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A B S T R A C T

Background: Delayed onset of lactation is a key factor in the low rate of exclusive breast-feeding in 6
months after caesarean section. The mechanism of delayed onset of lactation is not clear. Milk production
depends largely on mitochondrial adenosine triphosphate synthesis, and the neutrophil-lymphocyte
ratio is closely related to mitochondrial deoxyribonucleic acid copy number and adenosine triphosphate
production. Presently, it is unclear whether a difference in the neutrophil-lymphocyte ratio exists
between those undergoing vaginal delivery and those undergoing caesarean delivery and, if so, whether
the difference correlates to the time of onset of lactation.
Objectives: To identify whether the neutrophil-lymphocyte ratio at 24 hours after delivery is different
between mothers delivering by caesarean section and those giving birth vaginally and whether the
neutrophil-lymphocyte ratio is related to the delayed onset of lactation.
Design: The study adopted a prospective cohort study design.
Settings: Maternity units of an Obstetrics & Gynecology Hospital.
Participants: 327 mother-infant pairs who met inclusion/exclusion criteria and were followed up to the
time of onset of lactation.
Methods: Mother-infant pairs were allocated to the vaginal birth group or the caesarean section group
according to birth method. The neutrophil-lymphocyte ratio was calculated as the absolute value of
neutrophils divided by the absolute value of lymphocytes based on full blood counts. Before delivery, full
blood counts were obtained from medical records. After delivery, blood samples were drawn 24 hours
postpartum, and blood cells were classified and counted. The onset of lactation was confirmed by the
maternal perception of breast fullness. The neutrophil-lymphocyte ratio and its relationship with
lactation onset were analyzed by multivariable regression.
Results: The neutrophil-lymphocyte ratios of both groups were elevated after delivery. Based on the
covariance analysis, after adjusting for baseline full blood counts before delivery, the neutrophil-
lymphocyte ratio in the caesarean group was higher than the ratio in the vaginal group after delivery
(p = .000). In addition, after adjustment for confounding factors, multivariable regression analyses
showed that an increased neutrophil-lymphocyte ratio was correlated with delayed onset of lactation
(95% confidence interval 0.285–1.646).
Conclusions: The neutrophil-lymphocyte ratio in the caesarean section group was higher than that in the
vaginal delivery group and was related to a delayed onset of lactation. Given the decreased mitochondrial
copy number in the elevated neutrophil-lymphocyte ratio and therefore the associated reduction in
adenosine triphosphate synthesis, these findings may elucidate the mechanism for delayed onset of
lactation in caesarean section births.
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What is already known about the topic?

� The onset of maternal lactation in women undergoing caesarean
section is usually later than in women giving birth vaginally.

� In early lactation, the mitochondrial deoxyribonucleic acid copy
number in peripheral blood is highly related to the mitochondrial
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deoxyribonucleic acid copy number in the mammary gland, and
the mitochondrial deoxyribonucleic acid copy number in periph-
eral blood is increased after vaginal delivery.

� When the number of leukocytes of an individual is not
significantly changed, a decreased neutrophil-lymphocyte ratio
is related to increased mitochondrial deoxyribonucleic acid copy
number and adenosine triphosphate production, and vice versa.

What this paper adds

� The neutrophil-lymphocyte ratio after caesarean section was
higher than after spontaneous delivery.

� An elevated neutrophil-lymphocyte ratio was related to the
delayed onset of lactation.

� Delayed onset of lactation in mothers undergoing caesarean
delivery is possibly attributable to elevated neutrophil-lympho-
cyte ratio and reduced mitochondrial deoxyribonucleic acid copy
number and adenosine triphosphate production.

1. Introduction

Although the World Health Organization recommends that
infants should be exclusively breast-fed for the first 6 months, the
rates of exclusive breast-feeding remain low in China. Two
prospective cohort studies have shown the rates to be between
2.6% (Liu et al., 2013) and 21.5% (Chen et al., 2018). Caesarean
section is an independent risk factor for the failure of exclusive
breast-feeding (Regan et al., 2013; Zhu et al., 2013). Mothers who
had a vaginal birth were more likely to practice exclusive breast-
feeding than mothers who gave birth via caesarean section
(Adugna et al., 2017). The effect of caesarean section on breast-
feeding is mainly in the early postoperative period. Early breast-
feeding rates are positively related to the exclusive breast-feeding
rate and negatively correlated to caesarean section (Guo et al.,
2013). The main cause for the lower exclusive breast-feeding rate is
the delayed or failed onset of lactation (Brownell et al., 2012). The
onset of lactation for mothers with caesarean delivery is more
likely to be delayed than for mothers with vaginal delivery (Scott
et al., 2007). However, the precise reasons why caesarean section
affects the onset of lactation are still unclear. In addition,
exploration of the mechanisms underlying the delayed onset of
lactation may help to develop appropriate interventions.

