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Abstract

Inorganic arsenic exposure has been linked to the development of several health conditions, including adverse birth outcomes,
and around 150 million of people worldwide are exposed to levels above the WHO suggested limit of 10 pg/L. A recent risk
assessment in pregnant women of Tacna, of this same population performed by our group, found that 70.25% were exposed
to arsenic concentrations in drinking water > 25 pg/L. The present study aimed to evaluate the relationship between prenatal
total urinary arsenic (U-tAs) and inorganic arsenic (U-iAs) with adverse birth outcomes. A total of 147 pregnant women
from the province of Tacna, Peru, during February—March, 2019, were evaluated for U-tAs and U-iAs exposure during their
second trimester of pregnancy, while the birth records of their children were collected from the local hospital. The geometric
mean U-tAs was 43.97 +25.88 pg/L (P5, 22.30, range 5.99-181.94 pg/L) and U-iAs was 5.27 +2.91 pg/L. Controlling for
maternal age, pre-pregnancy BMI, parity, mother’s education, and newborn sex, no relationship was observed between tertile
of U-tAs and the birth outcomes considered, although we found an apparent but statistically non-significant dose—response
relationship for small for gestational age 2.38% (95% CI 0.003, 0.16), versus 7.32% (95% CI1 0.02, 0.21%), and versus 8.57%
(95% CI1 0.03, 0.25%). This finding requires further evaluation considering other factors such as metabolic arsenic species,
additional maternal covariates, and ethnicity.
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Introduction

The World Health Organization (WHO) estimates that about
150 million people in 70 different countries have been con-
suming water with arsenic (As) levels above the recom-
mendation of 10 pg/L (Brammer and Ravenscroft 2009;
WHO 2011). Although Bangladesh and India are consid-
ered to have the most concerning exposure levels (Milton
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et al. 2017), high levels of As have also been found in Latin
American countries where it is estimated that 4.5 million
people are exposed to levels of inorganic As (iAs) greater
than 50 pg/L with the highest levels found in Argentina,
Bolivia, Chile, Mexico and Peru (McClintock et al. 2012).

Fetal vulnerability to environmental pollutants, such
as air pollutants, and metals including arsenic, is closely
related to maternal exposure, which could lead to several
health effects at birth and through life (van de Bor 2019).
Inorganic As exposure has been linked to the development
and progression of several chronic diseases and health con-
ditions, such as skin diseases (Ratnaike 2003), metabolic
disorder such as diabetes when exposed to urinary total arse-
nic (U-tAs) levels of 5.5 pg/L (Park et al. 2016; Singh et al.
2011), and cancer (IARC 2012). Arsenic has the capability
to cross the placenta (Concha et al. 1998; Hall et al. 2007)
and affect fetal growth and development.

Arsenic exposure has been associated with adverse birth
outcomes such as low birth weight in exposures > 50 pg/L in
groundwater (Quansah et al. 2015) and preterm birth (Milton
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et al. 2017), but also some studies do not find association
even with high exposure levels in water with median 73 pg/L
(Kwok et al. 2006).

In Peru, high levels of arsenic have been found in surface
waters, mainly in the regions of Moquegua, Tacna and Lima
(Castro De Esparza 2006; George et al. 2014). Because of
its location at the head of the Atacama desert, Tacna pos-
sesses an abundance of As-rich volcanic rock soil to which
its population has been exposed for millennia (Fano et al.
2019a).

We have recently performed a drinking water-based
risk assessment (February—March, 2019) on 161 pregnant
women in the province of Tacna where we found that water
iAs concentrations were > 50 pg/L in 34.8%, 25-50 pg/L in
35.4% and <10 pg/L in 29.8% of the samples tested, with
increasing As levels from the southern city area to the north
(Fano et al. 2019b). In the present study, we evaluate the
relationship between urinary total arsenic (U-tAs) and inor-
ganic arsenic (U-iAs) with birth weight, birth length, ges-
tational age, preterm birth, small for gestational age (SGA)
and large for gestational age (LGA) in this same cohort.

Material and Methods
Design

We conducted a cross-sectional observational study, dur-
ing February—March in 2019, in which urine samples were
obtained during the second trimester of pregnancy, and birth
outcomes data were obtained after deliveries. The study pro-
tocol was reviewed and approved by the Universidad Peru-
ana Cayetano Heredia Institutional Review Board.

Study Population

The population evaluated was derived from a previous risk
assessment study performed by our group in 2019. The study
population recruitment process and description can be found
in detail elsewhere (Fano et al. 2019b). In brief, the study
sample included 161 pregnant women <24 weeks of gesta-
tion who sought regular antenatal care in any of the 16 dif-
ferent health establishments of the province of Tacna.

