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Abstract 
We describe a simple method to validate data collected from a study using the deuterium oxide dose-to-

the-mother technique for breastfeeding evaluation. We used human milk intake calculation spreadsheets 

(n=180). The calculation was performed by fitting the deuterium enrichment data to a model for water 

turnover in the mother and in the baby. We assumed that the validity of the results is as high as the square 

root mean square error (SRMSE) between calculated and fitted data is low. Based on the original 

spreadsheets that fitted well with the model (n=87), we developed a simple prediction of the SRMSE and 

we used it as cut-off to check, correct (by removing enrichment data) and validate or remove the other 

spreadsheets. We found a cut-off dependent on the measured enrichment (𝐸𝑚) that was 𝟎. 𝟎𝟐𝟕√∑(𝑬𝒎)𝟐. 

And the mean SRMSE (90%CI) of the fitted sheets was 23.37 mg.kg-1 (22.01 mg.kg-1, 24.73 mg.kg-1) with 

a maximum of 38.96 mg.kg-1. After correction we noticed that the number of enrichments removed per 

file varied from 1 to 4. We observed within the corrected spreadsheets a significant reduction (p≤0.0001, 

n=53) of the SRMSE (90%CI) from 49.78 mg.kg-1 (46.35 mg.kg-1, 53.20mg.kg-1) before correction to 

25.88 mg.kg-1 (24.13 mg.kg-1, 27.64 mg.kg-1) after correction. We also observed that after correction, the 

mean difference (90%CI) of HM respectively non-HM that was 29.34 mg.kg-1 (21.71 mg.kg-1, 36.97 

mg.kg-1) respectively 24.13 mg.kg-1 (17.4 mg.kg-1, 30.79 mg.kg-1) was strongly (p≤0.0001, n=53) different 

from zero. Therefore, the correction is very important to optimizing the results.  
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Introduction 

 
The deuterium oxide dose-to-mother technique 

[1] is presented as a promise tool for exclusive 

breastfeeding (EBF) evaluation. The dose is 

orally administrated to the mother and saliva 

samples are collected over a period of 14 days. 

Deuterium enrichment in saliva is analyzed by 

Isotope Ratio Mass Spectrometry (IRMS) or 

Fourier Transform Infrared Spectrometry 

(FTIR). The IRMS is more sensitive than the 

FTIR, but the FTIR is improved to be a simple, 

rapid method for measuring deuterium 

enrichment in physiological fluid [2,3] and it is 

appropriated for limited resource setting as it 

permit to overcome the practical problem link 

to the IRMS equipment, which is more 

expensive and need specialist for analysis [2,4]. 

The calculation of human milk (HM) intake and 

intake of water from sources other than milk 

(non-HM) is performed by fitting the deuterium 

enrichment data to a model for water turnover 

in the mother and in the baby [2]. The quality 

of the output (HM and non-HM) will be as high 

as the mean square error between observed and 

fitted enrichment is low. Ideally, the square root 

means square error (SRMSE) that characterizes 

the best fitting should be zero but this is 

impossible in practice. Moreover, there is no 

range of values set for the SRMSE. That 

represents a big challenge in the data validation 

as it is difficult to know if the outputs of the 

calculation (HM and non-HM) are really of 

high quality and should be used for the final 

results. Therefore, it becomes necessary to have 

a cut-off that can be used for the validation of 

the data. In the present work we describe a 

simple method to validate the data provided by 

studies using the deuterium dilution technique 

for breastfeeding evaluation. We developed a 

prediction method of the SRMSE that could 

help to check and correct or removed 

inappropriate data if necessary. The main 

objective was to provide to the user of the 

technique a guideline that could help them to 

well assess their results and decide on their 

validity. 

 

Methods 

The Human Milk calculation spreadsheets 

 

The body composition and the HM intake 

estimation using deuterium dilution is 

performed by fitting the deuterium enrichment 

data to a model for water turnover in the mother 

and in the baby and it lies on complex formulas 

[5-9]. Standard Excel spreadsheets are been 

developed by Cowards and coworkers [1,10] to 

facilitate this estimation. A template is given in 

the supplementary material (excel file). The 

users are invited to enter the mother and the 

baby’s age, their anthropometrical measures 

and different deuterium enrichment values of 

sample collected at different time points on 

both mother and child. The spreadsheet uses 

prepared equations in order to estimate the 

model parameters using the Excel’s solver add-

on. This parameter is then used to compute 

body composition and milk intake information. 

