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Abstract

Objective:
We conducted the present study to evaluate associations between prenatal exposure to environmental manganese 

and psychomotor development in children from the general population in Taipei, Taiwan.
Methods:

The study is a part of the Taiwan Birth Panel Study. A total of 132 pairs of parents and their full-term babies were 
selected into this study. The Comprehensive Developmental Inventory for Infants and Toddlers (CDIIT) was conducted 
at the age of six months. The CDIIT was used to assess development in the areas of cognition, language, motor 
(including gross motor and fine motor), social, and self-help of children. Samples of cord blood were analyzed by an 
Agilent 7500C ICP-MS. Regression models and adjusted means were used to evaluate the association of exposure to 
manganese and psychomotor development.
Results:

The fine-motor developmental quotients (DQ) of the CDIIT were significantly influenced by the level of 
manganese (crude β = -7.0, SE = 2.5); the reverse relationship, however, was slightly diminished after adjustment 
(adjusted β = -6.0, SE = 2.5). Based on logistic regression models, the results corresponded with the linear regression 
models (crude OR = 3.20, 95% CI = 1.31-7.85; adjusted OR = 3.02, 95% CI = 1.18-7.76). In addition, the manganese 
concentration was separated by every 25% and analyzed though adjusted means. The relationship between manganese 
levels and fine-motor DQ showed an inverted U shape.
Conclusion:

Fetuses may be vulnerable to environmental manganese exposure, particularly in terms of motor performance 
at the early age of six months. Some confounding factors, however, could not be excluded. Thus, further research 
is necessary to verify our findings. Nonetheless, to prevent the risk of poorer psychomotor development, we advise 
pregnant women to avoid exposure to excessive manganese in ordinary life.
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Introduction

Pregnancy, a period of rapid growth and cell 
differentiation, is very susceptible to alterations 
in dietary supply, especially of nutrients which 
are marginal under normal circumstances [1]. 
Manganese is both an essential element and 
a potent neurotoxin. It is required for normal 
amino acid, lipid, protein, and carbohydrate 
metabolism. The manganese-dependent enzyme, 
manganese superoxide dismutase, is involved in 
the defense mechanisms against free radicals, 
and animal studies have found that manganese 
deficiency was associated with impaired growth, 
skeletal defects, reduced reproductive function, 
and so on [2,3]. Fortunately, because manganese 
is generally present in human diets, deficiency 
is not common [2]. Therefore, this study focuses 
on the neurotoxicological side.

However,  exper iments with animals 
perinatally exposed to excess manganese 
showed some effects such as reduced birth 
weight, reduced size of testes and seminal 
vesicles, transient ataxia and exposure during 
infancy was related to adverse neurobehavior 
development in later life [4,5]. Furthermore, 
manganese, a well-known occupational hazard 
for people via inhalation, mainly has adverse 
effects on adult human respiratory tracts and 
nervous systems, leading to conditions such as 
bronchitis, pneumonitis, and manganism [6]. In 
addition, recently a review article highlighted 
published studies that have invest igated 
associations between neurotoxicity and exposure 

to manganese, not only at the workplace but also 
from residences, from sources like well water, 
for example [7]. Nevertheless, the relationship 
between neurologic effects and exposure to 
manganese from drinking water has still not 
been conclusively made.

Moreover, it is known that manganese 
blood levels are increased during pregnancy 
and manganese ions easily cross the placenta by 
active transport to result in higher manganese 
levels in cord blood than in maternal blood 
[8-10]. Compared to adults, children will absorb 
more and excrete less manganese [11]. In 
addition, manganese easily gets access to the 
underdeveloped brain because of an immature 
blood-brain barrier and the accumulation 
of manganese in the developing brain has a 
dose-response effect by oral exposure [12,13]. 
Researchers have suggested that the hepatic 
homeostatic control of manganese elimination 
in neonates may be underdeveloped [14,15]. 
Research that examines the association between 
manganese exposure and neurotoxicity in 
children is not as common as it is for adults, 
and most reports come from individual case 
studies. For example, in China, children 11-13 
years of age exposed to sewage of high level 
manganese had lower scores on tests of short-
term memory, manual dexterity, and visuo-
perceptual speed than unexposed children, while 
another case report showed a ten-year-old boy 
who was exposed to elevated concentrations of 
manganese from a drilled well performed poorly 
in tests of verbal and visual memory [16,17]. 
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Recently, another study of school-age children 
residing near a hazardous waste site observed a 
significant relationship between hair manganese 
levels and worse general intelligence scores, 
particularly on verbal IQ tests and tests of 
memory for stories and word lists [18].

