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complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 
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ARTICLE DETAILS 

TITLE (PROVISIONAL) Micronutrient Deficiencies and Developmental Delays Among 
Infants: Evidence from a Cross-Sectional Survey in Rural China 

AUTHORS Luo, Renfu; Shi, Yaojiang; Zhou, Huan; Yue, Ai; Zhang, Linxiu; 
Sylvia, Sean; Medina, Alexis; Rozelle, Scott 

 

VERSION 1 - REVIEW 

REVIEWER Vivian Hoffmann 
International Food Policy Research Institute, USA 

REVIEW RETURNED 02-Jun-2015 

 

GENERAL COMMENTS Review of Micronutrient Deficiencies and Developmental Delays in 
Infants: Evidence from Rural China  
 
This paper reports on levels of anemia, as well as cognitive and 
psychomotor development in a sample of 1808 six- to twelve- month 
old infants in rural China, and finds a significant correlation between 
anemia and developmental delays. According to the authors, this is 
the first study reporting on infant development or examining the 
relationship between micronutrient deficiencies and infant 
development in a Chinese sample of this age group. My primary 
comments follow, with minor comments listed below these.  
 
1. While the authors state that the relationship between hemoglobin 
levels and developmental indicators has not previously been 
reported for this age group in China, they do not review the literature 
on this relationship in other contexts. Since the relationship is a 
biological one, we would expect similar results across populations. 
Citations of the broader literature on this point should be included in 
the introduction and discussion sections. In particular, given that the 
finding of a linear relationship between hemoglobin concentration 
and developmental outcomes beyond the 110 g/L cutoff for anemia 
appears to be at odds with current clinical recommendations, a 
review of previous findings on this relationship above 110 g/L should 
be included.  
 
2. Providing more context for the MDI and BDI findings would be 
helpful. The authors state that the expected mean for both measure 
is 100 and the expected standard deviation is 16. The sample mean 
is significantly below 100, and higher proportions of infants are 
classified as mildly, moderately, or severely cognitively impaired 
than would be expected given the distribution. The reader can 
calculate the expected proportion at each level of impairment, but it 
would ease interpretation to refer to the proportion expected to be 
below 70, and between 70 and 80, when presenting the results. In 
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particular, on p. 15, lines 10-15, it is stated that 20% of the sample 
suffered some degree of cognitive delay, and nearly 1/3 suffered 
from some degree of psychomotor delay. This sounds dramatic, but 
if my understanding of the standardized scale used to define this is 
correct, we would expect 16% of children in a healthy population to 
be delayed on each dimension. This should be noted to avoid 
misinterpretation of the study’s findings. In addition, comparing the 
levels of impairment observed in this population to those in other 
populations with similar observed levels of anemia would provide 
useful context.  
 
3. What is the interpretation of the finding that older infants score 
significantly higher on the MDI than the comparison group of 6-
month olds, and that the 7 and 8 month olds score better but then 
the 10 month olds score worse for PDI?  
 
Minor comments:  
- P. 4, line 39: what is important about the study population aside 
from its vulnerability? This word seems redundant.  
- P. 6, line 46: “babies” is a bit informal. Infants?  
- Inconsistency between p. 12 (two percent), line 50, and p. 15, line 
50 (three percent) of subjects failed to achieve the minimum MDI 
score.  
- The footnote associated with indicator “a” in Table 4 is missing but 
shows up under the following table (which should probably have the 
same indicator and footnote). 

 

REVIEWER Thach Duc Tran 
Research and Training Centre for Community Development 

REVIEW RETURNED 20-Jun-2015 

 

GENERAL COMMENTS This manuscript describes a survey of nutritional status and 
development in infants in rural China. I have several comments for 
improvement.  
1. Overall,  
- the authors should change the term micronutrient deficiencies to 
anaemia or low Hb concentration. This study did not assess any 
micronutrient deficiency, but infant Hb. Low Hb is not an accurate 
indicator of any micronutrient deficiency;  
- The aim of this manuscript is to examine the association between 
nutritional status (including both micronutrient and macronutrient 
status) and infant development. However, only the association 
between Hb and BSID scores was reported, but not stunting, 
underweight, and wasting and BSID scores.  
2. Abstract:  
- Results: the authors should add some numbers to support the 
sentence “After controlling for potential … psychomotor 
development.”  
- Conclusions: should focus on what the study found. The first 
sentence should be removed or revised.  
3. Introduction: the authors should review evidence on the effect of 
anaemia on infant development in other countries. There is a huge 
body of literature about the association between anaemia/iron 
deficiency and child development. Give some explanations on why 
this association could be different in rural China.  
4. The paragraph stating the aims of the paper in page 5 should be 
revised to be clearer.  
5. Methods:  
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- Please provide the sample size calculation.  
- Data collection: What version of BSID was used? What version 
was validated in previous studies?  
- Analysis: Was survey design (cluster, sample weight) taken into 
account? SD of BSID in the reference population is 15, not 16.  
6. Results:  
- Should not repeat too many numbers from the tables in the text.  
- Table 4: is that a multiple linear regression?  
- The figure 1 suggests that the associations between Hb and BSID 
scores would be non-linear. Have it been taken into account in the 
analysis of Table 4?  
- The Appendix Table 1: multiple logistic regression? How were 
marginal effects calculated and how are they interpreted? 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1 

