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Decrease in birth weight and gestational age by arsenic among the
newborn in Shanghai, China
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Fumihiko KITAMURA*,2*, Hirotaka KIDA* and Pei WANG5*

Objectives To assess the e�ects of trace metals on birth weight and gestational age among newborn
babies of mothers without occupational exposure.

Methods The subjects examined were 142 newborn babies (71 males and 71 females) delivered at two
university hospitals in Shanghai, China and their parents. Relationships of newborn birth
weight and gestational age to concentrations of arsenic, lead, cadmium, manganese, zinc, and
cobalt in maternal and cord blood were investigated.

Results Birth weight was 3379.5±440.8 (20904465) g and the gestational age was 39.7±1.3 (35
43) weeks. Stepwise regression analysis indicated that, in the male newborn, birth weight and
gestational age were inversely related to the logarithm arsenic concentration (4.13±3.21 mg/l)
in mothers' whole blood.

Conclusion Arsenic might have a negative in�uence on newborn birth weight and gestational age at a
relatively low exposure level. This e�ect was observed in male but not female babies, suggesting
a sex di�erential in susceptibility to arsenic at an early stage of development. Although birth
weight is believed to be related to gestational age, arsenic may directly a�ect both birth weight
and gestational age.
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1. Introduction

Environmental contamination with trace metals has
become a global problem, especially in developing
countries. Arsenic (As), for example, is a well-
documented environmental contaminant in
Bangladesh1), India2,3), and Taiwan4). Major sources
of human exposure to As are natural geological

resources, drinking water, ambient air pollution and
food5). Recent epidemiological studies have demon-
strated that exposure to trace metals including As dur-
ing pregnancy may a�ect birth outcomes: As exposure
is associated with spontaneous abortion, still birth, low
birth weight and neonatal/infant death2～4). Hopen-
hayn et al.6) reported that consumption of drinking
water with a high level of As (up to 40 mg/l) by mothers
leads to low birth weight of their newborn. Recently,
exposure to lead (Pb) during pregnancy was also found
to be associated with decreased gestational period and
increased risk of preterm birth and low birth weight7,8).
Pb might disturb placental function, as shown by our
previous observation that Pb caused preeclampsia and
pregnancy hypertension in women without occupa-
tional exposure9,10). Cadmium (Cd) also has been
thought to adversely a�ect gestational age, fetus
growth, and birth weight11～13), although a study on
Swedish women failed to demonstrate signi�cant e�ects
on birth outcome8).

De�ciency of metals may also cause problems, as
documented for zinc (Zn)14), manganese (Mn)15) and
cobalt (Cb)16) with negative pregnant outcomes in
animal experiments. Our recent study17) demonstrated
Mn concentrations in mothers' whole blood to be sig-
ni�cantly lower in cases demonstrating intrauterine
growth retardation than in those with weights ap-
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propriate for gestational age. Supplementation with Zn
during pregnancy is associated with o�spring growth
and increasing in birth weight18). In animal experi-
ments, Co de�ciency leads to abnormality in neonatal
behavior although e�ects on birth weight and gestation-
al age remain to be clari�ed19). As low birth weight is
believed to a�ect development of the fetus20～22) and in-
crease the risk of various diseases in adulthood23), the
in�uence of trace metals on birth weight is an im-
portant health issue throughout the world.

In China, it is reported that low birth weight is a
major risk for death of newborn babies24). In the
present study, we surveyed birth outcome among sub-
jects without occupational exposure to arsenic in Shan-
ghai, China. Although Shanghai is a megalopolis with
a population of 18.58 million, levels of trace metals in
water and ambient air are reported to be very low25).
Concentrations of As and other trace metals in mater-
nal and cord blood samples were here measured to
assess dose-e�ect relationships with birth weight, gesta-
tional age, and other birth outcomes.

2. Subjects and Methods

2.1 Subjects
The study was conducted as a joint research project

between Mie University, Juntendo University and
Shanghai Jiaotong University, from October 2006 to
April 2007. Among 12 hospitals a�liated with Shan-
ghai Jiaotong University, representatives of two agreed
to participate in the study. One, with approximately
1600 beds, was located in Puxi and the other, with ap-
proximately 600 beds, in Pudong. During the study
period, a total of 850 pregnant women without abor-
tion, stillbirth, or other accidents were asked to partici-
pate in the study by university sta�. One hundred and
eighty-six women (mothers) and their husbands
(fathers) agreed, but 20 pairs were excluded from the
study because the mothers had chronic conditions such
as heart disease, renal failure, or hepatitis. Thus, 166
mother and father pairs and their newborn babies
served as study subjects.