It is possible that delayed onset of lactation after caesarean
section is related to adenosine triphosphate reduction, which is
inferred as follows. Adenosine triphosphate acts as a major co-
transmitter substance that directly affects cutaneous vasomotor
function and skin temperature (Lang et al., 2017). It has been
recognized that caesarean section can lead to a decrease in body
temperature, but even active warming with a thermal gown before
the intraoperative period cannot absolutely prevent temperature
loss during caesarean delivery (Bernardis et al., 2016). Another
research study showed that elective limb surgery in normothermic
patients resulted in a decrease in adenosine triphosphate plasma
levels 24 hours after operation (Seekamp et al., 1999), so caesarean
sections may result in the reduction of adenosine triphosphate
levels. Caesarean section is a risk factor for delayed onset of
lactation (Scott et al., 2007). Meanwhile, most aspects of milk
synthesis are dependent on the mitochondrion, which is the key
organelle for production of adenosine triphosphate (Huang and
Keenan,1971). Hence, the delayed onset of lactation may be related
to the decreased adenosine triphosphate. In addition, previous
researchers have reported that the breast temperature in the
puerperium of normally lactating women was higher than in
women with hypogalactia (Tsubomoto, 1979; Skopichev and
Gaidukov, 1990); therefore, the delayed onset of lactation may
be related to breast temperature, which is mainly adjusted by
adenosine triphosphate.

In light of all the above-mentioned factors, we can reasonably
speculate that caesarean section may decrease adenosine triphos-
phate production and thereby cause delayed onset of lactation. To
explore the mechanism hypothesis, we initially wanted to explore
the postpartum production of adenosine triphosphate in those
delivering via caesarean section as well as those giving birth
vaginally. However, since adenosine triphosphate is unstable, it is
extremely difficult to measure its levels in a large number of
samples collected at different times, necessitating an indirect
index to reflect adenosine triphosphate level.

It has been demonstrated that in early lactation, mitochondrial
deoxyribonucleic acid copy numbers in peripheral blood in cows
were strongly correlated with mitochondrial deoxyribonucleic
acid copies in the mammary gland (Laubenthal et al., 2016). In
consideration of the research feasibility and ethical requirements,
it is proposed that in early-lactating mothers, mitochondrial
deoxyribonucleic acid copy numbers in blood might reflect the
cellular energy status of the mammary gland. Peripheral blood
cells are the cellular components of erythrocytes, leukocytes, and
platelets. Because erythrocytes do not contain mitochondria, the
peripheral blood mitochondrial deoxyribonucleic acid copy
number refers to the leukocyte mitochondrial copy number and
platelet mitochondrial copy number.

There are three main types of white blood cells that contain
mitochondria, namely, neutrophils, lymphocytes, and monocytes.
Neutrophils are the most abundant type of white blood cells,
accounting for 50%–70%; the second most abundant type is
lymphocytes, accounting for 20%–40%; and the fewest are
monocytes, about 3%–8%. Neutrophils contain a very low
mitochondrial deoxyribonucleic acid copy number (Maianski
et al., 2004), and metabolism in the mitochondria occurs through
anaerobic glycolysis rather than oxidative phosphorylation with
the production of little adenosine triphosphate (El-Hag and Clark,
1987). Adenosine triphosphate generation via glycolysis is far less
efficient (two adenosine triphosphate generated per glucose)
compared with oxidative phosphorylation (36 adenosine triphos-
phate generated per glucose). Given the low mitochondrial copy
number within neutrophils coupled with their preferential use of
less efficient energy metabolism pathways, a change in total
neutrophil counts will not significantly affect whole-body adeno-
sine triphosphate production. The proportion of monocytes in
white blood cells is relatively low, and the adenosine triphosphate
production mode is mainly anaerobic digestion, which also has
little influence on the total mitochondrial deoxyribonucleic acid
copy number and adenosine triphosphate level in peripheral blood.
Lymphocytes are abundant in mitochondrial deoxyribonucleic acid
copy number and produce adenosine triphosphate by aerobic
oxidation (Pyle et al., 2010; Kramer et al., 2014). Lymphocytic
activity and deoxyribonucleic acid synthesis are inhibited by
neutrophils (El-Hag and Clark, 1987). Hence, lymphocyte counts
have the ability to significantly affect both mitochondrial copy
number and in turn adenosine triphosphate synthesis.

