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Abstract
Childhood atopic dermatitis (AD) is a chronic and recurrent health problem that involves multiple factors, particularly 
immunological and environmental. We evaluated the impact of docosahexaenoic acid (DHA) supplementation on prenatal 
arsenic exposure on the risk of atopic dermatitis in preschool children as part of the POSGRAD (Prenatal Omega-3 fatty acid 
Supplements, GRowth, And Development) clinical trial study in the city of Morelos, Mexico. Our study population included 
300 healthy mother–child pairs. Of these, 146 were in the placebo group and 154 in the supplement group. Information on 
family history, health, and other variables was obtained through standardized questionnaires used during follow-up. Prenatal 
exposure to arsenic concentrations, which appear in maternal urine, was measured by inductively coupled plasma optical 
emission spectrometry. To assess the effect of prenatal arsenic exposure on AD risk, we ran a generalized estimating equation 
model for longitudinal data, adjusting for potential confounders, and testing for interaction by omega-3 fatty acid supplemen-
tation during pregnancy. The mean and SD (standard deviation) of arsenic concentration during pregnancy was 0.06 mg/L, 
SD (0.04 mg/L). We found a marginally significant association between prenatal arsenic exposure and AD (OR = 1.12, 95% 
CI: 0.99, 1.26); however, DHA supplementation during pregnancy modified the effect of arsenic on AD risk (p < 0.05). The 
results of this study strengthen the evidence that arsenic exposure during pregnancy increases the risk of atopic dermatitis 
early in life. However, supplementation with omega-e fatty acids during pregnancy could modify this association.
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Introduction

Atopic dermatitis (AD) is one of the most common pediatric 
diseases globally and is the first manifestation of the “atopic 
triad” which includes AD, allergic rhinitis, and asthma. AD 
is a chronic, pruritic, and recurring skin disorder [1, 2]. It 
manifests clinically as dermatosis with erythematous and 
pruritic lesions and papules, which converge in large licheni-
fied plaques [3].

AD can have a profoundly negative effect on the quality 
of life of children [1, 4], and imposes a significant addi-
tional burden on families, both in care and management 
costs. These costs are comparable to or even greater than 
other chronic childhood diseases such as asthma and dia-
betes [1, 4, 5]. In Mexico, the prevalence of eczema in 
children by medical diagnosis and symptoms for the year 
1995 was 4.1% (95% CI 3.6–4.6) and 10.3% (confidence 
interval to 95% (95% CI): 9.6–11.1), respectively, and 6.5% 
(95% CI 5.8–7.3) and 5.6% (95% CI 4.9–6.3) for 2002 [6]. 
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AD is evaluated mainly by its clinical symptoms; the Scor-
ing Atopic Dermatitis (SCORAD) index is one of the most 
used methods for diagnosis and to assess its severity. The 
score is based on the evaluation of the symptoms of the skin, 
such as the extent and intensity of lesions, and subjective 
signs like pruritus and/or sleep disturbances [7, 8].

AD is a multifactorial disease, in particular genetic, 
immunological, and environmental factors [9] and is charac-
terized by an increase in IgE production and/or nonspecific 
reactivity alterations (immunopathogenesis). These explain 
the cellular and biochemical changes observed in atopic skin 
[3]. Likewise, reports are indicating that exposure to arsenic 
during pregnancy may be associated with an increase in the 
prevalence of the disease. This is probably because arsenic 
can alter fetal immune regulation, causing a predominance 
of a Th2-type immunity response, which in turn favors an 
increase in the probability of allergic and/or atopic reac-
tions [2, 10]; however, results have been contradictory and 
inconclusive [11–13].

On the other hand, experimental and epidemiological 
studies have shown that supplementation with polyunsatu-
rated fatty acids (PUFAs), including docosahexaenoic acid 
(DHA), during pregnancy (ideally between 18 and 20 weeks 
of gestation) and lactation, protects against the risk of atopy. 
PUFAs can influence the newborn’s immune system in the 
prenatal and postnatal stages and protect against possible 
epigenetic modifications. This reduces the risk of develop-
ing allergic diseases and asthma after birth or in an early 
life stage [14–22].

