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Background: The deuterium dose-to-mother (DTM) method measures the human
milk intake of breastfed children. Recently, the use of this method has been
expanded to classify babies objectively as exclusively breast fed (EBF) or not (non-
EBF) based on quantification of non-milk oral water intake (NMOI). However, the
calculation of NMOI estimates involves atmospheric temperature and humidity.
Objective: To evaluate the effects of atmospheric temperature and humidity on
NMOI calculation and the classification of exclusive breastfeeding.

Methods: The effect of indoor temperature and relative humidity on NMOI and the
estimated prevalence of non-EBF were examined in two existing data sets of DTM in
children by varying temperature in the range of 15 to 35°C and relative humidity in
the range of 20 to 80% representing the maximum span of indoor conditions
expected. Population-level estimates of NMOI distributions were derived using the
rstan package for R v2.21.2.

Results: The NMOI decreased at a rate of —1.15 g/day per °C increase and at a rate of
—1.01 g/day per percent increase in relative humidity; this was due to variations in
non-oral water intake from the atmosphere, a component of the calculation of
NMOI, which is dependent on temperature and humidity. For the various
locations considered, the mean calculated NMOI varied between 24.6 and 53.3 g/
day using the same input data. In the mixed-fed sample of babies, the prevalence
of non-EBF based on the earlier defined NMOI cut-off of 86.6 g/day was reduced
by 19% when relative humidity was increased by 60%.

Conclusions: Atmospheric conditions are essential factors in the computation of
NMOI, used in the objective classification of babies as exclusively breast fed or
not, and should be considered when the DTM method is used to classify
exclusive breastfeeding.
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1. Introduction

Suboptimal breastfeeding in the first two years of life is a major
contributor to faltering growth and an increased risk of morbidity
and mortality (1, 2). The World Health Organization recommends
breastfeeding initiation within one hour of birth, followed by
up
Furthermore, it is recommended that breastfeeding should be

exclusive breastfeeding (EBF) to six months of age.
continued until 24 months of age, along with appropriate
complementary foods after the first six months (3). However,
breastfeeding compliance is subjectively and variably self-reported
by mothers. Breast milk intake can be objectively measured using
the deuterium oxide dose-to-mother (DTM) dilution technique,
which measures breast milk transfer from the mother to the baby
with reasonable precision (4). While quantifying breast milk intake,
the utility of the DTM technique has expanded to include other
aspects of breastfeeding practices. For example, because breast milk
is considered a complete food for young children (5), this method
has been used to compute the requirement for micronutrient
intake for zero to six-month-old children. Another recent use of
DTM method has been to evaluate whether children are EBF; this
is because the “non-milk oral water intake” (NMOI) of the breast
fed children is also computed in the DTM method. To define EBF,
an NMOI cut-off is required. Several cut-offs for EBF classification
have been used, starting with an NMOI of 25 g/day (6). More
recently, a cut-off value of 86.6 g/day was proposed (7).

However, assumptions were made in calculating NMOI using
the DTM technique (4). The first is a water intake route called
non-oral water intake, which occurs via respiration and
transcutaneous influx. Water loss may also be caused by
respiratory and transcutaneous water efflux (4). Constant values
Other than the

constants associated with non-oral water influx and efflux, the

were assumed for these water transactions.

assumed constants were: (1) water influx from the atmosphere was

10.3389/fped.2023.1188811

proportion of deuterium in water loss by breath and
transcutaneous water vapor loss, that is subject to isotopic
fractionation factor of 0.9919; (3) breast milk water content of
87.1%; and (4) water generated from the oxidation of breast milk
as 8.88% (4). Variations in atmospheric temperature and humidity
in the surrounding environment can affect water influx, and
therefore the estimated NMOI. However, the calculation of breast
milk intake does not depend on temperature and humidity.

To the best of our knowledge, there have been no systematic
evaluations of the influences of atmospheric temperature and
humidity on the constants used in the calculation of NMOI.
Therefore, in this study we computationally examined the effect
of varying atmospheric temperature and relative humidity on
calculating NMOI using the DTM method, which in turn is used
in the objective classification of babies as exclusively breast fed

or not.

