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Abstract

:

Infertility is a worldwide health issue, but mechanisms of both male and female reproductive toxicity remain to be elucidated. So far, a limited focus has been on potentially harmful environmental factors such as arsenic, which is naturally occurring in groundwater. The objective of this review was to systematically investigate the association between arsenic in drinking water and adverse reproductive outcomes in men and women of fertile age. We conducted a systematic literature search and included case-control studies and cohort studies reporting on decreased semen quality characteristics, increased time to pregnancy, infertility, or spontaneous abortion. In total, 433 articles were screened and ultimately, eight studies were included. Included literature was quality assessed with the Newcastle-Ottawa Scale. Findings were reported in a narrative synthesis. Only one study investigated male fertility. An association between increasing arsenic exposure and decreasing semen quality characteristics was found, as well as an indication of arsenic accumulation in seminal plasma. These findings are, however, at high arsenic levels (>1000 µg/L). No consistent evidence was found to support the hypothesis that arsenic exposure from drinking water is a cause of longer waiting time to pregnancy or spontaneous abortion, being the only endpoints investigated in the included literature. In conclusion; the evidence is sparse and of varying quality, however, it does warrant attention, as it conflicts with existing evidence, mainly from cross-sectional or ecologic studies.
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1. Introduction


Infertility and subfecundity are worldwide health issues with one in six couples experiencing fertility problems during their reproductive age [1,2]. Further, approximately 30% of all pregnancies terminate in spontaneous abortions [3]. Consequently, efforts to identify potential causes of adverse reproductive outcomes are necessary. Mechanisms of both male and female reproductive toxicity remain to be elucidated, yet only a minority of studies have focused on the role of environmental factors.



Arsenic is a common pollutant in groundwater-based drinking water supply systems worldwide, partly due to anthropogenic sources, but mainly by natural occurrence [4,5]. Arsenic exists in an organic or inorganic form (iAs), the latter of which is classified as a group 1 carcinogen [4,6] and is known to cause a wide range of adverse health outcomes such as skin lesions [7], vascular diseases [8,9] and neurodevelopmental problems [10]. Arsenic easily crosses the human placental barrier [11], and several epidemiological studies, mainly of ecological or cross-sectional design, have found associations between exposure to high-level arsenic and risks of spontaneous abortion, stillbirth and low birth weight [12]. Possible mechanisms have been suggested from animal studies, where prenatal arsenic exposure has resulted in defective implantation, zygote development and disrupted placental vasculogenesis [13,14].



The existing literature based on human studies that have investigated the possible reproductive toxicity of arsenic in men is limited. Studies are primarily from ecological or cross-sectional design and results are equivocal [15,16,17,18,19,20,21]. In animal studies, however, significantly lower testicular, epididymal and prostate weight, as well as significantly lower sperm motility and epididymal sperm count when exposed to arsenic through drinking water have been reported [22,23,24]. Additionally, it has been observed that the process of sperm capacitation and sperm-egg fusion is repressed, leading to defective fertilisation [25].



The World Health Organization (WHO) has recognised the harmfulness of arsenic and set out a provisional guideline value of 10 µg/L, however, stressing that “every effort should be made to keep concentrations as low as reasonably possible” [6]. Yet, this guideline value is based on the carcinogenic effect and does not consider any potential reproductive toxicity.



Therefore, the aim of this systematic review was to investigate if exposure to arsenic through drinking water is associated with adverse reproductive outcomes in men and women of fertile age.




2. Materials and Methods


This systematic review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [26], and a flowchart has been made to report the inclusion/exclusion and characteristics of all included studies (see Figure 1).



A review protocol is available from the PROSPERO database [27] with registration number CRD42019138503.