The mitochondrial deoxyribonucleic acid copy number per
platelet is much lower than that in a single lymphocyte (Hurtado-
Roca et al., 2016). In other words, small changes in platelets do not
affect mitochondrial deoxyribonucleic acid copy number quantifi-
cation and adenosine triphosphate production in peripheral blood.
Therefore, the neutrophil-lymphocyte ratio mainly influences
mitochondrial deoxyribonucleic acid copy number and adenosine
triphosphate production of leukocytes in peripheral blood.

Caesarean section usually causes delayed onset of maternal
lactation in comparison with vaginal delivery. Lactation depends
on adenosine triphosphate, which may be reduced after caesarean
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section. Therefore, we hypothesized that if the neutrophil-
lymphocyte ratio after caesarean section was higher than that of
vaginal delivery, an elevated neutrophil-lymphocyte ratio may be
related to the delayed onset of lactation.

Neutrophil-lymphocyte ratio, as represented by the number of
neutrophils divided by the number of lymphocytes, can be easily
collected from the data of a routine blood examination. Owing to
its convenience and low costs, it may serve as an observational
indicator for large-scale prospective cohort studies to help
determine whether a decline in adenosine triphosphate after
caesarean delivery is related to lactation delay.

2. Methods

2.1. Study design, setting, and participants

We used a prospective cohort study design in this research. We
carried out the study in the maternity units of an obstetrics and
gynecology hospital, which was a specialized, tertiary (Grade 3,
Class A) hospital.

All mother-infant pairs in this study were based on the
following inclusion criteria: (a) healthy single birth and full-term
primiparas aged 20–35 years (because the neutrophil-lymphocyte
ratio in periparturient primiparous and multiparous dairy cows is
quite different before and after calving (Bühler et al., 2016)), (b)
willing to breast-feed babies, (c) blood cell counts within 1 week
before the delivery (since the neutrophil-lymphocyte ratio is
changed less in the first 3–7 days before birth but changed greatly
in the prenatal 7–14 days (Bühler et al., 2016)), and (d) normal
temperature when venous blood samples were drawn and during
labor (because fever affects the neutrophil-lymphocyte ratio). The
exclusion criteria were (a) breast-feeding contraindications, (b)
smoking during pregnancy, (c) a pregestational body mass index
�28 kg/m2 (obesity), (d) complications related to pregnancy or
childbirth, (e) dystocia, or use of midwifery forceps during labor, (f)
a fever (temperature �38.0 �C) within 24 hours postpartum, (g)
chronic medical and psychiatric problems, (h) night delivery, (i)
using cortisol drugs, (j) emergency caesarean section (after onset of
labour), or (k) other disease such as asthma. Any patient with
factors affecting the neutrophil-lymphocyte ratio, mitochondrial
deoxyribonucleic acid copy number, or adenosine triphosphate
production, such as age (Chistiakov et al., 2014), obesity (Hastie
and Lappas, 2014), complications (Crovetto et al., 2013), or
smoking (Garrabou et al., 2016), was excluded.

2.2. Ethical considerations

The ethics committee of the Obstetrics & Gynecology Hospital
of Fudan University approved the study protocol (No. 2016-61), and
the study was registered in the Chinese Clinical Trial Registration
(No. ChiCTR-ROC-16010102) and conducted from December 2016
to June 2017. Before the study, we provided all potential
participants with both verbal and written information about the
purpose and procedures of the study, informed them of the right to
withdraw from the study at any time and without any reason, and
obtained the written informed consent from each participant.

2.3. Measurement

2.3.1. Blood cell counts
Blood cell counts included the numbers of leukocytes,

neutrophils, lymphocytes, monocytes, and platelets of all pregnant
women enrolled in the study. Prenatal blood cell counts were
obtained from the medical records of the pregnant women, whose
blood was drawn within 1 week before delivery and whose body
temperature were normal. Postpartum blood cell counts were
obtained 24 hours after delivery.