Other inclusion criteria included women of 18—40 years
old that have been living at least for 5 years in the province
of Tacna. Of these 161 pregnant women, 147 (91.3%) pro-
vided a urine sample for biological evaluation of U-tAs and
U-iAs exposure. Mean gestational age at the time of recruit-
ment and urine sampling was 15.7 +4.7 weeks.

The province of Tacna has four public health centers
capable of attending neonatal delivery: the San Francisco
Health Center, the Ciudad Nueva Health Center, the La
Esperanza Health Center, and the Hipdlito Unanue Hospital.
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The latter health center is a teaching hospital (Level 11-2)
which provides specialized and comprehensive health care
to the Tacna Region and those referred by other institutions
including births requiring a cesarean section or that is in
high risk.

Assessment of Arsenic Exposure

Based on our previous exposure assessment (Fano et al.
2019b), the most present arsenical compound is inorganic
arsenic. Pregnant women were asked to not consume fish-
based meals at least 3 days prior sampling. Urine samples
were self-collected by the pregnant women in a sterile plas-
tic flask after receiving instructions for collection. All preg-
nant women were <24 weeks gestation at the moment of
sampling.

The urine collected was a “clean catch” after eliminating
the first few mL urine from a first morning void. Partici-
pants were asked to freeze the sample in their home freezer;
the sample was retrieved by our team on the same day of
sample collection according to participant availability. After
retrieval, the sample was immediately put in a cooler with
cooling packs and transported to the Universidad Nacional
Jorge Basadre Grohmann biology laboratory where two
2-mL aliquots were separated into cryotubes and temporary
stored at—20 °C.

The samples were sent to the Rollins School of Public
Health at Emory University where they were analyzed for
total arsenic and individual arsenic species. Urinary total
As, iAs" and iAsY, were measured in 250 uL aliquots of
urine. Unknown samples were prepared concurrently with
three blank samples, calibration samples, NIST reference
material SRM 1643f, and two levels of quality control sam-
ples per analytic run. For urinary total As measurements,
samples were digested with nitric acid before dilution with
a mixture of internal standards (indium, iridium, lutetium,
and rhodium). For speciated analyses, urine samples were
diluted with the internal standards then separated using
strong anion exchange chromatography using a gradient
elution with ammonium carbonate ((NH4)2CQO3), ethyl-
enediaminetetraacetic acid disodium salt (Na2EDTA), and
methanol. The samples were then analyzed via inductively
coupled plasma mass spectrometry (ICP-MS), removing
spectral interferences with a collision reaction cell. Con-
centrations of the target elements were determined from the
ratio of the instrument response to the native analyte to the
response to the internal standards in the sample, by com-
parison to the standard curve. NIST SRM 3667 was used as
a quality control material.

U-tAs, U-iAs"™!, and U-iAs" levels were adjusted by spe-
cific gravity. Specific gravity was determined using an auto-
mated refractometer which was calibrated with water prior
to use. The limit of detection (LOD) was 0.1 pg/L for U-tAs,
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U-iAs™, and U-iAs"; the frequency of detection was 100%.
Relative standard deviation in repeated analyses was < 10%.
U-iAs was expressed as the sum of U-iAs'! and U-iAs".

Birth Outcome Data

Data on maternal and perinatal outcomes were obtained
from the medical records of the Hipélito Unanue Hospital
in Tacna which are included in the Perinatal Information
System, SIP in Spanish. The data collected included gesta-
tional age, birth length, and birth weight which were used to
generate the variables preterm birth (PTB) and small for ges-
tational age (SGA) and large for gestational age (LGA). SGA
and LGA were defined as birth weight below the 10th per-
centile or above the 90th percentile, respectively, by gesta-
tional age. PTB was defined as a birth occurring < 37 weeks
of gestation.

In cases where the pregnant woman did not give birth at
this Hospital, the clinical record of the corresponding health
center was consulted. In cases where care was provided
through a private system or sufficient data were lacking, the
participant was asked to provide her child’s information, this
was the case for 4 participants (2.48% of recruited sample).
Only 6 women gave birth in a health establishment different
from the hospital, of which 1 was in a private clinic.

Covariates

The covariates controlled for were maternal age, pre-gesta-
tional BMI, parity, and maternal education level, because
of their strong association with previous studies on perina-
tal outcomes (Estrada-Restrepo et al. 2016; Li et al. 2018;
Merklinger-Gruchala et al. 2015).