The study protocol was approved by the Research
Ethics Committee of Mie University Graduate School
of Medicine and the Research Ethics Committee of
Medical School of Shanghai Jiaotong University, and
the survey was conducted under their supervision. The
purpose and procedures of the study were explained to
all subjects, and the study was conducted with their
informed consent.

2.2 Questionnaire
Each subject was asked questions by face to face

structured interview conducted by hospital sta�. The
questionnaire included socio-demographic characteris-
tics of mothers and fathers and mothers' pregnancy and
reproductive histories.

2.3 Collection and analysis of blood samples
Mothers' whole blood (MWB) samples were collect-

ed just before delivery. Umbilical cord blood (UCB)
samples were collected at the time of delivery. All blood
samples were collected using EDTAK2 anticoagulant
tubes and were stored at －80°C until analysis. Frozen
blood was thawed at room temperature and 200 ml sam-
ples were mixed in tubes with 400 ml aliquots of 69
nitric acid. Subsequently, the mixed samples were
digested by heating in a microwave oven and diluted
with deionized water to 4.5 g. Concentrations of metals
(As, Pb, Cd, Mn, Zn and Co) in the samples were meas-
ured using an inductively coupled plasma mass spec-
trometer (Model ICPMS, Agileng 7500CE, Agilent
Technologies, USA)10,17,26,27). Standard reference
blood (Contox Co. Ltd., USA) was used for calibra-
tion in the measurement. All measurements were con-
ducted in duplicate; if the results were below the detec-
tion limits or 5 times greater than the norm, a repeat
measurement was made. Detection limits for As, Pb,
Cd, Mn, Zn, and Co were 0.1, 0.1, 0.05, 0.1, 0.1, and
0.1 mg/l, respectively.

2.4 Statistical Analysis
Pearson's correlation analysis or one-way analysis of

variance were performed to examine associations of
newborns' birth weight and gestational age with metal
concentrations in MWB and UCB and parents' charac-
teristics. To reduce the in�uence of outliers and nor-
malize the residual distribution, common logarithms of
blood metal concentrations were used in the analysis.
Relationships of birth weight or gestational age (a de-
pendent variable) with metal concentrations and par-
ents' characteristics were examined by multiple regres-
sion with a stepwise method, using the probability of
Fvalues of the regression coe�cient as the criterion for
entry (p＜0.05 or p＝0.05) or removal (p＞0.05)
from the regression equation. Independent variables
examined were those signi�cantly related to the depen-
dent variable by simple correlation analysis or one-way
analysis of variance: i.e. as described in the Results
section, they were logAs (MWB), logCd (MWB and
UCB), gestational age, and mother's height and in-
come for birth weight and logAs (MWB and UCB) for
gestational age. As described below (Table 2), some
subjects showed Cd concentrations below the detection
limit (0.05 mg/dl); calculation was therefore per-
formed using half of the detection limit for the correla-
tion and stepwise regression analysies. The Student t-
test was employed to compare gestational ages, birth
weights, blood metal concentrations and parents'
characteristics separately for male and female newborn
babies. SPSS 14.5 for Windows was employed for
statistical calculations.

3. Results

Blood samples from 24 subjects were excluded be-
cause of technical problems with measurement of metal
concentrations. Thus, a total of 142 parents and their
newborn were investigated. Age, body weight, height,
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Table 1 Demographic characteristics of 142 parents

Mother Father

Mean±SD Mean±SD
Age (years) 27.2±4.4 29.9±5.6
Height (cm) 161.0±4.4 173.9±5.1a

Weight
Before pregnancy (kg) 53.4±6.6b ―

At delivery (kg) 71.0±9.0c 72.0±12.4d

No. () No. ()
Education

Unschooled 3( 2.1) 1( 0.7)
≦Middle school 41(28.9) 30(21.6)
≦High school 38(26.8) 52(36.6)
≧College 60(42.3) 59(41.5)

Monthly income (RMB*)
＜1000 49(34.5) 4( 2.8)
1000～3000 54(38.0) 64(45.1)
3000～5000 28(19.7) 27(19.0)
＞5000 11( 7.7) 47(33.1)

Source of drinking water
Tap water 75(52.8) 75(52.8)

Well 1( 0.7) 1( 0.7)

Water puri�er 59(41.5) 64(45.1)

Bottled water 7( 4.9) 2( 1.4)
Milk drinking

None 11( 7.7) 54(38.0)
Sometimes 23(16.2) 44(31.0)
Always 18(12.7) 11( 7.7)
Every day 90(63.4) 33(23.2)

* RMB: the symbol of Chinese currency
Number of missing data: a3, b5, c8, d8.