However,  there are few studies that 
show evidence linking low manganese levels 
to adverse neurodevelopment in children. 
To investigate the adverse effect of prenatal 
low level exposure to manganese on child 
psychomotor development, Takser and Tasker’s 
colleagues undertook a study of health pregnant 
women and their babies [19]. The study reported 
reverse associat ions between cord blood 
manganese levels and several psychomotor 
subscales at the age of three years, including 
attention, non-verbal memory, and hand skills. 
It suggests that low level manganese exposure 
from the environment in utero may influence 
early psychomotor development. In addition, 
another cross-sectional study investigated 
intellectual function in the general population at 
the age of ten years in Bangladesh, with those 
children having consumed tube-well water with 
a higher manganese concentration than the 
U.S. Environmental Protection Agency lifetime 
health advisory level [20]. It found that higher 
manganese level was associated with poor 
intellectual function- Full-Scale, Performance, 
and Verbal raw scores, and exhibited a dose-
response effect. 

For  l i m i t ed  i n for mat ion  about  t he 
possible effects of manganese exposure on 

neurodevelopment in children, we conducted 
the present study to evaluate the associations 
between prenatal exposure to environmental 
manganese and psychomotor development in 
children from the general population in Taipei, 
Taiwan. 

Materials and Methods
Study population

The study is a part of the Taiwan Birth 
Panel Study (TBPS). A total of 335 sets of 
subjects including parents and their live births 
were recruited from a medical center in Taipei 
City from April 2004 to January 2005. The 
protocols used in our study were approved 
by the Ethical Committee of National Taiwan 
University Hospital. Informed consent was 
obtained from study subjects, and we asked 
all of them to supply specimens of maternal 
blood, umbilical cord blood, and placenta. 
We excluded the subjects with insufficient 
biological samples and incomplete interview 
data .  To prevent  confounding,  we on ly 
included singleton and full-term infants and 
eliminated the few active smoking mothers 
during pregnancy or those who had a history 
of workplace exposure to manganese. There 
were a total of 308 sets selected into our 
study and 132 of them implemented the early 
childhood Home Observation for Measurement 
of the Environment (HOME) inventory and 
Comprehensive Developmental Inventory for 
Infants and Toddlers (CDIIT) [21,22]. There 
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were no significant differences between the 
original group and the participating population 
for sociodemographic variables and bir th 
outcomes.

Data collection

All mothers were interviewed after delivery 
by trained interviewers using a structured 
questionnaire to obtain information on parental 
life style, sociodemographic characteristics, 
personal and familial medical history, and habits 
of tobacco smoking and alcohol consumption. 

The HOME inventory is designed to 
measure the quality and quantity of stimulation 
and support available to a child (birth to age 
three) in the home environment, and is composed 
of 45 items clustered into six subscales: parental 
responsivity, acceptance of child, organization 
of the environment, learning materials, parental 
involvement, and variety of experience. Subjects 
were observed and their main caregivers were 
interviewed with the HOME inventory by a 
well-trained physiotherapist in the subjects’ 
home when children were six months old [21, 
23].

Child developmental status was evaluated 
by the CDIIT. The CDIIT was designed and 
standardized to assess development in the 
areas of cognition (at tention, perception, 
memory, reasoning, and concept), language 
(comprehensive  and expressive),  motor 
(including gross motor and fine motor), gross 
motor (antigravity control, locomotion, and 

body movement coordination), fine motor (basic 
hand use and visual-motor coordination), social 
(inter-personal, affection, self-responsibility, 
and adaptation), self-help (feeding, dressing, 
and hygiene), and behavioral characteristics 
of youngsters with ages ranged from 3 to 71 
months or those who would have developmental 
delays within the range. 

