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Iron deficiency among Chinese preschool children: Caregivers’ education and present dietary differences by diagnosis
ABSTRACT

China has experienced rapid economic growth, rural to urban migration, and social and dietary changes in the past two decades. This study aims to measure the prevalence of iron deficiency (ID) among preschool children in an urban area of Guangxi province in southern China, to explore its demographic risk factors, and to compare the current diets of those diagnosed with ID with nondiagnosed children from the same area.  Parents or other primary caregivers of 135 children aged 2-6 years responded to a self-reported questionnaire. In our sample, 18% of children had previously been diagnosed with ID. Prior ID diagnosis differed significantly by caregiver’s education and hours worked per week and child’s current frequency of soy food and green vegetable intake. In multivariate logistic regression analysis, compared with the children of caregivers who were primary school educated, children of caregivers who were middle to high school educated, and college and above educated were less likely to have prior ID diagnosis. Other dietary and demographic factors were not significantly associated with ID. 

Key words: China, iron-deficiency, education, diet, children, preschool

INTRODUCTION
Iron deficiency (ID) is the most common cause of nutritional disorder in the world and the only nutrient deficiency that is significantly prevalent in both developing and industrialized countries.1 According to the WHO, in 2001, about 2 billion people in the world had ID.1 Iron deficiency develops when an individual’s iron stores are depleted and heme formation is lowered. Iron deficiency anemia (IDA) is an advanced stage of iron depletion.1 If not treated early enough, IDA may lead to a wide range of clinical complications in children, including irreversible cognitive impairment,2 as well as poorer educational outcomes.3  

In recent decades, China has experienced rapid economic growth, large-scale and widespread rural to urban migration, and social and dietary changes.4 A national survey carried out in 1982 showed that China had made great improvements in meeting basic food, clothing, and dietary needs.5 However, there remained significant inadequacies in preschool children’s nutritional consumption.5 The prevalence of ID and IDA, while much reduced since the 1980s, is still a significant problem among Chinese children.6 The 1998 China National Nutrition Surveillance reported that the prevalence of IDA alone was 16.8% nationally among children <6 years old, with the highest rates (27-30%) among children aged <2 years.6 The loss of economic productivity due to ID is estimated to be as much as 3.6% of China’s gross national product.7 

Studies of IDA in China suggest that it is prevalent not only in poorer rural areas but also in more affluent urban regions. As an example, the 1998 China National Nutrition Surveillance revealed that in the more developed coastal provinces of Guangdong and Jiangsu, the rates of IDA were 22.4% and 17.1%, respectively.6 Parental schooling level,8-10 low iron intake from animal foods, low consumption of meat products, and H.pylori seropositivity were identified as risk factors for anemia.11 Low birth weight was a risk factor;12 however, another study found no significant association.10 Children aged 5 years and older were at a greater risk of anemia,10 but another study found an inverse association.11 In one study, the prevalence of ID was higher among girls than boys.13  

The literature confirms the importance of parent education for the prevention of anemia and malnutrition in children.8-10, 14 For example, data from the China Health and Nutrition Survey conducted in collaboration with University of North Carolina with mother of children under age six in eight provinces of China from 1993 to 1996 found that maternal education was inversely related to low body weight and stunting of children, and positively related to China RDA nutrient intake, especially from animal food.14   Most of those studies are based on data collected in the 1990s, however, prior to the recent wave of rural-to-urban labor migrations and increased availability of fast foods in cities, or were conducted in rural areas. Also, many children are now being reared by extended kin due to parental work obligations, and so surveys should sample for “caregivers” rather than just parents or mothers, as in the past.

The present study explores caregiver education and other demographic risk factors associated with iron deficiency among urban Chinese kindergarten children. We also examine differences in the present dietary intake of children with and without an ID diagnosis to explore whether caregivers of diagnosed children are providing an adequate diet. Anemia in Guangxi Autonomous Region, the location of the present study, has been extensively studied,15-18 however, the majority  (40 out of 52 studies)  explored genetic risk factors. Children in Southwest China, particularly in Guangxi, are at risk for acquiring thalassemia, a hereditary form of anemia. Because of the dearth of studies on non-genetic factors associated with anemia, our study helps fill the research gap by identifying and assessing socio-demographic factors associated with childhood ID in this population.  