Table 2 Metal concentrations in umbilical cord blood
and mother's whole blood (UCB and MWB, respec-
tively) in 142 newborns

UCB
mean±SD (range)

MWB
mean±SD (range)

As (mg/l) 3.82±3.81
(0.31�33.54)

4.13±3.21
(0.63�30.45)

Pb (mg/dl) 4.25±2.51
(1.05�18.99)

6.68±2.92
(2.07�22.40)

Cd (mg/l) 0.93±1.60
(0.00a�12.10)

1.14±0.87
(0.00b�4.12)

Mn (mg/l) 79.93±27.45
(25.67�174.10)

58.71±22.55
(23.56�187.50)

Zn (mg/l) 2.58±1.08
(1.33�7.07)

6.32±1.23
(1.85�10.20)

Co (mg/l) 43.65±15.70
(6.83�68.01)

46.10±15.62
(8.01�74.36)

a,b Lower than detection limit (9 and 8 subjects, respec-
tively).

Table 3 Pearson's correlation coe�cients of newborn
birth weight and gestational age with metals in umbili-
cal cord blood (UCB) and mother's whole blood
(MWB) in 71 male and 71 female newborns

Male newborns Female newborns

UCB MWB UCB MWB

Birth weight
logAs －0.215 －0.288* 0.153 －0.001
logPb 0.152 0.099 0.136 0.140
logCda 0.309** 0.289* －0.090 －0.136
logMn 0.122 0.147 －0.019 0.029
logZn －0.073 0.184 0.164 －0.166
logCo －0.195 －0.219 0.071 0.065

Gestational age
logAs －0.259* －0.342* 0.153 －0.001
logPb －0.085 0.175 0.136 0.140
logCda 0.106 0.217 －0.137 －0.102
logMn －0.026 －0.005 －0.019 0.029
logZn 0.187 －0.182 0.164 －0.166
logCo －0.076 －0.031 0.071 0.065

* P＜0.05 ** P＜0.01
a Correlation coe�cients were calculated using the half of

detection limit (0.025 mg/dl) for subjects with Cd con-
centration lower than the detection limit.

91第58巻 日本公衛誌 第 2号2011年 2月15日

and other demographic characteristics of parents are
listed in Table 1. Among 142 newborn babies, 71 were
males and 71 were females. Their aerage gestational
age was 39.7±1.3 (3543) weeks and birth weight was
3379.5±440.8 (20904465) g. With regard to their
parents, one mother (0.7) and 73 fathers (51)
were smokers, whereas 2 mothers (1.4) and 24
fathers (29.4) consumed alcohol beverages, respec-
tively, before pregnancy. There were no signi�cant
di�erences in gestational ages, birth weights, or par-
ents' characteristics between male and female newborn
(p＞0.05).

Concentrations of metals in UCB and MWB are
shown in Table 2. There were no signi�cant di�erences
in measured values between male and female newborn
cases (p＞0.05). Correlations of birth weight and
gestational age with those metal concentrations were as
shown in Table 3. In males, both birth weight and
gestational age were correlated inversely with log As in
MWB and positively with log Cd in MWB; gestational

age was also correlated inversely with log As in UCB.
By contrast, in females, no signi�cant correlations were
observed between birth weight or gestational age and
blood metal concentrations.