The standardization sample of 3,703 infants 
(1,055 boys and 1,068 girls), aged 3-71 months, 
was randomly selected according to age, sex, 
and geographic regions in Taiwan. Urban 
versus rural residence was also considered 
[24]. The CDIIT has acceptable test-retest 
reliability (r = 0.89-0.99, p value < .001), internal 
consistency (Cronbach α = 0.75-0.99), content 
validity, and concurrent and construct validity 
[22,24,25]. One recent study showed that the 
overall diagnostic accuracy of the CDIIT 
motor subtest was high, with an area under the 
receiver operating characteristic curve of 0.97 
for children with motor disabilities [26]. These 
results indicated that clinicians could diagnose 
motor disabilities correctly 98% of the time with 
the test results of the CDIIT motor subtest [27].

Items on the CDIIT are scored 0 or 1, 
indicating failure or success, respectively, during 
the test or observation at home by the caregivers. 
In this study, all items of the cognitive and 
motor subtests, and part of the language subtest 
were individually and directly elicited by the 
tester. The social and self-help subtests were 
scored from a questionnaire completed by the 
main caregivers. From the results of the CDIIT 
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tested, developmental quotients (DQ) of the 
whole test (whole DQ), five subtests (cognitive 
DQ, language DQ, motor DQ, social DQ, and 
self-help DQ), and two subdomains (gross motor 
DQ and fine motor DQ) of the CDIIT of each 
child were obtained. In the norm, the mean DQ 
(standard deviation) is 100 [15]. Six pediatric 
physical therapists with pediatric assessment 
experience (including CDIIT and HOME) for 
2-20 years were responsible for the HOME 
and CDIIT testing in this study. To increase 
the inter-rater reliabilities of the test results, 
two-day workshop was held. After lecture and 
demonstration, two video tapes were used for 
scoring practice. And before independent test, 
every tester should have 95% agreement for 
three infants with the senior physical therapist 
(HF Liao) who is the instructor for the CDIIT 
workshop. 

Laboratory analysis

Umbilical cord blood of the subjects were 
collected at birth in ethylenediaminetertraacetic 
acid disodium salt dehydrate (EDTA) tubes and 
separated into two tubes of whole blood and 
four tubes of serum. They were placed under 
-80℃ frozen conditions until laboratory analysis 
was carried out. Whole blood of the subjects 
were analyzed by Agilent 7500C Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS) 
[28]. To make sure measurements were reliable 
we used a spike every ten samples. In our study, 
the detection limit of manganese concentration 

was 1.2 μg/L. If the manganese concentration in 
whole blood was lower than the detection limit, a 
value of detection limit × 1/2 would be regarded 
as the manganese levels in the whole blood. 
However, all the manganese concentrations of 
our subjects were higher than the detection limit.

Statistical analysis

According to the manual of CDIIT, the 
CDIIT DQ of children who were classified 
as delayed and borderline were below 70 and 
within 70-84, respectively [25]. In this study, 
subjects were from general population, no 
infants were classified as delay and 11 infants 
borderline. Most infants were within normal 
limits with whole DQ ≥ 85. Thus, we decided 
on the cut-off point of CDIIT DQ by using 
sensitivity analysis. The cut-off points of DQ of 
the whole test and 7 subtests and 2 subdomains 
of the CDIIT and raw scores of the HOME 
inventory were dichotomized at the first quartile 
of these samples distribution. Because there was 
no definite value of normal range for manganese 
concentration in cord blood of children, high 
exposure was defined as the fourth quartile of 
the manganese concentration and low exposure 
was defined as all other quartiles (≥ 61.9 μg/L 
vs. <61.9 μg/L).