Primary Comment 1: While the authors state that the relationship between hemoglobin levels and 

developmental indicators has not previously been reported for this age group in China, they do not 

review the literature on this relationship in other contexts. Since the relationship is a biological one, 

we would expect similar results across populations. Citations of the broader literature on this point 

should be included in the introduction and discussion sections. In particular, given that the finding of a 

linear relationship between hemoglobin concentration and developmental outcomes beyond the 110 

g/L cutoff for anemia appears to be at odds with current clinical recommendations, a review of 

previous findings on this relationship above 110 g/L should be included. 

 

Response: This is a good point. In response, we have added several new sentences to the 

first paragraph of the Introduction section of the paper outlining the international literature on 

this topic. The new text now reads as follows: 

 

“Iron deficiency anemia in the first years of life has been related to many adverse 

consequences. In the short term, infants with iron deficiency anemia are at higher risk 

of cognitive, social and emotional delays.
3-11

 In the longer run, it can negatively affect 

school performance and behavior, reduce overall educational attainment, and 

negatively affect work outcomes into adulthood; these consequences are irreversible 

even if the anemia is corrected in later childhood.
12-15

 Many of these consequences 

can be avoided, however, simply through proper dietary intake in the first years of life; 

studies have shown that regular iron supplementation can reduce anemia rates by as 

much as 50%.
16

” 

 

We have also added the following 14 references to the reference list: 

 

3 Grantham-McGregor S, Ani C. A review of studies on the effect of iron 

deficiency on cognitive development in children. J. Nutr. 2001; 131: 649S–666S. 
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4 Akman M, Cebeci D, Okur V, et al. The effects of iron deficiency on infants’ 

developmental test performance. Acta Paediatr. 2004; 93: 1391–96. 

 

5 Hasanbegovic E, Sabanovic S. Effects of iron therapy on motor and mental 

development of infants and small children suffering from iron deficiency anaemia. 

Med. Arh. 2004; 58: 227–29. 

 

6 Idjradinata P, Pollitt E. Reversal of developmental delays in iron deficient 

anaemic infants treated with iron. Lancet 1993; 341: 1–4. 

 

7 Lozoff B, Brittenham GM, Wolf AW, et al. Iron deficiency anemia and iron 

therapy effects on infant developmental test performance. Pediatrics 1987; 79: 981–

995. 

 

8 Lozoff B, Wolf AW, Jimenez E. Iron-deficiency anemia and infant 

development: Effects of extended oral iron therapy. J. Pediatr. 1996; 129: 382–89. 

 

9 Walter T, de Andraca I, Chadud P, et al. Iron deficiency anemia: Adverse 

effects on infant psychomotor development. Pediatrics 1989; 84: 7–17. 

 

10 Lozoff B, Klein NK, Nelson EC, et al. Behavior of infants with iron-deficiency 

anemia. Child Dev. 1998, 69: 24–36. 

 

11 Sachdev HPS, Gera T, Nestel P. Effect of iron supplementation on mental 

and motor development in children: Systematic review of randomised controlled trials. 

Public Health Nutr. 2005; 8: 117–132. 

 

12 Lozoff B, Jimenez E, Hagen J, et al. Poorer behavioral and developmental 

outcome more than 10 years after treatment for iron deficiency in infancy. Pediatrics 

2000; 105: e51. 

 

13 Lozoff, B.; Jimenez, E.; Smith, J.B. Double burden of iron deficiency in 

infancy and low socioeconomic status: a longitudinal analysis of cognitive test scores 

to age 19 years. Arch. Pediatr. Adolesc. Med. 2006; 160: 1108–1113. 
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14 Maluccio JA, Hoddinott J, Behrman JR, et al. The impact of improving 

nutrition during early childhood on education among Guatemalan adults. Econ. J. 

2009; 119: 734–763. 

 

15 Haas JD, Brownlie IV T. Iron deficiency and reduced work capacity: A critical 

review of the research to determine a causal relationship. J. Nutr .2001; 131: 676S–

688S; discussion 688S–690S. 