For this reason, we conducted the present study to assess 
if exposure to arsenic during pregnancy increases the risk of 
developing AD during the early stages of life and evaluate 
whether supplementation with DHA during pregnancy could 
modify this effect.

Methods

Design and Study Population

The analysis in this study is based on the POSGRAD 
(Prenatal Omega-3 fatty acid Supplements, GRowth, And 
Development) cohort study; a large double-blind, rand-
omized controlled trial of prenatal DHA supplementation. 
The study design of the clinical trial has been described in 
detail elsewhere [23–25]. Briefly, women eligible for the 
study were 18 to 35 years of age and in their 18th to 22nd 
week of gestation. All participants had normal pregnancies, 
without any pregnancy-related diseases or complications. Of 
the 1,040 women who started treatment, 978 completed the 
study, and 973 live infants were delivered. For this report, 
we included a subsample of 193 mother–child pairs, of 
which 92 were from the placebo group and 101 were from 

the supplementation group, and all had provided complete 
information data at 5 years of age. The participant women 
gave informed consent for themselves and their children 
to participate in the study, and they were asked to sign an 
informed written consent letter. Their participation was 
completely free and voluntary. The Ethics and Investiga-
tion Committees of the Mexican National Institute of Public 
Health (Instituto Nacional de Salud Pública, INSP) and the 
Emory University Ethics Committee approved the investiga-
tion protocol.

Data Collection

Atopic Dermatitis Diagnosis

A diagnosis of AD was established by the presence of signs 
and symptoms on the skin, allowing for the use of the SCO-
RAD index. This was complemented with the measure-
ment of total and specific immunoglobulin E (IgE) levels 
in cord blood and again at 4 years of age (the child was 
considered atopic if the concentration of specific IgE lev-
els was greater than or equal to 0.35 IU/mL for any of the 
allergens analyzed). Concerning the identification of signs 
and symptoms (presence of papules and itching, location of 
the lesions in folds, elbows, face, and/or behind the knees) 
[7, 12], we used a standardized and validated questionnaire 
which was applied to children at 1, 3, 6, 9, 12, 18, 24, 36, 
48, and 60 months of age by a specialist medical doctor, 
who also clinically evaluated each child during follow-up 
and whose purpose was to construct the SCORAD index 
measurement using previously defined criteria. A child was 
classified as atopic when their SCORAD index was greater 
than 0 points [26, 27].

Assessment of Prenatal Exposure to Arsenic

First-morning urine samples were collected from the mother 
between 18 and 22 weeks of pregnancy; containers had been 
provided previously, and they had been given instructions 
on sample collection procedures. The urine samples were 
refrigerated at 4 °C and were then aliquoted and frozen 
at − 70 °C until the time of analysis. Arsenic concentrations 
were measured using inductively coupled plasma optical 
emission spectrometry (Thermo Scientific), after a sample 
digestion step in the laboratory of the Technological Institute 
of Sonora. In brief, 3 mL of the urine samples were placed 
in a linear microwave digestion vessel; 3 mL of concentrated 
nitric acid (HNO3) and 1.5 mL of hydrogen peroxide (H2O2) 
were added, and the samples were digested (CEM Corp., 
Matthews, NC) for 35 min at 200 °C. After microwave diges-
tion, samples were adjusted to a final volume of 25 mL with 
HPLC grade water. For quality control purposes, blank and 
duplicate samples were analyzed during the procedure. To 
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ensure assay quality, we used the 3669 Standard Reference 
Material, Arsenic Species in Frozen Human Urine (NIST, 
Gaithersburg, MD), and the CWW-TB Certified Wastewa-
ter Standard (High Purity, Charleston, SC). For arsenic, the 
recovery was between 82 and 106%. The coefficient of cor-
relation was 0.99, and the coefficient of variation was less 
than 8%. The quantification limit of arsenic had an average 
value of 0.010 mg/L, and this limit was based on the regula-
tion for As species in drinking water set by World Health 
Organization (WHO) and the US Environmental Protection 
Agency (USEPA). Creatinine (Cr) determination was per-
formed using high-resolution liquid chromatography, and the 
Cr levels were used to correct urine dilution.