This is a very good way to simplify advanced 

techniques for simple using such as using z-

score Tables. We worked on 180 spreadsheets. 

Each spreadsheet represented a mother-baby 

dyad data collected during a breastfeeding 

evaluation study that we conducted in Burkina 

Faso using a deuterium dilution technique. 

Briefly, after anthropometric measurement and 

saliva sample collection from the mother and 

her baby, an accurate dose of 30g of deuterium 

oxide (DO) was given to the mother. The 

mother fed the baby as usual and the baby 

received the deuterium from his mother through 

breast milk. Post doses saliva samples were 

collected from the mother and her baby at day 

1, 2, 3, 4, 13 and 14 post dosing. Deuterium 

enrichment in the saliva was analyzed by FTIR 

(Shimadzu 8400S) according to the method 

described in the IAEA manual [2]. The data 

were entered in the human milk calculation 

spreadsheet and the solver function was used to 

perform the calculation by minimizing the 

SRMSE. 

 

http://www.raftpubs.com/
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Classification of the spreadsheet 
 

The best fitting with the model requires 

complete data for each mother-baby dyad 

including weight, the 12 post doses enrichment 

and the time of saliva samples collection. And 

all the measured enrichment must be on the 

kinetic curve. In the absence of an objective 

reference method to assess data quality, the 

goodness of fitted curves provided by the 

models were observed. We assumed that the 

modeling curve which is very close with the 

actual data should come from valid data. 

Finally, that method was used as first approach 

to determine reference spreadsheets. We 

checked all the spreadsheets for data 

completeness and we separated them in 2 

groups: complete spreadsheets and incomplete 

spreadsheets. In each group of spreadsheets, we 

identified those without unfitting data. That 

meant that all the enrichment seemed to be on 

the deuterium kinetic curve. All spreadsheets 

with unfitted data (one or several enrichments 

are out of the curve) have been subjected to the 

correction. With the complete fitted 

spreadsheets, we calculated the cut-off and used 

it to check the others data.  

Determination of the SRMSE cut-off 
 

Our approach is based on the hypothesis that 

even if there is an error between the measured 

and calculated enrichment, this error should be 

proportional to the measured enrichment for 

both mother and baby data during the 14 days. 

This suppose that the measurement error would 

be smaller with low measures and larger with 

high values.   

So, the best fitting with the model would signify 

that there is a unique number α such as:  
 

|𝐸𝑐 −  𝐸𝑚| = 𝛼𝐸𝑚    (1) 

 

With 𝐸𝑐 = enrichment calculated and 𝐸𝑚 =
enrichment measured  
By definition, the mean square error (MSE) 

between the measured and the calculated 

enrichment at each day is:  

𝑀𝑆𝐸 = (𝐸𝑐 −  𝐸𝑚)2    (2) 

 

For each mother-baby dyad during the 14 days 

the sum of MSE would be: 

 ∑(𝐸𝑐 − 𝐸𝑚)2 =  ∑(𝛼𝐸𝑚 )
2   (3) 

 
Then the square root mean square error should 

be 

 𝑆𝑅𝑀𝑆𝐸 = 𝛼√∑(𝐸𝑚)2   (4) 

 

After determining α value for each fitting 

spreadsheet we excluded from the group the 

spreadsheets with α value higher than mean 

+2SD as outlier. We recalculated the mean + 

2SD as 𝛼𝑚𝑎𝑥. 

 

We assumed that the experimental SRMSE 

should be less than 𝛼𝑚𝑎𝑥√∑(𝐸𝑚)2 before the 

spreadsheet could be validated. 