 

16 Pasricha, S.R.; Hayes, E.; Kalumba, K.; Biggs, B.A. Effect of daily iron 

supplementation on health in children aged 4–23 months: A systematic review and 

meta-analysis of randomised controlled trials. Lancet Glob. Health 2013; 1: e77–e86. 

 

Primary Comment 2: Providing more context for the MDI and BDI findings would be helpful. The 

authors state that the expected mean for both measures is 100 and the expected standard deviation 

is 16. The sample mean is significantly below 100, and higher proportions of infants are classified as 

mildly, moderately, or severely cognitively impaired than would be expected given the distribution. 

The reader can calculate the expected proportion at each level of impairment, but it would ease 

interpretation to refer to the proportion expected to be below 70, and between 70 and 80, when 

presenting the results. In particular, on p. 15, lines 10-15, it is stated that 20% of the sample suffered 

some degree of cognitive delay, and nearly 1/3 suffered from some degree of psychomotor delay. 

This sounds dramatic, but if my understanding of the standardized scale used to define this is correct, 

we would expect 16% of children in a healthy population to be delayed on each dimension. This 

should be noted to avoid misinterpretation of the study’s findings. In addition, comparing the levels of 

impairment observed in this population to those in other populations with similar observed levels of 

anemia would provide useful context. 

 

Response: This is a good point. We are happy to add this information into the text. According 

to the BSID-I test administration manual (Chinese version), 3.1% of a normal population is 

expected to have an MDI score below 70, and 8.6% is expected to have an MDI score 

between 70 and 80. For PDI, 2.9% of a normal population is expected to have a score below 

70, and 8.1% is expected to have a score between 70 and 80. Putting these results in 

context, this means that the rate of children in our sample with MDI scores below 70 is 3.8 

percentage points (6.9%-3.1%) more than expected in a normal population, while the rate of 

children in our sample with MDI scores between 70 and 80 is 4.5 percentage points (13.1%-

8.6%) above what is expected in a normal population. For PDI, these figures are 10.2 

percentage points (13.1%-2.9%) and 11.1 percentage points (19.2%-8.1%), respectively. 

 

To better illustrate this in the text, we have added the following sentences to the Discussion 

section of the revised manuscript (italics represent new text in this document only): 

 

“Around 20% of the sample suffered from some degree of cognitive delay, while 

nearly one-third (32.3%) of the sample suffered from some degree of psychomotor 

delay. These numbers are quite a bit higher than what would be expected in a normal 
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population. In the urban Chinese population against which the BSID-I scores were 

normalized, only 11.7% of children would be expected to have cognitive delays, and 

only 11.0% would be expected to have psychomotor delays. In total, 39.2% of our 

sample suffered from one or both types of developmental delay, compared with an 

expected 22.7% in a healthy Chinese population.” 

 

Primary Comment 3: What is the interpretation of the finding that older infants score significantly 

higher on the MDI than the comparison group of 6-month olds, and that the 7 and 8 month olds score 

better but then the 10 month olds score worse for PDI?  

 

Response: This is an interesting point, and one about which we were curious as well. Our 

data indeed show that older infants score significantly higher on the MDI compared to six 

month olds, while the relationship appears to be non-linear for PDI scores. With regards 

to cognitive development, we were puzzled by this result as well. Our interpretation is not so 

much that 7-11 month olds perform better than 6 month olds, but rather that for some reason, 

6 month olds underperform relative to 7-11 month olds. Our best speculation is that perhaps 

6 months is a transition period, as children switch from breast milk to formula and solids, so 

perhaps children are more fussy and less cooperative with test instructions. With regards to 

motor development, one possible explanation might be related to the test composition. 

As children age, the BSID gradually begins to include more tests of fine motor skills (versus 

gross motor skills). It may be that rural Chinese children have less well-developed fine motor 

skills, and therefore perform relatively worse on the BSID as the test changes focus. 

 

It is important to note here, however, that these speculations are just that: speculations. As 

such, we are reluctant to include them in our paper, especially since they are not especially 

pertinent to understanding the link between hemoglobin levels and BSID scores. We therefore 

respectfully choose to leave this discussion out of the paper, although we stand ready to 

include it should the editors request us to do so. 

 

Minor Comment 1: P. 4, line 39: what is important about the study population aside from its 

vulnerability? This word seems redundant. 

 

Response: This is a good point. We have removed this parenthetical from the revised text. 

The new sentence now reads: 

 

“Little is known, however, about micronutrient deficiencies among one of the most 

vulnerable population groups in China.” 