We used  l i nea r  reg ression  models , 
logistic regression models, and adjusted means 
to evaluate the association of exposure to 
manganese and psychomotor development. 
According to the statistics (10% change in 
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Characteristic
Mn level in cord blood

≥ 61.9 µg/L (n = 33) < 61.9 µg/L (n = 99) p value
Maternal characteristics
Age (years) 31.4 ± 3.7 31.9 ± 3.8 0.5748
Education (%) 0.5214
  High school and below 15.2 20.2
  University and above 84.8 79.8
Infant characteristics
Gender (%) 0.5397
  Male 63.6 57.6
  Female 36.4 42.4
Birth weight (g) 3249.8 ± 452.8 3288.2 ± 354.7 0.6171
Gestational age (week) 38.9 ± 1.1 39.0 ± 1.1 0.7192
Apgar score (score)
  1 minute 8.8 ± 0.9 8.9 ± 0.5 0.5811
  5 minute 9.0 ± 0.0 9.0 ± 0.2 0.5664
HOME a (point) 37.1 ± 3.8 39.1 ± 3.0 0.0023
CDIIT b (DQ c)
  Whole test 95.3 ± 9.3 99.5 ± 9.3 0.0278
  Cognitive 95.3 ± 7.5 97.2 ± 8.8 0.2683
  Language 105.6 ± 11.7 105.1 ± 11.4 0.8336
  Motor 90.4 ± 9.5 94.3 ± 10.1 0.0541
  Gross-motor 96.1 ± 8.8 97.6 ± 10.1 0.4411
  Fine-motor 84.5 ± 13.5 91.5 ± 11.9 0.0054
  Social 104.2 ± 12.2 107.2 ± 10.7 0.1802
  Self-help 94.1 ± 12.1 96.9 ± 12.6 0.2593
Exposure characteristics
Prenatal and postnatal ETS d (%) 18.2 16.2 0.7874
Manganese levels e (µg/L) 77.2 ± 14.5 43.5 ± 10.6 <.0001
Lead levels f (µg/L) 15.4 ± 6.8 12.0 ± 6.9 0.0165

Values are mean ± standard deviation or percent.
a HOME, Home Observation for Measurement of the Environment; b CDIIT, Comprehensive Developmental Inventory for Infants 
and Toddlers; c DQ, developmental quotients; d ETS, environmental tobacco smoke; e the range of manganese concentration 
21.4-122.8 μg/L in whole blood; f the range of lead concentration 1.0-41.4 μg/L in whole blood (3 missing data). 

Table 1 Characteristics of the study population by Mn exposure level (N=132)

estimate) and literature review, the covariate 
variables were maternal age, infant gender, 
exposure to environmental tobacco smoke 
during pregnancy, and the HOME inventory for 
adjusted regression models. We performed all 
statistical analyses using SPSS 11.0 and SAS 9.1 
for Windows. 

Results

Information on the characteristics of 
the study population is shown in Table 1. We 

divided the infants into two groups according 
to manganese levels, and the demographics and 
birth outcomes of these two groups were not 
significantly different when tested by t test or 
chi-square test. The birth outcomes including 
birth weight, gestational age, and Apgar score 
of these two groups were all within normal 
limits (birth weight ≥ 2500 g; gestational age ≥ 
37 week). The arithmetic means of manganese 
and lead in cord blood were 51.9 and 12.9 μg/L, 
respectively. 
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a CDIIT, Comprehensive Developmental Inventory for Infants and Toddlers; b DQ, developmental quotients; c SE, 
standard error; d adjusted for maternal age, infant gender, environmental tobacco smoke during pregnancy, and Home 
Observation for Measurement of the Environment.
*<0.05, **<0.01 

Table 2 Linear regression models of the CDIIT a DQ b and the manganese exposure (N = 132)
Mn level (≥ 61.9 µg/L vs. < 61.9 µg/L)

Crude β (SE c) p value Adjusted d β (SE) p value
Whole DQ -4.2 (1.9) 0.0278* -3.6 (1.9) 0.0591
Cognitive DQ -1.9 (1.7) 0.2683 -1.6 (1.8) 0.3754
Language DQ  0.5 (2.3) 0.8336  0.6 (2.3) 0.8106
Motor DQ -3.9 (2.0) 0.0541 -3.5 (2.1) 0.0912
Gross-motor DQ -1.5 (2.0) 0.4411 -1.6 (2.0) 0.4416
Fine-motor DQ -7.0 (2.5) 0.0054** -6.0 (2.5) 0.0181*
Social DQ -3.0 (2.2) 0.1802 -2.7 (2.3) 0.2395
Self-help DQ -2.8 (2.5) 0.2593 -2.4 (2.5) 0.3355

a CDIIT, Comprehensive Developmental Inventory for Infants and Toddlers; b DQ, developmental quotients; c 
adjusted for maternal age, infant gender, environmental tobacco smoke during pregnancy, and Home Observation for 
Measurement of the Environment.
*<0.05, **<0.01

