk of getting different types of cancers. The most
appropriate means of controlling nitrate concentrations
particularly in groundwater is the prevention of con-
tamination. This means forms of proper management
of agricultural practices should be encouraged, the
careful siting of pit latrines and septic tanks, sewer
leakage control, as well as management of fertilizer and
manure application and storage of animal manures.

A lot of well-designed and large-sample epidemio-
logical studies (especially cohort studies) in different
parts of the world are essential to clarify better,
understand, and interpret the association between
nitrate or nitrite consumption from drinking water
and the risk of cancer in humans.
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