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ABSTRACT. The purpose of this study was to evaluate the
relationship between zinc and the growth and development of young
children. The parents of 8102 young children were surveyed in
person by a trained surveyor using structured questionnaires. The hair
zinc concentration of the children was determined using an atomic
absorption spectrophotometer. The height, weight, sitting height, and
head circumference of the children were measured at follow-up visits.
There was a positive correlation between hair zinc concentration and
adaptive developmental quotient (ADQ; r=0.3164, P = 0.0272) while
no correlation was found between hair zinc concentration and body
measurement Z scores or intelligence quotient (IQ). There was a strong
positive correlation between hair zinc concentration and weight-for-age
Z scores (r=0.3618, P=0.0416) and ADQ (r=0.2761, P = 0.0387) in
boys; there was no correlation between hair zinc concentration and body
measurement Z scores, 1Q, and ADQ in girls. In boys with normal hair
zinc levels, ADQ was 9.58 (P = 0.0392), higher than in boys who had
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zinc-deficient hair. In girls with normal hair zinc levels, ADQ was 2.52
(P =0.0296), lower than in girls with zinc-deficient hair. In conclusion,
there is no significant correlation between hair zinc levels and 1Q or Z
scores for all body measurements in young children.
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INTRODUCTION

Zinc is an essential microelement for the human body. It contributes to the composition
of multiple enzymes and is indispensable to enzymatic activity. It is involved in the synthesis
of proteins and nucleic acids, and in cell growth, division, and differentiation (O’Loughlin and
O’Donnell, 2011). Zinc is also important for the structure and function of the nervous system.
It is particularly important for children during their growth and development. Zinc deficiency
in children can lead to retardation of growth and development, hypophysis adjustment dys-
function, and inappetence (Alves et al., 2012).

Hair zinc concentration is an index for zinc nutrition status in vivo and can reflect zinc
accumulation and metabolism over a certain period (Heidemann et al., 2013). Prodam and
Aimaretti’s research (2013) has shown that the hair zinc concentration in anorectic children is
significantly lower than that of healthy children and that hair zinc concentration is positively
correlated with dietary zinc intake and erythrocyte zinc concentration. A low concentration
of hair zinc indicates that the human body is suffering from chronic zinc malnutrition. Gogia
and Sachdev’s research (2012) has found that hair zinc concentration in children with stunted
growth is lower than that in normal children. However, results obtained by Kamer et al. (2012)
have indicated that there is no correlation between hair zinc concentration and whole blood
zinc. A further study on 520 young children aged 3-8 years by Ekbote et al. (2013) has found
that there is no correlation between hair zinc concentration and stature or weight. Our study
aims to determine the relationship between hair zinc concentration and the growth and devel-
opment of young children by measuring their hair zinc concentration, physical development,
intelligence, and behavior adaptation capabilities.

MATERIAL AND METHODS
Research subjects

We surveyed 8102 children from 13 provinces or cities throughout the country, in-
cluding Beijing City, Shanghai City, and Jiangsu Province, of whom 4154 were boys and 3948
were girls. There were 4206 children aged 3-4 years and 3896 aged 4-5 years. All children
were from a follow-up study on the effects of zinc replenishment during the gestation period
on the growth and development of young children. None of the children had a history of severe
chronic disease.

Questionnaire

The children’s parents were surveyed in person by trained surveyors using structured
questionnaires. The main content of the structured questionnaire included questions on the
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general demographic characteristics of the children’s parents (including age, educational
level, occupation, and smoking and drinking habits), household income, gestation and delivery
conditions [including information on previous pregnancy, disease during the gestation period,
nutritional status, severity of pregnancy reactions, adverse physical and chemical factors (such
as exposure to X rays), medications, and antenatal training], and potential confounding factors
such as breast feeding, complementary foods, and early education of children from birth to
approximately 3 years of age (Ghanizadeh and Berk, 2013).

Measurement of zinc levels in children

Hair samples (0.5-1 g) were collected at the site of posterior occipitalia adjacent to
the scalp with a pair of stainless steel scissors. Hair zinc concentration was measured with an
atomic absorption spectrophotometer model 4530F (Precision Scientific Apparatus Co., Ltd.,
Shanghai, China,) after washing, drying, and digestion of hair samples. The recovery rate of
zinc was 98.8%.

Determination of body measurements, intelligence quotient (IQ), and adaptation
development quotient (ADQ) of children

The stature, body weight, sitting height, and head circumference of the children were
measured at follow-up visits. Body weight was accurate to 50 g and stature and sitting height
were accurate to 0.5 cm. Body mass index (BMI) was calculated based on body weight and
stature [BMI = body weight (kg)/stature (m)?]. Head circumference was measured with a
measuring tape and was accurate to 0.1 cm. All measuring tools were calibrated against stan-
dard measuring tools. Children’s 1Q was determined using the Binet and Raven Intelligence
Scales (Qian et al., 2005). Children’s ADQ was assessed using the behavioral adaptation
scale (Ghanizadeh and Berk, 2013).