Randomization and Intervention with Omega 3 Fatty Acids

Using a computer-generated list, all eligible women were 
randomly placed in either the active treatment or the placebo 
group [24]. After signing the letter of informed consent, 
women were randomly assigned to receive 400 mg/d daily of 
algal DHA or a soy and corn oil-based placebo from between 
the 18th and 22nd week of pregnancy through to delivery.

Atopic Mother Status

Information on the maternal history of allergy or atopy was 
obtained via a questionnaire given during pregnancy. In 
addition, total and specific IgE levels were measured. With 
this information, an atopic maternal index was created using 
the combination of symptoms and the specific IgE levels (the 
mother was considered atopic if the concentration of specific 
IgE levels was greater than or equal to 0.35 IU/mL for any 
of the allergens analyzed).

Information on Other Variables

At baseline, the participating women filled out a general 
health questionnaire that included information on weight 
and height before delivery, sociodemographic characteris-
tics, health, and gynecological antecedents. In addition, an 
environmental questionnaire (water consumption, source of 
food and water, tobacco exposure, humidity, mildew, mold 
or saline formation on walls or floor, pet presence at home, 
presence of industry near home, and pesticide use), as well 
as a dietary questionnaire was administered during preg-
nancy. The child’s growth (height and weight) was measured 
during each follow-up visit.

Statistical Analysis

A descriptive analysis was performed to characterize the 
total study population by treatment group, using statisti-
cal mean differences tests (t student) and independence 

tests (Chi-square), depending on the variable type. For the 
hypotheses proposed, a probability of p < 0.05 was consid-
ered for statistical significance. To evaluate the effect of 
prenatal exposure to arsenic and the risk of AD, we used 
a generalized estimating equation model for longitudinal 
data with a binomial distribution and logit (p) function. The 
model was adjusted by maternal atopy, breastfeeding, sex of 
the child, and follow-up time. In addition, we built a model 
for all participants and each treatment group considering 
the arsenic level as continuous (arsenic µg per g of Cr) and 
divided it into terciles (arsenic, µg/L). Other variables, such 
as pets or animals at home; the presence of humidity, mil-
dew, mold, or saline formation on walls or floor; use of pes-
ticides; tobacco smoke exposure at home; source of drinking 
water; and industry near home, were tested as confounders; 
however, they did not modify the association and were not 
included in the final models. Statistical analyses were real-
ized using STATA version 14.

Results

The study population involved 193 mother–child pairs, 
stratified by treatment group; 47.0% came from the placebo 
group and the rest from the supplement group (DHA). The 
average age of the women was 26.2 with a standard devia-
tion of 4.8 years and a body mass index of 22.2 kg/m2 (SD 
4.3) registered before pregnancy. Two-thirds of the women 
(72.5%) were classified as having a medium or low socio-
economic level. As to prenatal characteristics, average ges-
tational age of 39.2 weeks (SD 2.1) was observed, 28.5% of 
the women reported being in their first pregnancy, and 52.3% 
of births were by cesarean. Regarding the history of mater-
nal allergy, 29.5% of the mothers was classified as allergic or 
atopic based on the index created, and only 9.9% manifested 
characteristic symptoms of AD (Table 1).

Of all of the children in the study population, 54.4% were 
male, and they had an average weight and size of 3,195.1 g 
(SD 406.4) and 50.5 cm (SD 2.3), respectively. Only 1.0% of 
infants weighed less than 2,500 g at birth, and 6.2% showed 
signs of fetal distress during labor (Table 1).

No statistically significant differences were observed 
between the baseline characteristics of the study population 
by supplementation group (Table 1).