These variables were obtained by survey, based on objec-
tive questions and also from the review of maternal elec-
tronic clinical record. Other covariates such as type of zone
of residence (rural or urban) were not considered since all
pregnant women belonged to the urban zone of the city of
Tacna.

Statistical Analysis

The data were analyzed using STATA software version 15.0
for personal computers (College Station, TX 77845). SGA
and LGA were variables generated based on a standardized
fetal growth chart (Kiserud et al. 2017). The analysis was
based only in the 147 pregnant women that provided their
urine sample.

U-tAs and U-iAs concentrations (pg/L) were log trans-
formed and then divided into tertile of exposure with con-
tinuous (birth weight, gestations age) and categorical (PTB,
SGA and LGA) outcome variables tested using a one-way
analysis of variance (ANOVA) and Pearson’s Chi-squared

test, respectively. Linear (birth weight, gestational age) and
logistic (PTB, SGA, LGA) regression models were devel-
oped to evaluate the relationship between log-tAs and log-
iAs and outcome variables controlling for maternal age,
prenatal BMI, parity, mother’s education, and newborn
sex; smoking was not considered as cofounder since only
4 women expressed to smoke at least one-week prior the
interview. A p-value < 0.05 was considered significant.

Results

The geometric mean of U-tAs concentration in
the sampled population was 43.97 pg/L (95% CI
39.8-48.6), range (6.0—-181.9 pg/L). Lowest to high-
est tertiles were <34.26 pg/L, >34.26 t0 <56.82 pg/L,
and > 56.82 pg/L. On the other hand, the U-iAs for the
total population of pregnant women was 5.27 pg/L (95% CI
4.42-6.28). We only had 1 case of low birth weight at term,
so this birth outcome category was not further considered;
this participant’s U-tAs was 80.78 pg/L, belonging to the
upper tertile.

Table 1 shows the population characteristics and birth
outcomes distribution. We found no significant differences
between the exposure tertiles (T1, T2 and T3) for total and
inorganic arsenic in urine with respect to perinatal outcomes,
although we did observe a non-significant dose—response
relationship between SGA and tertile of exposure. Similarly,
we did not observe any statistically significant associations
between exposure and outcomes in our models (Table 2).

Discussion

Tacna is the region with highest As contamination in water
in Peru (Fano et al. 2019a). The geometric mean U-tAs in
our population was 44.97 pg/L and U-iAs was 5.37 ug/L.
In the Person’s Chi-squared test, we found no association
between urinary tAs tertile of exposure and the different
birth outcomes, although a non-significant increasing trend
for SGA was observed (T1 2.38%, T2 7.32%, and T3 8.57%,
p=0.46).

The U-tAs levels found in our population are almost five
times higher than levels in the adult female US popula-
tion (CDC 2019), and three times higher than a pregnant
women cohort of Arica, Chile (Muiioz et al. 2018). However,
compared to an indigenous women cohort from Southeast
Bolivia, our U-tAs levels were about 32% lower (De Loma
et al. 2019). Similarly, and as expected, our U-tAs levels are
much lower than those observed in high-As-contaminated
regions such as Bangladesh and India (Milton et al. 2017).

Despite the relatively high levels of U-tAs in 2nd tri-
mester urine in our population, we found no significant
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Table 1 Population and tertile

o Population T1 T2 T3 p-value

exposure groups characteristics

and birth outcomes summary N 147 48 49 50 _

statistics U-tAs 52.65+33.31 23.71+6.84 43.94+6.90 88.96+3120 -
U-iAs 5.27+2091 2.58+3.73 5.17+1.66 10.49+7.64 -
Log-tAs 3.78+0.61 3.11+0.34 3.77+0.16 4.44+0.31 -
Log-iAs 1.66+1.07 0.43+0.82 1.85+0.27 2.67+0.37 -
Age 28.16+6.08 28.46+5.99 28.06+5.86 27.98+6.46 091
BMI 26.55+4.83 27.27+5.85 26.51+3.79 25.89+4.67 0.76
Birth weight 3633.22+472.87 3646.02+404.53 3606.59+521.78 3647.87+489.51 0.89
Birth length 50.60+2.48 50.31+3.21 51.07+1.79 50.55+2.30 0.37
Gestational age  38.80+1.83 38.56+2.55 38.88+1.29 39.03+1.16 0.48
Preterm birth 4.88 2.22 7.14 5.56 0.55
SGA 5.93 2.38 7.32 8.57 0.46
LGA 34.15 35.56 33.33 33.33 0.96

