Growth in early life and physical and intellectual development at school age: a cohort study
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Abstract

The association between growth during early life and subsequent cognitive development and physical outcomes are not widely known in low-resource settings. We examined the postnatal weight and height gain through early life and related these to nutritional status and intellectual development at age 7-9 years. Mothers had been enrolled into a RCT to evaluate the effect of prenatal micronutrients supplementation on birth weight. Their children born in 2004 had height and weight measured at 6, 12, 18 and 24 months of age and were followed up between October 2012 and September 2013 (at ages 7-9 years, N=650). Height-for-age, weight-for-age and BMI-for-age were used to describe nutritional status and the Wechsler intelligence scale for children (WISC-IV) was used to measure intellectual function. Multilevel linear and logistic modelling was used to estimate the association between growth on subsequent growth and intellectual function. After adjustment, weight gain during 6-12 months was associated with full-scale intelligence quotient (FSIQ), verbal comprehension index (VCI), working memory index (WMI) and perceptual reasoning index (PRI). Weight gain during early life was associated with subsequent nutritional status. For every 1 kg increase in weight during 0-6 months, the ORs for underweight, thinness and stunting at 7-9 years were 0.19 (95%CI: 0.09-0.37), 0.34 (95%CI: 0.19-0.59) and 0.40 (95%CI: 0.19-0.83) respectively. Weight gain during 6-12 months and 18-24 months was also associated with lower risk of being underweight. Weight gain during early life was associated with better growth outcomes and improved intellectual development in young school-aged children.
Introduction

The Lancet series on the development of children in developing countries reviewed the association between early childhood development with further health and cognitive development [1-3]. Since then, momentum for improving early childhood development has grown. In addition, previous studies of long-term follow-up of children shows the harmful effects of growth failure in the first 2 years of life on chronic disease, lower educational attainment and adult earning [4]. Many intervention studies conducted in the first 2 years of life in low and middle-income countries revealed consistent short-term benefits in early development and growth of children. Therefore, the first 2 years of life is an important period for the further physical development and cognitive function [5-8].

Previous studies in healthy populations suggest that faster growth in infancy and childhood is associated with better cognitive outcomes [9-11], whereas others found no association [12]. Not only is the empirical evidence inconclusive, but the majority of studies estimated differences in cognitive ability associated with a change in weight between only two-time points, rather than with changes estimated from multiple measures of growth [9, 13]. Additionally, although many previous studies reported that low birth weight or preterm infants has been associated with later impairment of cognitive development, comprehensive estimation of the long-term effect of growth in early life on the intellectual function and nutritional status has rarely been studied.

Cognitive development is important regarding potential for success in life and is inversely associated with several health outcomes in later life [14, 15].  However, the critical periods where poor growth results in longer term impairments that might be addressed by nutritional interventions to promote cognitive development in rural areas are unclear. Therefore, the aim of this study is to clarify the relationships between postnatal weight and height gain through the first 2 years of life and nutritional status and intellectual development at early school-aged children. Results from this study could identify an important window of opportunity to improve early growth to promote intellectual development and the prevention of childhood malnutrition in low and middle-income countries.

Methods

Study design and participants

The children and their mothers had been enrolled into a large trial that aimed to determine the effect of micronutrient supplementation during pregnancy on birth weight. The details of the double-blind, cluster-randomized, controlled trial of prenatal supplementation with various combinations of micronutrients have been previously published [15-17]. Briefly, this trial was conducted in 2 rural counties in Shaanxi Province of Northwest China from 2002 to 2006. Pregnancies in women who are residents in the studied townships or counties and diagnosed pregnancy gestation age less than 28 weeks were included in the trial. In addition, women who have severe diseases or gestation age greater than 28 weeks were excluded from the trial. The trial was cluster-randomised with village as the unit of randomization. Clusters were stratified according to county and township to ensure geographic balance and randomly assigned to 3 supplementation groups. The intervention groups were i) folic acid (400 mg/d) (Control group), ii) folic acid plus iron (60 mg/d), and iii) 15 minerals or vitamins as follows: 30 mg/d iron, 400 mg/d folate, 15.0 mg/d zinc, 2.0 mg/d copper, 65.0 mg/d selenium, 150.0 mg/d iodine, 800.0 mg/d vitamin A, 1.4 mg/d thiamin, 1.4 mg/d riboflavin, 1.9 mg/d vitamin B-6, 2.6 mg/d vitamin B-12, 5.0 mg/d vitamin D, 70.0 mg/d vitamin C, 10.0 mg/d vitamin E, and 18.0 mg/d niacin. A total of 5828 pregnant women from 531 villages were enrolled in the study, of these 133 women were lost to follow up, 279 stopped taking supplements and refused to continue to participate and 601 had a spontaneous or induced abortion or other medical condition resulting in fetal loss. There were 4864 births in 4815 women and after excluding the stillbirths and multiple live births, there were 4604 single live births on the study. 
Follow-up monitoring and data collection