2. Methods

The DTM method of estimating breast milk transfer from
mother to baby involves collecting a series of saliva (body water)
samples from the mother and baby over two weeks. The DTM
method is based on a two-compartment model first described by
Coward et al. (8) as shown in Figure 1.

Four parameters are estimated by minimizing the difference
between observed and fitted deuterium enrichment values for
mother and baby combined. Parameters namely: Deuterium
enrichment in the mother’s body water at time zero [Em(0), mg/
kg], the transfer of water from the mother to the baby via breast
milk (Fyy,, kg/day); the fractional water turnover in the mother
(kmm, kg/day) and the total water loss in the baby (Fyp, kg/day)
are estimated. Breast milk intake and Non-Milk Oral Intake
estimates are further estimated using these parameters and few

considered as 6.3% of total water intake; (2) a correction for the  assumptions.
4+ Relative Humidity
Non-Milk Non-Oral
. Oral \ / Water S Temperature
mo Intake Fio Intake from
Atmosphere
Deuterium
J— Vm > Vb F
bolus Fom s
Fob
Fom ¢
Fractionation Factor
FIGURE 1
The two-compartment model of water flow between mother-baby pair. F, flow; m, mother; b, baby; o, outside; V, volume of TBW; Vm, mother’s total
body water volume; Vb, baby’s total body water volume; F.,,, from outside to mother; Fyo, from outside to baby (non-breast fluid intake); Fpy, from
mother to baby (breast milk intake); Fom from mother to outside; Fop, from baby to outside (adapted from IAEA human health series No.7) (4).
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2.1. Non-milk oral intake

The component of interest in this study was the NMOI (kg/
day), which can be estimated from Total water output, Water for
growth, Intake of water from breast milk and Non-oral water
intake (4).

NMOI = Total water output + Water for growth
— Intake of water from breast milk (1)

— Non-oral water intake

2.2. Total water output (F,p)

Fyp, (kg/day) was estimated from water loss in the baby adjusted
by a correction factor for isotopic fractionation (FRAC) (4).

_ Fyy
FRAC

ob (2)
FRAC affects water lost from the baby’s body as water vapor in the
breath and transcutaneous loss. The rate of transcutaneous water
efflux (r.z g/day) was calculated from the rate of efflux (rg=
0.105 g/min/mz) and body surface area (BSA) (m?).

reg = 0.105 X BSA x 60 x 24

The BSA (m?) of the «child is given by
BSA = 0.024265W%3378 03964 \where W(g) and H(cm) are the
weight and length of the baby, respectively (9, 10).

The rate of respiratory water efflux (g/day) was calculated as
the product of inspired air volume (IAV, L/min) and absolute
humidity (Haexp, mg/L) of air expired by the child,

_ TAV X Hpexp X 60 X 24
TbE = 1000

Absolute humidity of expired air by the baby is

Hpexp(mg/L) = 216'5273.11_;R:(PTexp

Where the relative humidity of expired air (Hgexp, %), is 94.6% at
temperature of expired air Teyp, = 35.6°C and is invariant of
atmospheric temperature and humidity (8). The IAV is the
product of the resting inspiration of air by the baby (RIA, L/kg/
min) and the baby’s weight (W, kg) (8).

IAV = RIA x W

The RIA was assumed to be 0.25 L/kg/min.
Unfractionated water is equivalent to water loss in babies (Fyp).
The total water efflux (r, g/day) (8) is given as,

e = 1og + reg + (Fob X 1000)
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The fractionation correction is given as

Fyp x 1000
FRAC — " f 4 " . (P X 1000)

E E E

where the fractionation factors for breath and cutaneous water at
body temperature, Fy, and F,, are considered to be 0.946 (4).

2.3. Water for growth (F,)

F; (kg/day) was estimated from the change in the baby’s
total body water (TBW, kg), calculated from the baby’s initial
and final weights, ie: weight at the beginning and end of
two-week saliva sampling. TBW of the baby at each sampling
formula (4, 10)

time was estimated using Wells’

TBW(t) = 0.84 x W(t)*%2.