MATERIALS AND METHODS

Study population and setting

The study was conducted in Liuzhou city, Guangxi Zhuang Autonomous Region in Southwest China. Guangxi is home to the largest population of the Zhuang ethnic minority, which consists of 32% of the population.  Liuzhou has a population of about 1.4 million people, and is the second largest city in the Region. It is a rapidly urbanizing city with a large automobile manufacturing and building construction industry.19 

Public health officers and medical doctors in Liuzhou had expressed concern over the high prevalence of anemia found among preschool aged children (aged 2-6 years) during annual school health check-ups. They sought to address this health challenge through their public health policies based on an evidence-based approach. A survey assessing children’s present dietary intake, anemia or ID diagnosis, and demographic variables was administered to parents or primary caregivers of children in five kindergartens located in neighborhoods of varying socioeconomic levels. The health authorities identified a high prevalence of anemia in three kindergartens in the city. In total, we surveyed five schools, including two additional schools with a low prevalence of anemia. A total of 220 caregivers from these five schools responded to the survey.  
Data collection

A questionnaire survey was conducted in June-July 2007 among the caregivers of preschool children to collect data on household socio-demographic backgrounds and nutritional practices for their children. Only one caregiver from each household was asked to respond to the survey for one child. A total of 220 caregivers responded to the survey. Caregivers provided written consents and were informed that answering the anonymous questionnaire was voluntary. The Institutional Review Board of the Liuzhou Center for Disease Control and the Liuzhou Workers’ Hospital approved the study. 
Variables

The Dietary Preference Survey included questions derived from surveys conducted by the Shanghai Center for Disease Control (CDC). We chose items relevant to our study and sent our proposed survey to the Shanghai CDC, Liuzhou CDC, Liuzhou Fourth Worker’s Hospital, and the Vanderbilt Institute for Global Health for feedback before finalizing the survey and translation between the Americans and Chinese members of the research team.

Past diagnosis of iron deficiency. Primary caregivers were asked whether their child had ever been diagnosed with ID by a medical doctor (Yes/No). Parent-report of past children’s diagnoses have been used before44, 45 and were justified here as children were blood-tested for ID in annual check-ups with caregivers informed of results.  We focused on ID as the main outcome variable due to its close association with dietary habits and anemia.  Caregivers were also asked if the child was ever diagnosed with anemia.
Current diet and supplement use. Primary caregivers were asked a series of questions about the current feeding practices for their child, including frequency of soy products, lean meat, and green vegetable intake [(2-3 times per month (referent); 1-4 times per week; or every day)]. In additional analysis, they were asked about child’s ever use of vitamin supplements, current use of iron supplements, child’s habit of food refusal, and any food allergies (all yes/no). 

Covariates. Primary caregivers also reported various socio-demographic characteristics, such as child’s age, sex, ethnicity (Han, Zhuang, Dong) and birth weight, household size, caregiver’s education (primary, middle-high school, or college and above), weekly work hours, and monthly income level (<700, 700-1000, >1000 yuan).  Caregivers were also asked whether they worry if the child is anemic (yes/no). Employment status and employment type were asked but had a low response rate and so were not used.
Statistical analyses

Out of the total 220 caregivers surveyed, 135 responded to the questions as to whether their child had ever been diagnosed with ID or anemia by a medical doctor; the remaining 85 participants (38.6%) answered ‘unknown’ and were excluded from all analyses. Therefore, all analyses focused on 135 children. 

We used STATA® version 9.0 for statistical analyses. Means and standard deviations (SD) were calculated for continuous variables and differences by the binary outcome variable (primary caregiver-reported child’s prior ID diagnosis; Yes/No responses) were analyzed using the t-test. Proportions cross-tabulations measured the association of the outcome variable with each categorical explanatory variable, and differences were assessed for statistical significance using Fisher’s exact test. In addition, multivariate logistic regression analysis was performed to determine the most important predictors of child’s prior ID diagnosis. In all tests, p-values of <0.05 (two-tailed) were interpreted as being statistically significant.  

RESULTS

In our study, 13.5% (18/135) of the children had ever been diagnosed with anemia, and 17.8% (24/135) had ever been diagnosed with ID. Interestingly, 62.3% of caregivers worried that their child may be currently anemic, which shows the widespread concern about the problem in the sampled neighborhoods. 

INSERT TABLE 1 HERE

Table 1 describes the prevalence of children’s prior ID diagnosis according to the demographic characteristics of the parent or primary caregiver. Children’s prior ID diagnosis differed significantly by the primary caregiver’s education (p = 0.03), but not by parental income (p = 0.28): Children were less likely to have been diagnosed with ID if the caregiver had a higher educational level. Further, iron deficiency was more prevalent among children whose caregivers worked longer hours (more than 70 hrs/wk vs. <70hrs/wk, p = 0.006), but did not differ significantly by caregiver’s age and number of persons living with the child. We also compared child’s demographic and health characteristics (child’s sex, age, birth weight, age at start of kindergarten, whether child was ever breastfed, and age at last breastfeeding) by child’s ID diagnosis, but none of these variables were significantly related to ID status. For brevity, we did not present the data. 

