ISSN: 2347-467X, Vol. 11, No. (2) 2023, Pg. 456-469

w Current Research in Nutrition and Food Science

— www.foodandnutritionjournal.org

Oral Carbohydrate Administration was Suitable for Cesarean
Section—A Systematic Review and Meta-Analysis of

Randomized Trials

YING HU'2, XIAO HONG SONG*3, LI BO WANG?, ZHI QIN WANG*, ZHEN FENG
ZHOUS?, LIN JUN XU? MENG YAN XU®and GUI JUAN HE'

'School of Nursing, Zhejiang Chinese Medical University, Hangzhou, China.
2Depart. of Surgery, Hangzhou Women’s Hospital (Hospital Maternity and

Child Health Care Hospital), Hangzhou, China.

3Depart. of Obstetrics and Gynecology, Hangzhou Women'’s Hospital, Hangzhou, China.
“Depart. of Pharmacy, Zhejiang Provincial Xinhua Hospital, Hangzhou, China.
Depart. of Anesthesiology, Hangzhou Women'’s Hospital, Hangzhou, China.
%Depart. of Nursing, Hangzhou Women’s Hospital, Hangzhou, China.

Abstract

The use of carbohydrate (CHO) drinks prior to elective cesarean section has
gained momentum, but its effect on maternal and neonatal outcomes remains
controversial. The aim of this meta-analysis was to assess the effect of an oral
CHO load prior to cesarean delivery on insulin sensitivity, insulin resistance,
maternal glycemia, neonatal glycemia, and breastfeeding. As of May 21,
2023, we searched through five databases for English-language experimental
studies on pre-cesarean oral CHO. A total of 3,940 citations were received, of
which seven were selected. The concentrations of CHO used in these studies
ranged from 5.9% to 14.2%, and the amounts used were 300-400 ml. We
found that pre-cesarean CHO loading reduced maternal insulin resistance
and increased maternal glucose levels. CHO loading activates the insulin
pathway of critical enzymes to some extent, increasing glucose utilization by
peripheral tissues and ultimately reducing postoperative insulin resistance.
Of course, this is also beneficial in improving maternal blood sugar. We did not
find that CHO increased maternal insulin sensitivity or neonatal blood glucose
levels. Future prospective randomized controlled trials can use nutritional load
to increase colostrum production after Caesarean section to enhance the
confidence of these mothers in breastfeeding. In addition, our preoperative
beverage could be more individualized to accommodate diabetic women.
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Introduction

Since the 1980s, clinical trials have been challenging
the traditional practice of requiring all patients to
have scheduled surgery from midnight." During
abdominal surgery, the Enhanced Recovery After
Surgery (ERAS®) Society recommends using clear
fluids for at least 2 hours and solid fluids for 6 hours.2
The rationale for preoperative oral carbohydrate
(CHO) loading is to prevent harmful catabolic
alterations associated with fasting, for example,
glycogenolysis, decreased insulin sensitivity,
and proteolytic metabolism.® Insulin resistance
can lead to hyperglycemia and reduced tissue
responsiveness to insulin bioactivity. This metabolic
problem leads to a status of catabolism and can
contribute to increased morbidity and prolonged
hospitalization.” Women undergoing elective
cesarean delivery require prolonged fasting, which is
thought to be a factor in the development of neonatal
hypoglycemia.? In addition, women who underwent
elective cesarean delivery lactated significantly
less in the early postpartum period than women
with spontaneous vaginal delivery.® Therefore, the
incidence of hypoglycemia is higher in newborns
delivered by cesarean section than in newborns
delivered spontaneously. Hypoglycemia directly
affects the metabolism of neonatal brain tissue,
which in turn severely affects its related physiological
activities, causing irreversible and permanent
damage, and the symptoms of hypoglycemia lasting
30 minutes can lead to brain cell death.™ One way
to improve maternal and neonatal prognosis after
cesarean delivery is to optimize patient nutri-tion
prior to elective surgery through preoperative oral
CHO loading therapy as part of the Enhanced Re-
covery After Cesarean (ERAC) pathway."-'4

The American Society of Anesthesiologists
recommends “Drinking transparent liquids 2
hours before the induction of anesthesia for those
undergoing elective cesarean section without
complications”.’® Gastric emptying tests'® have
shown that less than 400 ml of oral CHOs 2 hours
before cesarean section is permissible. Types
of carbohydrates used in the current study,'”-2
including different concentrations of sugar water and
Gatorade, among other options.

