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ABSTRACT

Objective: Early weight loss percentile charts can be used to determine the expected weight loss of newborns. Mode of delivery has a marked 
effect on weight loss in the immediate postpartum period. The aim in the present study was to construct weight loss percentile charts 
according to mode of delivery in exclusively breastfed, healthy term infants during hospital stay.
Method: Weight loss in a large Turkish cohort of infants, born between January 1, 2011 and December 31, 2014, was evaluated retrospectively. 
Data on healthy, term and exclusively breastfed neonates during the immediate postpartum hospital stay were collected. Weight change 
percentile charts were plotted according to mode of delivery. 
Results: The study encompassed 3247 exclusively breastfed neonates. Of infants 48.1% were girls. Mean gestational age was 38.94±0.84 
(range 37-41) weeks and birth weight of infants was 3381.1±380.9 (range 2150-5190) grams. The rate of caesarean delivery was 69.3%. The 
time of hospital stay of infants born by caesarean delivery was significantly longer than infants born vaginally. The frequency of weight 
measurements of infants showed a statistically significant difference according to the type of delivery. Weight loss as a percentage of 
birthweight for infants born by caesarean delivery were significantly greater at 24, 48, 72 and 84 hours after birth compared to those born 
via vaginal delivery.
Conclusion: Plotted percentile charts according to mode of delivery will enable prediction of early weight loss immediately post-partum. In 
addition, these percentile charts will help to reassure mothers and encourage breastfeeding exclusivity.
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ÖZ

Amaç: Erken kilo kaybı persentil eğrileri, yenidoğanlarda beklenen kilo kaybını belirlemek için kullanılabilir. Doğum şekli, hemen doğum son-
rası dönemde kilo kaybı üzerinde belirgin bir etkiye sahiptir. Bu çalışmada amaç, sadece anne sütü ile beslenen, sağlıklı, term bebeklerde 
hastanede kalış sırasında doğum şekline göre kilo kaybı persentil eğrilerini oluşturmaktır.
Yöntem: Geniş bir Türk bebek kohortunda, 1 Ocak 2011 - 31 Aralık 2014 tarihleri arasında doğanların kilo kaybı geriye dönük olarak değer-
lendirilmiştir. Doğum sonrası hastanede kalış süresi boyunca sağlıklı, term ve sadece anne sütü ile beslenen yenidoğanlara ilişkin veriler top-
lanmıştır. Ağırlık değişim persentil eğrileri doğum şekline göre çizilmiştir.
Bulgular: Çalışma sadece anne sütü ile beslenen 3247 yenidoğanı kapsamaktadır. Bebeklerin % 48,1’i kızdır. Ortalama gebelik süresi 38,94 ± 
0,84 (37-41) hafta ve bebeklerin doğum ağırlığı 3381,1 ± 380,9 (2150-5190) gramdır. Sezaryenle doğum oranı % 69,3’tür. Sezaryen ile doğmuş 
bebeklerin hastanede kalış süresi vajinal doğum ile doğan bebeklere göre anlamlı olarak daha uzundur. Bebeklerin ağırlık ölçümlerinin sıklığı, 
doğum şekline göre istatistiksel olarak anlamlı bir farklılık göstermiştir. Sezaryen ile doğmuş bebekler için doğum ağırlığına oranla yüzdesel 
olarak kilo kaybı, doğumdan 24, 48, 72 ve 84 saat sonra, vajinal doğumla doğanlara göre anlamlı olarak daha yüksektir.
Sonuç: Doğum şekline göre çizilen persentil eğrileri, doğumdan hemen sonra erken kilo kaybının tahmin edilmesini sağlayacaktır. Ek olarak, 
bu persentil eğrileri anneleri rahatlatmaya ve bebeklerini sadece anne sütü ile beslemeye teşvik etmeye yardımcı olacaktır.
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IntroductIon

The World Health Organization (WHO), United 
Nations International Children’s Fund (UNICEF) and 
various health organisations dealing with children’s 
health, all advocate infants be exclusively breastfed 
for the first six months of life to achieve optimal 
growth, development and health (1). Normal post-
partum physiologic weight loss is defined as 5-7% 
loss of the birth weight (2). Various early weight loss 
limits have been described in healthy infants such 
that losing 7-10% of birth weight is seen as common 
(3,4). There are also known morbidities related to 
early weight loss, such as hypoglycaemia, hyperbili-
rubinemia and hypernatremic dehydration (5,6,7).

