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Abstract

Introduction: Identification of low birthweight and small for gestational age is pivotal
in clinical management and many research studies, but in low-income countries, birth-
weight is often unavailable within 24 h of birth. Newborn weights measured within
days after birth and knowledge of the growth patterns in the first week of life can help
estimate the weight at birth retrospectively. This study aimed to generate sex-specific
prediction maps and weight reference charts for the retrospective estimation of birth-
weight for exclusively breastfed newborns in a low-resource setting.

Material and methods: This was a prospective cohort study nested in a clini-
cal trial of intermittent preventive treatment in pregnancy for malaria with
either dihydroartemisinin-piperaquine with/without azithromycin or sulfadoxine-
pyrimethamine in Korogwe District, north-eastern Tanzania (Clinicaltrials.gov:
NCT03208179). Newborns were weighed at birth or in the immediate hours after birth
and then daily for 1 week. Reference charts, nadir, time to regain weight, and predic-
tion maps were generated using nonlinear mixed-effects models fitted to the longitu-
dinal data, incorporating interindividual variation as random effects. Predictions and
prediction standard deviations were computed using a linear approximation approach.
Results: Between March and December 2019, 513 live newborns with birthweights
measured within 24 h of delivery were weighed daily for 1 week. Complete datasets
were available from 476 exclusively breastfed newborns. There was a rapid decline in
weight shortly after delivery. The average weight loss, time of nadir, and time to regain
weight were 4.3% (95% confidence interval [CI] 3.8-4.9) at 27 h (95% Cl 24-30) and
105 h (95% Cl 91-120) in boys and 4.9% (95% Cl 4.2-5.6) at 28 h (95% Cl 23-33) and

Abbreviations: LBW, low birthweight; SGA, small for gestational age; LGA, large for gestational age; IPTp, intermittent preventive treatment of malaria in pregnancy; Cl, confidence

interval; AGA, appropriate for gestational age.
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1 | INTRODUCTION

Low birthweight (LBW) and small for gestational age (SGA) con-
tribute considerably to neonatal morbidity and mortality, and
timely diagnosis is important.1 For the same reason, mean birth-
weights, LBW, and SGA are often used as outcomes measures in
research studies evaluating antenatal interventions to improve
newborn outcomes.? Newborns start to lose weight shortly after
delivery, and the rate of this loss depends on the gestational age
at delivery, actual birthweight, and breastfeeding patterns.® In
low-income countries, many deliveries occur at home or in facili-
ties with limited resources, and newborns are often weighed for
the first time several days after delivery.*® This may jeopardize
the accuracy of the LBW and SGA diagnosis and compromise the
infant’s clinical care and the utility of the birthweight measure-
ment in research studies.

To address this, one approach has been to exclude birthweights
measured more than 24 or 48 h after delivery, resulting in missing
data.®’” Another approach has been to adjust weights using refer-
ence charts by making flat adjustments, for example, birthweight
data +2% and +4%, respectively, to correct birthweights taken 24-
47 and 48-168 h after deIivery.8'9 Furthermore, available reference

10-12 5re from de-

charts of newborn weights in the first days of life
veloped countries, are primarily based on preterm or formula-fed
newborns, and are not applicable in exclusively breastfed term new-
borns in low-resource settings.

Previous studies on early life weight changes'®*

reported a
wide range of weight loss, with nadirs ranging from 3.8 to 8.6% oc-
curring from the second to fourth day postpartum.14 A recent re-
view pointed out that some newborns may lose >10%.% The average
time to regain weight is reported as 10-14 days after delivery,>'%1>
whereas some newborns may take up to 3 weeks.'?

The delay in birthweight measurement is especially profound
in Sub-Saharan Africa, but studies from this geographical area are
sparse. Breastfed and term newborns may exhibit a different weight
change pattern than preterm or formula-fed newborns.'® Other lim-

itations in previous studies include the exclusion of newborns with

114 h (95% Cl 93-136) in girls, respectively. The data were used to generate predic-
tion maps with 1-h time intervals and 0.05 kg weight increments showing the pre-
dicted birthweights and weight-for-age and weight-change-for-age reference charts
depicting variation in weight loss from <1 to >10%.

Conclusions: The prediction maps and reference charts can be used by researchers
in low-resource settings to retrospectively estimate birthweights using weights col-
lected up to 168 h after delivery, thereby maximizing data utilization. Clinical practi-
tioners can also use the prediction maps to retrospectively classify newborns as low

birthweight or small for gestational age.