 

 

Minor Comment 2: P. 6, line 46: “babies” is a bit informal. Infants? 
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Response: We agree with this suggestion, and have replaced the term “babies” with “infants”. 

The revised sentence now reads as follows (altered text italicized here for clarity): 

 

“To meet the power requirements of a larger, interventional study (not reported in this 

paper), we required a minimum of five infants in each township.” 

 

Minor Comment 3: Inconsistency between p. 12 (two percent), line 50, and p. 15, line 50 (three 

percent) of subjects failed to achieve the minimum MDI score. 

 

Response: Thank you for pointing out this error. The correct figure is two percent. We have 

corrected the erroneous sentence on page 15. The new sentence now reads as follows 

(updated text italicized here for clarity): 

 

“As described in the Results section, in our sample, 31 infants, or two percent of the 

sample infants, failed to achieve the minimum score (50) on the MDI and were 

assigned a score of 49.” 

 

Minor Comment 4: The footnote associated with indicator “a” in Table 4 is missing but shows up 

under the following table (which should probably have the same indicator and footnote). 

 

Response: Apologies for the error. The reviewer is correct in surmising that the “a” indicator in 

Table 4 should refer to the same note as in the Appendix Table. In the revised manuscript we 

have corrected this mistake. The “a” indicator in Table 4 now refers to the following note: 

 

“In addition to the covariates presented, the multiple linear regressions also adjust for 

county fixed effects. Standard errors account for clustering at the village level.” 

 

Reviewer 2: Thach Duc Tran 

Institution and Country: Research and Training Centre for Community Development 

 

Comment 1: Overall, the authors should change the term micronutrient deficiencies to anaemia or low 

Hb concentration. This study did not assess any micronutrient deficiency, but infant Hb. Low Hb is not 

an accurate indicator of any micronutrient deficiency. 
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Response: This is a good point. Throughout the manuscript, we have changed the term 

“micronutrient deficiencies” to either “anemia levels” or “Hb concentrations”, as appropriate. A 

total of five appearances of the term have been fixed, all of which are listed below, for 

reference: 

 

“The anemia rates that we identify in this study classify anemia as a “severe” public 

health problem according to the WHO.” (Abstract) 

[Previously: “Micronutrient deficiencies are a serious problem in poor areas of rural 

China…”] 

 

“We find that low hemoglobin levels among our sample population are associated 

with significant cognitive and psychomotor delays that could eventually affect 

children’s schooling performance and labor force outcomes.” (Abstract) 

[Previously: “The micronutrient deficiencies we identify are associated with…”] 

 

“In addition, we examine correlations between hemoglobin concentrations and 

infants’ cognitive and motor development, using the Bayley Scales of Infant 

Development (BSID).” (Introduction) 

[Previously: In addition, we identify factors correlated with these deficiencies…”] 

 

“Overall, our findings indicate that low hemoglobin levels are a serious problem in 

poor areas of rural China…” (Research in Context) 

[Previously: “Overall, our findings indicate that micronutrient deficiencies are a 

serious problem…”] 

 

“Moreover, we find that the low hemoglobin levels that we observe in this study are 

associated with significant cognitive and psychomotor delays…” (Research in 

Context) 

[Previously: “Moreover, we find that the micronutrient deficiencies that we observe in 

this study…”] 

 

Comment 2: The aim of this manuscript is to examine the association between nutritional status 

(including both micronutrient and macronutrient status) and infant development. However, only the 

association between Hb and BSID scores was reported, but not stunting, underweight, and wasting 

and BSID scores. 

 

Response: This is a good point. We were interested in this relationship as well, but because 

the rates of stunting, underweight, and wasting are so low in our sample population (3.7%, 
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1.2%, and 1.6%, respectively), the sample size for these regressions is too low to be 

meaningful. As a result, we have respectfully chosen not to include these results in the 

manuscript. That said, we have included the multivariate regression results showing this link 

at the end of this document, as a reference (Reference Table 1). The results show that both 

stunting and underweight are significantly and negatively correlated with MDI scores. (Again, 

because of the very small sample size, these results must be interpreted with caution.) We 

have also clarified the objectives section of the paper to better align with the results that we 

do present. The new sentence describing our research objectives now reads as follows: 

 

“In addition, we examine correlations between hemoglobin concentrations and 

infants’ cognitive and motor development, using the Bayley Scales of Infant 

Development (BSID).” 

 

Comment 3: In the Results section of the Abstract, the authors should add some numbers to support 

the sentence “After controlling for potential … psychomotor development.”  