Figure 1 shows the percentage of incident cases of AD in 
children by supplementation group during the study follow-
up. We observed that the number of cases in the first month 
of birth was 8.7% and 11.9% for the DHA and placebo 
groups, respectively. After the third month, the amount of 
cases drops sharply; subsequently, there is a non-constant 
increase in cases of this childhood condition during follow-
up visits. Another point to note is the cyclically observed 
difference in the prevalence over time between the treatment 
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groups, with higher values in the placebo group compared 
with those of the DHA supplementation group at 3, 6, 12, 
24, and 36 months of age.

The geometric mean arsenic levels during pregnancy 
were 28.9 µg/L (confidence Interval to 95% (95% CI): 24.7, 
33.7). By supplementation group, they were 29.4 µg/L (95% 
CI: 23.1, 37.3) for the placebo group and 28.4 µg/L (95% 
CI: 23.1, 34.9) for the DHA group. According to the median 
value, 50% or fewer mothers during pregnancy registered 
arsenic levels equal to or lower than 42.0 µg/L (Table 2).

Regarding other risk factors considered in the study 
(Table  3), no statistically significant differences were 
observed in AD prevalence by the supplementation group. 
14.9% of mothers stated that their drinking water comes 

from their municipality or a private well, and in 37.0% of 
children’s homes, there was at least one person who smokes 
indoors. As for the children’s housing environment, in 34.6% 
of households, humidity, mildew, mold, or saline formation 
on walls or floor were present; 71.3% of households had 
a pet or animal, 36.6% of the women reported having an 
industry near the house where they live, and 81.8% of par-
ticipants reported the presence of pests at home (spiders, 
cockroaches or ants).

The models considering the association between prenatal 
exposure to arsenic (continuous variable) and the risk of AD 
for the total population and stratified by treatment group 
were not significant. These results show a non-significant 
risk of developing AD in the children of mothers who did 

Table 1   Characteristics of the 
study population, stratified by 
supplementation group

SD, standard deviation
a Mean difference test (t student) and independence test (Chi-square)

Characteristics All
N = 193

Placebo
N = 92

DHA
N = 101

p valuea

Mother
Age, years (mean ± SD) 26.2 ± 4.8 25.9 ± 4.9 26.4 ± 4.8 0.467
BMI, kg/m2 (mean ± SD) 22.2 ± 4.3 22.4 ± 4.6 22.0 ± 4.1 0.546
Socioeconomic level, (%) 0.460
   Low 67 (34.7) 36 (39.1) 31 (30.7)
   Means, medium 73 (37.8) 33 (35.9) 40 (39.6)
   High 53 (27.5) 23 (25) 30 (29.7)

Primipara, (%) 0.697
   No 138 (71.5) 67 (72.8) 71 (70.3)
   Yes 55 (28.5) 25 (27.2) 30 (29.7)

Type of delivery, (%) 0.741
   Normal 92 (47.7) 45 (48.9) 47 (46.5)
   Cesarean section 101 (52.3) 47 (51.1) 54 (53.5)

Allergy, (%) 0.793
   No 136 (70.5) 64 (69.6) 72 (71.3)
   Yes 57 (29.5) 28 (30.4) 29 (28.7)

AD, history (%) 0.785
   No 163 (90.1) 76 (89.4) 87 (90.6)
   Yes 18 (9.9) 9 (10.6) 9 (9.4)

Child
Sex, % 0.942
   Male 105 (54.4) 47 (51.1) 58 (57.4)
   Female 88 (45.6) 45 (48.9) 43 (42.6)

Gestational age, weeks 39.2 ± 2.1 39.4 ± 2.1 39.1 ± 2 0.397
Weight, g (mean ± SD) 3,195.1 ± 406.4 3,186.5 ± 432.9 3,203 ± 382.6 0.778
Height, cm (mean ± SD) 50.5 ± 2.3 50.7 ± 2 50.4 ± 2.6 0.354
Low birth weight (< 2,500 g), (%) 0.136
   No 191 (99.0) 90 (97.8) 101 (100.0)
   Yes 2 (1.0) 2 (2.2) 0 (0)