2.3.2. Onset of lactation
From 24 hours after delivery to the onset of lactation, mothers

were asked twice a day if and when they noticed a sudden feeling
of fullness in their breasts. All mothers’ reported time of lactation
onset was recorded. This is a traditional method used to measure
the time of the onset of lactation and has been shown to correlate
with the actual time (Parker et al., 2011; Chapman and Perez-
Escamilla, 2000).

2.3.3. Prenatal, delivery, and postpartum data
We investigated a wide range of variables as potential

confounding factors of the onset of lactation. Via one-to-one
interviews, we collected a series of demographic data including
maternal age, education level, household income per capita,
marital status, employment status, residential address, race, and
breast-feeding or not. Based on the maternal health manual, a type
of medical record for pregnant women, we obtained the
prepregnancy height and weight and calculated the prepregnancy
body mass index using the following formula: mass in-
dex = weight/height2. We also estimated gestational weight gain,
which was the difference between maternal weight at the time of
the first prenatal care visit and maternal weight before labor.

In addition, we collected the following data via medical records:
health problems during pregnancy, attendance of antenatal care,
and delivery-related factors, including delivery mode, anesthesia
and labor analgesia, and newborn birth weight, gender, and
gestational age.

Finally, we examined postpartum variables such as time to first
breast-feeding, duration of first breast-feeding, breast-feeding
frequency and duration over 24 hours, supplementation of formula
within 24 hours, onset of lactation, and maternal psychological
factors. We gathered the feeding data from the feeding records of
parents or caregivers, who were trained in the data collection
methods by us at the inception of the study.

We measured the confounding factors of pain (Daoudia et al.,
2015), fatigue (Chae et al., 2018), and depression (Kim et al., 2011)
that affected the neutrophil-lymphocyte ratio, mitochondrial
deoxyribonucleic acid copy number, and adenosine triphosphate
levels. We measured the mother’s stress level using the Chinese
version of the Edinburgh Postnatal Depression Scale (Lee et al.,
1998), a self-evaluation tool, within 24 hours after delivery. The
Chinese version of the Edinburgh Postnatal Depression Scale with a
cutoff score of 9/10 is recommended for screening depressive
illness in a general postnatal population. We used a questionnaire
from the Fatigue Scale-14 to measure mother’s degree of fatigue
(Wang et al., 2010; Chalder et al., 1993). Mothers were asked to
score pain at 24 hours postpartum on a verbal numeric rating scale
ranging from 0 to 10, with 0 indicating no pain and 10 indicating
worst pain imaginable (Holdgate et al., 2003).

2.4. Statistical analysis

The sample size was determined as follows based on prelimi-
nary experiments. A two-sided significance level of 0.05 and power
level of 0.9 were defined. According to the data of 57 dyads in
preliminary experiments, the time of onset of lactation was 54.95
hours for the vaginal birth group and 63.28 hours for the caesarean
group; the standard deviation (SD) was 21.00 hours. Factoring in
dropouts, the sample size was increased by 30%. A total of 386
subjects were required in the two groups.

The data were imported into Epidata 3.1 and analyzed using
SPSS Statistics, version 22.0. Continuous variables with normal
distribution were expressed with mean and standard deviation
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and analyzed with two sample t-test. Allowing for the imbalanced
baseline of levels of blood cells and subtype counts, we conducted
covariance analysis for the adjusted blood cell counts before
delivery. Data that did not meet the condition of covariance
analysis were first transformed by coding rank method and then
conducting covariance analysis. Composition ratio data were
counted by using a chi-square test, while ranked data were
analyzed by rank sum test. Multivariate regression was adopted for
analyzing the relationship between the neutrophil-lymphocyte
ratio and the onset of lactation.

3. Results

The flow from eligibility to data analysis of participants is
shown in Fig. 1. A total of 367 mothers of singleton live births were
eligible, of whom 7 were excluded because of the lack of blood cell
tests at 24 hours postpartum (5 in the vaginal group and 2 in the
caesarean group), 22 were excluded because of dropout (18 in the
vaginal group and 8 in caesarean group), and 7 were excluded for a
temperature �38 �C within 24 hours postpartum (5 in the vaginal
group and 2 in the caesarean section group). The statistical analysis
covered a total of 327 dyads’ effective data. Among them, the
numbers of women in the caesarean group and vaginal group were
146 (44.6%) and 181 (55.4%), respectively. Of the 181 women in the
vaginal group, 48 did not receive labor analgesia, while the
remaining women received anesthesia in labor for pain relief. As
for the caesarean group, combined spinal-epidural anesthesia was
employed in all elective caesarean sections. All but three mothers
of the elective caesarean group used in patient-controlled
intravenous analgesia.