Numerous studies have been conducted on CHO
loading, with a variety of outcomes, but their quality
is not satisfactory. Moreover, it is controversial
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whether oral CHO loading before cesarean delivery
improves maternal insulin sensitivity and reduces
insulin resistance, maternal glycemia, neonatal
glycemia, and breastfeeding. As a result, a meta-
analysis of studies focused on the effects of pre-
operative treatment of carbohydrates on clinical
and metabolic parameters in cesarean section is
required. Meanwhile, this is the first meta-analysis
related to oral carbohydrate administration during
cesarean section.

Specific Aims

This review evaluated the available evidence to
determine whether oral CHO beverages should be
consumed before cesarean delivery. Our evaluation
was based on evidence, including the stability of
maternal blood sugar levels and the strength of
neonatal blood sugar levels, postoperative insulin
sensitivity increases, postoperative breastfeeding
rate increases, and hospital stays were shortened.

Information and methodology

A systematic evaluation and meta-analysis of
randomized controlled trials (RCTs) were conducted
in accordance with the Preferred Reporting Elements
for Systematic Evaluation and Meta-analysis
(PRISMA) guidelines.?* The notice was recorded at
https://www.crd.york.ac.uk/PROSPERO/ and bears
ID CRD42022323953.

Search Strategies and Inclusion Criteria

Up to 21/05/2023, a systematic and comprehensive
literature search was conducted using the Pub-
Med/EMBASE/Cochrane Library/Clinical Trials /
Web of Science databases. Two authors separately
searched for English articles. In addition, terms
such as alternative words, carbohydrate acronym
(CHO), British or American alternative spellings,
keywords, free text, and Medical Subject Headings
(MeSH) were used to enhance the search further
(see Appendix 1). Duplicate studies, studies with
incomplete experimental data, animal studies,
abstracts only, and reviews were excluded. The
following inclusion criteria were applied:

. RCTs;

. Women who were over 18 years of age and
were undergoing elective cesarean section;

. Populations containing >30 patients;

. Experiments that did not encourage drinking
at midnight;
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. Interventions include taking more than 50ml of
carbohydrates 2 to 3 hours before cesarean
section;

. Randomly assigned carbohydrate load and

fasting/placebo (e.g., water), used for short
periods and with clear usage.

. The primary outcome measures were
maternal glucose levels, neonatal glucose
levels, insulin resistance, insulin sensitivity,
and postoperative breastfeeding.

The secondary outcome measures were as follows:
Length of hospitalization, the incidence of postoper-
ative nausea and vomiting (PONV), preoperative
gastric emptying time, grip strength, urinary ketone
levels, body temperature, preoperative maternal
hunger and thirst anxiety, and postoperative
complications. Studies that were not included
were duplicate publications, studies without full
text, studies with incomplete experimental data,
animal studies, trial registries, and studies that used
different methods to evaluate the same outcomes.

Data Extraction

Two of us (Hu Y, Song xih) independently classified
the interventions, and discrepancies were resolved
by a third reviewer (Wang zq). When further
information was needed to determine eligibility,
we contacted the trial authors. The procedure of
literature screening is given in Figure 1. Table T1
(in supplementary materials) displays the risk of
bias assessment for each study (listed in Table 1)
and Table 1 displays the maternal characteristics.

Outcomes

Primary outcomes: Maternal glucose levels,
neonatal glucose levels, insulin resistance, insulin
sensitivity, and postoperative breastfeeding.

Secondary Outcomes

Length of stay, rate of PONV, preoperative gastric
emptying time, grip strength, urinary ketone levels,
body temperature, preoperative maternal hunger
and thirst anxiety, and postoperative complications.

Data Synthesis and Statistic Analyzing

Review Manager 5.3 software was utilized in this
meta-analysis. All analyses were two-tailed and had
an alpha of 0.05. Categorical data were pooled as
risk ratios (RRs) with 95% confidence intervals. The
results for continuous data are summarized as the
mean differences (MD, with units) or standardized
mean differ-ences (SMDs, denoted as standard
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deviations) with 95% confidence intervals, when
appropriate. Categorical data were pooled as RRs
with 95% confidence intervals. Heterogeneity was
assessed using the I? statistic, with an I? greater than
50% indicating significant heterogeneity. When |2
was more excellent than 50%, random effects meta-
analysis was used first. The SMD was used when
studies assessing the same outcome used different
measures or when the results differed significantly
due to differences in the study population. When
the SMD was not appropriate, the raw results were
reported as descriptive expressions.