Newborn, infants, exclusive breastfeeding, growth, weight, weight loss

Key message

In low-income countries, newborns are often weighed for
the first time several days after delivery. This jeopardizes
the accuracy of birthweight. Growth curves from this study
can help researchers and clinicians identify low birthweight

or small for gestational age newborns retrospectively.

7 small sample sizes,'® and lack of follow-up

19,20

excessive weight Ioss,1
after hospital discharge.

This study aimed to generate sex-specific reference weight
charts and prediction maps to estimate the actual birthweight
using newborn weights measured up to 168 h after delivery by
assessing the daily weight change among an unselected group of
exclusively breastfed newborns in a low-resource setting in Sub-
Saharan Africa.

2 | MATERIAL AND METHODS

This prospective cohort study was nested in a multicountry
randomized trial of intermittent preventive treatment for ma-
laria in pregnancy (IPTp), investigating the efficacy of IPTp with
with/without
(IMPROVE trial;
NCT03208179). Pregnant women were enrolled at antenatal clinics

dihydroartemisinin-piperaquine azithromycin  or

sulfadoxine-pyrimethamine clinicaltrials.gov:
when meeting the following inclusion criteria: HIV negative, singleton
pregnancy without congenital malformation, and gestational age from
16 to 28 weeks confirmed by ultrasound, as described previously.”
For this nested study, newborns from Korogwe District, north-
eastern Tanzania, were screened at delivery from March to December
2019. Eligible newborns with birthweight measured within 24 h of
delivery and whose caregivers provided informed consent were
enrolled sequentially and followed daily for the first week of life.
Participants who relocated outside the study areas—jeopardizing
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the ability to undertake daily follow-up visits—and newborns with
major congenital malformations were excluded.

Newborns had their first weight measured in the hospital by study
nurses or clinicians, and the birthweights and time since delivery were
recorded. Field workers made seven daily home visits for the subse-
quent weight measurements. All weights were measured using digital
weighing scales (Seca GmbH & Co. KG., precision 10 g), which were
calibrated weekly using standard weights of 0.5, 1, 2, 3, and 5 kg. All
measurements were performed in duplicate, and a third measurement
was taken if the difference was >50 g. The average of the two closest
measurements was used. The infant’s clothes, including diapers, were
removed before weighing. Weight was measured just after changing
a full diaper and at least 2 h since the last feed. The number of feeds
since the previous visit and the type of feeding were documented (ex-
clusive breastfeeding, mixed mainly breastfeeding, mixed mainly for-
mula feeding, and solely formula feeding). Finally, signs and symptoms
were documented. SGA was defined using a local reference chart
(STOPPAM) as birthweight <10th percentile, large for gestational age
(LGA) as birthweight >90th percentile, and appropriate for gestational
age (AGA) as 10-90th percentiles.

2.1 | Statistical analyses

The data were double entered and validated using Microsoft Access.
Statistical analyses were performed using Stata 16 (Stata Corp) and
R (4.0.3).

Formula-fed newborns or those who received mixed mainly for-
mula feeding were excluded from the analysis, as were newborns for
whom the time of delivery was missing, more than two of the daily
follow-up visits were missed, or combinations of weights were bio-
logically implausible. A specific daily visit was excluded if the weight
or time of measurement was missing or if information about whether
the measurement took place after changing the diaper or 2 h after
the last feed was missing.

Mother-newborn pair characteristics were described as pro-
portion, mean with standard deviation, or median with interquar-
tile range (IQR). Chi-squared, Mann-Whitney rank sum, or Student’s
t-tests were used to compare baseline characteristics between in-
cluded and excluded newborns. A two-sided p-value <0.05 was con-
sidered statistically significant.

About 20% of the eligible newborns had their weights measured
at the time of delivery; the others were measured in the hours just
after delivery (Table 1). Rather than predicting the birthweights
using only those with an actual birthweight at time 0, we aimed
to make full use of all data by using a well-established model by
Jenns and Bayley that described early weight development for each
child.?! Using this model, we could then predict the birthweight from
a given weight measurement and its timing relative to the time of de-
livery. A nonlinear mixed-effects model was fitted to the longitudi-
nal data, incorporating interindividual variation as random effects.??
The model assumed neonatal weight loss by initial exponential loss
of weight. After reaching nadir, the growth rate tended to become