In male newborn, birth weight was signi�cantly
correlated with gestational age and mothers' height
(r＝0.354 and r＝0.242, p＜0.05, respectively). In
addition, one way analysis of variance showed birth
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Table 4 Results of stepwise regression analysis for 71 male newbornsa

Independent
variables

Birth weightb Gestational age c

b0 b(95CI) b0 b(95CI)

logAs in MWB －0.254* －354.405(－677.527～－31.284) －0.342** －1.507(－2.499～－0.514)
gestational age 0.269* 84.111(11.746～156.476) NS NS
mother's height 0.257* 24.307(3.769～44.844) NS NS

Adjusted R2 0.208* 0.104*

* P＜0.05, ** P＜0.01;
a Stepwise method used the probability of F-values of the regression coe�cient as criteria for its entry to (P＜0.05 or P＝0.05)

or removal from (P＞0.05) the regression equation (SPSS 14.5 for Windows).
Independent variables examined: b logAs (MWB), logCd (MWB and UCB), gestational age, and mother's height and in-
come for birth weight; c logAs (MWB and UCB) for gestational age. Calculation was performed using the half of detection
limit (i.e. 0.025 mg/dl) for Cd concentration if it was lower than the detection limit.

b0, b＝standardized and non-standardized regression coe�cient, respectively.
95CI＝95 con�dence interval.
NS＝Not selected.

Fig 1. Signi�cant correlations of birth weight and gesta-
tional age with arsenic (As) in mother's whole blood
among 71 male newborns.
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weight to signi�cantly vary among the classes of
mothers' income (Table 1) (F＝3.304, p＜0.05).

Results of the stepwise multiple regression analysis
with birth weight or gestational age as the dependent
variables for male newborn are shown in Table 4,
where independent variables were those signi�cantly
related to birth weight or gestational age as above. Both
birth weight and gestational age were inversely related
to log As in MWB. Birth weight was also signi�cantly
related to mothers' height. Relationships of birth
weight and gestation age to As in MWB in 71 male
newborn are illustrated in Fig 1.

4. Discussion

In the present study, As was found to be a risk factor
for both low birth weight and decreased gestational age
in male newborn, in agreement with the previous
observation of adverse e�ects of As on birth
outcome1,2,4,6). Multiple regression analysis indicated
that the e�ects of As on birth weight and gestational age
were independent of each other, indicating that low
birth weight is a direct e�ect of low level fetal exposure
to As, rather than a result of decreased gestational age.
Also, mothers' height should be the indicator for nutri-
tional status of mothers, which may a�ect the infant
directly. As concentrations in cord blood and maternal
blood in a population exposed to high levels in drinking
water showed that were found to be similar and corre-
late with each other28), so As can readily permeate
through the placenta barrier leading to exert toxic
e�ects on the fetus. The fetus is mostly likely to be ex-
posed to inorganic As acting as an immunosuppressive
factor29) in early gestation, before induction of arsenic
methyltransferase, a key enzyme of detoxi�cation30).
Thus, direct e�ects of As on fetus seem signi�cant and
critical.

Adverse e�ects of As were only demonstrated in male

newborn in the present study, i.e. no signi�cant
relationship of As with birth weight or gestational age
was observed for female babies, suggesting that males
are more susceptible to As at an early stage of develop-
ment. The reason is unclear, although sex di�erences
in health e�ects of As have been observed in previous
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studies, as pointed out in the review of Vahter et al.31)

For example, males appear to demonstrate more As
related skin e�ects including skin cancer than females,
possibly related to sex di�erences in biotransformation
of As by methylation. In contrast, Ahmad et al32)

reported females to be more susceptible to toxic e�ects
of chronic arsenic exposure (arsenicosis) in Nilkanda,
Bangladesh. Thus, further studies should be necessary
on sex di�erences in the e�ects of As on birth outcome.
Smoking is also believed to be a risk factor for low birth
weight in the newborn33), but in the present study only
one mother was a smoker.

Non-occupational human exposure to As in the en-
vironment is primarily through ingestion of food and
water34). Of these, food is generally the principal con-
tributor to the daily intake of total As, including organ-
ic and inorganic forms, whereas drinking water is a sig-
ni�cant source of inorganic As exposure34). Although
Shanghai is a metropolis in China, there are only few
factories in the city area; polluted water from industries
located outside of the city, if any, drains into the sea
rather than the river system. Owing to the law and su-
pervision, tap water in Shanghai is of good quality as
reported by Shanghai Local Government with a con-
centration of As as low as 1 mg/l in 200935), which is
very di�erent from reported well water values of 40 mg/
l and above in severe As polluted areas36). In fact,
almost all mothers were likely to drink bottled water in-
stead of tap water during their pregnancy (data not
shown), so that As exposure from drinking water could
be neglected. It is therefore appeared that signi�cant
source of exposure of mothers was food intake in the
present study. As the location was on the east coast of
China, As exposure from seafood should be considered.
However, most As in seafood is in organic forms, which
are believed not to be toxic37). On the other hand, most
food stu�s as meat, poultry, dairy products and cereals
have higher levels of inorganic As. Thus, a survey on
food intake, together with measurement of organic and
inorganic forms of As in blood separately, should be
carried out to identify the environmental sources of As
exposure which might a�ect birth outcome as observed
in the present study.