 

Response: This is a good suggestion. In response, we have added p-values to support the 

statement. The new sentence now reads as follow (new text italicized here for clarity): 

 

“After controlling for potential confounders, infants with lower hemoglobin counts were 

significantly more likely to be delayed in both their cognitive (p < 0.01) and 

psychomotor development (p < 0.01).” 

 

Comment 4: In the Conclusions section of the Abstract, should focus on what the study found. The 

first sentence should be removed or revised. 

 

Response: In response to this comment, we have deleted the first sentence of the Conclusion 

section of the abstract and replaced it with the following sentence: 

 

“The anemia rates that we identify in this study classify anemia as a “severe” public 

health problem according to the WHO.” 

 

Comment 5: In the Introduction, the authors should review evidence on the effect of anaemia on infant 

development in other countries. There is a huge body of literature about the association between 

anaemia/iron deficiency and child development. Give some explanations on why this association 

could be different in rural China.  
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Response: This is a good point. In response, we have added several new sentences to the 

first paragraph of the Introduction section of the paper outlining the international literature on 

this topic. The new text now reads as follows: 

 

“Iron deficiency anemia in the first years of life has been related to many adverse 

consequences. In the short term, infants with iron deficiency anemia are at higher risk 

of cognitive, social and emotional delays.
3-11

 In the longer run, it can negatively affect 

school performance and behavior, reduce overall educational attainment, and 

negatively affect work outcomes into adulthood; these consequences are irreversible 

even if the anemia is corrected in later childhood.
12-15

 Many of these consequences 

can be avoided, however, simply through proper dietary intake in the first years of life; 

studies have shown that regular iron supplementation can reduce anemia rates by as 

much as 50%.
16

” 

 

We have also added the following 14 references to the reference list: 

 

3 Grantham-McGregor S, Ani C. A review of studies on the effect of iron 

deficiency on cognitive development in children. J. Nutr. 2001; 131: 649S–666S. 

 

4 Akman M, Cebeci D, Okur V, et al. The effects of iron deficiency on infants’ 

developmental test performance. Acta Paediatr. 2004; 93: 1391–96. 

 

5 Hasanbegovic E, Sabanovic S. Effects of iron therapy on motor and mental 

development of infants and small children suffering from iron deficiency anaemia. 

Med. Arh. 2004; 58: 227–29. 

 

6 Idjradinata P, Pollitt E. Reversal of developmental delays in iron deficient 

anaemic infants treated with iron. Lancet 1993; 341: 1–4. 

 

7 Lozoff B, Brittenham GM, Wolf AW, et al. Iron deficiency anemia and iron 

therapy effects on infant developmental test performance. Pediatrics 1987; 79: 981–

995. 

 

8 Lozoff B, Wolf AW, Jimenez E. Iron-deficiency anemia and infant 

development: Effects of extended oral iron therapy. J. Pediatr. 1996; 129: 382–89. 

 

9 Walter T, de Andraca I, Chadud P, et al. Iron deficiency anemia: Adverse 

effects on infant psychomotor development. Pediatrics 1989; 84: 7–17. 
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10 Lozoff B, Klein NK, Nelson EC, et al. Behavior of infants with iron-deficiency 

anemia. Child Dev. 1998, 69: 24–36. 

 

11 Sachdev HPS, Gera T, Nestel P. Effect of iron supplementation on mental 

and motor development in children: Systematic review of randomised controlled trials. 

Public Health Nutr. 2005; 8: 117–132. 

 

12 Lozoff B, Jimenez E, Hagen J, et al. Poorer behavioral and developmental 

outcome more than 10 years after treatment for iron deficiency in infancy. Pediatrics 

2000; 105: e51. 

 

13 Lozoff, B.; Jimenez, E.; Smith, J.B. Double burden of iron deficiency in 

infancy and low socioeconomic status: a longitudinal analysis of cognitive test scores 

to age 19 years. Arch. Pediatr. Adolesc. Med. 2006; 160: 1108–1113. 

 

14 Maluccio JA, Hoddinott J, Behrman JR, et al. The impact of improving 

nutrition during early childhood on education among Guatemalan adults. Econ. J. 

2009; 119: 734–763. 

 

15 Haas JD, Brownlie IV T. Iron deficiency and reduced work capacity: A critical 

review of the research to determine a causal relationship. J. Nutr .2001; 131: 676S–

688S; discussion 688S–690S. 

 

16 Pasricha, S.R.; Hayes, E.; Kalumba, K.; Biggs, B.A. Effect of daily iron 

supplementation on health in children aged 4–23 months: A systematic review and 

meta-analysis of randomised controlled trials. Lancet Glob. Health 2013; 1: e77–e86. 

 

Comment 6: The paragraph stating the aims of the paper in page 5 should be revised to be clearer. 