TABLE 1 Timing of the first weight measurement

Time since birth (h) Interval (h) Boys Girls Total
0 0 62 35 97
1 >0-2.8 136 157 293
6 3-8.9 22 19 41
12 9-14.9 10 13 23
18 15-20.9 5 4 9
24 21-23.8 6 7 13
Total 0-23.8 241 235 476

constant, giving a linear weight gain (Appendix S1.1). To predict the
birthweight of a newborn given subsequent measurements, the indi-
vidual's random effects were initially predicted with approximation
by linearizing around the model’s random effects and estimating the
conditional distribution of random effects on the estimated fixed
effects and data (Appendix S1.2 formula (2)). The weights at time O
were then predicted by evaluating the model at time O given the pre-
dicted random effects (the algorithm) (Appendix S1.2 formula (3)).

Approximate prediction variance was computed through linear-
ization around the model’s fixed effects (Appendix S1.2).

Prediction maps were created with the predicted birthweight
based on a subsequent weight measurement and the time of mea-
surement. Predictions and prediction standard deviations were com-
puted using a linear approximation approach (Appendix 51.2). The
maps were detailed on 1-h time intervals and 0.05 kg level for the
weight measurements.

Weight-for-age and weight-change-for-age reference charts
were constructed by simulating new observations from the model
over a discretized time interval given the estimated distribution
of random effects and computing percentiles for each time step
(Appendix S1.4).

The linearized predictions were close to those based on the non-
linear models obtained by simulations.

Further estimated quantities (i.e., time at nadir, percentage weight
change at nadir, time to regained weight, and corresponding confidence
intervals [Cls]), were obtained using the delta method (Appendix S1.5).

Sensitivity analysis was conducted through the exclusion of spe-
cific strata of data. The prediction model was validated with a classic
train and test data splits, using 40% of newborns with the measure-
ment at birth (time 0) as testing data (Appendix S1.6).

3 | RESULTS

Overall, of 617 newborns screened, 104 (16.9%) were excluded and
513 were followed daily for 1 week, contributing 3 967 observations
(Figure 1). In total, 37 newborns (7.2%) (343 observations [8.6%)])
did not meet the criteria for and were excluded from the analysis
(Figure 1), resulting in a cohort of 476 newborns (3 624 observa-
tions), of whom 302, 164, and 10 completed eight, seven, and six
visits (including birth), respectively.
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after last feeding or after changing full
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FIGURE 1 Flow chart of newborns enrolled and weighed daily for the first week of life

Among the 476 newborns, the time of birthweight measure-
ment ranged from O to 23.8 h after delivery, with a median of
5 min (IQR 1-68), and 390 (82%) measured within 2.9 h after de-
livery (Table 1). The mean birthweight was 3.04 (standard devia-
tion 0.44) kg; 16.5% (77/470) were SGA and 8.7% (41/470) LGA
(Table 2). The median gestational age at delivery was 279 (IQR 271-
297) days, and 6.7% (32/476) were preterm (Table 2). There were
no differences in maternal characteristics and pregnancy outcomes
between the 476 included and 141 excluded mother-newborn
pairs, except for maternal malaria prevalence at enrolment, which
was twofold higher among excluded mothers (p < 0.01), and ma-
ternal mean hemoglobin level, which was 0.4 g/dl higher among
included women (p = 0.01) (Table S1).

3.1 | Weight development during the first
week of life

The statistical model indicated a decline in weight during the first
couple of days of life (Table 3 and Table S2). The weight loss was
rapid and reached a nadir of 4.7% (95% Cl 4.2-5.1) at 28 h (95% Cl
25-31) after delivery (Table 4). The percentage of weight loss was
slightly larger among girls than among boys. The nadir was 4.3%
(95% Cl 3.8-4.9) at 27 h (95% Cl 24-30) for boys and 4.9% (95% Cl
4.2-5.6) at 28 h (95% CI 23-33) for girls (Table 4). The time to regain

birthweight was also shorter for boys than for girls (105 h [95% ClI
90-120] vs. 114 h [95% Cl 93-136], respectively).

The models’ estimated response curves for each newborn in the
dataset revealed that only 0.9% of boys and 2.4% of girls had gained
weight 24 h after their birth, whereas 9.5% of boys and 12% of girls
had gained weight 48 h after birth.