Table 3 Logistic regression models of the CDIIT a DQ b and the manganese exposure (N = 132)
Mn level (≥ 61.9 µg/L vs. < 61.9 µg/L)

Crude OR (95% CI) p value Adjusted c OR (95% CI) p value
Whole DQ 2.59 (1.05-6.38)   0.0380* 2.30 (0.90-5.85) 0.0809
Cognitive DQ 0.80 (0.31-2.06) 0.6395 0.68 (0.25-1.84) 0.4507
Language DQ 0.84 (0.26-2.75) 0.7699 0.82 (0.24-2.80) 0.7507
Motor DQ 1.52 (0.63-3.67) 0.3500 1.36 (0.55-3.36) 0.5103
Gross-motor DQ 1.24 (0.44-3.53) 0.6806 1.16 (0.40-3.40) 0.7806
Fine-motor DQ 3.20 (1.31-7.85)  0.0111* 3.02 (1.18-7.76)  0.0217*
Social DQ 1.75 (0.74-4.16) 0.2046 1.66 (0.67-4.14) 0.2727
Self-help DQ 1.30 (0.49-3.48) 0.6029 1.27 (0.46-3.48) 0.6483

Journal of Occupational Safety and Health 15: 204-217 (2007)

In Table 2, we investigated the associations 
b e t we e n  e x p o s u r e  t o  m a n g a n e s e  a n d 
psychomotor development by linear regression 
models. We found that the whole DQ and fine-
motor DQ of the CDIIT were significantly 
changed by the level of categorized manganese 
(crude β = -4.2, SE = 1.9, p value = 0.0278; crude 
β = -7.0, SE = 2.5, p value = 0.0054), however, 
the reverse relationship of the fine-motor DQ 
was slightly diminished after being adjusted for 
covariates including maternal age, infant gender, 
environmental tobacco smoke, and the HOME 
inventory (adjusted β = -6.0, SE = 2.5, p value = 

0.0181), and the reverse relationship with whole 
DQ was in the significant borderline (adjusted 
β= -3.6, SE = 1.9, p value = 0.0591).

In Table 3, we then used the first quartile 
of the CDIIT DQ as the cut-off point of the 
every CDIIT subtest and undertook the logistic 
regression models to examine the associations 
between exposure and psychomotor outcomes. 
The results cor responded with the linear 
regression models. The crude odds ratios of 
whole DQ and fine-motor DQ of the CDIIT 
were significant (crude OR = 2.59, 95% CI = 
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1.05-6.38, p value = 0.0380; crude OR = 3.20, 
95% CI = 1.31-7.85, p value = 0.0111), but the 
inverse relationship between whole DQ and 
manganese level was not significant (adjusted 
OR = 2.30, 95% CI = 0.90-5.85, p value = 
0.0809), and the association between fine-motor 
DQ and manganese level was weaken, although 
still significant (adjusted OR = 3.02, 95% CI 
= 1.18-7.76, p value = 0.0217) after adjustment 
for covariates. The other subtest DQ of the 
CDIIT did not correlated with manganese level 
significantly in the present study.

To fur ther est imate the associat ions 
between manganese levels and the fine-motor 
subdomain, we separated the manganese 
concentration by every 25% and analyzed it by 
adjusted means (Figure 1). It revealed that the 
group with the highest manganese level had the 
lowest fine-motor DQ. However, the highest 
fine-motor DQ was not the group of lowest 
manganese level.

 Discussion

In the present study, we examined the 
effect of exposure to manganese in utero on 
psychomotor development in children at six 
months of age and found that the higher the 
manganese levels the lower the DQ in the fine-
motor subdomain, including basic hand use and 
visual-motor coordination. It is suggested that 
the adverse effects of exposure to excessive 
manganese levels on vulnerable children could 
detect at the early age of six months. 