INSERT TABLE 2 HERE

Table 2 shows children’s nutritional intake and feeding practices by their ‘ever had ID’ status. Prior ID diagnosis was less prevalent among children who consumed green vegetables (p = 0.06) and soy food (p = 0.002) more frequently. Children with a habit of food refusal were more likely to have had ID, but the association was non-significant (p = 0.11). There were no significant differences between children with prior ID diagnosis and those who never had ID by frequency of meat intake, prior use of vitamin supplements, current use of iron supplements, or having a food allergy. 

In addition, multivariate logistic regression analysis was performed to determine the most important present dietary and socio-demographic factors related prior ID diagnosis. Compared with children who consumed green vegetables only 2-to-3 times per month, those who consumed green vegetables 1-to-4 times per week (OR = 0.16; 95% CI: 0.02-1.11, p = 0.06), or everyday (OR = 0.17; 95% CI: 0.02-1.19, p = 0.07) had less odds of ever having a diagnosis with ID, but those multivariate associations did not reach significance. Child’s frequency of lean meat and soy product intake were not significantly associated with ‘ever diagnosis’ of ID (data not shown). We found a significant inverse association for caregiver’s educational level: Compared with children whose caregivers were primary school educated, children whose caregivers were middle school or high school educated (OR = 0.09; 95% CI: 0.01-0.80, p = 0.03), and college and above educated (OR = 0.04; 95% CI: 0.003-0.49, p = 0.01) had less odds of ever having ID. Child’s birth weight, age, and sex were not significantly associated with ID. 
In additional analyses, ever use of vitamin supplements, current use of iron supplements, number of persons living with the child, and ethnicity were not significantly associated with ID, and including these variables in the regression model did not modify the main results. Thus, these variables were excluded from the final model due to the small sample size available for the multivariate regression. 

DISCUSSION

In our sample, the 17.8% of preschool children with prior ID diagnosis compares with only 4.6% percent of children between 3-5 years old with ID diagnosis in urban Liuzhou in the same period46 (down from 15% throughout China as of 199247), thus confirming that our sample, with a high number of rural-urban migrants, had a significantly higher rate of child ID than in other areas of the city, and justifying the local CDC’s and hospital staff’s concerns.  
Higher parental educational level was significantly inversely associated with child’s ever diagnosis of ID. A similar study (recently published in this journal) among fourth and fifth grade children in rural China8 also found that parental education was inversely associated with anemia rates. In the Philippines and India, a mother’s educational level was significantly associated with child’s hemoglobin concentration or child’s receipt of iron supplementation, respectively.20-21 It is possible that caregivers with higher educational levels had better knowledge about proper diet and nutrition or had more income to buy healthier foods for their child. 

Mothers with more education or income may also be less likely to have ID or anemia, which may translate into better birth outcomes. Studies have shown that maternal hemoglobin status is associated with child’s iron status.22 A possible mechanism for this association is that antenatal anemia contributes to low birth weight or preterm birth, which increases the risk of childhood anemia.23 Severe maternal anemia can lower iron stores in breast milk.24 

Furthermore, children from poorer rural regions were more likely to have anemia.25 Although we did not ask caregivers about their duration of residency in the city and prior residence, we learned through personal communication with the local health officers that many low-income families in the sampled neighborhoods are recent rural-to-urban migrants. 

Overall, our findings suggest that caregiver education plays an important role in determining childhood iron deficiency. Educating caregivers about the importance of a balanced nutrition in early childhood could be a promising strategy for improving clinical, behavioral and cognitive outcomes in children.

Children who frequently consumed green vegetables were slightly less likely to have been diagnosed with ID. Studies have shown that green vegetables contain iron; 26-27 however, those high in phytate content, such as lentils and wheat germ, reduced the absorption of iron.28 A study of children in Hong Kong aged 4-14 years old found that those on a vegetarian only diet were getting adequate amounts of iron comparable to children on an omnivorous diet.29 

Children who consumed soy food frequently were less likely to have ever been diagnosed with ID (in fact, all of the 26 children who ate soy products daily had never had an ID diagnosis whereas none of those who had been diagnosed with ID ate soy daily). Several studies have shown that soybeans have high iron content;30-31 however, soy was also found to inhibit non-heme iron (non-meat based) absorption in humans.32,33 A study of infants given soy formula containing iron had normal hemoglobin levels comparable to those of infants given iron-fortified cow’s milk.34 We did not ask caregivers about the type of soy products the child was given. 