Sex-specific weight-for-age and weight-change-for-age refer-
ence charts showed considerable variation in weight decline, with
some newborns having a percentage weight loss >10% and some
<1% (Figures 2 and 3). For example, at 30 h after delivery, the 10th
and 90th percentiles for weight loss was 10.2 and 1.3%, respec-
tively, for boys and 11.8 and 0.9% for girls (Table 3 and Figure 3).

The number of newborns and timing of weight measurements in
6 hintervals is shown in Table S3, and the mean weights in 8 h inter-
vals from birth until 180 h after delivery is shown in Tables S4 and S5.

Sensitivity analyses with subgroups of only AGA, only term, or
only healthy newborns did not display significant differences in the

magnitude and time of nadir and weight regain time (Table 4).

3.2 | Prediction of birthweight

We developed a prediction formula for birthweight given the weight
measured subsequently and the time since delivery (Appendix S1.2
formula (3)).
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TABLE 2 Descriptions of mother-newborn pairs (n = 476)

Maternal characteristics N n (%)/median (IQR)
Age (years) 472 26.8(6.7)°
Education level
None 472 25(5.3)
Primary school 472 314 (66.5)
Secondary school 472 119 (25.2)
Higher 472 14 (3.0)
Source of income
None 472 88 (14.6)
Subsistence farming 472 252 (53.4)
Selling items 472 94 (19.9)
Wages 472 35(7.4)
Unknown 472 3(0.6)
Paucigravide 476 224 (46.9)
Trial arm
IPTp-SP 476 170 (35.7)
IPTp-DP 476 306 (64.3)
Height (cm) 474 155.4 (151.6-165.8)
Weight (kg) 475 57.9 (51.5-83.1)
Mid-upper arm circumference 474 29 (6.1)
<23 cm

Body mass index (kg/mz)

<18.5 474 17 (3.6)
18.5to <25 474 264 (55.7)
25 to <30 474 136 (28.7)
230 474 57 (12.0)
Positive malaria rapid 474 50 (10.5)
diagnostic test at
enrolment
Hemoglobin level at 474 11.3 (1.5)°
enrolment (g/dl)
Delivered by cesarean section 476 46 (9.7)
Newborn characteristics
Male newborn 476 241 (50.6)
Gestational age at delivery 476 279 (271-297)
(days)
Preterm (<37 weeks) 476 32(6.7)
Birthweight (kg) 476 3.04 (0.44)*
Time of birthweight 476 0.08 (0.02-1.14)
measurement since
birth (h)
Small for gestational age® 470 77 (16.4)
Large for gestational age® 470 41 (8.7)
Ever sick® 476 128 (26.9)
Type of feeding
Exclusive breastfeeding 476 471 (98.9)

Mixed mainly 476 5(1.1)
breastfeeding®

TABLE 2 (Continued)

Maternal characteristics N n (%)/median (IQR)
Mixed mainly formula 476 0(0.0)
feeding
Solely formula feeding 476 0(0.0)

Note: Body mass index: underweight (<18.5), normal (18.5 to <25),
overweight (25 to <30), or obesity (230).

Abbreviations: IPTp-SP/-DP: intermittent preventive treatment with
sulfadoxine-pyrimethamine or dihydroartemisinin-piperaquine with/
without azithromycin at a ratio of 1:2, respectively; IQR: interquartile
range

?Mean (standard deviation).

bSix newborns had gestational age at delivery beyond the limits of the
reference chart.

“History of fever or temperature 237.5 °C, vomiting, diarrhea or a
condition entailing admission to the hospital.
dReceived one supplementary feeding in a single isolated visit.

We constructed reference charts and predictions maps using the
Jenss and Bayley model-based approach (Appendix S1.2 formula (1-
3)). The prediction maps (Figures S1 and S2) based on the weights
with 0.05 kg weight increments and the time of measurement
(rounded to hours) give an estimated birthweight. The prediction
model was validated by splitting the data of those with birthweights
measured at the time of delivery into a test and validation dataset
and then comparing the predictions with the actual birthweights
in the test dataset (Appendix S1.6). A linear correlation between
the predicted and measured birthweights was observed, as also
reflected in the Bland-Altman plot (Appendix S1.6), indicating the
prediction model worked well.

4 | DISCUSSION

We generated sex-specific weight-for-age and weight-change-
for-age reference charts, an algorithm, and sex-specific prediction
maps that can be used to retrospectively estimate birthweight from
weights collected up to 168 h after delivery. These tools provide
useful information for clinical practitioners and researchers in similar
resource-poor settings.