The baseline information was collected at ≥ 3 prenatal health care visits in different stage of pregnancy. Hospital nursing staff measured birthweight within one hour of delivery. For home deliveries, township maternal and child health staff visited the homes to measure birthweight and collect birth information within 72 hours after delivery. Gestational age at birth was measured as completed days based on the first day of the last menstrual period (obtained at the baseline interview).
Due to limited funding, a subgroup of singleton neonates (born in the year of 2004) were included in the postnatal surveillance and children were assessed at 6, 12, 18 and 24 months of age. Primary carers were interviewed about feeding practice and frequency of complementary foods. Infant feeding was categorized into bottle-feeding (non-breastfeeding), partly breastfeeding and exclusive breastfeeding for ages 0 to 6 months. In addition, the complementary foods during age 6-12 months including meat, egg and milk (including milk powder) and intake frequency ≥ 3 times a week were categorized into a quality protein supplement group.

At all visits, anthropometric measurements and physical examinations were conducted using standardized methods [18]. Weight was measured to the nearest 10 g on an electronic scale (type BD 585, Tanita, Dongguan, Guangdong Province, China), and infants were measured with no shoes and light clothing. Length was measured to the nearest 1mm by using a portable measuring board with fixed head piece. Scales were checked by calibration with a standard weight (10 kg) and recumbent length was measured to nearest 1 mm on a length board. 
From October 2012 to September 2013 when the children were aged 7-9 years, we conducted a follow-up study to determine the long-term effect of prenatal and postnatal nutrition status on further development of children. Households with eligible children (single birth, born in the year of 2004 and their mother took part in the RCT) were invited to participate in the local hospital or school in a standardized manner. A face-to-face interview was conducted to collect the information of current socioeconomic background (baseline information had been collected in the original RCT) in households using a household questionnaire for parents or primary carers of children. For children, anthropometric measurements and intelligence test of Wechsler intelligence scale for children (WISC) were conducted. The anthropometric measurements of young school-aged children were collected by trained staff using standard procedures. Height (barefooted) was recorded to the nearest 0.1cm using a calibrated stadiometer (Model SZG-210, Shanghai JWFU Medical Apparatus Factory, Shanghai, China), and weight was recorded to the nearest 0.1kg in standard school clothing (without shoes) using an electronic scale (Tanita BC-420, Tanita Corporation, Tokyo, Japan). Written informed consent was obtained from parents. The follow-up study was designed to estimate the intellectual development differences among prenatal micronutrients supplementation groups. We estimated a minimum of 426 children (142 children in each group) was needed to detect 5 Full-Scale Intelligence Quotient (FSIQ) points between groups with 80% power and type Ⅰ error ((=0.05). 5 FSIQ differences was considered clinically significant because it is of the order of magnitude associated with IQ difference in children who were exposed to high lead concentrations or were fed milk rather than formula as infants. The observed power of the linear regression model (FSIQ as dependent variable) obtained in the Stata is larger than 0.99.
All field assistants and nurses received training and were supervised regularly and remained blinded to the treatment group until the end of the follow-up period. The study was approved by the Human Research Ethics Committee of the Xi’an Jiaotong University Health Science Center.

Psychological testing

Wechsler tests are among the most widely used intelligence tests in the world [19]. The fourth edition and also the latest edition of Wechsler intelligence scale for children (WISC-IV) which can be applied to children aged 6 to 16 years was used to assess the cognitive ability of children. The WISC-IV consists of 10 core subtests and 4 supplemental subtests. The core subtests are Block Design, Similarities, Comprehension, Vocabulary, Picture Concepts, Digit Span, Letter–Number Sequence, Matrix Reasoning, Coding and Symbol Search, and supplemental subtests are Picture Completion, Information, Cancellation and Arithmetic. In addition, the WISC-IV generates a full-scale intelligence quotient (FSIQ), which represents overall cognitive ability, and 4 other composite scores (verbal comprehension index [VCI], working memory index [WMI], processing speed index [PSI], and perceptual reasoning index [PRI]) which represent different domains of cognitive function [20]. Currently, the WISC-IV has been commercialized in China, and Chinese norms have been established. China has standardized the WISC-IV to be culturally appropriate. The reliability and validity of these norms have also been measured and shown to be satisfactory [21].

Anthropometry and malnutrition definition 

The growth variables (weight gain and height gain) were the standardized residuals from the linear regression models of body size. Body size at each time point was regressed on corresponding measures at all earlier time points [22]. For example, weight gain from 6 months to 12 months of age and conditional on weight gain to 6 months of age was calculated by saving the residuals from the regression model of weight SD scores at 12 months on weight at birth and at 6 months. Weight-for-age z-scores (WAZ), height-for-age z-scores (HAZ), and body mass index-for-age z-scores (BAZ) of early school-aged children were derived from these observational data based upon WHO 2007 reference [23]. Low body weight, stunting, and thinness were defined as WAZ, HAZ, and BAZ ≤ -2, respectively [24].