Children who consumed lean meat more often had lowered odds of ever being diagnosed with ID, but the association was non-significant. Heme iron from meat has a high iron absorption rate of 20-40% in the human body26 and can prevent the decline of iron stores in young children.35 A trial among preschool Chinese children aged 3-7 years showed that eating foods such as liver and animal blood that are high in heme iron content increased children’s hemoglobin concentration.36 In our study, another possible reason for the lack of significant association with meat could be a lack of variation in the frequency of meat intake; about 94% of the children consumed lean meat at least once a week. H
In additional analysis, we adjusted for ever use of vitamin supplements and current use of iron supplements, however, these were not significantly associated with ID status. Studies have shown that vitamin deficiencies, particularly of A and E, are associated with dietary-related anemia.37-38 A multi-micronutrient dietary intervention among Chinese preschool children in Chongqing was the most effective at improving serum retinol levels (vitamin A biomarker) and at mobilizing stored iron in the liver compared with the vitamin A only, or the iron plus vitamin A interventions.39
We also found that boys were more likely than girls to have been diagnosed with ID prior to survey administration, although the association was non-significant. The direction of association is consistent with a previous study of Swedish and Honduran children, which found that boys in early infancy were at greater risk of having IDA than girls.40 However, a few studies from China found that girls had higher rates of anemia than boys,10,13,41 and one study found a non-significant difference with hemoglobin levels.42 In our study, child’s age was not significantly associated with ID. However, previous studies found decreased rates of anemia with age in Chinese preschool children.6, 43 

Furthermore, Guangxi has a large Zhuang ethnic minority population; however, we did not include ethnicity in the final multivariate regression model because including it did not change the main results. A simple cross-tabulation of ID cases by ethnicity showed that ID was 19% among Han, 27% among the Zhuang, and 3% among the Dong ethnic minority (Pearson’s χ2 test p-value=0.04). We found no previous studies exploring the role of ethnicity in the etiology of iron deficiency. 
Limitations
Possibly the greatest limitation of the present data was the necessary reliance on self-report by the primary caregiver based on his or her knowledge of past diagnosis rather than on the child’s medical records, and of the child’s diet rather than direct observation or use of a food diary. The use of self-report could introduce error due to inaccurate recall by primary caregivers. This might explain the somewhat surprising lack of association between current meat consumption and past ID, or it may simply mean that meat was added to children’s diets post-diagnosis. However, children in the sample received annual medical check-ups including blood tests for ID and due to local public health concerns about childhood anemia, physicians regularly informed caregivers of the results of those tests. Furthermore, the diet questions were about current typical behavior. Thus, there is no reason to think recall would be any worse than in other published studies that use similar methods.
Another limitation was that the sample size was small. We had missing data on the main outcome variable for 85 children, leaving a total of n = 135 available for the analyses. In particular, the results of the multivariate regression should be interpreted with caution because of the small number of cases with ID (n=24), as well as the small number of observations with complete data (n = 103) available for the regression. We also did not have genetic testing data to screen out those children who may have had ID due to a genetic disorder. 

Although caregiver’s monthly income was included in the proportions analysis, it may not be a reliable variable since respondents may have felt uncomfortable about giving true estimates of their earnings. The response rate was very low for questions about participants’ employment status and employment type, suggesting that most respondents felt uncomfortable about revealing their employment status or type. Therefore, in the multivariate regression analysis, we used education instead of income or employment as a measure of family socioeconomic status. Another limitation to the study is the potential for selection bias since we did not select the study participants randomly, although there was no known systematic bias to the convenience sampling. Also, while the questionnaire was explained to caregivers by experienced survey volunteers (Chinese medical students and kindergarten teachers), we could not ensure that the questionnaire was filled out by the primary caregiver since parents were allowed to take it home. 
Finally, the data were collected cross-sectionally.  We assume that parents’ education was determined prior to child’s past diagnosis, which was prior to current dietary habits, but we must be cautious about drawing any causal conclusions as some parents may continue their education and we know nothing about past diet, which is why this study makes no claims about dietary causes or predictors of ID.  All we can say is that preschoolers diagnosed with ID in this Chinese sample were currently less likely to eat green vegetables every day or even weekly than those not diagnosed and that none of them had daily soy intake compared with 24% of those not diagnosed.  
Despite these limitations, perhaps the greatest strength of this study is that it represents both a close collaboration among Chinese health officials and American undergraduate student-researchers through a summer research internship program and the first attempt to understand the nutritional, behavioral, or demographic factors related to iron deficiency among preschool aged children in the city and region of Liuzhou. As discussed above, the Guangxi region has experienced high rates of pediatric anemia, particularly among rural and migrant populations, and this and future studies are needed to assist hospital managers, clinical practitioners, public health professionals, and child care givers in this region to better inform their health and education interventions.