 

Response: Apologies for any confusion. In response to this comment, as well as in response 

to Comments 1 and 2 from this reviewer, we have edited the paragraph stating the aims of 

the paper to read as follows (revised text italicized for clarity in this document only): 

 

“The goal of this paper is to provide an overview of infant nutrition in rural China, and 

to explore the link between nutritional status and child development. More 

specifically, we measure the prevalence of micronutrient deficiencies (hemoglobin 

concentrations / anemia) and macronutrient deficiencies (stunting, underweight, and 
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wasting) among 6–12 month old infants living in nationally designated poverty 

counties in rural Shaanxi Province. In addition, we examine correlations between 

hemoglobin concentrations and infants’ cognitive and motor development, using the 

Bayley Scales of Infant Development (BSID).” 

 

Comment 7: Please provide the sample size calculation.  

 

Response: We have the sample size calculations readily available, but since they were based 

on a larger, interventional study not discussed in this paper, we feel that providing additional 

details in this paper may be confusing to the reader. In describing the power calculations, we 

would have to include a discussion of the planned interventions of the larger study, which we 

believe would be out of place. Instead, in the revised version of this manuscript we have 

chosen to include the power calculations as a short supplementary appendix. In the main text, 

we now refer readers to this appendix as follows: 

 

“(For more details on the exact specifications of our power calculations, please see 

the Supplemental Appendix.)” 

 

The text of the new supplemental appendix is also appended to the end of this document as a 

reference. 

 

Comment 8: Data collection: What version of BSID was used? What version was validated in previous 

studies?  

 

Response: This is a good question. We used the Bayley Scales of Infant Development 

Version I—this is the only version of the test available in Mandarin Chinese and normalized 

based on a local Chinese population. This is the version of the test to which all of our relevant 

citations refer to – it has indeed been validated in previous studies. To better clarify this in the 

text, we have adjusted the relevant sentence to now read (new text italicized for clarity in this 

document only): 

 

“All infants were also administered the Bayley Scales of Infant Development Version I 

(BSID), an internationally scaled test of infant and toddler cognitive and motor 

development.” 

 

Comment 9: Analysis: Was survey design (cluster, sample weight) taken into account? SD of BSID in 

the reference population is 15, not 16. 
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Response: This is a good question. Yes – all multivariate regression analyses were adjusted 

for clustering at the village level. A sentence to this effect has been added to the Analysis 

section of the text, and also as a footnote to Table 4. The sentence in the Analysis section 

now reads as follows: 

 

“All multiple linear regressions adjust for county fixed effects. Standard errors account 

for clustering at the village level.” 

 

The new footnote to Table 4 now reads as follows: 

 

“In addition to the covariates presented, the multiple linear regressions also adjust for 

county fixed effects. Standard errors account for clustering at the village level.” 

 

Regarding the standard deviation of the BSID, we have double-checked the figure, and the 

standard deviation is actually 16, not 15. For more information, please consult the following 

reference document, listed in the new manuscript as reference number 36: 

 

Yi S. Manual of Bayley Scales of Infant Development, Chinese revision. Xiangya 

School of Medicine. Changsha, China: Central South University; 1995. 

 

Comment 10: Results: Should not repeat too many numbers from the tables in the text. 

 

Response: Thank you for this suggestion. In response, we have tried to eliminate some of the 

superfluous references to data in the Results section. When applicable, we have included 

rates instead of numbers of observations. Specifically, we have edited four sentences, which 

now read as follows: 

 

“In our sample, 48.8% of infants had Hb concentrations below 110 g/L, indicating 

anemia.” 

 

“There was considerable variation in anemia prevalence across the sample counties, 

ranging from 33.3% to 69.7%.” 

 

“Two percent of the sample infants failed to achieve the minimum score (50) on the 

MDI and were assigned a score of 49.” 
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“The BSID test results show that 6.9% of sample infants had an MDI score below 70, 

thereby classifying them as moderately or severely impaired in their cognitive 

development.”  

 

Comment 11: Table 4: is that a multiple linear regression? 

 

Response: Apologies for the confusion. Yes – Table 4 does indeed present results from a 

multiple linear regression. To better indicate this, we have added a footnote to Table 4 that 

reads: 

 

“In addition to the covariates presented, the multiple linear regressions also adjust for 

county fixed effects. Standard errors account for clustering at the village level.” 

 

Comment 12: The figure 1 suggests that the associations between Hb and BSID scores would be 

non-linear. Have it been taken into account in the analysis of Table 4?  