We observed rapid weight loss, with a mean nadir of 4.7% occur-
ring just over 1 day after delivery. This is an important finding, as some
studies include birthweight measured within 24 or 48 h of delivery
that are not adjusted retrospectively for the physiological decline in
newborn’s weight.®” The use of these delayed birthweights may un-
derestimate mean birthweight and overestimate LBW or SGA. It could
also affect a study’s ability to detect differences in mean birthweight
or z-scores for birthweight by gestational age if the timing of measure-
ments is not equally divided between study arms, because the percent-
age increase in mean birthweight resulting from interventions such
as insecticide-treated nets or IPTp with sulfadoxine-pyrimethamine

(+2.5 to 3%) or iron supplementation (1%) is modest. 2324



MTOVE ET AL.

TABLE 3 Mean percentage weight change per newborn per hour and the percentiles stratified by sex

Boys Girls
Mean Mean
change change
Day Hours (50p) SD 2.5p 10p 90p 97.5p (50p) SD 2.5p 10p 90p 97.5p
0 0 100.0 - 100.0 100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 100.0
6 97.7 1.5 93.6 95.4 99.0 99.4 97.6 2.0 92.1 94.7 99.1 99.6
12 96.4 2.4 89.9 92.8 98.5 99.2 96.4 3.0 88.2 91.8 98.8 99.5
18 95.8 3.0 87.6 91.2 98.4 99.2 95.7 3.7 85.6 90.1 98.7 99.7
1 24 95.5 3.5 86.2 90.3 98.5 99.5 95.4 4.2 83.9 88.9 98.8 100.0
30 95.5 3.8 85.3 89.8 98.7 99.9 95.3 4.6 82.6 88.2 99.1 100.4
36 95.6 4.1 84.7 89.5 99.1 100.3 95.3 5.0 81.7 87.6 99.4 100.8
42 95.8 4.3 84.4 89.4 99.5 100.9 95.5 5.3 81.0 87.3 99.8 101.3
2 48 96.1 4.4 84.2 89.5 99.9 101.4 95.7 5.6 80.5 87.2 100.2 101.9
54 96.4 4.6 84.2 89.6 100.4 102.0 96.0 5.8 80.1 87.1 100.7 102.5
60 96.8 4.7 84.3 89.8 100.9 102.7 96.3 6.0 79.8 87.1 101.2 103.1
66 97.2 4.8 84.5 90.1 101.5 103.3 96.7 6.2 79.7 87.2 101.7 103.7
3 72 97.5 4.9 84.7 90.4 102.0 104.0 97.0 6.3 79.6 87.4 102.2 104.4
78 97.9 5.0 85.0 90.8 102.6 104.7 97.4 6.5 79.6 87.5 102.8 105.1
84 98.3 51 85.3 91.1 103.1 105.4 97.8 6.6 79.6 87.7 103.3 105.8
90 98.7 5.2 85.6 91.5 103.7 106.1 98.1 6.8 79.7 88.0 103.9 106.5
4 96 99.2 53 85.9 91.8 104.3 106.8 98.5 6.9 79.8 88.3 104.5 107.2
102 99.6 5.4 86.3 92.2 104.9 107.6 98.9 7.0 79.9 88.6 105.0 107.9
108 100.0 5.5 86.6 92.5 105.5 108.3 99.4 7.1 80.1 88.9 105.6 108.6
114 100.4 5.6 87.0 92.9 106.2 109.1 99.8 7.3 80.3 89.2 106.2 109.4
5 120 100.8 57 87.3 93.2 106.8 109.9 100.2 7.4 80.5 89.5 106.8 110.1
126 101.3 5.8 87.7 93.5 107.4 110.6 100.6 7.5 80.8 89.9 107.5 110.9
132 101.7 59 88.1 93.9 108.1 111.4 101.0 7.6 81.1 90.2 108.1 111.6
138 102.2 6.0 88.4 94.2 108.7 112.2 101.4 7.7 81.3 90.6 108.7 112.4
6 144 102.6 6.1 88.7 94.5 109.4 113.0 101.9 7.8 81.7 90.9 109.3 113.2
150 103.0 6.2 89.1 94.9 110.0 113.8 102.3 7.9 81.9 91.2 110.0 113.9
156 103.5 6.3 89.4 95.2 110.7 114.6 102.7 8.1 82.2 91.6 110.6 114.7
162 103.9 6.5 89.7 95.5 111.3 115.4 103.1 8.2 82.5 92.0 111.2 115.5
7 168 104.3 6.6 90.0 95.8 112.0 116.2 103.6 8.3 82.8 92.3 111.9 116.3

Note: Weight change <100% indicate weight loss. This table represents the statistical model, not the actual measurements. Bold formatting indicates

the approximate nadir time and weight regained time.
Abbreviations: SD, standard deviation; p, percentiles.