Statistical analysis

All data were double-entered into the data management system for verification and checked manually for completeness. Extremum, range, and logical checks were conducted for accuracy. Statistical significance was set at a P value <0.05 for all statistical tests, and testing was two-sided. The distributions of household demographics and socioeconomic status in study fields were described by their means, standard deviations, and percentages. A wealth index was constructed from 16 different household facilities or assets using principal component analysis [25], and wealth index was commonly categorized into thirds as an indicator of the richest, middle income, and poorest households. HAZ, WAZ, and BAZ scores were calculated with the use of the WHO Anthro Plus Software package, which applies the 2007 WHO reference values [23]. Multilevel analyses with township to level 3, village to level 2, and individual to level 1 were used to analyze the association between the WISC-IV scores and infancy growth of weight and height. The multilevel model was also used to analyze the effect of breast feeding during 0-6 months of age on weight and height gain from 0 to 6 months and association between protein intake during 6-12 months (meat, egg or milk intake ≥ 3 times a week) and weight and height gain during 6-12 months of age. Because the relatively small size of malnourished children, we used a multivariable logistic regression model to compare infancy weight and height gain between malnourished and normal children. Estimations of the coefficients and 95% confidence intervals (CIs) were derived.

  Previous studies identified age of children, gestational age, type of micronutrient supplement and sex as detrimentally affecting cognitive development of children [2, 17, 26-29]. In addition, the effect of prenatal iron supplementation, breastfeeding, poverty and social factors on intellectual functioning in early school-aged children was also reported in a previous study [26]. We considered the following variables as potential confounders in the multivariable adjusted analysis: age, gestational age, sex, type of micronutrient supplement, duration of breastfeeding, household wealth index, mother’s educational level, father’s educational level, maternal occupation, father’s occupation and child school level. For a better understanding of the associations between these confounders and outcomes, we used a linear regression model to estimate the crude association between these confounders and intellectual development at early school-aged children (Supplementary 1). Logistic regression was also used to estimate the crude association between confounders and malnutrition status of children (Supplementary 2).
To test the reliability of the analysis, we fitted two models with one model adding age of children, gestational age, sex, type of micronutrient supplement, and the other model including the variables mentioned above plus the variables of household wealth index, mother’s educational level, father’s educational level, maternal occupation, father’s occupation, child school level and duration of breastfeeding. To minimize the possibility of bias, the multivariate imputation by chained equations approach with 20 replications was implemented to impute the missing values of weight and height values in different ages during early life and other confounders. In addition, the equality of the distribution of the imputed and observed values were tested by using Kolmogorov-Smirnov tests to identify whether the data are missing at random or missing not at random [30, 31]. The details of complete and imputed data were reported in supplementary table 3.
We considered the following variables as confounders when estimating the effect of infant feeding (0-6 months) and complementary foods (6-12 months): gestational age, type of micronutrient supplement, sex of children, household wealth index, mother’s educational level, father’s educational level, mothers’ occupation, father’s occupation, primary carer of infant, weight at birth, height at birth, weight at 6 months and height at 6 months. Data were analyzed using the Stata software, version 12.0 (Stata Corp LP, College Station, Texas 77845, USA).

Results

The flow chart of participants is shown in Figure 1. The most common reasons for loss to follow-up was that the child had moved out of the study area (30.0%) or location was unknown (16.6%) Those who did not take part in the study and participants did not differ in any enrollment measure (Supplement table 4).

Baseline information in Changwu and Bing counties

The baseline characteristics of the households and children are shown in Table 1. The mean age of the 650 children at follow-up was 8.31 years, and the majority were boys (60.9%). The majority of children (84.0%) attended township or village schools, and this rate (77.6%) was lower in the Bing County. The general intellectual development of children was better in the Changwu County, the means of FSIQ were 91.17 (Standard deviation [SD] 12.93). In addition, the means of VCI, WMI and PSI were also higher in the Changwu County, with 88.84 (Standard deviation [SD] 15.25) 93.36 (Standard deviation [SD] 12.60), and 98.00 (Standard deviation [SD] 12.89) respectively. In in the Bing County, there was a lower education and household economic level of the parents and there were lower scores of intellectual development and a higher prevalence of underweight, thinness and stunting. 
Association between infant weight gain and intellectual and physical development 
We found the association between weight gain during 6-12 months and FSIQ in Model 1 (Coefficient: 1.72, 95%CI: 0.70-2.74) and Model 2 (Coefficient: 1.53, 95%CI: 0.48-2.58). The impact of weight gain during 6-12 months was found on VCI, WMI and PRI both in model 1 and model 2 (Table 2).