In an earlier study from this center, the risk factors 
for early weight loss in infants was investigated in 
the same cohort presented here and mode of deliv-
ery was identified as a significant factor (8). Delayed 
lactogenesis, delayed time of feeding initiation, post-
operative pain, and maternal comorbidities leading 
to emergency caesarean delivery may cause breast-
feeding difficulties and increase weight loss in new-
borns (9). During caesarean delivery, it is normal to 
use intravenous fluids which will affect the birth 
weight and subsequent weight loss of the neonate 
(4). Excessive weight loss after birth may cause anxi-
ety and reduced breastfeeding success (10,11,12). Early 
supplementation with formula will lead to failure to 
achieve an exclusive breastfeeding target for the first 
six months of life (13).

The first early weight loss nomograms were published 
by Flaherman et al. (14). The study encompassed nearly 
109,000 infants in the USA. One study from Turkey, 
examined the relationship between gender, ethnicity 
and early weight loss of breastfed and term infants up 
to 72 hours after birth (15). Management plans for 
infants with excess weight loss generally focus on pro-
moting weight gain but do not always focus on pro-
motion of consistent, evidence-based infant feeding 
support to parents (9). By using percentiles, clinicians 
may estimate weight loss patterns on a time-interval 
basis and identify infants who are at risk for excessive 
early weight loss (14). In addition, parents can be 
shown the pattern and estimated weight loss of their 
babies according to mode of delivery during hospital 
stay. Parents can thus be reassured about weight 

change patterns and this information can be useful 
for promoting exclusive breastfeeding.

The aim of this study was to develop early weight 
loss percentile charts according to delivery mode in 
a cohort of exclusively breastfed healthy infants in 
the immediate post-partum hospital stay in Turkey.

MATERIALS and METHODS

This retrospective, cohort study was based on the 
evaluation of postnatal hospital records of new-
borns. Changes in weight for healthy, term, exclu-
sively breastfed newborns after delivery and during 
hospital stay were analysed.

Infants delivered in a private hospital between 1 
January 2011 and 31 October 2014 were eligible for 
inclusion in the study. Hospital patients belonged to 
high and very-high income level groups. All mothers 
were offered antenatal (30-36 weeks of gestation) 
‘breastfeeding education’ during pregnancy. All neo-
nates were evaluated by a paediatrician immediately 
after birth. Skin-to-skin contact and breastfeeding 
within one hour after delivery were early goals. A fam-
ily medicine specialist, who was also an International 
Board-Certified Lactation Consultant (IBCLC), evaluat-
ed all mother-infant pairs during hospital stay in order 
to achieve breastfeeding exclusivity. 

A total of 3247 term, singleton neonates with 
uneventful perinatal periods were eligible for inclu-
sion in the study. Exclusion criteria were: infants who 
were non-breastfed; any formula use; gestational 
age <37 weeks or ≥42 weeks; presence of any meta-
bolic or congenital disease; Neonatal Intensive Care 
Unit (NICU) admittance and/or APGAR score lower 
than 7; and multiple births (twins or triplets). Birth 
weight was not considered as an exclusion criterion. 
Flowchart of the study was given in Figure 1. Routine 
weight measurements were performed until dis-
charge, the first one being immediately in the deliv-
ery room (birth weight) and daily thereafter. All 
weight measurements were done by a trained nurse 
when infants were naked. The electronic digital plat-
form scales accurate to 5 grams were used. The 
scales were calibrated in accordance with hospital 
policy. All infants were visited by a paediatrician and 
IBCLC daily. 
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When weight loss reached or exceeded 7% of birth 
weight, measurements were taken at least every 12 
hours and re-evaluation of breastfeeding technique 
and additional breastfeeding consultancy was pro-
vided. If latch was not successful, manually expressed 
milk was given by cup feeding. For the purpose of 
this study, those babies who were given expressed 
mother’s own milk (MOM) were still assumed to be 
exclusively breastfed. 

