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BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

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

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   
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VERSION 1 - REVIEW 

REVIEWER Reddy, V. Ratna 
Livelihoods and Natural Resource Management Institute, 
Hyderabad, India. 

REVIEW RETURNED 27-Apr-2014 

 

- The reviewer completed the checklist but made no further comments. 

REVIEWER Jean Humphrey 
Johns Hopkins Bloomberg School of Public Health  
USA 

REVIEW RETURNED 20-May-2014 

 

GENERAL 
COMMEN
TS 

This is a nice cross-sectional analysis of three large surveys conducted in India that 

examine the associations between indicators of WASH and stunting. The paper 

contributes additional strength to the accumulating literature demonstrating a strong 

association between sanitation, in particular, and stunting.  

Suggestions and comments: 
1. The authors chose to stratify their analyses by infant age (<6 mo and 6-23 mo) 

because of differences in feeding practice between the two.    I would suggest 
checking to see if age is an effect modifier of each of the indicators examined in 
predicting stunting.  Looking at the tables, I bet that in most cases the 
association between the indicator and stunting is not different between the two 
age groups so the two strata can be combined, increasing statistical power.   
On p 15 the authors state that hygiene was only predictive of stunting among 6-
23 mo olds – because the OR was significant in the older but not the younger 
age group.  However, the direction and magnitude are similar in both age 
groups and the significance may be due mainly to the much larger sample size 
in the older group.  If age is not a significant effect modifier, it would not be 
appropriate to stratify the analyses.   

2. I would suggest formatting the tables as below.  If would be helpful to have the 

proportions listed in addition to the N‟s.  Then, create a “final model” in which 

only those factors which remain independently predictive of stunting are 

retained.  I think this presentation would clarify the tables making it easier for 

the reader to understand. 
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Explanatory Variable Proportion (N) Unadjusted Adjusted 

    

HH drinking water    

    Other 87.2  (6146) 1 
Not retained in model 

    Piped 12.8   (906) 0.85   (0.79-0.91) 

    

Place of defecation    

    No facility 82.0   (21, 784) 1 1 

    Improved sanitation  18.0    (4,780) 0.57  (0.53 – 0.62) 0.78  (0.70-0.86) 

    

Religion       

    Other 14.8    (3,958) 1 

__ 

    Hindu 85.2   (22,723) 0.90 (0.83 – 0.98) 

    

    

 

3. The tables do not specify missing data.  If  very little data were missing, you 

could include a footnote saying that (ie, “less than 3% of data were missing for 

all variables”) otherwise you should include a missing category. 

1. It would be very useful to be more specific and clear about the handwashing 

with soap (HWWS) variables.  It appears that no handwashing was asked in the 

NFHS, and that HWWS was asked in reference to after defection in HUNGaMA 

and in reference to before eating in CNSM.  Or, were all the opportunities asked 

in both HUNG and CNSM but only the ones significantly associated with 

stunting were reported?  On the narrative the CNSM uses phrases of “before 

food” – was this specifically before the mother herself ate, before she prepared 

food, or before she fed her baby?  “before food” is too ambiguous.  Indeed, 

given the difficulty in determining hygiene behaviors, and the lack of evidence of 

which “handwashing opportunities” are most strongly associated with infant 

stunting, it would be helpful if the authors provided the precise questions used 

to elicit this information in the narrative, a footnote, or as a web-based 

supplement.   Finally, the phrase,  “household hygiene condition”  is  too non-

specific;   I would suggest specifying the actual indicator that was measured – 

hand washing with soap in this case. 