2.1. Search Strategy and Study Selection


A comprehensive systematic literature search was carried out in the electronic databases PubMed/Medline, Embase and Scopus on 24 May 2019. The full search strategy is available in the Supplementary Materials. To identify potentially relevant studies, keywords, medical subject headings (MeSH) and Emtree terms were used. To ensure the inclusion of non-indexed, new literature, a free-text search was performed, and the bibliographies of included studies were hand-searched to retrieve additional studies.



All literature describing exposure to arsenic in drinking water associated with adverse reproductive outcomes in men and women of fertile age was assessed. The focus was on infertility and subfecundity (e.g., semen quality parameters, extended time to pregnancy (TTP) or assisted reproductive technologies (ART)) and pregnancy complications (i.e., spontaneous abortion) that could be an indirect measurement of infertility. All identified studies were screened by title and abstract for eligibility; potentially relevant studies were obtained and read in full text and critically evaluated for inclusion by two authors. Inclusion criteria:




	
Studies containing a relevant population:



	-

	
Women of fertile age (15–51 years)




	-

	
Men of fertile age (15–65 years)







	
Studies assessing arsenic exposure from drinking water



	
Studies containing a relevant control group



	
Studies investigating at least one of the following outcomes:



	-

	
Infertility (including extended TTP, ART, and menstrual disturbances)




	-

	
Semen quality parameters




	-

	
Pregnancy complications (i.e., spontaneous abortion)







	
Original studies



	
Studies with one of the following designs:



	-

	
Cohort study




	-

	
Case-control study







	
Studies published in the English language








Studies not meeting these criteria were excluded.



The electronic database search was repeated on 13 November 2019, and no new literature was deemed eligible for inclusion.




2.2. Data Extraction and Quality Assessment


To ensure a standardised procedure, an a priori data extraction form was used to retrieve information from all included studies (available in Supplementary Materials). The quality of the included studies was assessed using the Newcastle-Ottawa Scale (NOS) [28] by two independent authors. In case of disagreement, a consensus was reached by discussion, or if necessary, by consulting a third reviewer. An explanatory form was made for the NOS to secure a standardised scoring (available in Supplementary Materials). The most important covariates were chosen to be maternal age for women and smoking for men. Studies were allocated a score between 0 and 9. The studies with a score of 7 or above were considered high-quality studies and were subsequently considered separately to see if this had any impact on the conclusion of this systematic review. No authors, investigators, or alike were contacted to obtain missing information, neither were protocols for included studies obtained.





3. Results


The total number of potentially relevant studies found through database and bibliography searches was 786 (see Figure 1). All relevant studies were obtained and accounted for. Eight studies were deemed eligible for inclusion in the systematic review.



Study characteristics, results and the assigned NOS-score from the quality assessment are presented in Table 1 and Table 2.



3.1. Women


Seven of the included studies reported reproductive outcomes in women, one study reported on the association with TTP [29], and six reported on associations with spontaneous abortion [30,31,32,33,34,35], however, two of these presented pooled results of fetal losses [30,35].



3.1.1. High-Level Arsenic Exposure (Above 10 µg/L)


The studies conducted in areas with high levels of arsenic in the drinking water, measured exposure through drinking water solely or in both drinking water and urine. Of the four studies measuring arsenic exposure directly in drinking water, two studies, namely Banu [32] et al. and Mukherjee et al. [34], only reported the incidence of spontaneous abortion in the study period and made no further analysis. The remaining two reported either a combined outcome defined as fetal loss, Ahmed et al. [30] or considered early fetal loss (i.e., spontaneous abortion) separately but pooled the results in the analysis, Rahman et al. [35]. Ahmed et al. [30] conducted a cohort study with prospectively collected exposure data with 1616 participants and found no statistically significant difference in the occurrence of fetal loss among exposure groups but reported a non-linear exposure-response relationship varying across the pregnancy. Additionally, they measured urinary markers to assess arsenic exposure and found similar results. Rahman et al. [35], who conducted a large cohort study with prospectively collected exposure data with 29,132 participants, reported a tendency of increased risk of fetal loss for higher quintiles of water arsenic concentration. However, this was only statistically significant for the highest quintile (arsenic concentration ≥409 µg/L) compared with the lowest quintile (arsenic concentration <10 µg/L).