 

Response: This is an interesting point. In fact, we considered this ourselves, and initially 

included the square of hemoglobin concentrations in our regressions to account for any non-

linear associations between Hb and BSID. Because, however, the coefficient of this non-

linear term was not statistically significant, and all of the rest of the results were unchanged, 

we ultimately decided to only include hemoglobin concentration (and not the non-linear term) 

in the multiple linear regressions reported in Table 4. The results of the regression including 

the non-linear term for hemoglobin are included at the end of this document for your 

reference, in Reference Table 2. 

 

Comment 13: The Appendix Table 1: multiple logistic regression? How were marginal effects 

calculated and how are they interpreted? 

 

Response: Apologies for the confusion. Yes – Appendix Table 1 does indeed present results 

from a multiple logistic regression. We calculate the derivatives of the response with respect 

to independent variables by specifying the dydx options on the margins command in the Stata 

(version 13). Consequently, the marginal effects show the change in probability when the 

independent variable increases by one unit. To clarify this in the text, we have updated the 

footnote to Appendix Table 1 to read: 

 

“In addition to the covariates presented, the multiple logistic regressions also adjust 

for county fixed effects. Standard errors account for clustering at the village level. 

Marginal effects show the change in probability when the independent variable 

increases by one unit.” 
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Reference Table 1: Link between stunting, underweight, and wasting and child development scores. 

 MDI score
a
 PDI score 

 Coefficient (95% CI) P value Coefficient (95% CI) P 
value 

Hb concentration (g/L) 0.09 (0.03; 0.15) <0.01 0.10 (0.04; 0.16) <0.01 

Stunted (Yes=1) -6.53(-11.42; -1.64) <0.01 -4.27(-9.35; 0.80) 0.10 

Underweight (Yes=1) -9.29 (-17.90; -0.67) 0.04 -7.19(-14.99; 0.60) 0.07 

Wasted (Yes==1) 1.54 (-4.79; 7.86) 0.63 -3.75 (-10.16; 2.66) 0.25 

Sex (Female=1) 1.14 (-0.35;2.62) 0.13 0.36 (-1.13; 1.84) 0.64 

Infant age (6 months is base)     

7 months 9.27 (5.78; 12.76) <0.01 6.33 (3.43; 9.22) <0.01 

8 months 7.87 (4.45; 11.28) <0.01 4.08 (1.12; 7.05) <0.01 

9 months 6.91 (3.28; 10.43) <0.01 -0.49 (-3.72; 2.74) 0.76 

10 months 6.07 (2.50; 9.64) <0.01 -7.62 (-10.93; -4.30) <0.01 

11 months 4.86 (1.50; 8.21) <0.01 -2.01 (-5.34; 1.31) 0.24 

Is the infant premature? 

(Yes=1) 
-1.58 (-6.01; 2.84) 0.48 0.76 (-2.67; 4.20) 0.66 

Birth order of infant  

(Second or higher=1) 
-0.84 (-2.82; 1.13) 0.40 -1.35 (-3.40; 0.70) 0.20 

Mother is primary caregiver 

(Yes=1) 
0.69 (-1.35; 2.73) 0.51 1.54 (-0.69; 3.77) 0.17 

Maternal educational level 

(more than 9 years=1) 
0.91 (-0.97; 2.79) 0.34 2.35 (0.47; 4.23) 0.01 

Maternal age  

(more than 25 years=1) 
-1.37 (-3.30; 0.56) 0.16 -1.10 (-3.02; 0.82) 0.26 

Family receives Minimum 

Living Standard Guarantee 

(Yes=1) 

-0.22 (-1.97; 1.53) 0.80 -0.60 (-2.47; 1.27) 0.53 

 

All multiple linear regressions adjust for county fixed effects. Standard errors account for clustering at 

the village level. 
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Reference Table 2: Multivariate regression including non-linear term for hemoglobin 

 

 MDI score
a
 PDI score 

 Coefficient (95% CI) P value Coefficient (95% CI) P 

value 

Hb concentration (g/L) 0.08 (0.01; 0.14) 0.03 0.09 (0.02; 0.16) <0.01 

Hb concentration squared 
-0.001 (-0.006; 

0.001) 
0.13 

-0.001 (-0.004; 

0.002) 
0.47 

Sex (Female=1) 1.25 (-0.21;2.72) 0.09 0.41 (-1.07; 1.90) 0.59 

Infant age (6 months is 

base) 
    

7 months 9.08 (5.60; 12.56) <0.01 6.22 (3.32; 9.12) <0.01 

8 months 7.85 (4.44; 11.26) <0.01 4.09 (1.13; 7.04) <0.01 

9 months 6.75 (3.24; 10.26) <0.01 -0.62 (-3.85; 2.61) 0.71 

10 months 5.98 (2.39; 9.56) <0.01 -7.66 (-10.99; -4.33) <0.01 

11 months 4.90 (1.57; 8.22) <0.01 -1.99 (-5.30; 1.32) 0.24 

Is the infant premature? 