Statistical analysis

In consideration of the effects of children’s age and gender on body measurements,
stature, body weight, head circumference, and sitting height were standardized and con-
verted into Z scores (Z score = actual measured value - reference value median (or arith-
metic average) / standard deviation of the reference value). Z scores of measured data were
calculated in accordance with WHO Standardized Reference Values for Children’s Body
Measurement (1993) to eliminate the effects of the children’s age and gender in terms of
comparability in body measurement indexes. The relationship between children’s hair zinc
concentration and their growth and development was analyzed by a simple correlation; body
measurement Z scores, 1Q, and ADQ of children in the normal hair zinc group and deficient
hair zinc group were analyzed using the #-test. A multiple-factor analysis was conducted
for the growth and development of children in the normal hair zinc group and deficient hair
zinc group using a general linear model (GLM). All data were analyzed using SPSS 15.0
(IBM, USA) and a significance level of P =0.05 was considered to be significant. Z values
were calculated and converted using Epi-Info 2002 (CDC, USA) and Office Excel 2003
(Microsoft, USA).
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RESULTS
Concentrations of hair zinc in children

The hair zinc concentration of the 8102 children ranged 32.62-146.73 pg/g, with an
mean of 81.53 + 32.66 pg/g. The mean hair zinc concentration in boys was 84.25 + 34.16 pg/g
and in girls 76.37 + 29.46 pg/g. The difference was not statistically significant. The hair zinc
concentration in children below 4 years of age was 86.37 + 33.41 ng/g and in children above
4 years of age it was 72.64 + 30.81 ng/g; this difference was not statistically significant either.
The tenth percentile (P, ) of hair zinc concentration in children of each age group served as the
threshold value. A value below P indicated hair zinc deficiency and a value equal to or above
P, indicated normal hair zinc. Of the 8102 children, a total of 1253 (15.46%) had hair zinc
deficiency. There was no statistical difference in the hair zinc deficiency rate between boys and
girls or between the different age groups (Table 1).

Table 1. Distribution of hair zinc in children by gender and age.

P (ng/g) Cases of hair zinc deficiency (%) Cases of normal hair zinc (%) Total
Gender
Boys - 592 (14.25%) 3562 (85.75%) 4154
Girls - 661 (16.74%) 3287 (83.26%) 3948
Age (years)
3-4 475 647 (15.38%) 3559 (84.62%) 4206
4-5 41.3 606 (15.55%) 3290 (84.45%) 3896

Physical, intellectual, and behavioral development of children

Body measurement results showed a low rate of maldevelopment in children. A Z
score below -2 was defined as maldevelopment. The maldevelopment rate for stature for age,
BMI, head circumference, and weight for stature ranged from 1 to 3.57%, consistent with
the probability of the standard normal distribution (a Z score below -2 accounted for 2.16%
under standard normal distribution conditions). The IQ and ADQ of all children were higher
than 75, i.e., there were no children with mild deficiency in intelligence or adaptive behavioral
competence according to these tests. An IQ below 80 and ADQ below 85 are deemed to reflect
maldevelopment in terms of intelligence and adaptive behavioral competence, respectively;
the maldevelopment rates for IQ and ADQ were 3.27 and 3.12%, respectively (Table 2).

Table 2. Body measurement Z scores, 1Q, and ADQ of children.

Development measurement Number of cases Mean Standard deviation Maldevelopment
(Number of cases) Percentage (%)
Body measurement Z score
Stature 8073 -0.68 0.36 288 3.57
Body weight 8066 -0.55 0.32 272 3.37
Weight for stature 8061 0.26 0.73 256 3.18
BMI 8078 0.11 0.86 245 3.03
Head circumference 8063 0.06 091 261 3.24
1Q 8054 95.16 11.73 263 3.27
ADQ 8066 108.27 16.24 252 3.12

BMI = body mass index; 1Q = intelligence quotient; ADQ = adaptive developmental quotient.
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Correlation between hair zinc and physique, intelligence, and behavioral adaptation
development in children

Correlation analyses were conducted for hair zinc and body measurement Z scores,
1Q, and ADQ of children. There was a positive correlation between hair zinc and ADQ (r =
0.3164, P = 0.0272); however, there was no correlation between hair zinc and the body mea-
surement Z scores or 1Q of children (Table 3).

Table 3. Correlation between hair zinc and body measurement Z scores, 1Q, and ADQ.

