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Abstract
Background

The growth and development of children is in�uenced not only by heredity but also by environmental factors, including nutrition and temperature. The aim of
this study was to evaluate the growth and nutritional status of preschool children in Daxing’anling, the coldest region of China.

Methods

A descriptive, cross-sectional survey was performed among preschool children aged 3 to 6 years by strati�ed cluster sampling in Daxing’anling. The children’s
parents completed the questionnaires. Height, body weight and head circumference were measured, and Z scores for weight for height, weight for age, height
for age and head circumference for age were evaluated. Anthropometric data were compared with World Health Organization standards and China’s growth
references. The levels of vitamin A, E and 25-(OH)-D3 in serum were detected by high-performance liquid chromatography.

Results

A total of 305 children were recruited. The average height of the preschool children was lower than China’s growth reference but higher than the WHO
standard. More than half of the preschool children ranged from -1 SD to +1 SD. Both the values of weight for height and of weight for age were positive and
higher than the WHO standards (P<0.01), with a signi�cant difference between boys and girls (P<0.01). The incidence of stunting, wasting, and underweight
were 4.59%, 2.95% and 2.30%, respectively, although the prevalence of overweight and obesity was high (18.03% and 6.89%, respectively). The rates of vitamin
A and D de�ciency were 7.54% and 88.85%, respectively. Vitamin A was also positively associated with 25-(OH)-D3.

Conclusions

The growth and nutritional status of preschool children were generally good, although the double burden of malnutrition was observed. Vitamin D de�ciency
should be paid much attention to. It is necessary and urgent to carry out nutritional interventions for health.

Background
Nutrition has a profound in�uence on health over a lifetime. The Lancet series on maternal and child malnutrition in 2008 and 2013 illustrated the potential
consequences of malnutrition on health[1–3]. In recent years, the rates of stunting, underweight and wasting in children have gradually decreased, whereas
increasing trends in child overweight and obesity are occurring in most world regions. Globally, stunting among children under �ve years of age has fallen
from 198.4 million (32.6%) in 2000 to 150.8 million (22.2%) in 2017, while 50.5 and 38.3 million children are wasted and overweight, respectively. Therefore,
malnutrition is a universal issue worldwide. Preschool children aged three to six years in particular require focused attention because this age group not only
has special needs but also forms the platform for the growth and development of children[4]. It was found that the most important determinant of the growth
and development of children was not heredity or race but the in�uence of nutrition and environment[5]. Therefore, children's nutritional status is a sensitive
indicator for children's health levels.

Z scores are usually used to evaluate growth and nutritional status of children. The results are objective and credible by excluding the effects of sex, age and
weight. The Z scores of each child were calculated for weight for height (WHZ), weight for age (WAZ), height for age (HAZ) and head circumference for age
(HCZ)[6, 7]. The current China growth reference was established based on a nine-city study in 2005. The nine cities, including Beijing, Harbin, Xi’an, Shanghai,
Nanjing, Wuhan, Fuzhou, Guangzhou and Kunming, are located in North, Central and South China. The results showed that the growth and development levels
of children in China exceeded the WHO standard for children of the same age[8]. Data from the China National Nutrition and Health Survey (CNNHS) in 2002
showed that the prevalence of undernutrition was high, but the prevalence of overweight was lower than WHO standards[9].

Underweight, wasting and stunting are still common in children worldwide, but overweight and obesity are increasing at an alarming speed. The prevalence of
underweight, overweight and obesity was 13%, 18% and 16%, respectively, in 754 preschool children in Tbilisi[10]. Among children under �ve years old in the
West Azerbaijan Province in Iran, the prevalence of stunting, overweight and obesity were 7.3%, 1.3% and 5.1%, respectively[11]. The global prevalence of
preschool overweight plus obesity increased from 4.2% in 1990 to 6.7% in 2010, with a projected increase to 9.1% in 2020[12]. The proportion of children with
overnutrition increases about the same year by year in China[13–16]. In a 2013 survey, the prevalence of overweight and obesity in Chinese children under 6
years old was 8.4% and 3.1%, respectively, and increased by 1.9 and 0.4 percentage points from 2002[17]. The overall prevalence of wasting and underweight
Chinese children under 6 years was 2.0% and 2.5%, respectively, in the 2013 survey, and the rate of underweight decreased by 3.2 percentage points[17].
Although the nutritional status of children has been greatly improved in China, a lack of vitamins and other micronutrients is still prominent and is urgently to
be solved.