Signs of fetal distress during labor, (%) 0.424
   No 180 (93.3) 84 (91.3) 96 (95.1)
   Yes 12 (6.2) 7 (7.6) 5 (5.0)
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not receive DHA (the placebo group), contrary to results 
observed in those children whose mothers did receive DHA. 
An interquartile range increase (or a 10.6-fold increase) in 
arsenic µg per g of Cr level is associated with an odds ratio 
of AD equal to 1.05 (95% CI: 0.75, 1.48) (i.e., a 5% increase 
in the odds of having AD). Divided into supplementation 
groups, in the placebo group, we observed that the risk of 

developing AD increases by 20% through a rise of an inter-
quartile range of arsenic in µg per g of Cr, whereas the risk 
of developing AD decreases by 9% in children whose moth-
ers were supplemented with DHA (Table 4).

In addition, when we stratified arsenic levels in terciles, 
in the placebo group, we observed a significant effect on 
AD when maternal middle exposure (tercile 2) to arsenic 

Fig. 1   Incidence of atopic 
dermatitis during follow up. 
Note: Non-significant difference 
in the incidence of atopic der-
matitis during the study period 
(p = 0.378). The probability of 
atopic dermatitis in the placebo 
group was 8.9% (95% CI: 7.4, 
10.5) and in the DHA group 
8.0% (95% CI: 6.5, 9.5)

Table 2   Concentrations of 
arsenic and creatinine from 
maternal urine samples

95% CI, 95% confidence interval. In the levels of Arsenic, μg/L, Creatinine, g/L, and Arsenic μg per g Cr, 
no significant differences were observed between the groups, placebo vs DHA. Mann-Whitney test, p<0.05

Concentrations n (%) Geometric mean (95% CI) Percentiles

p5 p25 p50 p75 p95

All 193
   Arsenic, µg/L 28.9 (24.7,33.7) 4.6 13.0 42.0 69.0 112.0
   Tercile 1 (2.9–11) 46 (23.8)
   Tercile 2 (12–51) 72 (37.3)
   Tercile 3 (52–194) 75 (38.9)
   Creatinine (Cr), g/L 1.1 (1,1.3) 0.3 0.7 1.3 2.0 3.1
   Arsenic µg per g of Cr 32.8 (26.9,40.0) 2.6 10.1 38.7 107.2 207.9

Placebo 92
   Arsenic, µg/L 29.4 (23.1,37.3) 4.4 11.5 44.0 73.0 132.0
   Tercile 1 23 (25.0)
   Tercile 2 30 (32.6)
   Tercile 3 39 (42.4)
   Creatinine (Cr), g/L 1.1 (0.9,1.3) 0.3 0.7 1.2 1.8 3.1
   Arsenic µg per g of Cr 32.1 (24.0,42.9) 2.5 10.0 35.4 101.8 208.7

DHA 101
   Arsenic, µg/L 28.4 (23.1,34.9) 4.6 13.0 39.0 63.0 100.0
   Tercile 1 23 (22.8)
   Tercile 2 42 (41.6)
   Tercile 3 36 (35.6)
   Creatinine (Cr), g/L 1.2 (1.0,1.4) 0.3 0.8 1.3 2.1 3.1
   Arsenic µg per g of Cr 33.4 (25.4,44.1) 3.5 10.7 41.7 110.2 190.6
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was compared with low exposure (tercile 1); there was a 
96% higher possibility of developing AD when the children’s 
mothers were exposed to middle levels of arsenic rather than 
low (Table 4).

Discussion

This study’s results suggest that prenatal exposure to arsenic 
increases the risk of AD in the early years of life: results that 
are consistent with those reported in other studies worldwide 
[28–31]. To our knowledge, few studies have been conducted 
to assess the effects of prenatal arsenic exposure on atopic 
diseases in children and the impact of DHA supplementation 
in a birth cohort study: a design that strengthens the results.