The weight gain during 0-6 months (OR: 0.25, 95%CI: 0.15-0.41), 6-12 months (OR: 0.54, 95%CI: 0.35-0.81) and 18-24 months (OR: 0.40, 95%CI: 0.24-0.65) was associated with reducing the risk of childhood underweight in model 1. In addition, poor weight gain during 0-6 months also associated with thinness (OR: 0.45, 95%CI: 0.31-0.65, model 1; OR: 0.41, 95%CI: 0.27-0.62, model 2) and stunting (OR: 0.47, 95%CI: 0.28-0.77, model 1; OR: 0.48, 95%CI: 0.28-0.82, model 2).
Association between infant height gain and intellectual and physical development 
Infant height gain was found to not be associated with intellectual development (WISC-IV tests scores). For example, the height gain during 0-6 months was not associated with FSIQ, the coefficients in model 1 and model 2 were 0.48 (95%CI: -0.35-1.31) and 0.60 (95%CI: -0.23-1.43) respectively. For physical development, we found poor height gain during 0-6 months to be associated with stunting (OR: 0.55, 95%CI: 0.32-0.94, model 1; OR: 0.56, 95%CI: 0.32-0.98, model 2) (Table 3). Multiple imputation was used as a sensitivity analysis to estimate the missing data, and no material differences between the results of original and sensitivity analysis were found (Supplementary table 5, Supplementary table 6).

Association between breastfeeding, having protein and weight gain and height gain
We used multilevel modelling to estimate the association between breast feeding and protein intake during infant on the weight and height growth during 0-6 and 6-12 months of infancy. We found an association between breastfeeding (0-6 months) and weight gain (0-6 months). Compared to the pure ewe’s milk/milk feeding group, breast feeding only, partial breastfeeding and formula feeding groups gained more weight during 0-6 months. The coefficients were 0.38 (95%CI: 0.12-0.66), 0.39 (95%CI: 0.14-0.63) and 0.39 (95%CI: 0.07-0.71) respectively (Model 1). In model 2, the coefficients were 0.40 (95%CI: 0.11-0.70), 0.41 (95%CI: 0.15-0.68) and 0.38 (95%CI: 0.07-0.70) and respectively. Protein was important for the weight gain during 6-12 months, and those having protein at least three times per week gained more weight (Coefficient: 0.32, 95%CI: 0.14-0.51, Model 1; Coefficient: 0.27, 95%CI: 0.09-0.44, Model 2) during 6-12 months. (Table 4)

Discussion

In this study, we found that weight gain during 6-12 months was associated with an increase in intelligence test scores (FSIQ, VCI, WMI, PRI) in young school age. In addition, weight gain during 0-6, 6-12, and 18-24 months was associated with decreased frequency of being underweight, thinness and stunting. Promoting breastfeeding during 0-6 months and having protein (meat, egg or milk intake ≥ 3 times a week) in complementary feeding during 6-12 months should be suggested to improve weight gain during infancy. 
For the association between infancy growth and childhood intellectual development, wide variations in the growth period examined, growth measures used and ages at which intellectual development was assessed characterize these studies, and most have reported small but positive associations [9-11, 32]. One exception is the study conducted in the US, which reported no association between weight gain during 0-6 months and intellectual development at 3 years of age [12]. Consistent with previous studies, we found the weight gain during 6-12 months was associated with intellectual development of early school-aged children, and weight gain in the first 6 months was not associated with intellectual development of 7-10 years old children. Conversely, no association between height gain during each time interval and further intellectual development was found. A possible explanations of these results may be due to the relatively small size in the study, as it is is likely to have been underpowered to detect a modest effect of height gain. In secondary analyses of our data, we found children in the lowest category of weight gain and height gain (<-2SD WHO reference) in infancy have lower WISC-IV test sores than children in the normal range of weight and height gain (≤1SD and ≥-1SD WHO reference) [33] (Supplementary table 7). These results emphasized the importance of height gain on further intellectual development and provided indirect evidence for the possible explanations of small sample size in the study to detect a modest effect of height gain. 
For the association between infancy growth and childhood physical development, recent studies mainly focused on the effect of increased weight gain during the first two years of life on the higher overweight and obesity rate in the context of the obesity epidemic [34, 35]. Similar studies regarding the association between weight gain during early life and childhood undernourished status was rare. Results from the US study showed that the weak positive associations of postnatal growth between 0-2 years of age with adult fat mass and percentage of body fat [36]. The results of our study are similar to the study conducted in the US as we identified the positive association between postnatal growth in each time interval between 0-2 years of age and reducing the risk of childhood undernutrition. In addition, our study field was the poorest areas of China. Evidence of previous studies revealed that the malnutrition rates were more serious in northwestern China where the geographical environments are worse and economic levels are lower, especially in rural areas [37]. Therefore, our findings emphasized the interventions aimed to promote infant growth should be promoted in developing countries, especially in the areas where the childhood undernutrition rate was still high.  