3.1.2. Low to Moderate Arsenic Exposure (Below 10 µg/L)


Three studies investigated a potential association between low to moderate levels of arsenic exposure and adverse reproductive outcomes [29,31,33]. The comparison was, however, somewhat difficult since they did not report on the same outcome. As the only study reporting on TTP, Susko et al. [29] found modestly lowered pregnancy probabilities for women with extended TTP, with higher arsenic exposure, but overall, they did not find any association between low-level arsenic in drinking water and women’s fecundity in their cohort study with retrospectively collected exposure data. Neither of the two studies reporting pregnancy outcomes found any convincing evidence of increased risk of spontaneous abortion. In a case-control study with 1677 participants, Aschengrau et al. [31] found a weak statistically non-significant association, whereas Bloom et al. [33] found no increased risk in their case-control study with 300 participants.





3.2. Men


High-Level Arsenic Exposure (Above 10 µg/L)


Only one study, Sengupta et al. [19], was deemed eligible for inclusion in this systematic review, by reporting on arsenic levels in drinking water and semen quality parameters. In this case-control study of 100 men, a positive correlation between arsenic levels in drinking water and seminal plasma was found, and mean drinking water arsenic and mean seminal arsenic content were both significantly higher among cases (men with oligozoospermia or azoospermia) compared to controls (men with normozoospermia). Furthermore, the arsenic content in drinking water and total sperm count was inversely related. Additionally, a higher fraction of abnormal sperm morphology, and thus motility, was found in cases compared to controls.






4. Discussion


This systematic review identified one study reporting an association between arsenic exposure from drinking water and an adverse effect on semen quality characteristics in men and an accumulation of arsenic in seminal plasma. These findings are, however, at high arsenic levels (>1000 µg/L), and the study was not classified as a high-quality study. No clear significant association between arsenic exposure and the risk of spontaneous abortion was found, although there was a suggestion of a timing and dose-dependent association throughout pregnancy. One study reported modestly lowered pregnancy probabilities for women with extended TTP with higher arsenic exposure, but no overall association was found between exposure to low-level arsenic in drinking water and women’s fecundity when measured as TTP.



Of the eight included studies, the comparison was challenged by the heterogeneous outcome definitions. Furthermore, only three were designated a NOS-score equal to or above 7, and all investigated outcomes were in women [30,31,33]. Assessing these separately did not change the overall conclusion of this systematic review.



4.1. Strengths and Limitations


This review is the first to systematically review published studies investigating the influence of arsenic exposure from drinking water on reproductive outcomes in both females and males. The arsenic exposure assessment through drinking water has higher precision, compared to urine samples, in areas where water is estimated to be the primary exposure route, as urine concentrations may vary with hydration status.



However, the study has some possible limitations. Firstly, there might be incomplete data retrieval due to publication bias. By manual review of reference lists of included or relevant literature, this was sought to be solved; however, non-published data were not traced. Secondly, regardless of the comprehensive literature search, only a few studies were deemed eligible for inclusion, thereby restricting our conclusion to the findings of eight studies. Some relevant publications may have been left out (see Supplementary Materials). Lastly, by using the NOS to quality assess included studies; we might categorise some studies as “low-quality” simply because the authors did not provide detailed information in the publication.




4.2. Spontaneous Abortion


An issue when interpreting the results from the studies investigating spontaneous abortion as an endpoint is the lack of consensus on its definition. In Denmark, the cut-off for spontaneous abortion is set at 22 full weeks of gestation [36]. Another given by UpToDate is set at 20 weeks of gestation [37]. All six included studies applied different definitions or did not specify the cut-off of gestational age, which limits their comparability. Studies defining an earlier cut-off will naturally have a lower incidence due to the shorter period—and vice versa—leading to over- and underestimations of events occurring, and thus affecting the assessed impact of arsenic.