Although our results show a risk of developing AD at 
an early age when the mother has been exposed to arsenic 
during pregnancy, this was not statistically significant. This 
may be because the sample size was limited and because our 
study only followed the child up to 5 years of age; according 
to Liu et al., it is between 8 and 11 years when the highest 
peak of CB-tIgE (cord blood total IgE) is identified, and 
these levels are associated with atopic diseases including AD 
[30]. However, it is important to mention that concentrations 
of total urinary arsenic obtained from the mothers showed 
levels higher than those reported by the US Environmental 

Protection Agency during the period from 2003 to 2016, in 
its National Report on Human Exposure to Environmental 
Chemicals [32]. Geometric mean arsenic levels for our study 
was 28.9 µg/L; this value is relevant because the total As 
concentration in the mother’s urine is an exposure marker 
for the minimum amount of As that fetus is exposed; if a 
greater amount of total As than 0.010 mg/L is detected in the 
mother’s urine, it means that the fetus has been exposed to at 
least that concentration of arsenic as well. For the USEPA and 
the WHO, this value is the limit from which a human being 
could have effects of long-term, chronic exposure to arsenic 
[33, 34].

Exposure to arsenic and the damage it causes to health in 
humans has been studied for several decades; however, more 
research is needed to clarify these effects when they occur 
at an early age [11, 13].

Likewise, some studies have reported significant 
associations between the concentration of arsenic and 
alterations in the immune system, such as high concentrations 
of IgE in the umbilical cord, changes in isotype of 
immunoglobulin (Change to IgE or IgG), altered levels of 
some cytokines such as IL-2, and the modification of the 
expression of genes related to the immune response, including 
those that are involved in the signaling of receptors in T cells 
and which modify the relationships between them. Another 
study conducted in the USA in 2014 by Nadeau et al. found 

Table 3   Prevalence of other risk 
factor for atopic dermatitis in 
the population studied, stratified 
by supplementation group

a Independence test (Chi-square)

All
N = 193

Placebo
N = 92

DHA
N = 101

p valuea

Origin of water drank at home, (%)
   Municipal water pipes 27 (14.9) 15 (17.7) 12 (12.5) 0.332
   Bottled water 154 (85.1) 70 (82.4) 84 (87.5)

Someone smokes at home, (%)
   No 114 (63.0) 56 (65.9) 58 (60.4) 0.447
   Yes 67 (37.0) 29 (34.1) 38 (39.6)

Presence of moisture, salt, mold or saltpeter on 
walls or floor, (%)

   No 113 (62.4) 54 (63.5) 59 (61.5) 0.774
   Yes 68 (37.6) 31 (36.5) 37 (38.5)

Pets or animals at home, (%)
   No 52 (28.7) 20 (23.5) 32 (33.3) 0.146
   Yes 129 (71.3) 65 (76.5) 64 (66.7)

Industrial area close to home, (%)
   No 111 (63.4) 47 (57.3) 64 (68.8) 0.115
   Yes 64 (36.6) 35 (42.7) 29 (31.2)

Use of pesticides or insecticides, (%)
   No 41 (35.0) 21 (38.2) 20 (32.3) 0.503
   Yes 76 (65.0) 34 (61.8) 42 (67.7)

Pests at home (spiders, cockroaches, or ants), (%)
   No 33 (18.2) 16 (18.8) 17 (17.7) 0.846
   Yes 148 (81.8) 69 (81.2) 79 (82.3)
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alterations in the immune systems of pregnant women exposed 
to high levels of arsenic (even with a relatively low intrauterine 
exposure) and consequently an immune fetal dysregulation. 
As a result, children experienced a predominance of Th2 
immunity and increased activation of the immune response, 
increasing the risk of exacerbated allergic reactions [32].

On the other hand, Ashley-Martin and collaborators car-
ried out a maternal-infant cohort study in ten Canadian cit-
ies and found a non-significant association between arsenic 

concentration and high IgE concentrations in the umbilical 
cord blood (OR = 1.20) [35].