. _ TBW(Ty) — TBW(T})
£ Tn — Ty

3)

2.4. Intake of water from breast milk (F,,)

F; (kg/day) was obtained by adding the water content of breast
milk to the water produced by the oxidation of nutrients in breast milk.

Fp = Fom + (WFO x M) @)

where the kinetic variable Fyy, (kg/day) provides an estimate of
water input from the mother to the baby, WFO is the
proportion of water from the oxidation of nutrients in the
breast milk, and M is the baby’s breast milk intake (kg/day).
The calculation of breast milk intake using the DTM method
of assumptions regarding atmospheric

was independent

temperature or humidity.

2.5. Non-oral water intake (F,)

The non-oral water intake (F, kg/day) of a baby is the
atmospheric water absorbed through the skin of the baby and the
respiratory water influx through the lungs; this was estimated as
the product of the proportion of non-oral water intake from the
atmosphere (NOWIA) and the total water intake of the baby (4).

F, = NOWIA (F, + Fy) (5)

The total water influx was estimated as the sum of water from the
baby to the outside (Fqp,, kg/day) and F,. Respiratory water intake

(rp1- g/day) is calculated as the product of IAV (IAV- L/min) and

_ IAVxXH,
ol = 1000 * The

absolute atmospheric humidity (mg/L) (9).
absolute atmospheric humidity (H,, mg/L) was

Hr

Hy =2165——%
A 27315+ T
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where Hy(%) is the relative atmospheric humidity, and T(°C) is the
atmospheric temperature. The transcutaneous water influx (rg- g/
day) was calculated as rq = 0.18( AI;QT)BSA. The formula uses a
value for transcutaneous absorption of 0.18 g/mz, H ,-absolute

humidity (mg/L) ASAT- the atmospheric saturation (mg/L) and
BSA (m®) -the BSA of the baby. Therefore, the influx correction was

o1+ 1d

NOWIA = — 2 4 ___
(Fob + Fg) x 1000

Thus, atmospheric temperature (°C) and relative humidity (%)
influenced the calculation of the NMOI in the DTM method
(Figure 1). These calculations demonstrate the quantitative impact
of atmospheric temperature and relative humidity on the
classification of EBF using the NMOL

2.6. Variations in atmospheric conditions

The temperature and relative humidity were considered to vary in
a restricted range, reflecting indoor conditions (11). To demonstrate
the effect of these variations, we considered real isotopic
enrichment curves of nine babies (body weight: minimum 5.5 kg to
maximum 7.8 kg) selected using simple random sampling (details
in Supplementary Table S1) from a well-defined sample of
children (n =113, body weight 4.0 kg to 7.8 kg) who were observed
and verified as EBF (7). The NMOI was computed based on the
assumptions used in the International Atomic Energy Agency
(IAEA) calculation template (NOWIA =0.063 and FRAC =0.9919)
(4) and for these children, it ranged from —16 g/day to 124 g/day.
In every child, the NMOI calculation can change with respect to
atmospheric temperature and relative humidity. The rate of change
in NMOI and NOWIA for varying conditions were computed
using regression. The variation in NMOI based on simultaneous
variation in temperature and relative humidity was also
demonstrated in one randomly sampled baby of age 4 months
weighing 7 kg from the study sample of 113.

To explore the influence of typical geographical variations in
assumed temperature and relative humidity on the calculated
NMOI, the entire sample (n=113) of EBF babies in the
Indonesian study was used (7, 11, 12). The babies’ characteristics
are shown in Supplementary Table S2. The values of NMOI
that correspond to the 90th percentile of the newly estimated
distributions are also presented and compared with the published
value of 86.6 g/day to classify into EBF or not (EBF < 86.6 g/day
of NMOI) (7). Impact of seasonal variation in temperature and
humidity on the estimates in one single location (Yavatmal,
India) was also examined. In addition, the variation in NOWIA
and NMOI in a single baby (same baby as chosen earlier) at
different locations was explored.