Our study indicates that a much lower cut-off than the commonly
used 24 h may be more appropriate in these settings when relying on
unadjusted birthweights. However, using a 6- or 12-h cut-off would
exclude valuable data, jeopardizing study power. It may also intro-
duce a potential bias as women giving birth at home or in facilities
without access to functioning weighing scales may differ from those
delivering in better-equipped facilities. Our reference charts and al-
gorithm address this challenge and enable researchers to estimate
birthweight using weights measured up to 168 h after delivery using
1-h increments instead of using a flat adjustment by day or group of
days.g'9 The algorithm contains rather complex statistical mathemat-
ics and may not be easily applied in clinical settings. However, the

prediction maps with birthweight already estimated serve as an easy
tool for clinical practitioners to identify vulnerable SGA newborns,
even when delivery occurred several days previously. As an example
of using the prediction map (Supporting Information Figure S1), if a
boy weighs 2.8 kg (as indicated in the y-axis) at 36 h after birth as
shown in the x-axis, then his actual birthweight is predicted as 2.94
kg, as indicated in the cell.

Our study revealed a smaller nadir (4.7%) occurring at an earlier
time than the previously reported average weight loss of 7-8% and
nadir time of 48-72 h after delivery among breastfed newborns in
well-resourced settings.'>1?> Some of the previous studies only
included newborns admitted to the hospital, potentially causing
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TABLE 4 Nadir and time to regained

weight Group N
All 476
Male 241
Female 235
Term? 444
AGA? 352
Healthy? 348

Regain

Nadir (%) 95% CI Nadir (h) 95%ClI ~100% (h)  95% ClI

95.3 94.9-95.8 27.8 24.7-30.8  111.5 98.2-124.8
95.7 95.1-96.2 27.3 24.1-304  105.1 90.6-119.6
95.1 94.4-95.8 279 22.6-33.2 1141 92.5-135.7
95.2 94.7-95.6  26.3 23.6-28.9  110.0 98.0-122.0
95.0 94.5-95.5 26.0 22.7-29.3 1123 98.7-126.0
95.5 95.1-96.2 264 22.5-30.2 1091 90.9-127.4

Abbreviations: AGA, appropriate for gestational age; Cl, confidence interval.

2Excluding preterm.

PExcluding small for gestational and large for gestational age.

“Excluding ever sick (history of fever or temperature >37.5 °C, vomiting, diarrhea, or a condition
requiring admission to the hospital).

Reference chart — Boys
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FIGURE 2 Sex-specific weight-for-age reference charts

selection bias.'??° lllness may prolong a hospital stay, and inade-
quate feeding among sick infants?® may result in more weight loss.
Conversely, healthy newborns are discharged early before reaching
the nadir, unlike those who are ill. This may account for the lower
percentage of weight loss (<4%) reported in other studies that did
not follow newborns after discharge compared with ours.}%'%7
Ethnic diversity may also partially explain the differences, as previ-
ous studies were conducted outside Africa.>*3%*

The type of feeding is pivotal for weight trajectories but is not

always documented systematically.® Formula-fed newborns tend to

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Hours since birth

lose less weight than breastfed newborns. Breastfed newborns de-
pend on smaller amounts of colostrum during the first 2 days and are
thus expected to continue losing weight until day 3, when stage Il of
lactogenesis usually begins. Previous studies with weight loss <4%
did not include full reports on feeding type but included a large pro-
portion of formula-fed newborns.?101314.28 However, we observed
a nadir as early as day 2, despite our study population being exclu-
sively breastfed. One possible explanation is that our study used a
robust methodology, thereby minimizing potential bias compared
with previous studies. Also, women in this study received IPTp,
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FIGURE 3 Sex-specific percentage weight-change-for-age reference charts

which might have improved the health of newborns, and the daily
newborn monitoring might have led mothers to optimize breastfeed-
ing, resulting in less weight loss.