The biological mechanism of how exposure to arsenic 
during pregnancy can affect children and lead to AD and 
other allergic conditions during their lives has not been 
clearly identified. However, studies report that arsenic could 
cause genetic changes through oxidative damage, modify-
ing DNA methylation patterns, and altering genetic material 
packing in cell lines and animal models. This could lead to 

Table 4   Association between prenatal exposure to arsenic and atopic dermatitis for preschool children from Morelos, Mexico, stratified by sup-
plementation group. Multivariate models

Abbreviations: Cr, creatinine; Ln (Ar), natural logarithm of arsenic corrected by creatinine; 95% CI, 95% confidence interval; Q1 and Q3, first 
and third quartile; Q, interquartile range (Q3/Q1); OR, Qcoefficient. GEE model with binomial distribution and logit (p) league. All models were 
adjusted for maternal atopy, exclusive lactation for 6 months, sex of the child, and follow-up time

Arsenic µg per g of Cr

Q1 Q3 Q Coefficient (95% CI) OR (95% CI) p value

Models with continuous arsenic
1. All
Ln (Ar) 10.1 107.2 10.6 0.02 (− 0.12, 0.17) 1.05 (0.75, 1.48) 0.780
Supplementation group
   Placebo 0 1
   DHA  − 0.19 (− 0.59, 0.20) 0.82 (0.56, 1.22) 0.336

2. Placebo group
Ln (Ar) 10.0 101.8 10.2 0.08 (− 0.12, 0.28) 1.20 (0.76, 1.91) 0.431
3. DHA group
Ln (Ar) 10.7 110.2 10.3  − 0.04 (− 0.25, 0.17) 0.91 (0.56, 1.48) 0.708

Arsenic, µg/L
Minimum Maximum Coefficient (95% CI) OR (95% CI) p value

Models with arsenic in terciles
4. All
Arsenic, µg/L
   Tercile 1 3.0 11.0 0 1
   Tercile 2 12.0 51.0 0.09 (− 0.45, 0.62) 1.09 (0.64, 1.86) 0.748
   Tercile 3 52.0 177.0 0.32 (− 0.18, 0.83) 1.38 (0.83, 2.29) 0.208

Creatinine, g/L  − 0.23 (− 0.47, 0.005) 0.79 (0.627, 1.005) 0.055
Supplementation group
   Placebo
   DHA  − 0.15 (− 0.53, 0.24) 0.86 (0.59, 1.27) 0.457

5. Placebo group
Arsenic, µg/L
   Tercile 1 3.0 10.0 0 1
   Tercile 2 13.0 51.0  − 0.36 (− 1.14, 0.42) 0.70 (0.32, 1.53) 0.368
   Tercile 3 52.0 177.0 0.67 (0.03, 1.31) 1.96 (1.03, 3.72) 0.039

Creatinine, g/L  − 0.21 (− 0.53, 0.11) 0.81 (0.59, 1.11) 0.193
6. DHA group
Arsenic, µg/L
   Tercile 1 3.7 11.0 0 1
   Tercile 2 12.0 50.0 0.17 (− 0.56, 0.90) 1.18 (0.57, 2.45) 0.656
   Tercile 3 52.0 141.0  − 0.04 (− 0.82, 0.74) 0.96 (0.44, 2.11) 0.927

Creatinine, g/L  − 0.25 (− 0.57, 0.07) 0.78 (0.56, 1.08) 0.131
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changes in gene expression and increase the risk of induced 
latent disease and carcinogenesis at the dermatological level 
[35, 36]. Likewise, there is experimental evidence of epi-
genetic damage in human populations, since exposure to 
arsenic has been associated with the activation of pathways 
involving the NF-κB gene, which regulates critical genes 
related to cellular response (inflammation, cell prolifera-
tion, stress, and apoptosis). A study conducted in Argentina 
found that, with high exposure to arsenic, several key genes 
in the immune system were hyper-methylated and showed 
an increase in immune system processes related to the basic 
functions of T CD4 + cells [37, 38]. Also, a pilot study con-
ducted in 2015 in Bangladesh found that there is evidence 
that in utero exposure to arsenic may alter DNA methylation 
patterns of the umbilical artery tissue and placenta, but not 
in the endothelial cells of the umbilical vein. This study also 
showed that the hyper-methylation of the epidermal filaggrin 
gene was associated with arsenic concentrations in drinking 
water [35, 39].