Mothers in the caesarean group were older (p = .000), less
frequently received antenatal care (p = .001), had higher gesta-
tional mass index gains (p = .009), had a younger gestational age at
births (p = .000), and had babies with a heavier birth weight
(p = .006) than those in the vaginal group (Table 1). As shown in
Table 2, mothers in the vaginal group took less time to begin their
first breast-feeding (p = .001), had a greater breast-feeding
frequency (p = .001), and had a longer duration of first breast-
feeding (p = .029) and sucking duration (p = .007) than those in the
caesarean group. Also, formula feeding frequency (p = .000) and
formula feeding volume (p = .000) were greater in the caesarean
group. Pain (p = .000) and fatigue (p = .002) were worse in the
caesarean group (Table 2). The onset of lactation (t = –3.071;
p = .002) was earlier in the vaginal group (56.58 � 15.23 h) than
that in the caesarean group (62.25 � 18.16h).

Compared with the prenatal period, total leukocytes (p = .000),
neutrophils (p = .000) and their percentage (p = .000), monocytes
(p = .000), and the neutrophil-lymphocyte ratio (p = .000) were
increased after delivery. The percentage of lymphocytes (p = .000)
and monocytes (p = .000) and the number of platelets (p = .000 in
the vaginal group, p = .010 in the caesarean group) were decreased
Fig. 1. Flow diagram
after deliveries. The absolute value of lymphocytes was increased
in the vaginal group (p = .000) but decreased in the caesarean
group (p = .006). After adjusting the baseline blood cell values of
the prenatal and postnatal intergroup covariance analysis, total
leukocytes (p = .000), neutrophils (p = .000), lymphocytes
(p = .000), and monocytes (p = .000) of the caesarean group were
decreased drastically; platelets (p = .003) and the neutrophil-
lymphocyte ratio (p = .000) of the caesarean group were increased
more significantly than those of the vaginal group (Table 3).

Candidate variables (delivery modes, p = .002; formula
frequency, p = .001; formula feeding volume, p = .001; postnatal
absolute number of lymphocytes, p = .015; postnatal lymphocyte
percentage, p = .021) with a p value �.05 on univariate analysis
were included in the multivariable model, and variables that were
considered clinically relevant (time to first breast-feeding, p = .898;
duration of first breast-feeding, p = .830; breast-feeding frequency,
p = .450; sucking duration, p = .356) were entered into the
multivariate regression model. Variables for inclusion were
carefully chosen, given the number of events available, to ensure
parsimony of the final model. Multivariate regression analysis with
a stepwise method showed that the neutrophil-lymphocyte ratio
was correlated with the onset of lactation after adjusting for these
confounders (Table 4). That is, the greater the formula intake
within 24 hours after births, the higher the neutrophil-lymphocyte
ratio and the later the onset of lactation.

4. Discussion

Based on the study, the absolute number of lymphocytes was
decreased drastically after caesarean delivery, while the maternal
white blood cell count and its subtype counts, except for
lymphocytes, were increased after delivery, regardless of whether
it is a caesarean section or spontaneous delivery. Hence, the
neutrophil-lymphocyte ratios of the two groups were increased
after delivery, but the extent of the increase in the neutrophil-
lymphocyte ratio in the caesarean section group was much higher
than that in the spontaneous delivery group.

Intriguingly, it has been reported that following spontaneous
delivery, there is a remarkable increase in total maternal white
blood cell count and neutrophil count, whereas the percentage and
absolute number of lymphocytes are decreased drastically
(Delgado et al., 1994). Following elective caesarean delivery in
our study, no leukocytosis was found. However, the percentage and
absolute number of lymphocytes was also decreased, though not as
pronounced as after spontaneous delivery (Delgado et al., 1994).
Presumably, the results suggest that although the neutrophil-
lymphocyte ratio of both groups was increased, the extent of the
increase in the spontaneous delivery group was higher than that in
the caesarean section group. One of the possible factors that might
reconcile the different results between the two studies could be
the time of blood draw. The time of blood draw in Delgado’s study
 of this study.