In addition to genetic factors, children’s nutritional status is also in�uenced by environmental factors. Cold weather has a wide range of impacts on children’s
growth and health[18, 19]. It was reported that cold temperatures affected children aged 6 to 24 months[20], but the in�uence of extremely cold temperature on
older children’s growth and nutritional status is still unclear. Daxing’anling is the northernmost and coldest region of China. The annual average temperature is
-2.6℃, and the extreme minimum temperature can reach − 52.3℃. It is known as an alpine restricted zone. Therefore, the current study aimed to investigate
the growth and nutritional status of preschool children in Daxing’anling.

Methods

Subjects
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A descriptive cross-sectional survey of preschool children aged 3 to 6 years old from four kindergartens in Daxing’anling in 2015 according to the geographical
location and economic levels was performed. The economic conditions of the children’s families can re�ect the region’s average levels. Demographic
information included children's name, sex, age and birth weight. Children with incomplete information were excluded. A total of 305 children were �nally
recruited. Harbin Medical University approved the study protocol, and informed written consent was obtained from the children’s parents/guardians. All study
procedures were carried out following the Helsinki Declaration[21].

Anthropometric measurements
The children’s height, weight and head circumference were measured in light clothing while barefoot and without hats according to WHO standard
procedures[22].

WHO AnthroPlus software (2009) was used to calculate individual HAZ, WAZ, HCZ and WHZ. Z scores were the ratio of the difference between the observed
value and the mean plus standard deviation of the reference population[23]. According to the Z scores, the growth and development of children were divided
into 5 different levels: a cut-off less than minus two standard deviations (-2 SD) was de�ned as Z1, between − 2 SD and − 1 SD as Z2, between − 1 SD to + 1
SD as Z3, between + 1 SD and + 2 SD as Z4, and more than + 2 SD as Z5.

Evaluation criteria of nutritional status
Stunting, underweight, wasting and a small head circumference were de�ned when the values of HAZ, WAZ, WHZ and HCZ were less than − 2 SD. Similarly,
overweight and large head circumference were de�ned when the values of WHZ and HCZ were more than + 2 SD, obesity was de�ned when the values of WHZ
was more than + 3 SD[12]. The standards were divided into four indicator categories: three negative, single positive, two positive and three positive.
Furthermore, according to the demographic information from birth certi�cates, the birth weight of preschool children was considered low when the weight was
less than 2.5 kg, normal when the weight was between 2.5 to 4.0 kg and high when the weight was more than 4.0 kg.

Assessment of vitamin levels
Two millilitres of venous blood was collected and centrifuged and serum was separated and stored at -80℃. High-performance liquid chromatography (HPLC)
was used to detect the contents of vitamin A, 25-(OH)-D3 and vitamin E in serum. Brie�y, blood samples were extracted with hexane after deproteinization with
ethanol and then evaporated to dry with nitrogen gas. The residue was dissolved in 0.1 ml methanol. Twenty microliters of the sample was injected into a C18
column installed with an HPLC apparatus (Waters 2695 Quarternary HPLC Pump, Waters 2487, USA). All procedures were performed in a dark room to protect
the serum from light. The mobile phase was a methanol-deionized water mixture (97:3). The concentrations of vitamin A, 25-(OH)-D3 and vitamin E were
determined by spectrophotometry (Waters 2487 Dual γ Absorbance Detector, USA) at 315, 265 and 290 nm, respectively.

According to the diagnostic criteria recommended by the WHO, a content of serum vitamin A higher than 0.3 µg/ml was de�ned as normal, from 0.2 to 0.3
µg/ml as marginal vitamin A de�ciency, and lower than 0.2 µg/ml as vitamin A de�ciency (including subclinical and clinical vitamin A de�ciency). The vitamin
E content in serum ranged from 5 to 20 µg/ml and was normal, with less than 5 µg/ml considered vitamin E de�ciency. The content of serum 25-(OH)-D3 lower
than 20 ng/ml was considered vitamin D de�ciency, between 20 ng/ml and 30 ng/ml as insu�cient, and between 30 ng/ml and 100 ng/ml as su�cient;
content higher than 150 ng/ml could signal vitamin D poisoning[24–27].