 

 

REVIEWER Val Curtis 
LSHTM UK 
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Curtis has research grants from Unilever PlC and GoJo Industries 

REVIEW RETURNED 16-Jun-2014 

 

GENERAL COMMENTS The relationship between child growth and sanitation has attracted a 

lot of interest and research funding in recent years, particularly since 

Joan Humphrey‟s paper on enteropathy in the Lancet in 2009. It is 

highly plausible that poor sanitation and hygiene practices may lead 

to environmental contamination which may lead to negative impacts 

on child growth either via increased incidence and severity of 

infections or via sub-clinical routes. The major problem in 

establishing whether such a link exists remains the problem of 

causal linkages. The problem of confounding in observational 

studies, whereby those who have toilets are a different sub group of 

the population from those who do not, has been established for 

many years (Blum and Feachem, 1983). Attempts to control for 

confounding by logistic regression can assist, but can never solve 

the problem of un-measured confounders. Hence, for example, it is 

entirely plausible that there are some families that put a premium on 

hygiene and health and thus both prioritise acquiring a toilet, 

washing their hands and caring more closely for their children. 

Dettwyler showed, for example, in Mali that more interventionist 

mothers had children with better nutritional outcomes ((Dettwyler, 

1986). Such mothers are probably also more likely to wash hands 

and more likely to acquire and use toilets, hence „interventionism‟ 

rather than toilets or hygiene could be the explanation for the 

association.  

Further, the data on hygiene behaviour are all self-reported, which is 

known to highly overestimate actual rates of handwashing. At every 

juncture where handwashing is mentioned it should be qualified as 

„reported‟ handwashing. Reported handwashing is more likely to be 

indicative of an attitude to hygiene than a measure of actual 

practice. Again, this means that causality cannot be established.  

Thus, whilst this study is a useful addition to the literature, it is very 

important that it is not presented as evidence for the impact of 

sanitation and hygiene on growth. The data are only consistent with 

this, but do not indicate causality. In the current climate non-experts 

are seizing on such data as evidence, when more cautious 

interpretation of the data is warranted. The claims in the final paras 

and in the abstract must be much toned down.  

Since Spears et al cover so much of the same territory and data, 

and has just been published, it would be good to frame this paper by 

what it adds above and beyond Spears. (For example, there are 

more data sets, an individual level analysis and hand hygiene data). 

I would also like to understand why these authors were able to 

disaggregate HUNGaMA data by individual, when Spears et al, 

using these data, were not. (Spears et al., 2013) 

A point worth mentioning is how consistent the findings are between 

surveys. 
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The paper need an edit for English. 

Detailed issues 

It would be useful to have a short explanation for why there are so 

many major differences between the samples (table 1). Also to 

mention rates of open defecation in the HUNGaMA sample. 

Insight can sometimes be gained into the nature and direction of any 

possible confounding by carrying out stratified analyses of the data, 

for example, seeing if the stunting/sanitation/hygiene effect persists 

at all levels of education, or in each SES group. Did the authors try 

this and did it reveal any patterns? 

P13 mentions the inverse association between HWWS and stunting-

this is confusing-better to use plain English. Does this mean that 

reported HWWS was a risk factor for stunting? 

It would be useful to have one summary table comparing the main 

results from the different surveys. 

P8 undertow? 

P11 don‟t understand from l 3 

P 12-why a „key‟ predictor? 

 

1. Blum, D. and Feachem, R.G. (1983) Measuring the impact 
of water supply and sanitation investments on diarrhoeal 
diseases: problems of methodology. International Journal of 
Epidemiology 12, 357-365. 

2. Dettwyler, K.A. (1986) Infant feeding in Mali, West Africa: 
variations in belief and practice. Social Science & Medicine 
23, 651-664. 

3. Spears, D., Ghosh, A., and Cumming, O. (2013) Open 
Defecation and Childhood Stunting in India: An Ecological 
Analysis of New Data from 112 Districts. PloS one 8, 
e73784. 

 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1  

 

There are no comments.  