The important and safe effect of exclusive breastfeeding and protein intake on child growth has been suggested from many previous studies [38-41]. For example, a previous study reported prolonged and exclusive breastfeeding may accelerate weight gain in the first few months [38]. In detail, mean weight was higher in breastfeeding group by 1 month of age. The difference of mean weight increased through 3 months, and declined slowly thereafter [38].  Although, higher energy intake was positively associated with elevated weight gain during infancy, a study in the UK reported higher energy intake at 4 months had greater weight gain and further childhood obesity risk, and breastfeeding was not associated with the rapid weight gain and further obesity risk [37]. Evidence from a study conducted in Germany indicated the association between exclusive breastfeeding and preventing elevated weight gain during infancy [40]. In addition, another study conducted in the United States emphasized the important and safe effect of protein intake on weight gain. Because the protein contributed to changes in lean body mass and energy expenditure, but not to the increase in body fat [41]. Therefore, exclusive breastfeeding and protein supplementation for infants should be the positive treatments to improve the weight gain, and it would not cause the rapid weight gain during infancy and increase the risk of further obesity. However, the association between exclusive breastfeeding, protein intake and weight gain during infancy is still unknown in rural areas of China. In this study, our results indicated the positive association between weight gain during infancy and exclusive breastfeeding and protein intake in poor rural areas of China.

The prospective cohort design and standardized intelligence scales (WISC-IV) that are widely used in various cultures and settings was used to evaluate the intellectual development of children are the strengths of the study. Our study has several limitations. One limitation was the relatively small sample size and our inability to examine all children in the original cohort. With the rapid development of China, mass migration out of their original study field took place, making it impossible to trace the participants. The results from the supplementary table 4 showed that there was not any difference in baseline information between studied participants and those who did not take part in the present study. In addition, given the mothers from this study participated in the RCT, it may limit the ability to extrapolate the presents results to general population. In addition, the questionnaire used in the present study has not been validated. Another limitation is that some of the data was missing for weight or height measurement in different time points during infancy. We used multiple imputation methods to estimate the missing data, then reanalyzed the data and found the results were robust after comparing the results with the different dataset. In addition, we did not include all possible confounders. In detail, parental intellectual function is a strong factor of intellectual function of offspring [42], and it may also affect child development during infancy via feeding practice and physical activity. We did not collect the data of maternal psychological distress that may be associated with parenting behavior. However, a large birth cohort study showed that the association between behavioral problems and birth weight is not affected by the adjustment for maternal anxiety and depression [43]. 

The biological mechanisms linking growth with intellectual development have not been identified. A possible mechanism underlying the association observed in the present study is the insulin-like growth factor (IGF)-1 mediates the effects of the growth regulation and organ development [44, 45]. Previous studies reported that IGF-1 levels in children have been found to be associated with intellectual development in healthy children with normal growth and among children born small for gestational age and treated with growth hormone [44, 46]. 

  In conclusion, we identified the association between weight gain during 6-12 months and improving intellectual development and decreasing occurrence of malnourished status of early school-aged children in poor areas of China. Weight gain during 18-24 months and height gain during 0-6 months were also found to be associated with occurrence of malnourished status.  However, further research is required to clearly delineate the population in other areas that may found the different effects of weight gain.
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Figure 1. Participant flow chart
	Table 1 Baseline characteristics of children and households by study fields 1
County

Total

P

　
Changwu
Bing

Child characteristics

Number of children

270

380

650

Child age, mean±SD, y

7.93±0.41

8.59±0.42

8.31±0.53

<0.001

School, n (%)

<0.004

Village

205(75.9)

234(61.6)

439(67.5)

Township

46(17.0)

61(16.0)

107(16.5)

County

19(7.1)

85(22.4)

104(16.0)

Birth weight, mean±SD, kg

3.12±0.44

3.21±0.42

3.17±0.42

0.012

Gender, n (%)

Boy

154(57.0)

242(63.7)

396(60.9)

0.087

Gestational age at birth, mean±SD, wk 

40.04±1.51

39.89±1.59

39.95±1.56

0.222

FSIQ, mean±SD

91.17±12.93

88.31±12.45

89.50±12.72

0.005

VCI, mean±SD

88.84±15.25

86.48±15.44

87.46±15.39

0.054

WMI, mean±SD

93.36±12.60

89.64±11.24

91.19±11.96

<0.001

PRI, mean±SD

93.04±13.97

94.09±12.79

93.66±13.29

0.321

PSI, mean±SD

98.00±12.89

93.47±12.49

95.35±12.84

<0.001

Underweight, n (%)

<0.001

Yes

5(1.8)

32(8.4)

37(5.7)

Thhinness, n (%)

0.009

Yes

10(3.7)

34(8.9)

44(6.8)

Stunted, n (%)

0.127

Yes

5(1.8)

15(4.0)

20(3.1)

Women’s characteristics

Maternal age, mean±SD, y

32.96±4.34

33.92±4.69

33.52±4.57

0.008

Women's education, n (%)

<0.001

Primary

48(17.8)

155(40.9)

203(31.3)

Secondary

173(64.1)

202(53.3)

375(57.8)

≥ High school

49(18.1)

22(5.8)

71(10.9)

Women's occupation at enrollment, n (%)

0.348

Farmer

172(65.9)

236(62.3)

408(63.8)