Correction of the unfitted data 

The correction consisted in removing 

enrichment line that didn’t fit with the model 

We assumed that if there were incomplete 

spreadsheets with remaining data that fitted 

well with the model it is also possible to remove 

the unfitted data in order to have the best fitting 

and generate results with small error. Therefore, 

the corrected file will seem to be incomplete 

spreadsheet with data fitting well with the 

model. The enrichment that presented a big 

MSE were removed if the SRMSE was greater 

than 𝛼𝑚𝑎𝑥√∑(𝐸𝑚)2. For the mother, as 

deuterium kinetic in mother is exponential in 

the model, the maternal body composition is 

determined by back extrapolation method using 

the logarithm that is linear, so three well-fitting 

enrichment data are sufficient to make the 

maternal curve. For the baby, as the enrichment 

increases from day 1 and reach the maximum at 

day 4 and decrease to day 14, we assume that it 

is important to avoid removing 2 adjacent data 

in order to maintain this kinetic and the day 14 

can’t be removed as it is crucial to HM intake 

calculation in the model. So, with these criteria, 

no more than 50% of the enrichment data 

http://www.raftpubs.com/
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should be removed. After removing the 

enrichment line, the SRMSE was refined and 

then it was compared with the cut- off. All the 

spreadsheets that couldn’t be corrected these 

criteria were rejected. All the data were 

recorded in excel spreadsheet and analyzed 

with STATA software. The proportions of the 

different type of spreadsheets were calculated. 

We analyzed the effect of the correction of 

enrichment on the SRMSE as well as on the 

HM and the non-HM by means comparison 

before and after correction. Mean comparison 

was made using the t-test (paired t-test and one 

sample mean comparison test). 

Results 

Final value of SRMSE cut-off and the 

validated spreadsheets 

 
As shown in Table 1, the mean SRMSE 

(95%CI) of the complete spreadsheets was 

23.37 mg.kg-1 (22.01 mg.kg-1, 24.73 mg.kg-1) 

and the mean 𝜶 (95%CI) was 0.017 (0.015, 

0.018) with  𝛼𝑚𝑎𝑥= 0.027. So: 

 

𝑺𝑹𝑴𝑺𝑬𝒎𝒂𝒙 (𝑚𝑔. 𝑘𝑔−1) = 𝟎. 𝟎𝟐𝟕√∑(𝑬𝒎)𝟐 (5)  

The correction of the complete sheets (n=53) 

showed that the number of enrichments 

removed varied from 1 per sheet to a maximum 

of 4 per sheet and only 2 sheets (3.8%) reached 

this maximum as indicated in Table 2. 

 

The validated spreadsheets represented 96.7% 

(n=174) and 33.3% of them (n=58) were 

validated after correction. The files that 

couldn’t be corrected (n=6) were simply 

removed. The Figure 1 describes the scheme of 

validation of the spreadsheets. 

 

Effect of correction on the experimental 

SRMSE, HM and non-HM calculation  

We founded the mean SRMSE (95%CI) 

decreased significantly (p≤0.0001, n= 53) from 

49.78 mg.kg-1 (46.35 mg.kg-1, 53.20 mg.kg-1) to 

25.88 mg.kg-1 (24.13 mg.kg-1, 27.64mg.kg-1) 

after correction. We did not find any significant 

difference in the mean of HM as well as the 

non-HM after the enrichment correction. But 

when we considered the absolute difference at 

each mother-baby dyad level (decrease or 

increase in positive value), we observed that the 

mean difference of HM respectively non-HM 

that was 29.34 mg.kg-1 (21.71 mg.kg-1, 36.97 

mg.kg-1) respectively 24.13 mg.kg-1 (17.4 

mg.kg-1, 30.79 mg.kg-1) was strongly 

(p≤0.0001, n=53) different from zero. The 

Table 3 shows the results before and after 

correction. 

 

 

 

 

Table 1: SRMSE and α value of the fitted 

sheets (n=87). 

 Mean  95 %CI Max 

SRMSE 

(mg.kg-1)  

23.37  22.01 

24.73 

38.96 

α value 0.017 0.015 

0.018 

0.027 

Table 2: Proportion of sheets corrected according to the 

number of enrichments removed (n=53). 

Different level 

of correction 
Classification 

Number of 

enrichments 

removed  

1  2 3 4 

Proportion of 

the corrected 

sheets 

32.1 

(n=17) 

35.8 

(n=19) 

28.3 

(n=15) 

3.8 

(n=2) 

http://www.raftpubs.com/
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Figure 1: Data validation scheme. 

Table 3: SRMSE, HM and non-HM before and after correction (n=53). 