 

Reviewer 2  

 

1. The authors chose to stratify their analyses by infant age (<6 mo and 6-23 mo) because of 

differences in feeding practice between the two. I would suggest checking to see if age is an effect 

modifier of each of the indicators examined in predicting stunting. Looking at the tables, I bet that in 

most cases the association between the indicator and stunting is not different between the two age 

groups so the two strata can be combined, increasing statistical power. On p.15 the authors state that 
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hygiene was only predictive of stunting among 6-23 mo olds – because the OR was significant in the 

older but not the younger age group. However, the direction and magnitude are similar in both age 

groups and the significance may be due mainly to the much larger sample size in the older group. If 

age is not a significant effect modifier, it would not be appropriate to stratify the analyses.  

 

As per the recommendation of the reviewer, we checked to see if age is an effect modifier of each of 

the indicators examined in predicting stunting. As you rightly pointed out, age is not an effect modifier, 

so we decided to merge the two age groups. This is mentioned in the „Methods‟ section (page 9, line 

7-9) and the results and discussion sections and tables (2, 3, 4 and 5) have been revised accordingly  

 

 

2. I would suggest formatting the tables as below. It would be helpful to have the proportions listed in 

addition to the N‟s. Then, create a “final model” in which only those factors which remain 

independently predictive of stunting are retained. I think this presentation would clarify the tables 

making it easier for the reader to understand.  

 

The tables have been reformatted as per the recommendation of the reviewer. In the “final model” 

column, we retained only the variables that remain independently predictive of stunting. We have 

listed the N‟s, but did not indicate the proportions, because while the Ns are unweighted values, the 

proportions will need to be weighted values. Thus, we decided to indicate only the Ns.  

 

 

3. The tables do not specify missing data. If very little data were missing, you could include a footnote 

saying that (i.e. less than 3% of data were missing for all variables); otherwise you should include a 

missing category.  

 

As per the request of the reviewer, we have now indicated missing data in each table. Overall, very 

little data were missing (<3%), so we included a footnote in each table and stated that less than 3% of 

data were missing for all variables (please see Tables 2-5).  

 

 

4. It would be very useful to be more specific and clear about the hand washing with soap variables. It 

appears that no hand washing was asked in the NFHS, and that HWWS was asked in reference to 

after defection in HUNGaMA and in reference to before eating in CNSM. Or, were all the opportunities 

asked in both HNGaMA and CNSM but only the ones significantly associated with stunting were 

reported? On the narrative the CNSM uses phrases of “before food” – was this specifically before the 

mother herself ate, before she prepared food, or before she fed her baby? “before food” is too 

ambiguous. Indeed, given the difficulty in determining hygiene behaviors, and the lack of evidence of 

which “hand washing opportunities” are most strongly associated with infant stunting, it would be 

helpful if the authors provided the precise questions used to elicit this information in the narrative, a 

footnote, or as a web-based supplement. Finally, the phrase, “household hygiene condition” is too 

non-specific; I would suggest specifying the actual indicator that was measured – hand washing with 

soap in this case.  

 

Information on caregiver‟s hand washing practices was collected only in the HUNGaMA survey. Both 

NFHS and CNSM did not collect information on mother/caregiver‟s hand washing practices. In the 

HUNGaMA survey, mothers/caregivers were asked whether they washed hands using soap before 

meals and after using toilet. However, as the reviewer rightly pointed out, it was not clarified what 

“before meals” meant; whether before the mother herself ate or before she fed her baby. The authors 

note this as a limitation which needs to be clearly mentioned in the discussion section. Relevant 

description is now provided in the discussion section (page 15, line 15-18). In addition, we agree that 

“household hygiene condition” is too non-specific. We have corrected this and now indicated which 
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specific indicator it is referring to.  

 

 

 

Reviewer 3  

 

1. The relationship between child growth and sanitation has attracted a lot of interest and research 

funding in recent years, particularly since Joan Humphrey‟s paper on enteropathy in the Lancet in 

2009. It is highly plausible that poor sanitation and hygiene practices may lead to environmental 

contamination which may lead to negative impacts on child growth either via increased incidence and 

severity of infections or via sub-clinical routes. The major problem in establishing whether such a link 

exists remains the problem of causal linkages. The problem of confounding in observational studies, 

whereby those who have toilets are a different sub group of the population from those who do not, 

has been established for many years (Blum and Feachem, 1983). Attempts to control for confounding 

by logistic regression can assist, but can never solve the problem of un-measured confounders. 