Others

89(34.1)

143(37.7)

232(36.2)

BMI at enrollment, mean±SD

0.351

  20.96±2.01

 20.79±2.33

 20.86±2.20

Duration of breastfeeding

<0.001

< 6 months

41(16.0)

66(18.4)

107(17.4)

6-12 months

76(29.5)

51(14.3)

127(20.7)

12-18 months

102(39.7)

170(47.5)

272(44.2)

≥ 18 months

38(14.8)

71(19.8)

109(17.7)

Other

Father's education, n (%)

<0.001

Primary

11(4.1)

61(16.1)

72(11.1)

Secondary

173(64.6)

262(69.1)

435(67.2)

≥ High school

84(31.3)

56(14.8)

140(21.7)

Father's occupation at enrollment, n (%)

<0.001

Farmer

116(44.4)

111(29.5)

227(35.6)

Others

145(55.6)

265(70.5)

410(64.4)

Household wealth index at enrollment, n (%)

0.001

Poorest

58(21.5)

132(34.7)

190(29.2)

Middle

104(38.5)

120(31.6)

224(34.5)

Richest

108(40.0)

128(33.7)

236(36.3)

　




1 Values are n(%) or means ± SDs. BAZ, Body mass index-for-age z-scores; FSIQ, Full-Scale Intelligence Quotient; HAZ, height-for-age z-scores; MD, Mean difference; PRI, Perceptual Reasoning Index; PSI, Processing Speed Index; VCI, Verbal Comprehension Index; WAZ, Weight-for-age z-scores; WISC-IV, Wechsler Intelligence Scale of Children Fourth Edition; WMI, Working Memory Index.
	Table 2 Association between weight, height during different periods of postnatal life and general intellectual development and four composite scores in early school aged children 1

	
	FSIQ
	
	VCI
	
	WMI
	
	PRI
	
	PSI

	　
	Coef(95%CI)
	P 
	　
	Coef(95%CI)
	P 
	　
	Coef(95%CI)
	P 
	　
	Coef(95%CI)
	P
	　
	Coef(95%CI)
	P

	Model 1 a

	0-6 months (577 included, 61 miss)

	Weight gain
	0.62(-0.35, 1.58)
	0.209
	
	1.15(-0.05, 2.34)
	0.060
	
	0.13(-0.80, 1.06)
	0.788
	
	0.74(-0.28, 1.76)
	0.156
	
	0.27(-0.72,1.27)
	0.587

	Height gains
	0.48(-0.35, 1.31)
	0.254
	
	0.86(-0.19, 1.92)
	0.108
	
	0.72(-0.11, 1.55)
	0.088
	
	0.57(-0.33, 1.48)
	0.214
	
	-0.01(-0.90, 0.88)
	0.982

	6-12 months (560 included, 79 miss)

	Weight gain
	1.72(0.70, 2.74)
	0.001
	
	1.71(0.44, 2.99)
	0.008
	
	1.25(0.27, 2.23)
	0.012
	
	1.53(0.45, 2.62)
	0.005
	
	0.60-0.45, 1.65)
	0.262

	Height gain
	0.50(-0.41, 1.42)
	0.281
	
	0.53(-0.60, 1.67)
	0.358
	
	0.31(-0.57, 1.18)
	0.492
	
	0.72(-0.24, 1.68)
	0.143
	
	-0.09(-1.01, 0.84)
	0.854

	12-18 months (542 included, 97 miss)

	Weight gain
	0.09(-1.08, 1.27)
	0.875
	
	0.56(-0.89, 2.02)
	0.447
	
	-0.53(-1.66, 0.59)
	0.352
	
	0.01(-1.24, 1.27)
	0.981
	
	0.41(-0.76, 1.58)
	0.495

	Height gain
	0.77(-0.19, 1.73)
	0.117
	
	1.08(-0.08, 2.23)
	0.067
	
	0.62(-0.30, 1.54)
	0.186
	
	0.72(-0.31, 1.75)
	0.170
	
	0.55(-0.39, 1.49)
	0.253

	18-24 months (537 included, 101 miss)

	Weight gain
	0.95(-0.22, 2.12)
	0.110
	
	0.33(-1.10, 1.77)
	0.649
	
	1.05(-0.06, 2.16)
	0.062
	
	0.75(-0.49, 1.99)
	0.236
	
	0.88(-0.28, 2.05)
	0.138

	Height gain
	0.66(-0.34, 1.65)
	0.197
	
	0.83(-0.45, 2.12)
	0.205
	
	0.77(-0.21, 1.76)
	0.123
	
	0.77(-0.33, 1.88)
	0.172
	
	0.57(-0.44, 1.59)
	0.268

	Model 2 b

	0-6 months (577 included, 61 miss)