In a separate sample of 221 Indonesian partially BF or EBF
babies (5) aged two months (1.4 to 2.5 months), the NOWIA
and the percentage of babies who were non-EBF (NMOI > 86.6 g/
day) were calculated using standard IAEA assumptions (4) and

by varying relative humidity from 20 to 80% and temperature
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from 15 to 35°C. A description of the sample is provided in
Supplementary Table S3.

Population-level estimates of the NMOI distributions were
derived using the rstan package v2.21.2. R software v4.0.2 was
used for data processing and visualization.

3. Results
3.1. Variation in NMOI in EBF babies

In dataset 1 (nine babies) (Supplementary Table S1), NOWIA
increased 1.3 g/day (Supplementary Figure S1A) per °C increase
in atmospheric temperature. With increasing relative humidity,
NOWIA increased at a rate of 1.15g/day (Supplementary
Figure S1B) per percent relative humidity based on the
regression of NOWIA against temperature and relative humidity.

Consequently, the NMOI decreased by —1.2 g/day per °C
increase (Figure 2A, relative humidity remained constant at
50%) and by —1.0 g/day per percent increase in relative humidity
(Figure 2B, the temperature was kept constant at 25°C).
Figure 3 shows the computed distribution of NMOI with
variations in temperature (Figure 3A) and relative humidity
(Figure 3B) in a single child. The variation in NMOI was greater
due to atmospheric relative humidity than to temperature. For a
potential range in indoor atmospheric relative humidity between
40 and 80%, the computed NMOI differed by 35.0 g/day
(Figure 3B). In addition, the variation in the computed NMOI
due to relative humidity increased with increasing temperature,
as observed from the box’s width in the box-whisker plot
3B). in NMOI due to
temperature humidity
(Figure 3A), demonstrating an interaction between temperature

(Figure Similarly, the variation

increased with increasing relative
and relative humidity.

Using published average annual indoor temperature and relative
humidity across different geographic locations (11, 13), the mean
temperature varied from 22.3 to 32.7°C, and the mean relative

humidity varied from 422 to 75.2% (Table 1); this induced a

1201

120

@
o

801"

40

o

20 40 60 80
Relative Humidity (%)

15 20 25 30 35
Temperature(°C)

Non-Milk Oral Intake (g/day)>>
S
Non-Milk Oral Intake (g/day)

FIGURE 2

Variation in non-milk oral intake (NMOI, g/day) with temperature (°C)
and relative humidity (%). (A) varying temperature at constant relative
humidity (50%) (B) varying relative humidity at constant temperature
(25°C). Data from nine randomly selected babies of different weights
and body surface areas from the publicly available Indonesian EBF
dataset were used.
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in a single child with estimated NMOI of 90.2 g/day in original data.

Simulated distribution of non-milk oral intake (NMOI g/day) of a single child. (A) varying temperature (°C) levels and (B) varying relative humidity (%) levels

variation of 61.1 g/day (Bangladesh with highest humidity and
relatively high temperature) to 108.7 g/day (United States with lowest
humidity and lowest temperature) in computed NMOI in an
example baby with 90.3 g/day NMOI computed with the standard
assumptions (4). Similarly, using the seasonal variations in indoor
temperature and relative humidity in a single location (Yavatmal in
India, LAT 20.39° N, LONG 78.13° E) (13), the computed NMOI
varied from 63.1 to 122.3 g/day (Supplementary Table S4).

The estimated NMOI (mean and standard deviation) in a sample
of 113 EBF Indonesian babies (6) under varying conditions and the
corresponding 90th percentiles are presented in Table 2. The mean
(standard deviation) calculated under IAEA assumptions was 50.9
(28.4) g/day, and the 90th percentile was 86.6 g/day. However,
adjusting for variations in indoor temperature and atmospheric
relative humidity in Table 2, the mean NMOI varied between 24.6
and 53.3 g/day, and the 90th percentile varied between 55.5 and
85.1 g/day. When different months in Yavatmal (13) were

considered, the 90th percentile varied between 57.9 and 114.9 g/day
(Supplementary Table S5). For the average annual temperature
(26°C) and relative humidity (80%) in Indonesia, where the data
were initially collected, the 90th percentile of the NMOI
distribution was 62.5 g/day compared to 86.6 g/day when the
standard assumptions were used.