Another aspect to consider is the unrecognised early spontaneous abortions that may give rise to survival bias. This under-reporting of the outcome lowers the incidence and possibly also presents a biased result [38].



Several studies did not qualify for inclusion in this review. Most research reporting pregnancy outcomes were studies of cross-sectional or ecological design [39,40,41,42,43,44,45,46,47], precluding temporality [48]. In a meta-analysis conducted in 2015 [12], authors found a positive association between high-level arsenic exposure and spontaneous abortion whereas their findings on low-to-moderate arsenic levels were inconclusive. The interpretation of associations should, however, be done with care, as most of the included literature has methodological problems. Indeed, in this systematic review, where only case-control and cohort studies were included, the same statistically significant association was not found.



An additional few cohort studies were found reporting spontaneous abortion, but these studies assessed arsenic exposure from urinary samples and were thus not included [49,50]. One study found a non-significant elevation in odds ratio (OR) for spontaneous abortion, but no dose-response relationship, in a population with high arsenic exposure [50]. Similarly, another study showed a non-significant increase in OR for spontaneous abortion with increased arsenic levels [49].



As most studies in this field are carried out in developing countries, it is important to reflect on the external validity of these reports.




4.3. Female Infertility and Fecundity


Apart from the included study reporting female fecundity or infertility [29], only one other study was found to investigate this same outcome in humans [51]. Arsenic exposure was assessed from blood samples and no association of arsenic exposure (primarily through non-toxic arsenical species from seafood consumption) and extended TTP was found.



No studies reporting on associations between arsenic exposure and any form of assisted reproductive technology were found, and only a single study reporting on menstrual disturbances was traced, but this was left out due to language restriction [52].




4.4. Male Infertility and Semen Quality Parameters


Only one male study met the inclusion criteria, but had several methodological limitations, and was awarded a NOS-score of 6. In general, both manuscript setup, and study population and data presentation were complicated, and interpretation of the results therefore challenging.



Another aspect to consider is that the arsenic exposure levels were much higher for the participants in Sengupta et al. compared to the participants in other included studies. Indeed, the control group had arsenic levels ranging higher than the case groups in most other included studies (see Table 1 and Table 2). By inspection of the graphics in Sengupta et al., it appears to be high drinking water arsenic concentrations above 1000 µg/L that were associated with oligo- and azoospermia. These values are beyond the average arsenic content in most groundwater sources [53]. This should be considered when interpreting the validity of the stated conclusions.



Several studies investigating arsenic exposure were identified but did not qualify for inclusion, as was the case for pregnancy outcomes. Most research reporting on male infertility was of cross-sectional or ecologic design, having the same methodological challenges as previously described. Arsenic exposure assessment was performed by analysing various metabolites in either urine [16,20,21,54,55], blood [56,57,58] or seminal plasma [57,58,59,60,61], and outcome specification varies greatly making comparisons complex. Findings are generally conflicting, and not consistent.



An additional three case-control studies were identified, but none of them measured arsenic exposure in drinking water. Wang et al. [18] investigated the risk of unexplained male infertility (UMI) with exposure to arsenic in 162 men. They assessed arsenic exposure with urinary arsenic measurement and found that the primary methylation capacity of inorganic arsenic was significantly associated with an increased risk of UMI. Several arsenical metabolites were investigated, and contra-intuitively, only the species known to be the least toxic (iAsv) was significantly associated with UMI. Shen et al. [62] similarly demonstrated significantly increased adjusted odds ratio for idiopathic male infertility with increasing levels of iAsv, and likewise did not demonstrate increased odds ratio for any other arsenical metabolites. Meeker et al. [17] assessed multiple metals in whole venous blood from 219 men and found suggestive evidence for non-monotonic inverse associations between arsenic and semen quality parameters when arsenic was considered individually.