Values are presented as geometric means + geometric standard deviation. One-way analysis of variance was
used to compare birth weight, birth length, and gestational age between tertiles. Pearson’s Chi-squared test
was employed to compare preterm birth, SGA and LGA proportion between tertiles

U-tAs Urinary total arsenic, U-iAs Urinary inorganic arsenic

Table 2 Regression analyses

& . log-tAs OR (95% CI)

between urinary arsenic (Log-

tAs and Log-iAs) and birth Crude Adjusted p-value

outcomes
Birth weightf 34.89 (—94.71, 164.50) 41.57 (—88.37,171.51) 0.52
Birth length¥ 0.11 (—0.65, 0.86) 0.09 (—0.66, 0.85) 0.80
Preterm birthi 1.44 (0.38, 5.50) 1.59 (0.38, 6.61) 0.52
SGA% 1.003 (0.29, 3.42) 0.93 (0.28, 3.08) 0.90
LGA% 0.96 (0.52, 1.76) 1.003 (0.54, 1.88) 0.99
log-iAs
Birth weightf 42.12 (-31.25, 115.50) 56.39 (—16.28, 129.07) 0.127
Birth length¥ 0.07 (—-0.21; 0.36) 0.06 (—0.22; 0.35) 0.65
Preterm birthi 1.41 (0.58; 3.42) 1.37 (0.55; 3.41) 0.48
SGA% 0.76 (0.40; 1.45) 0.62 (0.27; 1.40) 0.25
LGA% 0.97 (0.70; 1.36) 1.02 (0.71; 1.48) 0.88

Regression coefficient f1 (95% CI) and OR¥ (95% CI) crude and adjusted for mother’s age, pre-gestational
BMI, newborn’s sex, parity, and education. P-value presented corresponds to the adjusted model

SGA small for gestational age, LGA large for gestational age

association between tertile of U-tAs or log-tAs and birth
outcomes. We did observe a trend in SGA with exposure
tertile but it was statistically non-significant (p =0.46).

Current evidence linking birth outcomes to prenatal As
exposure is inconsistent, two systematic reviews agree that
there is concise evidence that increase arsenic exposure is
associated with low birth weight, stillbirth and spontaneous
abortion but this was mostly found with drinking water as
exposure source (Milton et al. 2017; Quansah et al. 2015;
Xu et al. 2011), while some recent cohort studies have found
increased risk for preterm birth when exposed to drinking
water As (Rahman et al. 2018), and SGA with U-tAs (Liu
et al. 2018).
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Low-level As in water has been linked to birth outcomes
in an ecological analysis in Ohio, USA, in which mean arse-
nic concentrations ranged from 0.5 to 12.2 pg/L, where posi-
tive associations with very low birth weight and PTB were
observed (Almberg et al. 2017), and according to our previ-
ous risk assessment in this same sample, 111 women were
exposed to level > 25 pg/L (Fano et al. 2019b). In Romania,
drinking water As> 10 pg/L, mean 4.11 pg/L, was linked to
birth weight and birth length Z-scores particularly in smok-
ers, with a mean iAs of 4.11 pg/L, based in a sample of 122
pregnant women (Bloom et al. 2016).

In another study, U-iAs, P5, 0.3 pg/L, was not associated
with birth outcomes such as gestational age, birth length,
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and birth weight (Gilbert-Diamond et al. 2016). Despite hav-
ing similar or higher levels of urinary tAs and iAs, a clear
relationship with the adverse birth outcomes we studied was
not observed. Other birth outcomes that have been linked
to As exposure could not be evaluated because of lack of
data, such as the negative association found between second
trimester U-tAs, mean 40 pg/L, and head circumference in a
Taiwanese cohort study of 133 pregnant women (Liao et al.
2018).

An interesting finding in our study was the high LGA
prevalence in our population (34.2%) which is almost 6.5
times the national average in Peru (Alves da Cunha et al.
2017). Similarly, our LGA proportion is higher than in most
studies that have observed associations between U-tAs and
birth outcome (Mullin et al. 2019).

This high prevalence of LGA may obscure any associa-
tions with specific birth outcomes in our population. Tacna
may display a high prevalence of LGA given its ethnic com-
ponent; according to the last census in 2017, 33% of Tacna’s
population identified themselves as Aymara (INEI 2018),
and based in our risk assessment, around 50% of the sample
considered themselves as Aymara (Fano et al. 2019b); and
as found in other studies, Aymaras are characterized by high
birth weights (Rothhammer et al. 2015). This factor should
be genetically explored and considered in future studies.