Retrospective data were collected from postnatal 
hospital records of neonates. Infants were grouped 
according to mode of delivery. Ethical and institu-
tional approvals were obtained.

Number Cruncher Statistical System 2007 (NCSS, 
Kaysville, UT, USA) was used for statistical analysis. In 
analysis descriptive statistical methods including 
mean, standard deviation, median, range (minimum 
and maximum), frequency and ratio were used. 
Quantitative data were investigated using visual 
(graph plots) and analytical methods (Shapiro-Wilk’s 
test) to determine whether or not they were nor-
mally distributed. Student’s t test was used for com-
paring two groups of normally distributed variables, 
and Mann Whitney U test was used for comparing 
groups when one or both were non-parametric. 
Pearson Chi-Square test and Fisher’s Exact test were 
employed for comparison of qualitative data. All 
results were evaluated at the 95% confidence inter-
val, and p<0.05 was assumed to indicate signifi-
cance. 

RESULTS

Hospital records of 3247 healthy, term neonates 
were evaluated for this study. The proportion of 
males was 51.9% (n=1684). Maternal age varied 
between 19 and 52 , median was 34 years. Mean 
gestational age and birth weight of infants were 
38.94±0.84 (range 37-41) weeks and 3381.1±380.9 
(range 2150-5190) grams respectively. All neonates 
were exclusively breastfed after delivery for the 
duration of hospital stay. Maternal age, gestational 
week and birth weight distributions are given in 
Table 1.

Mother/baby pairs were divided into two groups by 
mode of delivery (caesarean delivery n=2249 and 

normal vaginal delivery n=998) and the rate of cae-
sarean delivery was 69.3%. There was a statistical 
significance between maternal age and mode of 
delivery (p<0.01); mothers who delivered by caesar-
ean delivery were significantly older than women in 
the vaginal delivery group (34.2 vs 32.8 years, 
p=0.001). Baby gender by mode of delivery did not 
yield statistical significance (p>0.05). The gestational 
age of infants born vaginally was significantly higher 
than infants born via caesarean delivery (p=0.001). 
There was a statistically significant difference 
between birth weights according to mode of delivery 
(p=0.003); infants born by caesarean delivery were 
heavier than those born vaginally.

The mean duration of hospital stay was 63.25±15.95 
hours in the whole cohort. The time of hospital stay 
of infants born by caesarean delivery was signifi-
cantly longer than infants born vaginally (p=0.001).

The number of weight measurements of neonates 
included in the study are given in Table 2. The fre-
quency of weight measurements of infants showed a 
statistically significant difference according to the 
type of delivery (p=0.001). Excluding birth weight 
measurement, infants born by vaginal delivery were 
more likely to have their weight measured ≤3 times 
while infants born by caesarean delivery were more 
likely to be weighed ≥4 times.

Time intervals and early weight loss percentages of 
newborns are given in Table 3. Weight loss propor-
tions for infants born by caesarean delivery com-
pared to infants born via vaginal delivery were sig-
nificantly higher at 24th hour (p=0.001), 48th hour 
(p=0.001), 72nd hour (p=0.001) and 84th hour 
(p=0.011). 