Risk of Bias

The Cochrane Risk of Bias Instrument guidelines
were used to assess each study, which included
randomization, allocation order, participant
blinding, outcome assessment blinding, reporting
of incomplete data, selective reporting, and other
biases. Our assumption for risk of bias assessment
was that the study's quality increases with the
number of evaluations that indicate a low risk of bias.

GRADE (Recommendation Grading, Assessment,
Establishment, and Estimation)

The quality of evidence was assessed using the
GRADEpro GDT software (https://gdt.gradepro.org/
app/). The evaluation results were categorized by the
quality of the evidence, which was categorized as
high, medium, low, and deficient quality. The results
of the evidence evaluation have been expressed in
Table T2 (in supplementary materials) Figures 2 and
3 show the results of all other meta-analyses. The
results of the other non-meta-analyses extracted by
the authors are described in Tables 2 and 3.

The Evaluation of Evidence Quality (Grade)

As all studies were RCTs, the results were first
considered to be of high quality. Comparing the CHO
and placebo groups, the evidence was increased in
one and low in the other. The smaller sample size
was the large confidence interval and significant
heterogeneity.

Results

Search Results

The database searched 3,940 articles; 3,919
articles were retained after removing duplicates and
screening them by title and abstract. A total of 21
full-text articles were assessed as eligible, of which
14 were substantially removed after comparison with
the inclusion and exclusion criteria. Seven full-text
articles were included for analysis (Figure 1).
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area or gastric volume
(2 h after feeding)

29 He et al., 2021 China?

29  4.4(3.9-4.8)

4.3 (3.9-4.7)

4.2 (3.6-4.7) 30

Maternal blood glucose

Shi et al., 2020 China®'

25

4.92+0.52

5.107+0.371 25

3.802+0.346 25

Insulin resistance
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29 He et al., 2021 China?

29 3.0 (2.8-3.2)

3.0 (2.8-3.3)

30

3.2(2.9-3.7)*

Infant blood glucose

(umbilical cord blood glucose)

HOMA-IR

He et al., 2021 China?
He et al., 2021 China?

29
29

2.2 (1.6-2.9)
1.6 (0.9-2.3)

29

29

2.2 (1.6-2.9)

30
30

2.1 (1.6-2.9)
0.9(0.5-1.5)

Pre-operation

1.6 (0.8-2.6)

Post-operation

Insulin

29 11.6 (9.0-14.6) 29 Heetal., 2021 China®
8.6 (5.0-11.5)

11.5 (9.0-14.6)
8.0 (4.5-13.3)

30

11.3 (8.9-14.8)
4.6 (2.8-7.6)

Pre-operation

Post-operation

The Study, Patient, and Treatment Characteristics
The sample RCTs involved 688 women. These
experiments were all double-blinded??° and triple-
blinded trials;?®*' one of them,?” was a single-blinded
trial, and the others were not described. Women
received 200 to 400 mL of a beverage with a CHO
concentration of 5% to 14.2% at one or different
times prior to cesarean delivery. The risk of bias
as-sessment scores ranged from a maximum of 7
to @ minimum of 3.

CHO Effects on Clinical and Biochemical
Parameters

The primary data of the meta-analysis included
insulin sensitivity, insulin resistance, maternal
glucose levels, and neonatal glucose levels—none
of the secondary outcomes needed more lysis.

The evaluation metrics showed that CHO loading
reduced insulin resistance (n = 100, SMD = -1.23,
95% confidence interval (Cl) = -1.39 to-1.08,
p<0.00001). However, there was no statistical
significance re-garding increased insulin sensitivity
(p=0.18).

In terms of maternal and neonatal glucose levels,
the results showed improved maternal glucose levels
(n=135, SMD =0.71, 95% confidence interval (Cl) =
0.05 to 1.38, p = 0.04), with no significant difference
in neonatal glucose outcomes (p = 0.45). Since
12=71%, the sensitivity analysis performed in Liu
Ning's study had a substantial effect on the results,
which may be because the study population in the?®
groups included diabetic women.

Figures 2-3 show the results of all other meta-
analyses. The results of other non-meta-analyses
extracted by the authors are described in Tables
2 and 3.