Weight trajectories are also affected by maternal factors, in-
cluding obesity, older age, and cesarean section delivery.}>'"20:2?
Cesarean section, depending on the indication, may delay the estab-
lishment of sufficient breastfeeding, resulting in longer weight de-
cline 2930 This may partially explain the low percentage of weight
loss in our study: our enrolled mothers were younger, less likely to
be obese, and <10% required a cesarean section, a lower rate than
in other studies.}”*2%30 Sex and newborn size also affect weight
trajectories.”‘“”20 However, the effect of newborn size could not be
confirmed, as excluding SGA, LGA, and preterm newborns did not
significantly alter the nadir. As the sample size among these sub-
groups was small, it was not possible to perform analyses on only
SGA, LGA, or preterm newborns.

The reference chart from this study provides an additional tool
for the clinical care of newborns. Using these reference charts, clini-
cal practitioners may be able to assess the newborn’s growth pattern
and may consider using the percentage-weight-change percentiles
instead of a 10% fixed cut-off>! for excess weight loss; for exam-
ple, the percentage weight change below the 10th percentile may be
considered excessive and warrant close monitoring of the newborn
and/or supportive breastfeeding. From our reference chart, weight
loss below the 10th percentiles of the nadir is 10% for boys and
13% for girls. The predictive ability of percentage-weight-change

percentiles and neonatal morbidity needs to be investigated in fu-
ture studies.

We also observed a mean time to regain weight of approximately
5 days, which is earlier than in previous studies.*?>*3> The mothers
in this study may have optimized breastfeeding knowing that new-
borns were monitored daily, thereby ensuring early regain. Previous
studies included only admitted newborns, who are likely to have de-
layed weight gain especially if they were ill or born by cesarean sec-
tion.?27 It is also possible that the time to regain weight may have
occurred earlier in previous studies but not been identified because
of time gaps in follow-up.1%28

To our knowledge, this is the first study in a low-resource African
setting with a robust analysis of longitudinal weight data converted into
clinically and scientifically applicable tools. Our study has several ad-
vantages over previous studies. In addition to the prospective design
with a large sample of exclusively breastfed newborns, weight being
measured daily, and documentation of the type and number of feed-
ings, we also took all measures to reduce error by weighing newborns in
duplicate and using the average and ensuring newborns were weighed
after a diaper change and at least 2 h after breastfeeding. Furthermore,
gestational age estimated using transabdominal ultrasound ensured ac-
curate classification of newborns as term, preterm, SGA, AGA, or LGA.
Previous studies indicated that weight change patterns may vary ac-
cording to newborn size and gestational age at delivery.l‘s’18

The study has several limitations. First, not all newborns were
measured at time O, but 82% of newborns were measured within 3 h
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of birth, and our use of the Jenss and Bayley model allowed us to
include all data. The most optimal time for birthweight measurement
would be at time 0, but this was not possible in our real-life setting,
and designing a study of this type by enforcing structural assump-
tions might have led to bias compared with real-life data. Therefore,
to get unbiased estimates of growth development, we instead
worked with a real-life sample so were forced to use a model to infer
weight development over time. The model prediction performance
was satisfactory in the training/testing set up, so we do not think
it jeopardized the robustness of the results. Second, the follow-up
was only 1 week, whereas some newborns may not surpass their
birthweight until 3 weeks after delivery.}? Third, the sample size was
too small to allow the development of growth curves specific for
preterm or SGA or LGA newborns. Fourth, there could be a potential
bias if breastfeeding was unconsciously optimized by the mothers
because their newborns were included in a weight trajectory study.
Finally, there were differences in exposure to malaria and anemia
for analyzed and excluded mothers. However, it is unlikely that this
could have affected the results significantly, as other baseline char-
acteristics and pregnancy outcomes were similar between the two
groups. In addition, the socio-demographic characteristics of the an-
alyzed cohort are comparable to those reported in community sur-
veys from the study area.*?

5 | CONCLUSION

This study provides useful information on weight trajectories
among breastfed newborns in a low-resource African setting. The
reference chart, algorithm, and prediction maps can help research
studies to maximize the use of birthweight data by adjusting birth-
weights measured more than 6 h or several days after delivery.
The prediction maps can help clinical practitioners accurately clas-
sify newborns as LBW or SGA retrospectively in a timely manner.
Furthermore, replacing the fixed 10% cut-off for excessive weight
loss with the percentage weight change below the 10th percentile
may be considered, allowing a more dynamic evaluation of the new-
born over time, but its predictive ability in neonatal morbidity needs

further investigation.
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