In all cases, for caesarean and vaginal deliveries; 
95%, 90%, 75% and 50% weight loss percentile val-
ues over time (24, 48, 72 and 84 hours after delivery) 
are given in Table 4. Using this data early weight loss 
percentages were plotted and weight loss percentile 
charts were created. The charts for weight loss per-
centile for exclusively breastfed infants delivered by 
caesarean delivery and normal vaginal delivery are 
shown in Figures 2 and 3, respectively.
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DISCUSSION

The study showed that infants born by caesarean 
delivery and exclusively breastfed, had significantly 
higher early weight loss in the immediate post-par-
tum period compared to vaginally delivered infants. 
Weight loss percentiles during the first days of life 
according to mode of delivery were developed using 
the collected data (Figures 2 and 3). It was demon-
strated that expected weight loss differences 

Maternal age

Infant gender

Gestation
al age (weeks)

Birth weight 
(grams)

Duration of hospital 
stay (hours)

Table 1. Demographic and clinical characteristics of the mothers and infants by mode of delivery

Median (range)
Mean ± SD

≤30 
31-35 
36-40 
≥41 

Boy
Girl

Median (range)
Mean ± SD

37-38 
≥39 

Median (range)
Mean ± SD

2000-2500 
2501-2999 
3000-3999 
≥4000 

Median (range)
Mean ± SD 

Total
n (%)

34 (19-52)
33.75±4.0

664 (20.4)
1536 (47.3)
895 (27.6)
152 (4.7)

1684 (51.9)
1563 (48.1)

39 (37-41)
38.9±0.8

1609 (49.6)
1638 (50.4)

3370 (2150-5190)
3381.1±380.9

17 (0.5)
472 (14.5)

2572 (79.2)
186 (5.7)

72 (12-84) 
63.25±15.95

Caesarean 
(n=2249)

n (%)

34 (20-52)
34.17±4.1

401 (17.8)
1033 (45.9)
686 (30.5)
129 (5.7)

1178 (52.4)
1071 (47.6)

38.7 (37-41)
38.8±0.8

1289 (57.3)
960 (42.7)

3380 (2150-5190)
3394.2±385.3

9 (0.4)
309 (13.7)

1783 (79.3)
148 (6.6)

72 (24-84) 
71.03±7.66

Vaginal (n=998)
n (%)

33 (19-46)
32.82±3.8

263 (26.4)
503 (50.4)
209 (20.9)

23 (2.3)

506 (50.7)
492 (49.3)

39.3 (37-41)
39.3±0.9

320 (32.1)
678 (67.9)

3350 (2330-4700)
3351.5±369.1

8 (0.8)
163 (16.3)
789 (79.1)

38 (3.8)

48 (12-84) 
45.71±15.87

p

a0.001**

c0.377

a0.001**

a0.003**

a0.001**

a Student t Test		
b Mann Whitney U Test	
c Pearson Chi-Square Test	
*p<0.05, **p<0.01

Number of weights recorded 
after birth weight

1 
2 
3
4 
5

Table 2. Number of weight measurements by mode of delivery.

Caesarean 
(n=2249)

n (%)

0 (0)
10 (0.4)

152 (6.8)
1924 (85.5)

163 (7.2)

Vaginal 
(n=998)

n (%)

5 (0.5)
255 (25.6)
578 (57.9)
145 (14.5)

15 (1.5)

p

d0.001**

dFisher Freeman Halton Test
**p<0,01

between type of delivery mode continued over the 
first few days of life.

There has been a worldwide increase in the rates of 
caesarean deliveries (16). The latest caesarean deliv-
ery rate reported by the Turkish Demographic and 
Health Survey of 2018 was 52% (17). The WHO has 
stated that no robust evidence existed for ideal cae-
sarean delivery rates (16). In another study from 
Turkey, where early weight loss in infants was inves-
tigated, the caesarean delivery rate was 47% in the 
setting of a teaching hospital of the Turkish Ministry 
of Health (15). A recent study from Brazil showed that 
the caesarean delivery in the private sector was 
more than twice the rate in the public sector (87.9% 
versus 42.9%, respectively) (18). Saki et al. showed 
that 80% of mothers who lived in high income fami-
lies had caesarean delivery and this study has rein-
forced the view that women from wealthier families 
tend to opt for caesarean delivery (19). The rate of 
caesarean delivery in our study was quite high 
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(69.3%). Our study setting was a private hospital and 
only private insurances were accepted. 