In previous studies other researchers 
also observed that manganese exposure was 
associated with poorer motor performance. 
For example, He et al.’s study reported that the 
Chinese children at age of 11-13 years exposed 
to manganese contaminated drinking water 
showed worse performance in the subscales of 
manual dexterity and visuo-perceptual speed 
than unexposed ones [16]. In a community-based 
study, researchers found an inverse relationship 
between exposure to higher levels of manganese 
from a variety of environmental sources and 
poorer DQ on tasks requiring rapid coordinated 
movement [29]. Another normal population-
based study also showed that low levels of cord 
blood manganese were inversely associated with 
hand skill performance in boys at three years old 
[19].

Although our study found the similar 
results to others, there were some different 
results between our study and others. In Figure 
1, we observed that the association between 
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manganese levels and fine-motor DQ showed 
an inverted U shape. It may indicate that too 
high or too low manganese level leads to 
poorer fine-motor performance, and fits the 
manganese dichotomous effect on the human 
body. Furthermore, there were no significant 
differences in the whole DQ or cognitive DQ 
between two manganese groups. However, other 
studies found worse cognitive function caused 
by elevated manganese level [16,19]. Several 
reasons may be able to explain this. First, our 
subjects are the youngest ones among these 
similar studies. One previous study showed 
that the f ine-motor DQ of the CDIIT was 
significantly correlated with Bayley Scales of 
Infant Development Mental Development Index 
(BSID-II MDI) for preterm children aged 6-40 
months [25]. The fine-motor DQ at early age 
can predict the later MDI of BSID-II in children 
with developmental delay [30]. From the 
Piagetian theory point of view, motor experience 
is the basis of cognitive development. Therefore, 
the child with fine-motor development delay 
may have high risk for later cognitive delay. 
Second, the manganese level in this study was 
only slightly elevated (arithmetic mean: 51.9 
μg/L; geometric mean: 48.8 μg/L). Even though 
the manganese concentration of cord blood in 
our study is higher than in Takser et al.’s study 
(geometric mean: 38.5 μg/L), it still below the 
upper limit of the normal manganese range, 
15-56 μg/L according to the Aschner et al.’
s review study [2]. Third, the test instruments 
for developmental status of the children were 

different among different studies, such as 
the McCarthy scales of children’s abilities 
performed by Takser et al. and the CDIIT 
inventory used by us.

Manganese, a well-known occupational 
hazard, is infamous for its neurotoxicity of 
motor dysfunction and triggering memory loss 
resembling Parkinson disease, however, the 
neurotoxic mechanisms in cells and molecules 
have not been clarified [31]. Nevertheless, a 
hypothesis inferred from Parkinson’s diseases 
suggested that manganese deposits in and affects 
mainly the cells of the striatum and globus 
pallidus in the basal ganglia of the brain, and 
leads to a depletion of dopamine in the caudate 
nucleus, norepinephrine in the hypothalamus, 
and neuromelanin in the substantia nigra [7]. 
Because manganese can increase the dopamine 
oxidation associated with the formation of 
free radicals, too high manganese levels in 
susceptible mitochondrial DNA may induce 
higher oxidative injury and oxidant damage [32, 
33]. Such mechanism might be able to explain 
why infants with higher manganese exposure 
had lower fine-motor DQ.

Our study’s subjects were from the general 
population, and exposed to manganese from the 
environment. In general, environmental sources 
of manganese are water, air, pesticides, and 
diet such as grain, nuts, and tea [2]. Ingested 
manganese was approximately 1-3% absorbed, 
and rapidly cleared from the blood by the liver, 
and then about 98% excreted in the bile [7]. 
Concerns have been raised about exposure to 
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environmental manganese from a new fuel 
additive, methylcyclopentadienyl manganese 
tricarbonyl (MMT), used in unleaded gasoline 
[34]. Oxide forms of manganese are released 
from combustion of MMT by automobile 
eng i nes ,  a nd  t h i s  a i rbor ne  ma nga nese 
would increase the likelihood of exposure to 
manganese in children via chronic inhalation 
[35]. In South Africa, a study observed higher 
manganese levels of school soil and dust in a 
city that introduced MMT as gasoline additive 
compared to another city that didn’t [36]. It then 
found that study subjects who were first-grade 
schoolchildren living in the former city had 
more elevated manganese concentration in their 
blood than subjects in the latter city.