Statistical analyses
All statistical analyses were performed using SPSS 20.0 software. WHO (Anthroplus) software was used to calculate Z scores. Comparisons of the differences
among continuous variables were performed using a t test or one-way analysis of variance. Categorical variables were analysed using the chi-squared test
and Fisher’s exact test. The correlation of individual vitamins was estimated by Pearson’s or Spearman’s correlation. Statistical signi�cance was accepted at a
P value less than 0.05.

Results

Physical development
Among preschool children aged three to six years in Daxing’anling, boys aged �ve and six years had taller heights, and the weights and head circumferences
of boys aged �ve years were signi�cantly greater than those of girls of the same age (P < 0.05). Compared with the China growth reference for the same sex
and age, the height of preschool children in Daxing’anling was lower, except for boys aged 6 years (P < 0.05). However, there was no signi�cant difference in
weight and head circumference (Fig. 1a).

Assessment of growth and development
The mean values of WHZ, WAZ, HAZ, and HCZ (SD) were 0.83 (1.52), 0.58 (1.21), 0.05 (1.23), and 0.05 (1.11), respectively. Both WHZ and WAZ values were
positive and higher than the WHO standards (P < 0.01). WHZ decreased with age, while the values of HAZ at 3, 4 and 6 years and HCZ at 3 years were negative
(Fig. 1b). The WHZ and WAZ values of boys were signi�cantly higher than those of girls (P < 0.01). However, there was no signi�cant difference in HAZ and
HCZ between boys and girls (Fig. 1c). The levels of WAZ were between − 1SD and + 2SD (Z3 and Z4) in 86.6% of children, followed by more than + 2 SD (Z5)
in 8.2% of children (Table 1). The changes in WHZ had a similar tendency as WAZ. However, the levels of HAZ were between − 1 SD and + 1 SD (Z3) in 63.6%
of children, followed by levels between + 1 SD and + 2 SD (Z4) as well as between − 2 SD and − 1 SD (Z2). Large and small head circumference included 11
and 10 children, respectively. More than 90% of children had normal head circumferences.
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Table 1
The distribution of WAZ, WHZ and HAZ scores among preschool children

Sex Age n Z1(%) Z2(%) Z3(%) Z4(%) Z5(%)

WAZ WHZ HAZa WAZ WHZ HAZ WAZ WHZ HAZ WAZ WHZ HAZ WAZb WHZc HAZ

Boys 3 48 6.25 4.17 2.08 2.08 2.08 10.42 54.17 39.58 68.75 27.08 31.25 18.75 10.42 22.92 0

  4 39 0 0 2.56 2.56 10.26 15.38 66.67 25.64 69.23 17.95 33.33 5.13 12.82 30.77 7.69

  5 48 0 0 0 0 0 10.42 64.58 54.17 58.33 20.83 25.00 25.00 14.58 20.83 6.25

  6 16 6.25 12.50 6.25 6.25 0 6.25 43.75 37.50 62.50 25.00 31.25 25.00 18.75 18.75 0

Subtotal 151 2.65 2.65 1.99 1.99 3.31 11.26 59.60 40.40 64.90 22.52 29.80 17.88 12.58 23.84 3.97

Girls 3 44 2.27 2.27 9.09 2.27 2.27 11.36 70.45 52.27 70.45 22.73 31.82 9.09 2.27 11.36 0

  4 42 4.76 4.76 11.900 7.14 9.52 11.90 59.52 42.86 52.38 26.19 21.43 11.90 2.38 21.43 9.52

  5 49 0 2.04 2.04 2.08 8.16 14.29 75.51 55.10 57.14 16.33 28.57 16.33 6.12 6.12 10.20

  6 19 0 5.26 5.26 5.26 0 10.53 73.68 52.63 78.95 21.05 31.58 5.26 0 10.53 0

Subtotal 154 1.95 3.25 7.14 3.90 5.84 12.34 69.48 50.65 62.34 21.43 27.92 11.69 3.25 12.34 5.84

Average 305 2.30 2.95 4.59 2.95 4.59 11.80 64.59 45.57 63.61 21.97 28.85 14.75 8.20 18.03 4.92

a Percentages were signi�cantly different between boys and girls (P < 0.05).

b, c Percentages were signi�cantly different between boys and girls (P < 0.01).

 

Children’s nutritional status
The prevalence of underweight and wasting was 2.30% and 2.95%, respectively, and there was no signi�cant difference between boys and girls. The
prevalence of stunting was 4.59% and was signi�cantly lower in boys than in girls (χ2 = 5.50, P = 0.019) (Table 1). Although the nutritional status in the past
and at present was good in 92.8% of children, the current nutritional status was poor in 1.31% of children. In the past, 3.61% of children had slightly poor
nutritional status, and 2.29% were chronically malnourished (Table 2).