Our study has several strengths and limitations. We were
able to measure internal exposure to U-tAs and U-iAs dur-
ing pregnancy on a population on which water As levels had
been previously determined, and evaluated for the first time
the association between U-tAs and U-iAs with birth out-
comes in this population. However, As does not appreciably
persist in the body, being almost fully eliminated through
the urine in 3-5 days (Ratnaike 2003), and a single sample
during the 2nd trimester may not have accurately captured
average exposure during pregnancy. In a recent study, high
As exposures during early and late pregnancy were not asso-
ciated with SGA; however, As at delivery was associated
(Mullin et al. 2019).

In another study, 3rd-trimester As exposure was asso-
ciated with adverse birth outcomes, median 21.08 pg/L,
including birth weight, birth length and SGA (Liu et al.
2018), thus the timing of our sample collection may have
obscured any true associations. Another limitation of our
study is the lack of arsenic speciated results. In some studies,
outcomes can be better observed when evaluating specific
As species in urine (Gilbert-Diamond et al. 2016). In one
study, U-tAs was not associated with low birth weight but
urinary monomethyl arsonic acid (MMA) was associated
(22).

The effects of As exposure on birth outcomes may be
mediated by the metabolic profile of the pregnant women
which is observed in proportion of various As species
(Milton et al. 2017). Nutritional factors, such as folate

deficiency, can also directly affect As metabolism and
potentially As-related effects (Laine et al. 2018), so fac-
tors as folates status and B12 vitamin should be considered
for further studies. Other factor that could influence is the
ingestion of arsenic through food, which is mainly present
in rice-based foods which could lead to health risks in
later life (Cubadda et al. 2017); nonetheless, in a cohort
study of 1616 of Bangladeshi pregnant women, no asso-
ciation was found between rice consumption and toenail
arsenic concentration (Lin et al. 2017), similarly in a New
Hampshire population rice was not associated but other
foods as dark meat fish and white wine were associated
(Cottingham et al. 2013).

Tacna diet is based on carbohydrates, especially rice, but
itis grown in the northern valleys of Peru, in Tumbes, being
later distributed to the country. According to a recent study,
it was found that 7 out of 29 Tumbes’ raw rice samples
presented arsenic levels >200 pg/L (Mondal et al. 2020).
Tacna’s agricultural production is based mainly in olives
(~50%) followed by pastures forage (~30%) (Direccion de
Estadistica Agraria 2020), but no arsenic content analysis in
these crops has been performed.

One major limitation is concerning about dietary intake
of seafood/fish since it was not evaluated in our study; intake
of these foods may increase U-tAs due to non-toxic organic
arsenical compounds as arsenobetaine (Jones et al. 2016),
generating an overestimation bias. This is overcome in the
present study since we have included data on urinary inor-
ganic arsenic.

Arsenic may impact our population differently to other
places given its ethnic characteristics. Tacna is a region with
remarkably high birth weights, the highest in Peru (Fano
et al. 2019a), which appears attributable to its large percent-
age of Aymara ethnicity (Fano et al. 2019a), a group that
usually presents this trait (Rothhammer et al. 2015). Our
sample exhibited a self-identification as Aymara in 56% of
the cases (Fano et al. 2019b) but ethnicity was not evaluated
as covariate since there could be an underestimation given
the negative perception of ethnicity.

Additionally, beneficial genetic polymorphisms in the
gene as3mt that are associated with more favorable As
metabolism (evidenced by a higher concentration of the less
toxic metabolite DMA) (de la Rosa et al. 2017; Engstrom
et al. 2011) have been found in the Aymara population.

Other genes and its polymorphisms related to the one-
carbon metabolism are found to affect the physiologi-
cal response of the individual against arsenic exposure,
such as the N-6 adenine-specific DNA methyltransferase
1 (N6AMT1) (Harari et al. 2013), and should be consid-
ered in further studies. Finally, we could have had errors
in recall in data collection where information had to be
obtained from the mother because of insufficient medical
records. Despite our studies’ limitations, our study does
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present important novel data on U-tAs and U-iAs exposure
in the pregnancy Tacna population.

Conclusions

In summary, we found no association between U-tAs and
U-iAs with birth outcomes but a suggestive dose—response
effect on SGA. However, this effect must be further evalu-
ated with other maternal outcomes and covariates includ-
ing pre-eclampsia, gestation progression, and metabolics
and genetics of the mother as it relates to arsenic metab-
olism. Also, a larger sample size may be necessary to
achieve a more robust analysis.
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