3.2. Variation in classification of non-EBF
babies

Under standard IAEA assumptions (4) and using an NMOI >
86.6 g/day to identify non-EBF, 24.0% of two-month-old mixed-fed
Indonesian babies (n=221) (7) were classified as non-EBF. At an
assumed temperature of 15°C, 38.5% and 19.0% were classified as
non-EBF when relative humidity was set at 20% and 80%,
respectively. When a temperature of 35°C was used, 32.1%, and

TABLE 1 Variation in intake parameters by mean indoor temperature and relative humidity in different geographical locations (Ref: 11, 13) for one baby as

an example.

Indoor temperature (°C)*
Mean (SD)

Location

Indoor relative humidity (%)*

NOWIA (%)

NMOI g/day

Mean (SD)

Assumed value IAEA (Ref : 4) 0.063 90.3
Blacksburg (US) 223 (22) 422 (147) 0.044 108.7
Antananarivo (Madagascar) 23.5 (2.5) 57.3 (12.3) 0.061 92.3
Colombo (Sri Lanka) 29.4 (1.8) 73.3 (8.4) 0.088 66.3
Guatemala City (Guatemala) 22.8 (1.7) 61.6 (7.3) 0.065 88.7
Hong Kong (China) 24.0 (3.0) 63.7 (10.8) 0.068 85.1
Lima (Peru) 234 (3.1) 67.6 (8.4) 0.072 81.8
Singapore (Singapore) 27.0 (2.3) 67.6 (9.9) 0.077 76.8
Tuxtla Gutierrez (Mexico) 22.7 (2.4) 68.8 (7.2) 0.072 81.5
Delhi (India) 32.0 (1.4) 64.7 (16.6) 0.082 71.6
Dhaka (Bangladesh) 309 (1.4) 75.2 (7.9) 0.093 61.1
Faisalabad (Pakistan) 32.7 (3.5) 53.4 (12.4) 0.069 84.4
Yavatmal (India) 28.9 (4.6) 55.0 (19.6) 0.065 88.2

Water intake from breast milk (cl_mb_rs + rm_rs) remained constant at 815 g/day.
Water used in growth (rg_rs) is a constant value 9.28 g/day, in the calculation.
Isotopic fractionation correction is fixed at 0.9919.

*Values are the mean (SD) of the annual variations in indoor temperature and relative humidity (11, 12) SD, standard deviation; NMOI, non-milk oral intake; NOWIA, non-oral

water intake from the atmosphere; IAEA, the international atomic energy agency.
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TABLE 2 Distribution of non-milk oral intake (NMOI) calculated on data from 113 EBF children applying indoor temperature and relative humidity in
different geographical locations (Ref: 11, 13).

Location Indoor temperature (°C) | Indoor relative humidity | Mean of NMOI | SD of NMOI | 90th percentile value of
Mean (SD) (%) Mean (SD) (g/day) (g/day) NMOI (g/day)

Assumed value JAEA 50.9 284 86.6

(Ref: 4)

Blacksburg (US) 223 (2.2) 42.2 (14.7) 53.3 25.6 85.1

Antananarivo 23.5 (2.5) 57.3 (12.3) 29.3 25.3 60.5

(Madagascar)

Colombo (Sri Lanka) 294 (1.8) 73.3 (8.4) 50.0 25.5 81.8

Guatemala City 22.8 (1.7) 61.6 (7.3) 46.6 254 78.1

(Guatemala)

Hong Kong (China) 24.0 (3.0) 63.7 (10.8) 43.7 253 75.3

Lima (Peru) 23.4 (3.1) 67.6 (8.4) 39.0 254 70.4

Singapore (Singapore) 27.0 (2.3) 67.6 (9.9) 43.3 254 74.8

Tuxtla Gutierrez 22.7 (2.4) 68.8 (7.2) 343 25.1 65.3

(Mexico)

Delhi (India) 32.0 (1.4) 64.7 (16.6) 24.6 25.1 55.5

Dhaka (Bangladesh) 309 (1.4) 75.2 (7.9) 46.1 254 77.5

Faisalabad (Pakistan) 32.7 (3.5) 53.4 (12.4) 49.5 254 81.1

Yavatmal (India) 28.9 (4.6) 55.0 (19.6) 53.2 25.5 85.1

The distribution parameters were obtained from 113 EBF children.