Table 1
Demographic Information for Mother–Infant Dyads*.

Characteristic Vaginal Group, n = 181 Caesarean Group, n = 146 t/χ2/Z p

Maternal age (years), mean � SD 28.20 � 2.65 29.22 � 2.48 �3.565 0.000
Race, n (%) 0.000 1.000

Han 179 (98.90) 145 (99.32)
Minority 2 (1.10) 1 (0.68)

Per capita household income (yuan/month), n (%) �1.110 0.267
�6000 20 (11.05) 14 (9.59)
6000–7999 39 (21.55) 25 (17.12)
8000–9999 47 (25.97) 39 (26.71)
�10000 75 (41.43) 68 (46.58)

Maternal education (years), n (%) �1.456 0.145
� 12 11 (6.08) 15 (10.27)
12-15 35 (19.34) 31 (21.23)
16-17 108 (59.67) 83 (56.85)
�18 27 (14.91) 17 (11.65)

Employment status, n (%) unemployed 41 (22.65) 35 (23.97) 0.079 0.779
Number of antenatal care interviews, mean � SD 13.45 � 2.11 12.68 � 1.99 3.336 0.001
Pregestational mass index (kg/m2), mean � SD 20.48 � 2.21 20.35 � 2.34 0.556 0.578
Gestational mass index gain (kg/m2), mean � SD 5.65 � 1.70 6.14 � 1.65 �2.638 0.009
Residential address, n (%), city 174 (96.13) 134 (91.78) 2.796 0.094
Accepted breast-feeding education, n (%), yes 44 (24.31) 33 (22.60) 0.131 0.718
Breast-feeding or not, n (%), yes 138 (76.24) 100 (68.49) 2.450 0.118
Gestational age at birth (weeks), mean � SD 39.84 � 1.01 39.36 � 0.74 4.729 0.000
Birth weight (g), mean � SD 3331.16 � 343.47 3447.53 � 410.96 �2.789 0.006
Newborn gender, n (%), male 96 (53.04) 79 (54.11) 0.037 0.847

* Continuous data were tested by independent-sample t test, dichotomous data by chi-square test, and rank data by rank sum test.

Table 2
Breast-Feeding Characteristics Within 24 hours After Birth*.

Variable Vaginal Group,
n = 181

Caesarean Group,
n = 146

t/χ2 p

Early breast-feeding
Time to first breast-feeding (hours), mean � SD 5.32 � 3.25 7.34 � 7.16 �3.398 0.001
Duration of first breast-feeding (minutes), mean � SD 18.78 � 12.51 15.95 � 10.31 2.194 0.029
Breast-feeding frequency, number of sessions, mean � SD 5.98 � 3.08 4.95 � 2.56 3.224 0.001
Sucking duration, (minutes), mean � SD 131.66 � 89.49 106.60 � 73.05 2.730 0.007

Formula intake
Formula frequency, number of feedings, mean � SD 3.82 � 2.48 5.05 � 2.17 �4.746 0.000
Formula volume (ml), mean � SD 47.62 � 36.08 64.49 � 37.42 �4.134 0.000

Potential related factors
Edinburgh Postnatal Depression Scale, score, n (%) 0.000 0.982

�9 166 (91.71) 134 (91.78)
�10 15 (8.29) 12 (8.22)
Pain, score, mean � SD 2.91 � 1.75 4.67 � 2.19 �8.063 0.000
Fatigue, score, mean � SD 4.90 � 2.50 5.77 � 2.59 �3.091 0.002

* Continuous variables were analyzed with independent-sample t test, and categorical variables were compared using chi-square test.
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was 30 minutes postpartum, whereas it was 24 hours postpartum
in our study. The blood counts may vary depending on the time of
blood drawing.

It is well known that a rise in cortisol induces lymphocyte
apoptosis (Smith and Cidlowski, 2010; Planey and Litwack, 2000)
and attenuates neutrophil apoptosis (Cox, 1995). The maternal
cortisol level increased in both the vaginal and caesarean groups
from 2 hours after delivery and lasted for 2–3 days postpartum
(Stjernholm et al., 2016; Zanardo et al., 2012; Campbell et al.,1987).
Given that the cortisol levels were higher in the spontaneous
delivery group than in the caesarean section group (Stjernholm
et al., 2016; Zanardo et al., 2012), an increase in the neutrophil-
lymphocyte ratio in women delivering vaginally may occur more
quickly than in women with caesarean delivery.