Lead, the most infamous environmental 
toxicant in Taiwan, has adverse effects on 
the hematologic and neurologic systems [37]. 
However, since the Taiwan government ceased 
using leaded gasoline in 2000, it is obvious 
that air lead levels lowered and that cord blood 
lead levels followed this decreasing trend [38]. 
Moreover, both cord blood lead levels in Hwang 
et al.’s and our studies (arithmetic mean: 23.5 
μg/L and 12.9 μg/L, respectively) were lower 
than the 100 μg/L that is associated with poorer 
neurobehavioral and cognitive development [39]. 
Thus, we suppose that this low level of exposure 
to lead may not interfere with our inference.

Meanwhile, there are few active smoking 
mothers in our study, and most of them didn’t 
have high-exposure occupations, and not many 
infants were preterm delivery. Therefore, we 

reduced those potential confounding factors 
associated with neurodevelopment to make our 
inference more precise. The strength of our 
study is that we took the population-based study 
design and gathered both biological samples 
and comprehensive lifestyle factors to assess the 
associations between exposure to manganese 
and psychomotor development. However, there 
still are some potential limitations in our study. 
First, it is a cross-sectional measurement of 
exposure at delivery, so it could not represent 
the exposure of the entire prenatal and postnatal 
periods. Furthermore, because our study subjects 
were all live births, there may be a selection 
bias that underestimates our findings. Hence, 
we could categorize our continued variables 
into category ones and evaluate the association 
more  conser vat ively.  Fina l ly,  a l though 
several interviewers in the study may cause 
an information bias, there are no significant 
differences in their measurements. Thus, we 
could assume that the subjects interviewed by 
every interviewer were randomized. 

In the present study, we found that fetuses 
may be vulnerable to low level exposure of 
environmental manganese, particularly in 
motor performance. However, there could be 
some residual confounding we did not exclude. 
Thus, our findings still need further research 
to be verified. Nonetheless, to prevent the risk 
of poorer psychomotor development, we advise 
pregnant women to avoid exposure to excessive 
manganese in ordinary life during pregnancy.
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摘 要

目的：評估在一般族群中，胎兒於出生前暴露到來自環境中的錳，會對其日後精神運動發展的

影響。

方法：本研究為「Taiwan Birth Panel Study」的一部份，共有132對包含父母及其足月新生兒

的研究對象，並在嬰兒6個月時至家中進行「嬰幼兒綜合發展測驗（Comprehensive Developmental 
Inventory for Infants and Toddlers, CDIIT）」的評量。此測驗是用來評估兒童在認知、語言、動作

（含粗大動作及精細動作）、社會，與自助各方面的發展。臍帶血的錳濃度是以Agilent 7500C ICP-
MS來分析。最後，利用複迴歸與校正平均數來探討錳暴露與精神運動發展間的關係。

結果：在CDIIT精細動作的部分，我們發現到錳濃度較高的組別其發展商數（developmental 
quotients）會較差（crude β = -7.0, SE = 2.5）。但在校正後，此負相關性會略微下降（adjusted β = 
-6.0, SE = 2.5）。再者，利用logistic regression分析後，也發現到與linear regression相同的結果（crude 
OR = 3.20, 95% CI = 1.31-7.85; adjusted OR = 3.02, 95% CI = 1.18-7.76）。此外，我們將錳濃度平均分

為四組，進行校正平均數的分析，並發現到錳濃度與精細動作間呈現倒U字形的相關。

結論：研究中發現，即使是來自環境中的錳暴露，仍可能對胎兒造成精神運動發展上的不良影

響，特別是在動作方面。然而，本研究尚有一些無法排除的干擾因子，為此，仍有待日後更進一步

的研究來證實。不過，為避免胎兒有精神運動發展上的風險，仍建議懷孕婦女盡量避免暴露於過高

的錳濃度之下。

關鍵字：子宮內暴露、錳、精神運動發展、兒童
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