When investigating male infertility, one must bear in mind that lower semen quality does not necessarily mean increased male infertility, as it is difficult to draw conclusions based on semen characteristics alone. Furthermore, seminal plasma mostly arises from non-gonadal sources (e.g., seminal vesicles and prostate) [63], and high arsenic levels in seminal plasma, can thus not readily be interpreted as a result of gonadal bioaccumulation.




4.5. Assessment of Arsenic Exposure


Comparing results from studies investigating the individual arsenic exposure may be difficult due to the different methods used to address exposure (water, urine, blood or seminal plasma). There is no consensus on how to transform and compare the results.



Interpretation of iAs from urine or blood is complicated by the incomplete metabolization upon ingestion. These species have significantly varying toxicity [18], thus, conclusions should be drawn with care, as it might introduce large uncertainty in arsenic exposure.



The available studies assessing arsenic exposure from drinking water are challenged by the lack of certainty in determining exposure on an individual level [31]. However, by using drinking water in the assessment of arsenic exposure, hydration status and metabolism rate are not issues that need to be accounted for (in contrast to using urine or blood). Thus, the arsenic exposure assessment through drinking water will have higher precision than by using urine in areas where water is estimated to be the primary exposure route, which is a strength of this systematic review. In areas with industrial mining or areas with a high intake of rice and shellfish, these exposure routes need to be considered and assessed equally when estimating arsenic exposure.



Furthermore, using the information on drinking water arsenic from the nationwide quality control measurements would enable observational studies with large study populations and greater exposure contrast, and the possibility to investigate associations with rare reproductive outcomes. In addition, it is an ethically justifiable study design, when investigating a substance with multiple known adverse health consequences. Studies using datasets with time-specific drinking water assessment by certified monitoring databases, linked to universal health registries, as well as the availability of covariate- and confounder information could strengthen the evidence in this field.



Several factors complicate the estimation of arsenic’s effect using any source making the evaluation of arsenic toxicity extremely complex. One factor is the varying inter-individual arsenic sensitivity and metabolism capacity [64]. Another is in utero and early life arsenic exposure which is associated with the increased risk of adverse effects in later life [30,65]. Bioaccumulation of arsenic in reproductive tissues, e.g., as described in human gonadal tissue [19], may also have significance for toxicity over time [66]. Additionally, some authors also report on metabolism changes during pregnancy; these results are, however, conflicting [67,68]. Co-contaminants such as cadmium, lead, or fluoride may influence the bioavailability and metabolism of arsenic [65], and other covariates such as smoking have been suggested to potentiate otherwise benign exposure of arsenic [69].





5. Conclusions


Overall, no strong evidence was found in this systematic review to support an association between arsenic exposure in drinking water and increased risk of spontaneous abortion regardless of exposure level. A tendency toward lowered pregnancy probabilities for women with extended TTP, with higher arsenic exposure was found, but there is not sufficient evidence to support the overall hypothesis that exposure to low-level arsenic in drinking water adversely impacts women’s fecundity when measured as TTP.



The almost non-existing literature on arsenic exposure from drinking water and male infertility and semen quality parameters stress the need for further studies. The only study qualified for inclusion in this systematic review found that mean drinking water arsenic and mean seminal arsenic content were both significantly higher among cases compared to controls, indicating an accumulation in seminal plasma. Additionally, an association between increasing arsenic exposure and decreasing semen quality characteristics was indicated. These findings are however at high arsenic levels (>1000 µg/L), and the study was not classified as a high-quality study.



No studies reported on any form of assisted reproductive technology, and only a single study reporting on menstrual disturbances was found but left out due to language restriction.