Compared with vaginal deliveries, caesarean deliveries can
bring surgical trauma. The influence of operations in women
undergoing caesarean deliveries is an important factor that
determines the elevated neutrophil-lymphocyte ratio. It has been
shown that the number of leukocytes and neutrophils increases
greatly whereas the number of lymphocytes drops significantly in
patients after cardiac surgery (Franke et al., 2006). In patients who
underwent surgical resection for colorectal cancer, the white blood
cell count increased greatly and the lymphocyte count dropped
drastically on the first day after the operation (Girardot et al., 2017).
Hence, we propose a similar mechanism underlying the changes in
white blood cell count and its subtypes’ counts for people
undergoing surgical operations.

In this study, postpartum leukocyte counts of women in the
spontaneous delivery group were significantly higher than among
those of the caesarean section group after childbirth, while the
neutrophil-lymphocyte ratio of the spontaneous delivery group
was significantly lower than that of the caesarean section group.
Since the increased neutrophil-lymphocyte ratio is associated with
decreases in mitochondrial deoxyribonucleic acid copy number
and adenosine triphosphate production, we speculate that the
mitochondrial deoxyribonucleic acid copy number and adenosine



Table 3
Comparison of Maternal Blood Cell Counts Before and After Deliveries and the Differences in Maternal Blood Cell Counts Postpartum Between the Two Delivery Groups.

Absolute cell numbers and percentage Vaginal Group,
n = 181
mean � SD

Caesarean Group,
n = 146
mean � SD

Postnatal intergroup Pre-post in Vaginal Group Pre-post in Caesarean Group

F/Z P* t P** t P**

Antenatal leukocytes, 109/L 8.80 � 1.97 8.60 � 1.91 16.835 0.000 �17.625 0.000 �13.554 0.000
Postnatal leukocytes, 109/L 13.18 � 2.70 12.05 � 2.41
Antenatal neutrophils, 109/L 6.58 � 1.77 6.44 � 1.62 3.636 0.057 �17.313 0.000 �15.483 0.000
Postnatal neutrophils, 109/L 10.43 � 2.41 9.91 � 2.17
Antenatal neutrophils, % 74.09 � 6.24 74.62 � 5.10 0.017 0.895 �5.295 0.000 �13.587 0.000
Postnatal neutrophils, % 78.18 � 8.30 82.21 � 4.44
Antenatal lymphocytes, 109/L 1.59 � 0.45 1.51 � 0.41 70.059 0.000 �6.172 0.000 2.756 0.006
Postnatal lymphocytes, 109/L 1.91 � 0.51 1.37 � 0.43
Antenatal lymphocytes, % 18.69 � 5.34 17.88 � 4.62 11.039 0.001 6.110 0.000 12.731 0.000
Postnatal lymphocytes, % 14.75 � 3.79 11.60 � 3.64
Antenatal monocytes, 109/L 0.56 � 0.17 0.58 � 0.19 10.957 0.001 �8.958 0.000 �5.215 0.000
Postnatal monocytes, 109/L 0.77 � 0.27 0.71 � 0.25
Antenatal monocytes, % 6.53 � 1.66 6.73 � 1.68 0.082 0.775 6.110 0.000 4.322 0.000
Postnatal monocytes, % 5.86 � 1.76 5.91 � 1.54
Antenatal platelet, 109/L 205.59 � 46.29 213.83 � 48.41 8.905 0.003 9.595 0.000 2.581 0.010
Postnatal platelet, 109/L 192.02 � 42.86 203.28 � 48.88
Antenatal neutrophil-lymphocyte ratio 4.42 � 1.73 4.50 � 1.34 23.797 0.000 �6.946 0.000 �13.132 0.000
Postnatal neutrophil-lymphocyte ratio 5.83 � 2.10 7.89 � 2.82

Note: The postnatal comparisons between the two groups were made by conducting a covariance analysis with the baseline intention as the covariate. The pre-post changes of
the two groups were assessed using the paired t-test.

* Covariance analysis.
** Paired t-test.

Table 4
Relationship between the neutrophil-lymphocyte ratio and onset of lactation*.