Quality Assessment of Evidence (GRADE)

As all studies were investigational clinical trials
(RCTs), the findings were initially considered to be
high quality evidence. However, the evidence was
high in one study and low in another. The reason was
due to smaller sample sizes with large confidence
intervals and significant heterogeneity.
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Records identified through database
searches(n=3940)

Pubmed:63 EMBASE:2642

The Cochrane Library:998

Clinical Trials:21

Web of Science:216

No additional record

Records remaining after duplicates Records excluded: title not
removed(n=1260) relevant(n=2651)
Record luded: trails i
Abstract screened(n=21) —™ ecords excludec: trais
progress(n=12)

Full text articles assessed for

eligibility(n=9)

Total full-text article excluded(n=2)

Study included in the review(n=7)

1. The same intervention by the
same team had with the smane
outcome(n=1)

2. No comparison(n=1)

464

Fig. 1: The flowchart depicting the search strategy and study selection for Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) study

Placebo
SD Total Weight

Experimental
Study or Subgroup Mean SD Total Mean
1.2.1 maternal blood glucose (CHO vs. P}

Ningning Liu,2021 524 091 43 448 048 42 53.0%
Yuan S., 2020 462 044 25 447 04 25 47.0%
Subtotal (95% CI) 68 67 100.0%

Heterogeneity: Taw® = 0.16; Chi* =343, df=1 (P =0.06); F=71%
Test for overall effect: Z=2.10 (P = 0.04)

Total (95% CI) 68 67 100.0%
Heterogeneity: Taw? = 0.16; Chi* =343, df=1 (P =0.06); F=71%

Test for overall effect: Z=2.10 (P = 0.04)

Test for subaroun differences: Not applicable

Std. Mean Difference

Std. Mean Difference

IV. Random. 85% Cl 1IV. Random. 95% Cl

1.03 [0.58, 1.49] &
0.35[-0.21, 0.91]
0.71 [0.05, 1.38] L

0.71 [0.05, 1.38]

3 o b 4
Favours [experimental] Favours [placebo]

Fig. 2: One effect size standardized mean difference for the
comparison of maternal glucose levels
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Experimental Placebo
Study or Subgroup Mean SD_Total Mean SD_Total Weight

465

Mean Difference
IV. Fixed. 95% Cl

Mean Difference
1V. Fixed. 95% ClI

1.3.1 insulin resistance index (CHO vs. P}

Yuan S., 2020 3.802 0.346 25 5107 0.371
Subtotal (95% Cl} 25
Heterogeneity: Not applicable

Test for overall effect: Z = 12.86 (P < 0.00001)

25
25

60.3%
60.3%

1.3.2 insulin resistance index (CHO vs. F)

Yuan S., 2020 3.802 0346 25
Subtotal (95% Cl} 25
Heterogeneity: Not applicable

Test for overall effect; Z = 8.95 (P < 0.00001)

492 052 39.7%

39.7%

Total (95% ClI) 50
Heterogeneity: Chi? = 1.35, df = 1 (P = 0.25); 12 = 26%
Test for overall effect: Z = 15.63 (P < 0.00001)

Test for subaroun differences: Chiz = 1.35. df = 1 (P = 0.25). P=25.9%

100.0%

1.31[-1.50, -1.11] :
.31 [-1.50, -1.11] L 2
1,12 [-1.36, -0.87] —
1.12 [1.36, -0.87] L 4
.23 [-1.39, -1.08] <
: : { {
-2 -1 0 1 2

Favours [experimental] Favours [placebo]

Fig. 3: An effect size (mean difference) was used to reduce insulin resistance for comparison

Discussion

Our study suggests that preoperative CHO loading
benefits women undergoing cesarean delivery. To
our knowledge, this study is the first to observe oral
CHO loading prior to cesarean delivery. This meta
analysis included RCTs involving 688 women.

The results suggest that CHO in women undergoing
cesarean section may not shorten the length of
hospital stay compared to patients undergoing
abdominal or cardiac surgery,®?2® as the length of
stay after cesarean section is not long and does not
fit as a primary indicator. This has led to insufficient
evidence and support in this area. However, there
is inadequate evidence about whether CHO loading
improves neonatal blood glucose levels or increases
maternal insulin sensitivity. However, the addition
of CHOs in this study was beneficial in enhancing
maternal blood glucose levels and reducing insulin
resistance. The reduction in insulin resistance is in
keeping with the results of the meta-analysis re-
ported by Ricci et al.*? Placental lactogens, estrogen,
progesterone, tumor necrosis factor, leptin, and
maternal adrenocorticotropic hormone, which are
all synthesized by the placenta, have antagonistic
effects on insulin, making maternal tissues less
sensitive to insulin.?* Studies have shown that
preoperative oral CHO loading activates the insulin
path-way on key enzymes (P13K and PKB) to some
extent, which increases surgical and postoperative
insulin sensitivity and promotes Glu T4 inversion in
peripheral tissues, thus increasing glucose utilization
by peripheral tissues and ultimately reducing
postoperative insulin resistance.?® The differences
in the maternal insulin sensitivity results may be