SD, standard deviation; NMOI, non-milk oral intake; NOWIA, non-oral water intake from atmosphere; IAEA, international atomic energy agency; EBF, exclusively breastfed.

TABLE 3 Change in proportion of non-EBF with different combinations of
different temperatures and relative humidity (n = 221).

NOWIA | % Non-
(%) EBF

Temperature

Relative humidity

Assumed value IAEA Assumed value IAEA 0.063 24.0
(Ref: 4) (Ref: 4)

15°C 20% 0.020 38.5
15°C 50% 0.049 25.8
15°C 80% 0.079 19.0
25°C 20% 0.023 37.1
25°C 50% 0.058 25.3
25°C 80% 0.092 17.2
35°C 20% 0.029 32.1
35°C 50% 0.072 204
35°C 80% 0.116 14.9

Children classified as non-EBF in a mixed-fed population of Indonesian children
using NMOI > 86.6 g/day as the cut-off.

SD, standard deviation; NMOI, non-milk oral intake; NOWIA, non-oral water intake
from the atmosphere; IAEA, international atomic energy agency; EBF, exclusively
breastfed.

14.9% were classified as non-EBF when the relative humidity was
set at 20% and 80%, respectively (Table 3).

4. Discussion

This study examined the effects of atmospheric temperature
and relative humidity on calculating NMOI using the DTM
method. The assumed NOWIA
temperature and relative humidity, resulting in an approximately

increased with increasing
1 g/day decrease in the NMOI per unit increase in atmospheric
temperature and relative humidity.

The DTM technique was initially developed to measure breast milk
intake in babies; indeed, the accuracy of the computation of breast milk
intake was intact and unaffected by temperature and relative humidity;
this reinforces confidence in the technique used to quantify breast milk
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intake. However, several studies (14, 15) have been using NMOI to
identify EBF in young children. A cut-off NMOI of 86.6 g/day for
classification into EBF was published recently (7). The computed 1 g
change of NMOI/day for one °C increase in average atmospheric
temperature or one % relative humidity increase, constitutes a large
methodological bias if ambient temperature and relative humidity
variations are considered. Under restricted indoor conditions, the
variation remained in the range of 50 g/day; this is a substantial
variation given that the cut-off itself is 86.6 g/day.

Furthermore, it casts doubt on using cut-off-based deterministic
identification of the EBF. The variation in proportion of children
classified as EBF based on different temperatures and humidity
demonstrates the possibility of misclassification if atmospheric
temperature and humidity are not considered in the NMOL
A probability-based approach that assigns the probability of being
EBF to every baby based on the distribution of NMOI in the
standard EBF population would be better. However, adjustment
for atmospheric temperature and relative humidity remains
essential to obtain the correct distribution of the NMOI, even
when using the probability-based approach. Liu et al. (7) clearly
state that the proposed NMOI cut-off could change noticeably
with temperature and relative humidity variations if the study
were conducted in a different geography.

Atmospheric relative humidity had a more significant impact
on the NMOI than temperature. When the relative humidity was
increased by 60%, and the temperature was held constant, the
prevalence of non-EBF, based on the previously defined NMOI
cut-off of 86.6 g/day, was reduced by 19%. Ideally, the cut-off
would be constant across geographical locations for the
temperature-and relative humidity-adjusted NMOL