In sum, based on the results of the adjusted multivariate regression analysis, we found that caregivers’ education was a significant determinant of child’s prior ID diagnosis among urban preschool children in southern China. Dietary factors-- specifically consumption of green vegetables and soy products-- were associated with a reduced risk of iron deficiency. Our study may assist public health professionals in better implementing health education interventions to improve the nutritional status of children in this understudied interior region of China. 
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Table 1. Demographic characteristics of primary caregivers by child’s ‘ever diagnosis’ with iron deficiency (ID)* among 135 Chinese children aged 2-6 years old
	Primary caregiver characteristics


	Child was diagnosed with ID 
	P-value

	
	Ever 

n = 24 (18%)
	Never 

n = 111 (82%)
	

	Caregiver’s age, years (mean ± SD)
	34.8 ± 9.3
	36.8 ± 11.2
	0.41

	Education
	
	
	

	    Primary school 
	4 (16.7%)
	6 (5.4%)
	

	    Middle and High School 
	14 (58.3%)
	46 (41.4%)
	

	    College and above college
	3 (12.5%)
	19 (17.1%)
	0.03

	Primary caregiver’s income per month, Yuan
	
	
	

	< 700
	8 (33.3%)
	21 (18.9%)
	

	700 - 1000
	12 (50.0%)
	62 (55.9%)
	

	>1000
	4 (16.7%)
	28 (25.2%)
	0.28

	Hours worked per week by median distribution
	
	
	

	    <70 
	19 (79.2%)
	52 (46.9%)
	

	    ≥70
	5 (20.8%)
	59 (53.1%)
	0.006

	Number of people living with child 

(mean ± SD)
	3.21 ± 1.35
	3.15 ± 2.13
	0.90


Notes: Statistical significance at p-value<0.05 using Fisher’s exact test
* Self-reported or physician told child’s ‘ever diagnosis’ with ID

Table 2. Dietary predictors for ‘ever diagnosis’ with iron deficiency (ID)* among 135 Chinese children aged 2-6 years old

	Dietary practices


	Child ever diagnosed with ID 
	P-value

	
	Ever

n = 24 (18%)
	Never

n=111 (82%)
	

	Frequency of green vegetables intake
	
	
	

	     2-3 times per month 
	5 (20.8%)
	6 (5.4%)
	

	     1-4 times per week 
	5 (20.8%)
	26 (23.6%)
	

	     Everyday
	14 (58.3%)
	78 (70.9%)
	0.06

	Frequency of total lean meat intake
	
	
	

	     2-3 times per month 
	2 (8.3%)
	6 (5.4%)
	

	     1-4 times per week 
	12 (50.0%)
	47 (42.3%)
	

	     Everyday
	10 (41.7%)
	58 (52.2%)
	0.58

	Frequency of soy product intake
	
	
	

	     2-3 times per month 
	8 (34.8%)
	15 (13.6%)
	

	     1-4 times per week 
	15 (65.2%)
	69 (62.7%)
	

	     Everyday
	0 (0.0%)
	26 (23.6%)
	0.002

	Ever taken any vitamin supplement
	
	
	

	     Yes
	8 (33.3%)
	29 (26.1%)
	

	     No
	16 (66.7%)
	82 (73.9%)
	0.46

	Currently using iron supplement 
	
	
	

	     Yes
	3 (12.5%)
	10 (9.0%)
	

	     No
	21 (87.5%)
	101 (91.0%)
	0.70

	Habit of food refusal
	
	
	

	     Yes
	13 (54.2%)
	39 (35.1%)
	

	     No
	11 (45.8%)
	72 (64.9%)
	0.11

	Food allergy
	
	
	

	     Yes
	2 (8.3%)
	14 (12.6%)
	

	     No
	22 (91.7%)
	97 (87.4%)
	0.74


Notes: Statistical significance at p-value<0.05 using Fisher’s exact test
* Self-reported or physician told child’s ‘ever diagnosis’ with ID
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