Table 2
Evaluation of nutritional status in preschool children

Typesa Nutritional status n Percentage(%)

Present Past

All negative Good Good 283 92.79

Stunting Good Bad 11 3.61

Underweight Slightly bad Slightly good 0 0.00

Wasting Bad Slightly good 4 1.31

Underweight and stunting Slightly bad Bad 2 0.65

Underweight and wasting Bad Bad 4 1.31

All positive Bad Bad 1 0.33

a According to the Z score values, stunting, wasting and underweight were de�ned when the values of HAZ, WHZ and WAZ were less than − 2 SD.

 

The prevalence of overweight was 18.03% and was signi�cantly higher in boys than in girls (χ2 = 6.826, P = 0.009). Notably, the overweight rate was the
highest in children aged 4 years (Table 1). The prevalence of obesity was 6.89% and was signi�cantly higher in boys than in girls (χ2 = 4.335, P = 0.037).
Overweight and obesity did not occur in children with low birth weights, and there was no signi�cantly difference in the rate of overweight between children
with high birth weights and those with normal birth weights (Fig. 1d).

Levels of vitamin A, E and 25-(OH)-D3

The average vitamin A content in serum was 0.54 (0.11) µg/ml. No vitamin A de�ciency was observed in the children, but 7.54% of children were considered
marginally vitamin A de�cient. The average vitamin E content was 7.83 (2.22) µg/ml. Similarly, no vitamin E de�ciency was observed in children. The content
of 25-(OH)-D3 was 16.79 (4.89) ng/ml, and vitamin D-de�cient, insu�cient and su�cient children were 88.85%, 10.49% and 0.66%, respectively.

The levels of the three vitamins tended to decrease gradually with increasing age (Fig. 2a). There was no signi�cant difference between boys and girls. 25-
(OH)-D3 was positively correlated with HCZ (P < 0.05) (Table 3). Vitamin A was also positively associated with 25-(OH)-D3 (P < 0.05) (Fig. 2b).
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Table 3
The correlation between vitamin nutritional status and Z scores among preschool children

Z scores Vitamin A Vitamin E 25-(OH)-D3

r P r P r P

WHZ -0.042 0.460 -0.030 0.607 -0.044 0.554

WAZ -0.076 0.183 -0.018 0.758 -0.069 0.354

HAZ -0.020 0.730 -0.065 0.261 0.105 0.153

HCZ -0.104 0.069 -0.039 0.501 0.160 0.029

WHZ, weight for height. WAZ, weight for age. HAZ, height for age. HCZ, head circumference for age.

Discussion
The present study evaluated the growth and nutritional status of preschool children in the most northern and coldest parts of China. We found the coexistence
of stunting and overweight/obesity, the so-called “double burden” of malnutrition, in the region. We also found that stunting mainly occurred in girls, while
boys had a higher risk of obesity. Moreover, vitamin 25-(OH)-D3 de�ciency was common (88.85%), which should draw much attention for nutritional
interventions.

In this study, the physical development of boys and girls was in accordance with the general trend of childhood growth; that is, the height, weight and head
circumference gradually increased with age, and the total development levels were better in boys than in girls. Compared with China’s growth reference, the
height was lower, but the weight and head circumference were similar among preschool children in Daxing’anling[8]. This might be related to the local cold
climate. The winter is long and daylight is short, and the children's outdoor exercise was relatively low. Our results were consistent with the Northern Finland
survey[19]. However, the physical development levels were close to or met the WHO standard[22]. Due to the development of the economy and the
improvement of people's living standards, the physical development of preschool children in this area was relatively good.

Growth and development levels were between − 1 SD and + 1 SD, similar to those of children in Jordan[28]. WAZ is sensitive to recent nutritional changes in
children. It was found that WAZ was relatively low among children aged 3 to 4 years. The main reason may be that children aged 3 to 4 years may be
accustomed to a children’s diet, and as they gradually enter the adult’s diet model, the composition or intake of food changes. If children do not adapt to these
changes, growth will be affected. WHZ is a sensitive indicator that re�ects acute nutritional status. Weight for height Z scores were more than − 1 SD among
92.55% of children, indicating that the children were slightly overweight, although the nutritional status of children was generally good. HAZ mainly re�ects the
long-term and chronic nutritional status of the past. In total, 83.28% of children had a HAZ greater than − 1 SD, which is signi�cantly higher than children in
Central Brazil[29]. Head circumference growth was accompanied by an increase in brain capacity. HCZ can re�ect the brain development of children. In this
study, the levels of head circumference were normal in most children.