Development measurement Correlation coefficient P value

Body measurement Z score
Stature 0.0834 0.6245
Body weight 0.0512 0.6832
Weight for stature 0.0161 0.8641
BMI 0.0113 0.9214
Head circumference 0.0436 0.7855
1Q 0.0485 0.7361
ADQ 0.3164 0.0272

BMI = body mass index; 1Q = intelligence quotient; ADQ = adaptive developmental quotient.

In terms of gender, in boys there was a high correlation between hair zinc and the
weight-for-age Z scores (WAZ, r = 0.3618, P = 0.0416) and ADQ (r = 0.2761, P = 0.0387)
and no correlation between hair zinc and other body measurement Z scores or 1Q; in girls,
there was no correlation between hair zinc and any of the body measurement Z scores, 1Q, or
ADQ (Figure 1A-D). There was a positive correlation between hair zinc and ADQ in children
under 4 years of age (r = 0.2536, P = 0.0438) while there was no correlation with any of the
body measurement Z scores and 1Q. There was a negative correlation between hair zinc and
the WAZ in children at and above 4 years of age (r =-0.3016, P =0.0292), while there was no
correlation between hair zinc and other body measurement Z scores, [Q, or ADQ.
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Figure 1. Correlation between weight-for-age Z score (WAZ) in boys (A), WAZ in girls (B), adaptive developmental
quotient (ADQ) in boys (C), and ADQ in girls (D) and hair zinc concentration (pg/g).
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Effects of hair zinc on physique, intelligence, and behavioral adaptation development
of children

Children were divided into a normal and deficient hair zinc group with hair zinc P |
serving as the threshold value. Comparisons were made for body measurement Z scores, 1Q,
and ADQ between the two groups and the differences were not statistically significant (¢-test).
In boys, ADQ in the normal hair zinc group was 9.58 (P = 0.0392), higher than that for the
deficient group. In girls, ADQ in the normal hair zinc group was 2.52 (P = 0.0296), lower than
that for the deficient group. After adjustment for zinc supplementation during pregnancy, fam-
ily economic status, parents’ ages, and education levels using the GLM process, the ADQ of
normal hair zinc group was 34 for boys, higher than that of the deficient group. There was still
no statistical difference in ADQ between the groups for girls. There were no statistical differ-
ences in body measurement Z scores and 1Q between the normal and deficient groups in either
boys or girls. When compared by age, there were no statistically significant differences in
body measurement Z scores, 1Q, or ADQ between the normal and deficient groups (Table 4).

Table 4. Body measurement Z scores, 1Q, and ADQ of the normal hair zinc group and the deficient hair zinc
group in children.

Development measurement Boys Girls Total
Difference value 95%CI Difference value 95%CI Difference value 95%ClI
Body measurement Z score
Stature 0.72 -0.35-1.67 -0.37 -0.93-0.44 0.12 -0.36-0.64
Body weight 0.66 -0.26-1.53 -0.52 -1.26-0.34 -0.14 -0.61-0.53
Weight for stature 0.53 -0.29-1.26 -0.24 -1.13-0.65 -0.08 -0.78-0.71
BMI 0.34 -0.32-1.36 -0.46 -0.81-0.73 -0.23 -0.82-0.45
Head circumference 0.46 -0.16-1.37 0.27 -0.76-1.15 0.27 -0.42-1.17
1Q -0.62 -7.24-8.45 -2.16 -6.75-5.61 -1.82 -4.67-3.64
ADQ 9.58 0.73-19.24 -2.52 -11.29-10.65 2.96 -3.89-9.21

Difference value = the mean of the normal hair zinc group - the mean of the hair zinc deficiency group; 95%CI is
the confidence interval for the difference value between the normal hair zinc group and the deficient hair zinc group.
BMI = body mass index; 1Q = intelligence quotient; ADQ = adaptive developmental quotient.

DISCUSSION

As an essential microelement in the human body, zinc is involved in many impor-
tant physiological functions. It is particularly indispensable for children during the growth
period. Many studies have shown that zinc plays a role in promoting physical growth and
the development of intelligence in children (Ozbek and Akman, 2012). The role of zinc in
promoting growth and development during infancy, and even during the fetal period, has been
deciphered. In this study, the hair zinc concentration, physique, intelligence, and behavioral
adaptation of 8102 children were measured. The results show a positive correlation between
hair zinc and ADQ in boys, as demonstrated by correlation analysis and the comparison of
ADQ between the normal and deficient groups. There was no significant correlation between
hair zinc and any of the body measurement Z scores or 1Q in either boys or girls.