Hence, for example, it is entirely plausible that there are some families that put a premium on hygiene 

and health and thus both prioritise acquiring a toilet, washing their hands and caring more closely for 

their children. Dettwyler showed, for example, in Mali that more interventionist mothers had children 

with better nutritional outcomes (Dettwyler, 1986). Such mothers are probably also more likely to 

wash hands and more likely to acquire and use toilets, hence „interventionism‟ rather than toilets or 

hygiene could be the explanation for the association. Further, the data on hygiene behaviour are all 

self-reported, which is known to highly overestimate actual rates of handwashing. At every juncture 

where handwashing is mentioned it should be qualified as „reported‟ handwashing. Reported 

handwashing is more likely to be indicative of an attitude to hygiene than a measure of actual 

practice. Again, this means that causality cannot be established. Thus, whilst this study is a useful 

addition to the literature, it is very important that it is not presented as evidence for the impact of 

sanitation and hygiene on growth. The data are only consistent with this, but do not indicate causality. 

In the current climate non-experts are seizing on such data as evidence, when more cautious 

interpretation of the data is warranted. The claims in the final paras and in the abstract must be much 

toned down.  

 

The points raised by the reviewer are well taken. The authors are aware that a causal association can 

not be established based on this cross-sectional analysis. We believe this was made clear by using 

the word “associated with” consistently, rather than “caused”. In the abstract we stated that “Future 

randomized trials are warranted to validate the causal association” (page 2, line 2-3). In the 

Discussion section, we mentioned that “we analyzed cross-sectional data, so a causal association 

between improved WASH practices and reduced likelihood of stunting cannot be established” (page 

15, line 11-13). In the conclusion section, we stated that “large scale randomized effectiveness trials 

of toilet provision and reporting handwashing at critical times, that include environmental enteropathy 

and child growth as outcomes, are warranted to go beyond association in order to estimate causality” 

(page 16, line 11-13).  

 

As per the reviewer‟s suggestion, we have now added „reported‟ throughout the text whenever hand 

washing or personal hygiene is mentioned.  

 

2. Since Spears et al cover so much of the same territory and data, and has just been published, it 

would be good to frame this paper by what it adds above and beyond Spears. (For example, there are 

more data sets, an individual level analysis and hand hygiene data). I would also like to understand 

why these authors were able to disaggregate HUNGaMA data by individual, when Spears et al, using 

these data, were not. (Spears et al., 2013)  

Although the reviewer‟s suggestion is very well taken, the authors are reluctant to frame this paper by 

what it adds above and beyond Spears. Spears‟ work is important and has definitely added to a 
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growing body of suggestive evidence on the effect of open defecation on child linear growth 

particularly in India. However, considering that this research is still considered a relatively new area 

and more investigation needs to be done, we want to avoid putting too much focus on a work 

predominantly led by a small group of researchers.  

Spears et al‟s papers mostly provide ecological analysis of data which is prone to ecological fallacy 

and other errors, and are often used to generate hypotheses for additional investigation employing 

more rigorous methods (page 4, line 7-14). As the reviewer rightly pointed out, our analysis is based 

on more large data sets, it is an individual level analysis and has hand washing data. These are all 

mentioned in the discussion section.  

The reason Spears et al did not use disaggregate HUNGaMA data was not because they were unable 

to. As mentioned above, Spears et al conducted an ecological analysis of data trying to associate 

underweight data for each block/district collected from the HUNGaMA survey with other survey data 

providing information on health, WASH and other determinants of undernutrition.  