Measure B Standard error Beta t p 95% Confidence Interval

Formula intake within 24 hours after birth 0.075 0.024 0.169 3.097 0.002 0.028 0.123
Postnatal neutrophil-lymphocyte ratio 0.966 0.346 0.152 2.792 0.006 0.285 1.646

* Multivariate regression.
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triphosphate level would be lower after childbirth in women with
caesarean section than in women delivering vaginally.

To provide further proof, we focused on the changes in platelets
and differential counts of leukocytes in peripheral blood to explore
the changes in mitochondrial deoxyribonucleic acid copy number
and adenosine triphosphate after vaginal and caesarean deliveries.
From more than 3000 samples, the platelets and leukocytes
collected were 231.16 � 109/L and 7.34 � 109/L, respectively. In
whole blood and leukocytes, mitochondrial deoxyribonucleic acid
copy numbers were 68.25 and 31.86, respectively (Hurtado-Roca
et al., 2016). It was calculated that the mitochondrial deoxyribo-
nucleic acid copy number was 0.158 of per 1 �109/L platelets. The
differences in platelet counts between the two groups or between
predelivery and postdelivery were all about 10 � 109/L, so the
change in mitochondrial deoxyribonucleic acid copy number was
negligible for the total mitochondrial deoxyribonucleic acid copy
number in peripheral blood.

Based on the data of the differential counts of white blood cells,
monocyte numbers were increased in both groups, but the extent
of the increase of monocytes in the spontaneous delivery group
was higher than that in the caesarean section group. The
postpartum mitochondrial deoxyribonucleic acid copy number
of monocytes in the spontaneous delivery group was higher than
that in the caesarean section group. Neutrophils contain very small
amounts of mitochondria that can be ignored. Lymphocytes were
decreased in the caesarean section group after delivery but
increased in the spontaneous delivery group. The postpartum
mitochondrial deoxyribonucleic acid copy number of lymphocytes
in the spontaneous delivery group may be higher than that in the
caesarean section group.

The total mitochondrial deoxyribonucleic acid copy number
and adenosine triphosphate in peripheral blood can be determined
mainly by lymphocytes. Therefore, postpartum mitochondrial
deoxyribonucleic acid copy number and adenosine triphosphate in
the spontaneous delivery group may be increased after childbirth.
Of note, this notion is in agreement with previous studies showing
elevated mitochondrial deoxyribonucleic acid copy number and
adenosine triphosphate level in the peripheral blood of cows with
early lactation (Hadsell et al., 2011; Laubenthal et al., 2016),
whereas in our study, postpartum mitochondrial deoxyribonucleic
acid copy number and adenosine triphosphate in the caesarean
section group was decreased after childbirth, consistent with
elective limb surgery (Seekamp et al., 1999).

Taken together, we propose that the delayed onset of lactation
in women undergoing caesarean section may be due to decreased
mitochondrial deoxyribonucleic acid copy number and adenosine
triphosphate level after childbirth.

Dyads in the caesarean group experienced a delay in first
breast-feeding compared with those in the vaginal birth group.
However, time to first breast-feeding did not influence the onset of
lactation after controlling for other confounding factors. In the
present study, formula intake within 24 hours after birth was
related to the delayed onset of lactation. Further study is needed to
determine the mechanism for this relationship.

4.1. Implications

Our findings that birth by caesarean section increased the
neutrophil-lymphocyte ratio in mothers and that the elevated
neutrophil-lymphocyte ratio was related to the onset of lactation
expand our existing knowledge about the causes of delayed onset
of lactation. These results provide evidence of the physiological
mechanisms that contribute to the delayed onset of lactation
among mothers who experience caesarean birth. Future studies
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should further confirm its biological mechanisms and explore the
method to promote the onset of lactation in mothers undergoing
caesarean section.

4.2. Limitations

The drawback of this study may be that mothers in the vaginal
delivery group may have had symptoms of irregular contractions
and premature rupture of membranes, which might have affected
the results of prenatal blood cell counts. In addition, the study did
not include mothers who had emergency caesarean section.

Moreover, maternal blood draw occurred 24 hours after
delivery, whether caesarean section or vaginal delivery, and this
is a bit far too long the onset time of lactation. In fact, 48 hours after
birth is a better time. However, most mothers delivering vaginally
are discharged from the hospital 24 hours after delivery. This
limiting factor needs to be addressed in future research.
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