When breastfed infants lose too much weight after 
birth, healthcare providers may become concerned 

that there is a problem with breastfeeding (20). 
Studies concerning breastfeeding difficulties after 
birth have stated that special attention and follow-
up are required during hospital stay (21). Besides 
counselling for breastfeeding techniques, the use of 

Time (hours)

24

48

72

84

Table 3. Weight loss proportions of the study group by mode of delivery during hospital stay.

Mode of delivery

Caesarean
Vaginal

Caesarean
Vaginal

Caesarean
Vaginal

Caesarean
Vaginal

n

2249
993

2239
738

2087
160

163
15

Median (Min-Max)

4.1 (0-10.3)
3.1 (0-9.5)

7.3 (0.4-13.4)
5.8 (0-11.6)

7.6 (0.3-13.1)
6.8 (1.2-11.9)

6.9 (0.9-11.1)
5.3 (0-8.1)

Mean±SD

-4.06±1.54
-3.24±2.03

-7.22±1.49
-5.78±1.65

-7.54±2.06
-6.71±1.98

-6.71±2.29
-5.13±2.38

ap

0.001**

0.001**

0.001**

0.011*

a Student t Test		
*p<0.05, **p<0.01

Mode of delivery

Whole cohort

Caesarean

Vaginal

Table 4. Weight loss percentiles of study group and by mode of delivery.

n

3242
2977
2247
178

2249
2239
2087
163

993
738
160
15

95 %

-6.53
-9.42

-10.75
-10.04

-6.46
-9.56

-10.77
-10.11

-6.71
-8.28
-9.83
-7.98

Time (h)

24.
48.
72.
84.

24.
48.
72.
84.

24.
48.
72.
84.

90 %

-5.92
-8.87

-10.03
-9.51

-5.90
-9.04

-10.07
-9.57

-5.95
-7.74
-9.15
-7.68

75 %

-4.97
-8.00
-8.92
-8.28

-5.03
-8.24
-8.97
-8.38

-4.72
-6.94
-8.02
-7.17

50 %

-3.91
-6.97
-7.58
-6.88

-4.12
-7.29
-7.64
-6.94

-3.08
-5.79
-6.83
-5.29

Weight loss (%) 

Data period
Delivery type

24 
48 
72 
84 
96 

Table 5. Studies on early weight loss in exclusively breastfed infants.

V
(n= 83433)

4.2
7.1
6.4

-
-

CS 
(n=25474)

4.9
8.0
8.6

-
5.8

Falherman et al. (14)

2009-2013

V 
(n=55)

2.2
--

4.7
-
-

CS 
(n=49)

3.2
-

5.9
-
-

Samayan et al. (23)

Aug-Oct 2012

V
(n=670)

3.88
5.80
5.1

-
-

CS 
(n=758)

4.59
6.00
6.95

-
-

Hamilcıkan et al (15)

Jan-Aug 2016

V 
(n=998)

3.1
5.8
6.8
5.3

-

CS 
(n=2249)

4.1
7.3
7.6
6.9

-

Kural et al.
Jan 2011-Dec 2014

Hours 					     Median percentage loss (%)
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early weight loss percentiles can provide mothers an 
insight with a visual representation of how their 
infants are compared according to mode of delivery. 
This can provide reassurance that exclusive breast-
feeding is perfectly adequate for nourishment.

Hourly weight loss percentiles would help clinicians 
to foresee expected early weight loss of infants and 
thus allow a personalized approach and manage-
ment. Flaherman et al. attempted to identify the 
trajectories of breastfeeding outcomes by using 
early weight-loss nomograms, and concluded that 

From 1 January 2011 to 31 December 2014, 4221 newborn delivered 

Figure 1. Flowchart of the enrolled participants.

Due to missing information, 152 newborn were left out.