The present evidence is very sparse and outcome assessments vary greatly. As the reports from the existing evidence, mainly from cross-sectional or ecologic studies, are conflicting, large epidemiological studies including data on early fetal loss and individual time-specific exposure levels with large exposure contrast are needed.
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Figure 1. Flowchart for selection of included literature. 
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Table 1. Studies Investigating Adverse Reproductive Outcomes in Women Included in the Systematic Review. Characteristics, Results and Assigned Newcastle-Ottawa Scale Score are Presented.
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Author, Year, Country

	
Study Design

	
Study Population (Size and Selection)

	
Exposure Assessment

	
Outcome

	
Confounding Control

	
Main Results 1

	
Effect of Arsenic Exposure 2

	
Total NOS-Score






	
Ahmed et. al., 2019, Bangladesh

	
Cohort study, prospectively collected information on exposure

	
Total: 1616 pregnant women

	
1st quartile: 0.05–0.89 µg/L

2nd quartile: 0.09–2.00 µg/L

3rd quartile: 2.10–34.00 µg/L

4th quartile: 45.00–1400.00 µg/L

	
Fetal loss (a fetus that never showed signs of life outside the womb)

	
Maternal age (18–34 years and >35 years)

Monthly family income

Educational level

Gravidity

Clinic location

	
No significant difference in the occurrence of fetal loss amongst the four exposure groups (p-value = 0.208)

	
→/(↑)

	
8




	
A non-linear exposure-response relationship, varying across the pregnancy




	
Case: 203 Women with fetal loss

Comparison: Women with completed pregnancy

	
Urinary arsenic concentrations (not specified)

	
Gestational age 9–12 (lowest HR):

HR = 0.81 (95%CI: 0.64–1.02)

Gestational age 25–28 (highest HR):

HR = 1.39 (95%CI: 1.01–1.75)




	
Similar results when maternal urinary arsenic concentration was used in the model




	
Aschengrau et. al., 1989, USA

	
Case-control study

	
Total: 1677

	
None (undetectable)

Low: 0.8–1.3 µg/L

High: 1.4–1.9 µg/L

	
Spontaneous abortion (<28 weeks)

	
Maternal age (<30 years and >30 years)

Educational level

History of prior abortions

	
Non-significant, positive association between arsenic levels and risk of spontaneous abortion. All subjects adjusted:

Low: OR = 1.1 (95%CI: 0.6–1.8)

High: OR = 1.5 (95%CI: 0.4–4.7)

	
(↑)

	
9




	
Case: 286 spontaneous abortions

Control: 1391 completed pregnancies




	
Banu et. al., 2013, Bangladesh

	
Cohort study, prospectively collected information on exposure

	
Total: 421 pregnant women

	
Average for all participants: 36.1 µg/L

(SD = 83.7 and range ≤ 1–880 µg/L)

	
Spontaneous abortion or miscarriage (not specified)

	
None

	
30 pregnancies resulted in spontaneous abortion or miscarriage (7.1%)

	
Not applicable

	
4




	
Case: 30 spontaneous abortions

Comparison: None




	
Bloom et. al., 2014, Romania

	
Case-control

study

	
Total: 300

	
Case:

Average: 4.06 µg/L

	
Spontaneous abortion (<21 weeks).

	
Maternal age

Smoking during pregnancy

Educational level

Prenatal vitamin use

	
No increased risk of spontaneous pregnancy loss in association with continuous inorganic arsenic exposure

	
→

	
8




	
Case: 150 spontaneous abortions

Control: 150 ongoing pregnancies

	
Control:

Average: 4.32 µg/L

	
Average inorganic arsenic levels:

OR = 0.98 (95%CI: 0.96–1.01)




	
Mukherjee et. al., 2005, India

	
Cohort study, retrospectively collected information on exposure

	
Total: 24

	
Case:

Group A: 284–400 µg/L

Group B: 401–1474 µg/L

	
Spontaneous abortion (not specified)

	
None

	
The number of spontaneous abortions increased with increasing arsenic levels in drinking water