 Before After P 
Absolute 

difference 
P 

SRMSE (mg.kg-1) 
49.781 

(46.35, 53.20) 

25.88 

(24.13, 27.64) 
0.0000a _ _ 

HM (mg.kg-1) 
725.0  

(656.75, 793.24) 

727.4 

(659.30, 795.64) 
0.8047 

29.34 

(21.71, 36.97) 
0.0000b 

Non-HM (mg.kg-1) 
79.15 

(42.73, 115.57) 

76.79 

(40.68, 112.90) 
0.7663 

24.13 

(17.47, 30.79) 
0.0000 

 1 mean (95%CI) all such value 
a significant difference p<0.0001 
b significant difference from zero, p<0.0001 

 

http://www.raftpubs.com/
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Discussion 

 
To monitor and improve infant and children 

nutrition, evidences need to be raised. In fact, in 

the monitoring of breastfeeding evaluation for 

better intervention calculating the quantity of 

HM intake in different setting and at different 

age of the babies is not sufficient. It is also 

important to estimate the non-HM intake in 

order to have good classifications in term of 

EBF or non-EBF. The deuterium dilution 

method is suitable to evaluate breastfeeding 

practice and this technique is now used in many 

field studies [2,11-17]. However, complete and 

accurate complex information is necessary to 

compute good estimates of HM and non-HM 

intake. Several samples are to be collected at 

different time points after deuterium intake. 

The more we will have time point data, the 

more accurate the model will be. However, the 

collected data is subject to metrological errors. 

Finally, it is better removing a piece of 

information which looks inconsistent than 

running probably wrong estimations. The 

square root MSE is still used as principal tool to 

identify uncommon data. This lies as an 

indicator of the validity of the model and it is 

even recommended to clearly mention it in 

publications.  

 

This is of high of importance in breastfeeding 

evaluation as for better intervention not only we 

need to know with more precision the quantity 

of HM intake in different setting and at different 

age of the babies but we also need more 

precision on the non-HM for better 

classification in term of EBF or non-EBF. It is 

not practically possible to eliminate all 

metrological error as several complex steps of 

the data production contribute including field 

data production (anthropometry, saliva sample 

collection, dose administration) and laboratory 

analysis (standard preparation, cell filling). In 

our approach, we figured out a strategy which 

will make us get a maximum boundary of that 

error estimated by the SRMSE. The principal 

limitation of this work is the determination of 

our reference data. In fact, we checked all the 

different spreadsheet we had and selected the 

most accurate ones, according to the fitting as 

reference. This is quite a subjective approach. 

However, the main objective is to discuss about 

how qualitative decision can be taken using the 

SRMSE. We proposed a comprehensive 

approach to determine a higher bound for this 

measure in order to check the quality of the 

data. One could apply the method using a set of 

his own data as we did or previous datasets, 

which are validated and even published can be 

used. 

 

In the present work, we found out that when the 

data fitted with the model, the SRMSE is less 

than 0.027√∑(𝐸𝑚)2. This cut off will help to 

check if data fit to the model and to eliminate 

the unfitted enrichment data. We did not 

provide a unique value as cut-off but a variable 

dependent of the measured enrichment since the 

quality of the data is not only linked to the 

smallest of the SRMSE but also to the 

contribution of the error produced by each 

measured enrichment. In fact, the SRMSE 

could be calculated with some fitting 

enrichment with very low MSE combined to an 

unfitted enrichment with a high MSE that 

increases the SRMSE. That was the case of the 

3 outliers in α value calculation. The SRMSE of 

one of them (32.89) was less than the 

SRMSEmax but it provided α value of 0.029 that 

was greater than the αmax due to only one 

enrichment with a greater MSE. In order to 

have a better result, the unfitting enrichment 

needs to be removed even if the SRMSE seems 

to be low. So, our method helps to track and 

eliminate the hidden unfitted data. After 

correction by removing the enrichment line, the 

significant reduction of SRMSE showed that 

the correction is really important for the 

optimization of the results as it provides a best 

fitting. The example given in the supplementary 

file illustrates well the validation by correction 

procedure. Before correction the SRMSE that 

was 74 mg.kg-1, was higher than the cut-off (47 

mg.kg-1). After correction by removing 

enrichment line, the SRMS was reduced to 24.9 

http://www.raftpubs.com/
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mg.kg-1 and was less than the new SRMS cut-

off (42.2 mg.kg-1). 