	Weight gain
	0.31(-0.64, 1.25)
	0.524
	
	1.01(-0.17, 2.19)
	0.093
	
	-0.17(-1.11, 0.76)
	0.714
	
	0.59(-0.43, 1.61)
	0.255
	
	-0.05(-1.06, 0.96)
	0.924

	Height gain
	0.60(-0.23, 1.43)
	0.159
	
	0.86(-0.17, 1.89)
	0.100
	
	0.78(-0.04, 1.60)
	0.064
	
	0.62(-0.28, 1.51)
	0.176
	
	-0.07(-0.96, 0.82)
	0.875

	6-12 months (560 included, 79 miss)

	Weight gain
	1.53(0.48, 2.58)
	0.004
	
	1.41(0.09, 2.72)
	0.036
	
	1.30(0.27, 2.33)
	0.013
	
	1.21(0.08, 2.35)
	0.036
	
	0.45(-0.66, 1.56)
	0.424

	Height gain
	0.26(-0.61, 1.14)
	0.556
	
	0.23(-0.86, 1.33)
	0.676
	
	0.22(-0.64, 1.08)
	0.618
	
	0.48(-0.47, 1.42)
	0.322
	
	-0.22(-1.14, 0.70)
	0.638

	12-18 months (542 included, 97 miss)

	Weight gain
	-0.10(-1.24, 1.05)
	0.872
	
	0.42(-1.00, 1.84)
	0.561
	
	-0.68(-1.80, 0.43)
	0.229
	
	-0.14(-1.37, 1.09)
	0.825
	
	0.40(-0.77, 1.57)
	0.503

	Height gain
	0.68(-0.25,1.61)
	0.154
	
	1.04(-0.13, 2.20)
	0.082
	
	0.64(-0.27, 1.56)
	0.167
	
	0.69(-0.32, 1.71)
	0.181
	
	0.50(-0.44, 1.44)
	0.295

	18-24 months (537 included, 101 miss)

	Weight gain
	0.97(-0.16, 2.10)
	0.091
	
	0.35(-1.05, 1.76)
	0.624
	
	1.06(-0.05, 2.16)
	0.061
	
	0.66(-0.56, 1.88)
	0.289
	
	0.82(-0.34, 1.99)
	0.167

	Height gain
	0.66(-0.35, 1.68)
	0.199
	
	0.49(-0.78, 1.75)
	0.453
	
	0.46(-0.53, 1.46)
	0.363
	
	0.33(-0.78, 1.43)
	0.561
	
	0.44(-0.59, 1.47)
	0.405


Multilevel models were used to adjust for the effect of randomization by villages, with township to level 3, village to level 2, and individual to level 1. CI, Confidence interval; Coef,  coefficient; FSIQ, Full-Scale Intelligence Quotient; PRI, Perceptual Reasoning Index; PSI, Processing Speed Index; VCI, Verbal Comprehension Index; WMI, Working Memory Index.

a P value adjusted for the age of children, gestational weeks, type of micronutrient supplement, sex of children. 

b P value adjusted for the age of children, gestational weeks, type of micronutrient supplement, sex of children, household wealth index, mother’s educational level, father’s educational  level, maternal occupation, father’s occupation, child school level, duration of breastfeeding.

	Table 3 Association between weight, height during two different periods of postnatal life and malnutrition status in early school aged children 1

	　
	Underweight
	　
	Thinness
	　
	Stunting

	
	Model 1 a
	
	Model 2 b
	
	Model 1 a
	
	Model 2 b
	
	Model 1 a
	
	Model 2 b

	　
	OR
	95%CI
	　
	OR
	95%CI
	　
	OR
	95%CI
	　
	OR
	95%CI
	　
	OR
	95%CI
	　
	OR
	95%CI

	0-6 months (577 included, 61 miss)

	Weight gain
	0.25
	0.15
	0.41
	
	0.19
	0.09
	0.37
	
	0.45
	0.31
	0.65
	
	0.41
	0.27
	0.62
	
	0.47
	0.28
	0.77
	
	0.48
	0.28
	0.82

	Height gain
	0.73
	0.51
	1.07
	
	0.79
	0.54
	1.16
	
	0.90
	0.66
	1.22
	
	0.89
	0.64
	1.23
	
	0.55
	0.32
	0.94
	
	0.56
	0.32
	0.98

	6-12 months (560 included, 79 miss)

	Weight gain
	0.54
	0.35
	0.81
	
	0.47
	0.23
	0.94
	
	0.60
	0.41
	0.87
	
	0.60
	0.40
	0.90
	
	0.59
	0.34
	1.01
	
	0.51
	0.29
	0.92

	Height gain
	0.82
	0.57
	1.18
	
	0.80
	0.67
	0.97
	
	1.00
	0.73
	1.39
	
	1.01
	0.70
	1.45
	
	0.66
	0.40
	1.07
	
	0.63
	0.37
	1.05

	12-18 months (542 included, 97 miss)