When zinc intake is insufficient or zinc malnutrition occurs as a result of other causes,
many physiological processes involving zinc will be affected to different extents. Various
symptoms can occur when the compensation capability of the human body is exceeded (Wojciak
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et al., 2013). Deficiency generally manifests through effects on growth and development
during infancy, for example no or slow increases in height and weight, and also through
retardation in the development of intelligence and a low intelligence quotient in children due
to effects on brain development (Moran et al., 2012). A great deal of research has shown that
there is a correlation between in vivo zinc levels and stature, body weight, or intelligence of
children (Liu et al., 2012). Zinc supplementation for children with zinc deficiency can improve
their growth and development rates as well as their stature, body weight, and intelligence. A
randomized double-blind control study on 1625 African-American pregnant women with a low
zinc nutritional status, conducted by Razi et al. (2012), indicates that supplementation of 25
mg/day zinc can significantly increase the birth weight of newborns, particularly for pregnant
women with a BMI less than 24 kg/m?. Elizabeth (2011) has found that oral administration
of 20 mg zinc to pregnant women who had previously given birth to small for gestational age
babies can reduce the incidence of intrauterine growth retardation.

Hair is one of the routes through which zinc is excreted from the human body. The
concentration of hair zinc increases when in vivo zinc is sufficient or surplus; however, zinc
excretion, e.g., through hair, does not necessarily correlate with zinc in the body due to the
requirements for maintaining homeostasis when zinc levels are insufficient or marginally de-
ficient (Amalrajan et al., 2012). According to the literature, hair zinc concentration is affected
by multiple factors. Although zinc intake will be insufficient when severe malnutrition occurs,
hair zinc concentrations can be significantly higher than those of the healthy people due to the
low growth rate of hair (Estakhri et al., 2011). An examination of zinc supplementation in 100
children with serum zinc lower than 13.0 uM and 100 children with hair zinc lower than 13.0
ng/g indicated that mean serum zinc rose 6 months after zinc supplementation; however, in
contrast, hair zinc declined (Wang et al., 2013). Thus, this method may be insufficient to assess
the nutritional status of zinc in the body.

No correlation was observed between hair zinc and body measurement Z scores or in-
telligence. Shah et al. (2013) have estimated infant requirements for zinc based on zinc reten-
tion and loss in urine and sweat and observed that the demand for zinc in female infants is ap-
proximately 8% lower than in male infants. This difference in zinc metabolism may contribute
to the sex difference in the correlation between hair zinc and ADQ seen here (Liu et al., 2012).

At present, a number of research studies have suggested that zinc plays a role in
promoting growth and development; however, there are conflicting results regarding these
relationships in relation to the different indexes used. To date, the indexes used to assess zinc
status include blood zinc (plasma zinc, serum zinc, and whole blood zinc), hair zinc, and
urinary zinc. Hair zinc has long been used due to ease of collection and storage, convenient
testing, and availability of duplicate samples for testing. However, we have seen no correlation
between hair zinc and body measurement Z scores or intelligence in the children we studied,
possibly due to the fact that hair zinc does not accurately reflect zinc status in the body.

A study by Das et al. (2012) has shown that parenting can promote the development
of children’s adaptive behavior; harmonious family relationships, and a healthy social envi-
ronment can contribute to improvements in children’s adaptive behavior, as can a mother’s
age and health status. A study by Lazzerini and Ronfani (2012) suggests that fathers’ educa-
tion levels and family educational methods significantly affect children’s adaptive behaviors.
These social and family factors may weaken the biological relationship between nutrition and
the development of adaptive behaviors. Taverna et al. (2012) have also opined that the effect
of family environments and parenting on the development of children’s adaptive behaviors is
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as important as nutritional status. This may be one of the reasons for the lack of correlation be-
tween hair zinc concentration and ADQ in girls. In addition, the different correlations between
adaptation development and zinc between boys and girls may be associated with differences in
zinc metabolism in vivo. Zinc metabolism differs between genders from infancy.

The correlation coefficient for ADQ and hair zinc concentration was 0.3164, indicat-
ing a definite correlation between children’s behavior adaptation and zinc. Other studies have
also reported such a relationship, e.g., research by Morales-Ruan et al. (2012) indicates that as
malnutrition becomes more severe in children, ADQ values also decrease. A study by Wang et
al. (2012) also indicates that nutritional status is associated with ADQ in children. Malnour-
ished children have defective social adaptive capacity, which manifests as learning disability,
reading disability, dysgraphia, short attention spans, and slow responses (Wang et al., 2012).
However, in this study, based on the correlation coefficient for ADQ and hair zinc concentra-
tion, this relationship was not significant. This may be due to the fact that many factors influ-
ence ADQ and factors such as family environment and family educational methods may have
a greater impact. Indeed, it is also possible that the gender difference is preliminary result and
requires further study for clarification.
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