 

3. A point worth mentioning is how consistent the findings are between surveys.  

We have summarized the consistent findings between surveys in the discussion section as “Notably, 

household access to toilet facility was associated with a 16-39% reduced odds of stunting among 

children aged 0-23 months. On the other hand, household access to an improved source of drinking 

water or piped water in particular was not a predictor of stunting. The mother/caregiver‟s reported 

practices of washing their hands with soap either before a meal or after defecation was associated 

with a 15% reduced risk of stunting” (page 12, line 15-20).  

 

 

4. The paper need an edit for English.  

A thorough re-read of the text has been undertaken and the text has been strengthened in several 

places.  

 

 

5. It would be useful to have a short explanation for why there are so many major differences between 

the samples (table 1). Also to mention rates of open defecation in the HUNGaMA sample.  

 

As per the request of the reviewer, we mentioned that “these surveys all have different sample sizes 

as they are representative of different administrative units; national for NHFS and state for CNSM. 

The HUNGaMA survey represents a spread of the poorest districts in India and has a large sample 

size with a larger open defecation rate, but on in line with the Census data”. This is added in page 6, 

line 10-13.  

 

 

6. P13 mentions the inverse association between HWWS and stunting-this is confusing-better to use 

plain English. Does this mean that reported HWWS was a risk factor for stunting?  

Corrected (see page 14 line 22-3)  

 

 

7. It would be useful to have one summary table comparing the main results from the different 

surveys.  

As mentioned above, we summarized the consistent findings from the different surveys in the 

discussion section (page 12, line 15-18). As there are five tables already, the authors decided not to 

create another table.  

 

 

8. P8 undertow?  

Corrected  
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9. P11 don‟t understand from l 3  

Corrected  

 

10. P 12-why a „key‟ predictor?  

Corrected 

VERSION 2 – REVIEW 

REVIEWER Jean Humphrey 
 
Professor, Johns Hopkins Bloomberg School of Public Health, 
Baltimore, MD, USA  
 
Director, Zvitambo Institute for Maternal and child Health Research 

REVIEW RETURNED 26-Aug-2014 

 

GENERAL COMMENTS The authors have done a great job revising this paper. I have just a 
couple additional comments:  
1. In the abstract, line 13, it would be clearer to say "the prevalence 
of stunting ranged from 25% to 50% across the 3 studies."  
2. In your discussion of no association between drinking water 
quality and stunting, you may want to include the idea that the 
predominant pathways of fecal-oral transmission of bacteria may be 
different for infants that older people - and that for breastfed babies 
receiving the majority of their fluid and nutrient needs from BM, the 
volumes of drinking water consumed are very small so the amount 
of bacteria they ingest - even from highly contaminated water - may 
be small especially when compared to other things babies put in 
their mouths during developmental exploration - our group has 
termed this idea "Baby WASH" in hopes of inspiring people to think 
about WASH programs designed for babies differently. See Ngure, 
et al 2013 (The latest version is at 
http://ajtmh.org/cgi/doi/10.4269/ajtmh.12-0568  
Accepted for Publication, Published online September 3, 2013; 
doi:10.4269/ajtmh.) 

 

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer 2  

 

 

1. In the abstract, line 13, it would be clearer to say “the prevalence of stunting ranged from 25% to 

50% across the 3 studies”.  

 

We have revised the abstract as per the reviewer‟s suggestion. Please see the revised abstract, line 

13.  

 

 

2. In your discussion of no association between drinking water quality and stunting, you may want to 

include the idea that the predominant pathways of fecal-oral transmission of bacteria may be different 

for infants than older people – and that for breastfed babies receiving the majority of their fluid and 

nutrient needs from BM, the volumes of drinking water consumed are very small so the amount of 
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bacteria they ingest – even from highly contaminated water – may be small especially when 

compared to other things babies put in their mouths during developmental exploration – our group has 

termed this idea “Baby WASH” in hopes of inspiring people to think about WASH programs designed 

for babies different. See Ngure, et al 2013.  

 

Fully agree with the reviewer. We have incorporated relevant discussion in the manuscript. Please 

see Page 14, lines 16-21. 
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