Compared with other areas in China, our results showed that the rates of underweight, stunting and wasting in Daxing’anling were lower than those of
Wuzhong, a city in Northwest China[30]; the rates of overweight and obesity were higher than those of Xiamen, a city in Southeast China[31]. Similarly,
compared with other developing countries, the rates of undernutrition were lower than those of Indonesia[32]. The prevalence of overweight was higher than
that of Brazil[33], and the prevalence of obesity was also higher than that of Ethiopia[34]. However, because of the cold temperature in Daxing’anling, the
intake of meat and other fatty foods is relatively high, while outdoor exercise is less than in warm places. Therefore, cold temperatures might be an important
reason for the high rate of obesity in preschool children. In our study, the prevalence of obesity was higher in boys than in girls, consistent with the Tianjin
survey[35].

It was shown that children with high birth weights might have a higher risk of obesity, although there were no signi�cantly difference in the rates of obesity
and overweight between children with high birth weights and with normal birth weights. Although the birth weight re�ected the nutritional status of the foetus
in the uterus, it could also indicate a strong ability to absorb nutrients. More nutrients and energy are consumed after birth, eventually leading to overnutrition.
The problem of overnutrition in children is especially prominent in cold areas of China and is related to dietary habits, a short outdoor time and a long resting
time[36]. Consequently, it is essential to strengthen nutritional interventions, focusing on the importance of a balanced diet, children's behaviour and outdoor
exercise. Interventions could contribute to improving parents' knowledge levels and health awareness in various ways and help children develop good habits.
Finally, it could not only effectively promote the growth and development of children but also improve their nutritional status.

Our study suggested that the levels of vitamins among preschool children were not good. Further study is needed to investigate the risk factors of vitamin A
and D de�ciency. The rates of marginal vitamin A de�ciency were lower than those of Chongqing, a mountain area in Southwest China[37]. However, vitamin D
de�ciency was serious in this area, and the prevalence of vitamin D de�ciency was higher than that in Hangzhou, China[38], and Nepal[39]. The reason was
probably that Hangzhou and Nepal are sunny areas and are much warmer than Daxing’anling. Therefore, children may stay outdoors longer. In our study, the
levels of vitamin D in children aged 6 years had improved, which might be related to the increased resistance to diseases and outdoor activities. 25-(OH)-D3

was positively associated with Vitamin A. Thus, parents should always take their children out in the sunshine.

Strengths and Limitations

In the current study, strati�ed cluster random sampling in four kindergartens according to the geographical location, climate, economic and cultural levels was
used to re�ect the average levels of the local region. In addition, the questionnaires from the preschool children’s parents were completed via face-to-face
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interviews. Therefore, the data could be considered representative and credible. Although our study had a number of strengths, it was subject to several
limitations. First, its cross-sectional design restricted the drawing of causal inferences. Additionally, the �ndings referred speci�cally to preschool children in
Daxing'anling, the coldest region of China, and thus cannot be generalised to others. Finally, there was not enough background information to
comprehensively compare the present health status of preschool children.

Conclusions
In summary, the extremely cold climate not only affected the growth and development but also the nutritional status of the local children. Therefore, we should
strengthen the monitoring of nutrition and physical growth in preschool children and put forward effective preventive and health care strategies to ultimately
promote their healthy growth.
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Figures

Figure 1

(a) Physical measurement children aged 3-6 years. (Local boys; Local girls; Reference boys; Reference girls), reference boys and girls were from cities in China
in 2005. *Compared with the same sex from cities in China (P<0.05); †Compared with boys of the same age (P<0.05). (b) The change trend of z-score with age
in children aged 3-6 years.WHZ, weight for height. WAZ, weight for age. HAZ, height for age. HCZ, head circumference for age. WHO, World Health
Organization. (c) Z-score differences between boys and girls of the same age group. *Compared with the Z scores of boys of the same age (P<0.05). (d) The
association of obesity and overweight rates with birth weight among children aged 3 to 6 years.
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Figure 2

(a) Serum concentration of vitamin A, E and 25-(OH)-D3 in preschool children. (b) Correlation of serum vitamin nutritional status among preschool children.