	
Not applicable

	
2




	
Case: 17 (high arsenic exposure)

Comparison: 7 (low arsenic exposure)

	
Comparison:

Group C: <3 µg/L

	
Group A: 2 spontaneous abortion (95/1000 live births)

Group B: 8 spontaneous abortion (182/1000 live births)

Group C: 1 spontaneous abortion (55/1000 live births)




	
Rahman et. al., 2007, Bangladesh

	
Cohort study, prospectively collected information on exposure

	
Total: 29,134 pregnant women

	
1st quintile (reference): <10 µg/L

2nd quintile: 10–166 µg/L

3rd quintile: 167–276 µg/L

4th quintile: 277–408 µg/L

5th quintile: ≥409 µg/L

	
Fetal loss (early < 28 weeks, late > 28 weeks)

	
Maternal age

Parity

Educational level

Socioeconomic status

	
A tendency of increased risk of fetal loss for higher quintiles of water arsenic concentrations, although only significant for the 4th quintile (pooled results):

4th quintile: RR = 1.14 (95%CI: 1.01–1.30)

If exposure was dichotomized below and above 50 µg/L:

RR = 1.14 (CI95%: 1.04–1.25)

	
(↑)

	
6




	
Case: 2444 fetal losses

Comparison: Not specified




	
Susko et. al., 2017, Romania

	
Cohort study, retrospectively collected information on exposure

	
Total: 287 previously pregnant women

	
Planned:

Average: 4.63 µg/L

Peak: 5.55 µg/L

Estimated daily: 7.29 µg/L

	
Time to pregnancy

	
Maternal age

Cigarette smoking

Educational level

	
No main effects for low-level drinking water arsenic on women’s fecundity

	
→/(↑)

	
6




	
Case: 94 planned pregnancies

Comparison: 193 unplanned pregnancies

	
Unplanned:

Average: 4.11 µg/L

Peak: 4.59 µg/L

Estimated daily: 5.75 µg/L

	
For women with a longer time to pregnancy, modestly lower pregnancy probabilities were observed with higher arsenic exposure








1: OR: Odds ratio; HR: Hazard ratio; RR: Risk ratio; 95%CI: 95% confidence interval; 2: ↑: Significantly increased risk of adverse reproductive outcomes. (↑): Insignificantly increased risk of adverse reproductive outcomes. →: No difference between exposed and non-exposed groups.
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Table 2. Study Investigating Adverse Reproductive Outcomes in Men Included in the Systematic Review. Characteristics, Results and Assigned Newcastle-Ottawa Scale Score are Presented.
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Author, Year, Country

	
Study Design

	
Study Population (Size and Selection)

	
Exposure Assessment

	
Outcome

	
Confounding Control (Smoking Status and Other (Alcohol Consumption, BMI, Age))

	
Main Results

	
Effect of Arsenic Exposure 1

	
Total NOS- Score






	
Sengupta, 2013,

India

	
Case-control study

	
Total: 100 men

	
Mean drinking water arsenic concentrations:

Cases:

Azoospermia: 2585 µg/L

Oligospermia: 2042 µg/L

	
Sperm concentration:

<20 × 106/mL (azoospermia and oligospermia)

	
Smoking

Alcohol

Tobacco chewing Dietary habits

	
Mean drinking water arsenic and mean seminal arsenic content were both significantly higher amongst cases compared to controls (p < 0.05).

	
↑

	
6




	
Cases: 68 (sperm concentration <20 × 106/mL)

Control: 32 (sperm concentration >20 × 106/mL)

	
Control:

Normozoospermia: 149 µg/L

	
Mean drinking water arsenic levels were positively correlated (r = 0.867) with mean seminal plasma arsenic levels.




	
>20 × 106/mL

(normozoospermia)

	
Arsenic content in drinking water and total sperm count was inversely related (r = −0.91)








1: ↑: Significantly increased risk of adverse reproductive outcomes.
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