To the best of our knowledge, this is the first study that closely
examines, although theoretically, the implications of variations in
atmospheric conditions on the computation of NMOI, which is
becoming an increasingly important output of the DTM
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technique. However, a simple correction cannot be used to account
for variations in temperature and relative humidity in the
calculation of NMOI because of the complex calculations
involved for NMOI. A web-based, user-friendly application could
incorporate the actual atmospheric temperature and relative
humidity, thus providing more accurate NMOI calculations.
However, this would require a predictable association between
meteorological data and indoor atmospheric conditions. This
association needs to be understood to easily incorporate these
adjustments in the NMOI calculations in the future. The
calculation of NMOI can also be affected by the variation in
atmospheric temperature and humidity that the baby is exposed
to, during the DTM study period of 14 days, and this needs to
be explored. To improve the accuracy of the estimation of
NMOI, measurement of atmospheric conditions in the baby’s
immediate environment could be added to future protocols.
However, the gain in accuracy must be balanced against the
increased complexity of the method in the field as well as in the
calculations. A limitation of the study is that the variation in
NMOI presented in this paper is a theoretical demonstration and
has not been validated in field setting.

In conclusion, this study demonstrates the need to consider
atmospheric temperature and relative humidity when calculating
NMOL

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

All analyses are based on secondary data, but the original
studies involving humans were approved by The Human
Research Ethics Committee, University of Otago and the Health
Research Ethics Committee, Faculty of Medicine, Universitas
Padjadjaran Bandung where the data were collected. The studies
were conducted in accordance with the local legislation and
Written
participation in this study was provided by the participants’ legal

institutional requirements. informed consent for

guardians/next of kin.

References

1. Infant and young child feeding: model chapter for textbooks for medical students
and allied health professionals. Geneva: World Health Organization (2009).

2. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, et al. Maternal
and child undernutrition: global and regional exposures and health consequences.
Lancet. (2008) 371(9608):243-60. doi: 10.1016/S0140-6736(07)61690-0

3. Breastfeeding. Available at: https://www.who.int/health-topics/breastfeeding
(Accessed August 29, 2022).

Frontiers in Pediatrics

10.3389/fped.2023.1188811

Author contributions

Conceptualization: JB, PK, TP, AK,TT; Methodology: JB, PK,
TP, ZL, SD, AK,TT; Software: JB, ZL; Validation: PK, TP, SD,
TT; Formal analysis: JB, PK, TP,TT; Writing (original draft): JB,
PK, TP, AK,TT; Writing (review & editing): JB, PK, TP, SD, ZL,
AD, LH, AK, TT; Visualization: JB, PK, TP, TT. All authors
contributed to the article and approved the submitted version.

Funding

This study was supported by International Atomic Energy
Agency (IAEA; Contract Number: 24390).

Acknowledgments

The International Atomic Energy Agency, Vienna, provided
financial support (research contract no. 24390). We would like to
thank Editage (www.editage.com) for English language editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.2023.
1188811/full#supplementary-material

4. TAEA. TAEA Human Health Series no. 7: Stable Isotope Technique to Assess
Intake of Human Milk in Breastfed Infants. Available at: https://www.iaea.org/
publications/8168/stable-isotope-technique-to-assess-intake-of-human-milk-in-
breastfed-infants

5. Allen LH, Donohue JA, Dror DK. Limitations of the evidence base used to set
recommended nutrient intakes for infants and lactating women. Adv Nutr. (2018) 9
(Suppl 1):2955-312S. doi: 10.1093/advances/nmy019

frontiersin.org


http://www.editage.com
https://www.frontiersin.org/articles/10.3389/fped.2023.1188811/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2023.1188811/full#supplementary-material
https://doi.org/10.1016/S0140-6736(07)61690-0
https://www.who.int/health-topics/breastfeeding
https://www.iaea.org/publications/8168/stable-isotope-technique-to-assess-intake-of-human-milk-in-breastfed-infants
https://www.iaea.org/publications/8168/stable-isotope-technique-to-assess-intake-of-human-milk-in-breastfed-infants
https://www.iaea.org/publications/8168/stable-isotope-technique-to-assess-intake-of-human-milk-in-breastfed-infants
https://doi.org/10.1093/advances/nmy019
https://doi.org/10.3389/fped.2023.1188811
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Baby et al.