 

We did not directly find any significant 

difference between the mean before and the 

mean after correction of HM as well as the non-

HM because of some individuals’ values that 

may decrease when the others increase and their 

difference’s mean became statistically null. The 

consideration of the absolute value of 

difference between data before and after 

correction of HM and non-HM at each dyad 

level showed the effectiveness of the correction 

on HM as well as non-HM). This is critical for 

establishing the status of breastfeeding in term 

of exclusive or non-exclusive. For instance, it is 

known that there is an apparent nom-HM 

(25±62 g.day-1) among women declared to 

exclusive breastfeed [18] or else if the non-HM 

is less than 52 g.day-1, women are declared to 

exclusive breastfeed [10]. Thus, the validation 

of the data is essential before applying any of 

these classifications as it helps to have a good 

estimation of the non-HM and avoid 

misreporting on exclusive breastfeeding 

practice. In this work, we showed that, during 

breastfeeding evaluation study all the data 

calculated with the model for breast milk 

evaluation are not valid and should not be taken 

in account in the result. The simplest way to 

validate data from breastfeeding practice 

evaluation using deuterium dilution technique 

is to calculate for each mother-baby dyad the 

value of 0.027√∑(𝐸𝑚)2 and to compare it with 

the experimental SRMSE. If the SRMSE 

(mg.kg-1) is above 0.027√∑(𝐸𝑚)2, so it is 

necessary to correct it. The best way to correct 

the data is to reanalyze the samples in the 

laboratory if it is possible to do so and to enter 

the new enrichments. The second possibility is 

to remove at maximum 6 enrichments line (3 

for the mother, 3 for the baby) according to the 

criteria that we described above and our result 

showed that it is possible to have good results 

by removing less than 6 enrichments as the 

maximum was 4 (2 for mother and 2 for the 

baby) and that concerned only 2 sheets. Then 

the SRMSE is refined using the solver function. 

After that, if the SRMSE remained high, so the 

spreadsheet should be excluded from the result.  

 

With this method we validated 96.7% of our 

final data within 48.3% (n=87) that were 

originally good. When we corrected the sheets, 

we made only minor modification by removing 

1 or 2 enrichments in 67.9% (n=36) of the file 

and 3 enrichments in 28.3% (n=15). Only 3.8% 

reach the level of 4 enrichments removed. That 

is very minor comparing to the 6 enrichment 

that could be removed in each sheet. So, our 

results showed the excellence of the first data 

provided from the field activities 

(anthropometry, dose administration, saliva 

sampling) and from FTIR analysis. We already 

mentioned that FTIR analysis has been done 

with the Shimadzu 8400S. With the latest 

generations of FTIR that are more sensitive and 

precise, if the field data collection is well 

conducted and the samples analysis well 

performed, the result should be better than those 

given by the Shimadzu 8400S. Then the results 

should be easily validated according to our 

methods. The procedure is also applicable to the 

results generated by the IRMS but using only 

the spreadsheets specially conceived for IRMS 

data that are given in molar ratio not in weight 

ratio like FTIR data.  

 

Conclusion 

 
In this work, we showed that, during 

breastfeeding evaluation study, all the data 

calculated with the model for breast milk 

evaluation are not valid and should not be taken 

in account in the final result. Here, we described 

a simple method to validate data collected from 

a study using the deuterium oxide dose-to-the-

mother technique for breastfeeding evaluation. 

Our work showed that it is possible to have a 

predictive SRMSE that could serve as cut off 

for data validation. Based on data from FTIR 

analysis, we found out that when the data fit 

well with the model, the SRMSE (mg.kg-1) is 

always less than 0.027√∑(𝐸𝑚)2. and we used 

http://www.raftpubs.com/
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this cut-off to correct the others data. The same 

procedure is applicable to the IRMS data using 

spreadsheet conceived for IRMS. Since IRMS 

is more sensitive and precise compared to 

FTIR, the result from IRMS should be excellent 

if samples are well collected and well analyzed. 

The validation of the data is essential as it helps 

to have a good estimation of the HM as well the 

non-HM. Therefore, we strongly recommend to 

use this validation method in order to optimize 

the results and avoid misreporting in exclusive 

breastfeeding practice. We also suggest to 

clearly mention the SRMSE in the deuterium 

oxide dose-to-mother studies’ results. 
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