	Weight gain
	0.89
	0.57
	1.40
	
	1.23
	0.63
	2.38
	
	0.89
	0.56
	1.29
	
	0.90
	0.57
	1.42
	
	0.53
	0.29
	0.97
	
	0.49
	0.26
	0.93

	Height gain
	0.78
	0.54
	1.12
	
	0.88
	0.74
	1.05
	
	0.87
	0.62
	1.22
	
	0.95
	0.65
	1.37
	
	0.66
	0.40
	1.07
	
	0.64
	0.39
	1.06

	18-24 months (537 included, 101 miss)

	Weight gain
	0.40
	0.24
	0.65
	
	0.33
	0.15
	0.70
	
	0.56
	0.36
	0.87
	
	0.54
	0.34
	0.87
	
	0.56
	0.31
	0.99
	
	0.55
	0.29
	1.02

	Height gain
	0.78
	0.52
	1.17
	
	0.88
	0.72
	1.07
	
	1.08
	0.75
	1.56
	
	1.10
	0.74
	1.64
	
	0.82
	0.50
	1.34
	
	0.82
	0.47
	1.43


1 Multi-variables logistic regression model was used. CI, Confidence interval. OR, Odds ratio.
a P value adjusted for the age of children, gestational weeks, type of micronutrient supplement, sex of children.

b P value adjusted for the age of children, gestational weeks, type of micronutrient supplement, sex of children, household wealth index, mother’s educational level, father’s educational level, maternal occupation, father’s occupation, child school level, duration of breastfeeding.
	Table 4 Association between feeding practice and weight and height gain during 0-6 months and 6-12 months of infant 1

	　
	0-6 months
	　
	6-12 months

	
	Weight gain
	
	Height gain
	
	Weight gain
	
	Height gain

	　
	Coef(95%CI)
	P
	　
	Coef(95%CI)
	P
	　
	Coef(95%CI)
	P
	　
	Coef(95%CI)
	P

	Model 1 a
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Breast feeding
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Formula feeding
	0.39(0.07-0.71)
	0.017
	
	0.18(-0.85-1.21)
	0.729
	
	-
	-
	
	-
	-

	Breast feeding only
	0.39(0.12-0.66)
	0.005
	
	0.44(-0.42-1.30)
	0.318
	
	-
	-
	
	-
	-

	Partial Breastfeeding
	0.39(0.14-0.63)
	0.002
	
	0.76(-0.01-1.54)
	0.053
	
	-
	-
	
	-
	-

	Control
	1.00
	
	
	1.00
	
	
	
	
	
	
	
	
	

	Quality protein supplementation
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	≥3 times during one week
	-
	-
	
	-
	-
	
	0.32(0.14-0.51)
	<0.001
	
	0.15(-0.06-0.35)
	0.156

	Control
	-
	-
	
	-
	-
	
	1.00
	
	
	1.00
	

	Model 2 b
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Breast feeding
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Formula feeding
	0.38(0.07-0.70)
	0.018
	
	0.82(-0.05-1.69)
	0.066
	
	-
	-
	
	-
	-

	Breast feeding only
	0.40(0.11-0.70)
	0.008
	
	0.45(-0.51-1.42)
	0.357
	
	-
	-
	
	-
	-

	Partial Breastfeeding
	0.41(0.15-0.68)
	0.002
	
	0.82(-0.06-1.69)
	0.066
	
	-
	-
	
	-
	-

	Control
	1.00
	
	
	1.00
	
	
	
	
	
	
	
	
	

	Quality protein supplementation
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	≥3 times during one week
	-
	-
	
	-
	-
	
	0.27(0.09-0.44)
	0.003
	
	0.13(-0.07-0.34)
	0.203

	Control
	-
	-
	
	-
	-
	
	1.00
	
	
	1.00
	


1 Multilevel models were used to adjust for the effect of randomization by villages, with township to level 3, village to level 2, and individual to level 1.
a P value adjusted for the gestational weeks, type of micronutrient supplement, sex of children, weight at birth (added when dependent variable was 0-6mo weight gain),
 height at birth (added when dependent variable was 0-6mo height gain), weight at 6 months (added when dependent variable was 6-12mo weight gain), height at 6 
months (added when dependent variable was 6-12mo height gain).

b P value adjusted for the gestational weeks, type of micronutrient supplement, sex of children, household wealth index, mother’s educational level, father’s educational level, mothers’ occupation, father’s occupation, primary carer of infant, weight at birth (added when dependent variable was 0-6mo weight gain), height at birth(added when dependent variable was 0-6mo height gain), weight at 6 months(added when dependent variable was 6-12mo weight gain), height at 6 months(added when dependent variable was 6-12mo height gain).
7

Women randomized from Aug.2002 to Jan.2006 
Single live births  n=4604

Lost to follow-up

Families moved out of study area n=391
Died n=3
Refused to participate or was not come after≥3 call attention n=44
Unknown location n=217

Followed at early school age (7-9 y)
n=650
Births in 2004 registered for follow-up
 n=1305

Missing data of weight and height during infancy

On birth or 6 months                                  n=61
On 6 months or 12 months                         n=79
On 12 months or 18 months                       n=97
On 18 months or 24 months                       n=101