6. Moore SE, Prentice AM, Coward WA, Wright A, Frongillo EA, Fulford AJ, et al. Use
of stable-isotope techniques to validate infant feeding practices reported by Bangladeshi
women receiving breastfeeding counseling. Am ] Clin Nutr. (2007) 85(4):1075-82.
doi: 10.1093/ajcn/85.4.1075

7. Liu Z, Diana A, Slater C, Preston T, Gibson RS, Houghton L, et al.
Development of a nonlinear hierarchical model to describe the disposition of
deuterium in mother-infant pairs to assess exclusive breastfeeding practice.
] Pharmacokinet Pharmacodyn. (2019) 46(1):1-13. doi: 10.1007/s10928-018-
9613-x

8. Coward WA, Sawyer MB, Whitehead RG, Prentice AM, Evans J. New method for
measuring milk intakes in breast-fed babies. Lancet. (1979) 2(8132):13-4. doi: 10.
1016/s0140-6736(79)90177-6

9. Fjeld CR, Brown KH, Schoeller DA. Validation of the deuterium oxide method for
measuring average daily milk intake in infants. Am J Clin Nutr. (1988) 48(3):671-9.
doi: 10.1093/ajcn/48.3.671

10. Haycock GB, Schwartz GJ, Wisotsky DH. Geometric method for
measuring body surface area: a height-weight formula validated in infants,

Frontiers in Pediatrics

08

10.3389/fped.2023.1188811

children, and adults. ] Pediatr. (1978) 93(1):62-6. doi: 10.1016/S0022-3476(78)
80601-5

11. Pan ], Tang J, Caniza M, Heraud JM, Koay E, Lee HK, et al. Correlating indoor
and outdoor temperature and humidity in a sample of buildings in tropical climates.
Indoor Air. (2021) 31(6):2281-95. doi: 10.1111/ina.12876

12.  Wells JCK, Davies PSW. Correction for environmental water
influx in measurement of milk volume intake by deuterium turnover in infants.
Early Hum Dev. (1995) 41:177-82. doi: 10.1016/0378-3782(95)01623-B

13. Tasgaonkar P, Zade D, Ehsan S, Gorti G, Mamnun N, Siderius C, et al. Indoor
heat measurement data from low-income households in rural and urban South Asia.
Sci Data. (2022) 9(1):285. doi: 10.1038/s41597-022-01314-5

14. Mulol H, Coutsoudis A. Limitations of maternal recall for measuring exclusive
breastfeeding rates in South African mothers. Int Breastfeed J. (2018) 13(1):19. doi: 10.
1186/513006-018-0159-8

15. Coward WA, Cole TJ], Sawyer MB, Prentice AM. Breast-milk intake
measurement in mixed-fed infants by administration of deuterium oxide to their
mothers. Hum Nutr Clin Nutr. (1982) 36(2):141-8.

frontiersin.org


https://doi.org/10.1093/ajcn/85.4.1075
https://doi.org/10.1007/s10928-018-9613-x
https://doi.org/10.1007/s10928-018-9613-x
https://doi.org/10.1016/s0140-6736(79)90177-6
https://doi.org/10.1016/s0140-6736(79)90177-6
https://doi.org/10.1093/ajcn/48.3.671
https://doi.org/10.1016/S0022-3476(78)80601-5
https://doi.org/10.1016/S0022-3476(78)80601-5
https://doi.org/10.1111/ina.12876
https://doi.org/10.1016/0378-3782(95)01623-B
https://doi.org/10.1038/s41597-022-01314-5
https://doi.org/10.1186/s13006-018-0159-8
https://doi.org/10.1186/s13006-018-0159-8
https://doi.org/10.3389/fped.2023.1188811
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Effects of variations in atmospheric temperature and humidity on the estimation of exclusive breastfeeding status using the deuterium oxide dose-to-mother technique
	Introduction
	Methods
	Non-milk oral intake
	Total water output (…)
	Water for growth (…)
	Intake of water from breast milk (…)
	Non-oral water intake (…)
	Variations in atmospheric conditions

	Results
	Variation in NMOI in EBF babies
	Variation in classification of non-EBF babies

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