due to the wide variation in subjects, while only one
study included diabetic women. Concerning neonatal
glucose levels, some trials had problems setting
the time points for monitoring, resulting in neonatal
glucose results that were not significant in this study.
According to neonatal data, %23 high-risk neonates
should have their blood glucose measured within half
an hour to one hour after birth, and normal neonates
should have their blood glucose measured within
one hour to two hours after birth. If the evidence
for the effect of CHOs on maternal and neonatal
glycemia is insufficient, it may lead to a change in the
direction of our study. However, we also lack suitable
preoperative beverages for pregnant women with
diabetes. Some low Gl sugars are ideal for diabetic
patients and are used as preoperative beverage
sugars. Low-Gl diets effectively lower glycosylated
hemoglobin (HbA1c), leading to more stable
blood glucose concentrations. Such personalized
preoperative beverage customization should be
pursued in the future.

Although the use of CHOs before cesarean delivery
has shown a relative improvement in breastfeeding
rates, this can only be explained by the fact that the
sugar in CHOs improves mothers’ moods, which
affects their breast milk. This is because sugar has
no significant effect on the release of prolactin. A
high-protein diet regulates prolactin and the release
of ACTH by providing synthetic substrates for
catecholamine and serotonin. It may indirectly affect
the function of the hypothalam-ic-pituitary system by
altering cholecystokinin.?” Mid-gestation involves the
accumulation of colostrum through milk follicles,®
and in late gestation, the ductal system continues
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to dilate, expand and fill*® with colostrum. Cesarean
section is a common risk factor for differentimmune-
related diseases, including asthma and leukemia.*>-4
Further research has shown that some cytokines
are only present in colostrum, such as stem cell
generation factor and tumor necrosis factor b. Breast
milk contains various cytokines, which may even
affect infants’ long-term prognosis and disease.*”
Breast milk contains various cytokines, which may
even affect infants’ long-term prognosis and disease.
The prolonged interruption of breastfeeding during
the perioperative period of a cesarean section
and the inability of the infant to suckle during the
operation is one of the reasons for the relative
inadequacy of supplemental milk after a cesarean
section. Now there is a kind of hydrolyzed Whey
protein, which is easy to digest and can be used
before a cesarean section. Therefore, by preloading
protein before the operation to increase colostrum
storage in the breast duct and increasing prolactin
level early after the operation, it is helpful to regulate
colostrum deficiency after a cesarean section. Our
preoperative beverages should be more functional
and targeted.

The Limitations of Meta-Analysis

This study has some potential limitations. Most
of the included studies were studies of moderate
quality, and some needed to be better formulated in
a blinded manner. Although we excluded some low-
quality literature, there was significant heterogeneity,
and no funnel plot was used for publication bias
analysis, which affected the reliability of the findings.
The search language was limited to English, which
may have led to publication bias.

Implications for Future Research

Protein preloading may be required prior to cesarean
delivery to increase maternal postoperative
colostrum production. In addition, our preoperative
drinks can be more personalized to accommodate
diabetic women. Thus, our preoperative beverages
can be targeted to promote and improve function.
This may be beneficial to increase mothers’ con-
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fidence in breastfeeding after Caesarean section and
even promote pure breastfeeding after Caesarean
section. Furthermore, the perioperative period of
cesarean delivery is an indivisible whole, and optimal
nutritional support for the mother is as uninterrupted
a process as possible. The types and concentrations
of proteins that can be added to CHOs and are
suitable for use before and after cesarean delivery
deserve further exploration in future studies.

Conclusions

In summary, CHO loading before cesarean delivery
reduced insulin resistance and improved maternal
glucose levels. However, it did not affect neonatal
blood glucose levels, and there is insufficient
evidence regarding the improvement of other
measures. This preoperative beverage containing
sugar can be used in pregnant women with
gestational diabetes. We are trying to move toward
such personalization in providing treatment. It is
recommended that protein should be preloaded
before cesarean delivery and used early in the
postoperative period to reduce the duration of
the nutritional interruption, as well as to stimulate
prolactin and reduce the incidence of locational
deficiency after cesarean delivery.
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