For the study 4069 newborns’ records were elligable

822 newborns were excluded
•	Gestational week< 37 weeks or ≥ 42 weeks (n= 117)
•	Presence of any metabolic or congenital disease (n=12)
•	NICU admittance or/and APGAR score lower than 7 (n=41)
•	Multiple births (twins, triplets) (n=34)
•	Formula fed directly after birth (n=53)
•	Additional formula use during hospital stay (n=565)

Total of 3247 newborns have been included in the study 

Figure 2. Weight loss percentages of exclusively breastfed infants who were born via caesarean delivery.

the use of such nomograms might help identify 
infants at higher risk of cessation of exclusive breast-
feeding (22).

Samayan et al. studied early weight loss among 104 
exclusively breastfed newborns prospectively in 
Bangalore, India. The median percentage weight loss 
of infants born vaginally at 24 and 72 hours was 2.2% 
and 4.7% respectively, while the mean weight loss 
for infants born by caesarean delivery was 3.2 % and 
5.9% at the same time points (23). The mean weight 
loss percentages reported by Samayan et al. were 
lowest in both delivery types when compared with 
other studies whilst those reported by Flaherman et 
al. were the highest (Table 5) (14,23). When the early 
weight loss studies were compared, in vaginal deliv-
eries the highest median weight losses occurred at 
48 hours, whereas in our study it occurred at 72 
hours (see Table 5). The maximum mean weight loss 
percentages were observed at 48 hours in caesarean 
deliveries in our study as well as two other studies. 
(14,15).

Studies have shown that the length of hospital stay 
following caesarean delivery is higher than those 
following vaginal delivery (18). The mean lengths of 
hospital stay were 71.0 hours for caesarean and 
45.7 hours for vaginal deliveries and this difference 
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was statistically significant (p=0.001). It has been 
suggested that for the establishment of successful 
breastfeeding, infants should be followed up for 
72-96 hours after birth and that may lead to longer 
hospital stay after caesarean deliveries (21). Weight 
measurements were continued as long as weight 
loss persisted. Flaherman et al. reported that 71.9% 
of infants born via vaginal delivery had one further 
weight measurement, following birthweight where-
as 48.8% of infants born by caesarean deliveries 
had two weight measurements taken (14). In our 
study 57.9% of infants born via vaginal deliveries 
had three further weight measurements while 
85.5% of infants born via caesarean deliveries had 
four weight measurments. This may be due to the 
difference between delivery modes in the mean 
length of stay. Mothers and infants in Flaherman’s 
study stayed in hospital for slightly shorter periods 
(2.6 and 1.6 days for caesarean and vaginal deliver-
ies, respectively) than in our study. A prospective 
study to investigate the benefit of using early 
weight loss percentile charts in terms of breast-
feeding success is planned.

Limitations of the study: As only healthy term neo-
nates were included in the study, birth weight of 
infants was mostly above 3000 grams. Information 
about the indication for caesarean delivery (elective 

or emergency) was not evaluated. Generalizability of 
the study may be limited, it was conducted at a pri-
vate hospital where most of the infants were from 
high income families. One of the key strengths of the 
present study was the large sample size. Although 
the study was retrospective in nature, data was 
extracted precisely from hospital records. 

CONCLUSION

Vaginal birth should be promoted in order to protect 
both maternal and neonatal health. The likely great-
er post-partum weight loss following caesarean 
delivery must be explained to those mothers who 
are planning to choose this delivery method. Early 
weight loss percentiles will have the dual benefit of 
predicting the expected weight loss in infants and 
thus reassuring mothers which, in turn, will encour-
age breastfeeding exclusivity. 

Ethics Committee Approval: Approval was obtained 
from the Koç University Ethics Committee (2015.058.
IRB2.024).
Conflict of Interest: The authors declared no conflict 
of interest. 
Funding: No financial support was received. 
Informed Consent: Informed consent was not 
obtained since the study is retrospective.

Figure 3. Weight loss percentages of exclusively breastfed infants who were born vaginally.
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