In this regard, the present study supports the evidence 
found in previous research on the risk associated with expo-
sure to arsenic and the presence of AD in the early stages of 
life (OR = 1.05 (0.75, 1.48)). This situation has been previ-
ously reported for allergic conditions such as asthma and 
rhinitis, which are related to AD as part of the previously 
mentioned atopic triad [14, 22, 25, 40]. On the other hand, 
when stratifying by supplementation group, the associated 
risk is maintained in the placebo group (1.20 (95% CI: 0.76, 
1.91)) and becomes a protector (95% CI: 0.91 (0.56, 1.48)) 
in the DHA group. There is evidence that suggests that DHA 
supplementation could mitigate the toxic effects of some 
metals like arsenic on allergic conditions. Romieu et al. 2007 
found that there could be a protective effect of fish intake 
during pregnancy on the risk of AD in offspring. The protec-
tive mechanism of action of n-3 polyunsaturated fatty acids 
is not clearly established, although some studies suggest 
that supplementation with these during pregnancy and the 
early postnatal period protects due to their immunomodula-
tion properties during pregnancy; they lower the levels of 
T-helper type 2 (Th2) cytokines, which plays an important 
role in the altered immune response of atopic patients [14]. 
Türkez et al. reported in 2012 that DHA decreases oxidative 
stress and that the formation of micronuclei induced by envi-
ronmental contaminant 2,3,7,8-tetrachlorodibenzodioxin in 
rats treated with hepatocytes. Additionally, in another study 
in 2018, Abhilash et al. found that DHA had a protective 
potential to fight against the cytotoxicity induced by the 
arsenic cell culture of human hepatocytes [41].

Some limitations should be considered when interpret-
ing our results. We believe that our detection power was 
adversely affected by several conditions that made it difficult 
to elucidate the negative effect on the health of individuals. 
These conditions include the fact that the species derived 

from As(III) are more toxic than those derived from As(V); 
free arsenic toxicity is higher than metabolized arsenic; and 
varying expressions of arsenic metabolizing enzymes, due 
to interpersonal variability. Therefore, the limited sample 
size and the lack of speciation made it difficult to identify 
the associated risk. In light of the findings mentioned above, 
the assessment of maternal exposure to arsenic was per-
formed only once (single measurement) during pregnancy, 
which limits the study’s power to confirm that the exposure 
to arsenic was maintained throughout the pregnancy. Also, 
the arsenic in urine was measured as a total value and was 
not speciated. Speciation in arsenic is important since, as 
mentioned before, different species of arsenic have different 
rates of toxicity in the human body.

However, the prospective nature of this birth cohort 
study may support the plausibility of causal associations. 
In addition, it is important to highlight that—as mentioned 
before—high exposure to arsenic was found among partici-
pant women, which could lead to higher risks of allergic 
outcomes in their children.

In summary, our findings strengthen the evidence on the 
negative effect of arsenic exposure during pregnancy on the 
risk of AD in preschool age. This is a very important public 
health issue. There is currently a serious problem of expo-
sure to this metal, mainly due to the natural contamination of 
water. Furthermore, we observed that supplementation with 
omega-e fatty acids during pregnancy could mitigate the 
damaging effects of arsenic on AD. However, it is important 
to continue with studies that consider larger sample sizes 
that permit the identification of areas of environmental expo-
sure risk and also allow for the implementation of improved 
prevention strategies against this type of exposure.
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