(Yes=1) 
-1.50 (-5.87; 2.87) 0.50 0.85 (-2.62; 4.32) 0.63 

Birth order of infant  

(Second or higher=1) 
-0.82 (-2.80; 1.15) 0.41 -1.37 (-3.41; 0.67) 0.19 

Mother is primary caregiver 

(Yes=1) 
0.57 (-1.47; 2.61) 0.58 1.41 (-0.84; 3.66) 0.22 

Maternal educational level 

(more than 9 years=1) 
0.95 (-0.94; 2.84) 0.33 2.40 (0.51; 4.30) 0.01 

Maternal age (more than 25 

years=1) 
-1.18 (-3.11; 0.75) 0.23 -0.93 (-2.86; 0.99) 0.34 

Family receives Minimum 

Living Standard Guarantee 

(Yes=1) 

-0.50 (-2.24; 1.24) 0.57 -0.74 (-2.63; 1.14) 0.44 

 

All multiple linear regressions adjust for county fixed effects. Standard errors account for clustering at 

the village level. 
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Supplemental Appendix: Sample Size Calculations 

 

The total sample size for this study was determined by power calculations for a larger, 

interventional study not reported in this paper. The larger interventional study was designed as a 

cluster-randomized controlled trial with two intervention groups and a control group. 

In order to determine sample size we performed power calculations using Optimal Design 

software, developed by a group of researchers at the University of Michigan. Specifically, we 

calibrated the model as appropriate for a Cluster Randomized Trial with a continuous outcome and 

clustering at the township level. (For details about the math behind the calculation, please visit the 

Optimal Design website at http://sitemaker.umich.edu/group-based/optimal_design_software.) 

The power needed to detect a difference in outcome variables between the treatment and 

control groups in a Cluster Randomized Trial with a continuous outcome depends on 6 factors: 

a.) the number of babies per township (n); 

b.) the number of townships (J); 

c.) the intra-township correlation in outcome variable (ρ); 

d.) the minimum effect size that we would expect to be able to detect (δ); and 

e.) the proportion of variation in the true township-level post-intervention outcome variable 

explained by township-level pre-intervention outcome variable (R
2
). 

Using estimates from a survey conducted by the School of Public Health at Sichuan 

University, we assumed 10 infants will be born per township over a six month period, and ρ= 0.10. 

Based on a Chinese study of the nutritional supplement packets that were ultimately used as 

part of the project interventions (citation available upon request), we predicted a minimum effect size 

of 0.25. We supposed that we would be able to follow-up with 9 of 10 infants per township after one 

year, with R
2
=0.5. 

With the above assumptions on the parameters, using the Cluster Randomized Trials setting 

in the Optimal Design software, we found that with regard to Intervention 1, for one pair of treatment-

control comparison, with about 80 townships, we could achieve power=0.81 at the conventional 

significance level (α=0.05). We would then randomly assign 40 townships into Intervention Group 1 

and 40 townships into the Control Group. We could also achieve power=0.81 when we compared the 

difference between Intervention Group 1 and Intervention Group 2 at the conventional significance 

level of α=0.05. (This is because the difference of minimum detectable effect (MDE) between these 

two intervention groups was also 0.25 S.D.) 

For the second evaluation survey, the power calculations were slightly different, though the 

end result is the same. In this case, we desired a minimum effect size of 0.3 and 0.6 for Intervention 

Groups 1 and 2, respectively, in the second follow-up survey. We supposed that we could only follow-

up 6 of 10 infants aged 24-30 months per township, with R
2
=0.5. 

With these new assumptions on the parameters, using the Cluster Randomized Trials setting 

in the Optimal Design software, we found that with regard to Intervention 1, for one pair of treatment-

control comparison, with about 80 townships, we could achieve power=0.84 at the conventional 

significance level (α=0.05). We would then randomly assign 40 townships into Intervention Group 1 

and 40 townships into the Control Group. We could also achieve power=0.84 when we compared the 
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difference between Intervention Groups 1 and 2 at the conventional significance level of α=0.05. (This 

is because the difference of MDE between these two intervention groups is also 0.25 S.D.) 

Overall then, we required at least 40 townships in the Control Group, 40 townships in 

Intervention Group 1, and 40 townships in Intervention Group 2 in order to observe differences among 

the three groups. We rounded up to 50 townships per arm to allow for the possibility of attrition, giving 

a total of 150 townships. If there were no attrition, we welcomed the additional power that a larger 

sample would provide. 
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