Cd exposure has been reported to be related to
decreased gestational age and low birth weight11,12). In
China, Zhang et al.13) observed that in a highly pollut-
ed area (DaYe city, Hu Bei Province) the maternal
serum concentration of Cd was negatively related to
neonatal birth height. In the present study, Cd concen-
tration in maternal blood, averaged 1.14 mg/l and
therefore was lower than that in the ealier report (1.72
mg/l), showing a positive correlation with birth weight.
However, on multiple regression analysis, the Cd con-
centration did not signi�cantly relate to birth weight.
Jelli�e-Pawlowski et al.7) reported that, at maternal
blood Pb levels above 10 mg/l, the risk of preterm birth
and low birth weight in the newborn is increased. In

the present study, the average maternal blood Pb con-
centration was 6.68±2.92 mg/dl (max 22.40 mg/l),
and was not signi�cantly related to gestational age or
birth weight. However, it is reported that
hypertension9) and preeclampsia10) were observed
among pregnant mothers with blood Pb concentrations
of 5.7±2.0 and 5.09±2.01 mg/dl, respectively. Pb
might thus a�ect the maternal environment. Our re-
cent study17) showed Mn concentrations in maternal
whole blood to be signi�cantly lower in intrauterine
growth retardation newborn (16.7±4.8 mg/l) than
that in appropriate-for-gestational age cases (19.1±5.9
mg/l). Supplementation with Zn in small-for-gestation-
al age infants has proved to be bene�cial for o�spring
development38), and de�ciency of Zn is reported to be
related to low birth weight and decreased gestational
age39). In animal experiments, it was found that
de�ciency of Co/VitB12 leads to aberrant ovarian func-
tion and malnutrition of the fetus19). In the present
study, maternal blood levels were within normal ranges
for Mn (58.71±22.55 mg/l), Zn (6.32±1.23 mg/l),
and Co (46.10±15.62 mg/l)40) and no signi�cant
reproductive e�ects were noted. As supplementation of
several vitamins and minerals may protect pregnant
mothers against As toxicity41), preventive e�ects of
supplementation of vitamins should be investigated in
future studies.

The hospitals surveyed in the present study were
public ones, i.e. operated by Shanghai City, the same
as other hospitals in China which are administered by
local or central government, the expense of delivery
being covered by national insurance. According to the
statistics data from Shanghai City42), the average an-
nually income of white collar workers in Shanghai was
46,426 RMB (3,869/month) while that of blue collar
counterparts was 19,244 RMB (1,603/month), with a
total average annual income of 34,707 RMB (2,892/
month). In the present study, the monthly income
range was 10003000 RMB, suggesting a typical so-
cioeconomic pro�le for the subjects, although exact
data were not available. However, the educational level
was relatively high (i.e. more that 40 had attended
college or higher), considering that education levels of
Shanghai citizens were reported as follows: unschooled
of 4.33, middle school 48.3, high school 26.1,
and college 21.343).

The study might have some �aws. The sample size
should be increased to achieve statistically more ac-
curate results. Concentrations of heavy metals in blood
and urine, together with their chemical forms, should
be investigated to clarify the e�ects that depend on
chemical status of metals. To generalize the �ndings in
the present study, a more carefully designed epidemio-
logical study will be necessary to control possible sam-
pling bias and confounding e�ects of socio-economical
factors.
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5. Conclusions

The present study on newborn babies delivered at
two university hospitals in Shanghai, China, and their
parents suggested that As has negative in�uence on
newborns' birth weight and gestational age despite the
fact that Shanghai is a low As contamination area. As
e�ects were observed only in males, a gender di�eren-
tial in susceptibility to As may exist at an early stage of
development. Although birth weight is believed to be
related to gestational age, As may directly a�ect both
independently. Further studies with a larger number of
subjects is now necessary to con�rm the e�ects of low
level exposure to As and other trace metals on birth
outcome.
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