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Zhen Hu, Ji Liu and Fen Wang*

Shanghai Tenth People’s Hospital, Tongji University, Shanghai, China

Background: This study aimed to analyse the effects of carbohydrate (CHO) intake

on inflammatory markers, comfort, and clinical outcomes in elderly patients undergoing

open radical prostatectomy.

Methods: Patients aged ≥65 years who underwent open radical prostatectomy were

randomly divided into CHO, drinking water, and fasting groups. A total of 90 patients were

enrolled in this study (CHO group, n = 28; placebo group, n = 30 and fasting group, n

= 32). Patients in the CHO group were given 800 and 400ml of carbohydrates 8 and

2–3 h before surgery, respectively. Patients in the placebo group were given 800 and

400ml of water 8 and 2–3 h before surgery, respectively. Patients in the fasting group did

not consume any liquids. The main result is levels of inflammation markers. Secondary

results included cellular immunity, comfort, body weight, grip index, and clinical results.

Results: Compared with the fasting group, the CHO group exhibited a decrease in

interleukin 6 (IL-6) levels on days 1 and 7 (75.47 and 7.06 pg/mL, respectively), IL-8 levels

on day 1 (274.61 pg/mL) and tumour necrosis factor (TNF) levels on days 1, 3, and 7

(11.16, 9.55, and 9.67 pg/mL, respectively). The placebo group exhibited a decrease in

IL-8 (390.26 pg/mL) and TNF levels (13.99 pg/mL) on day 1. Compared with the placebo

group, the CHO group exhibited a decrease in IL-6 levels on day 1 and TNF levels on

day 3. In the CHO and placebo groups, the thirst and hunger scores decreased on the

morning of surgery.

Conclusion: Preoperative CHO and drinking water are associated with decreased

levels of IL-6, IL-8, and TNF. CHO and water can also reduce thirst and hunger

scores. Therefore, we recommend that patients without contraindications should be

given 200–400ml of fluid 2–3 h before surgery, preferably CHO.

Clinical Trial Registration: http://www.chictr.org.cn/edit.aspx?pid=21783&htm=4;

ChiCTR-INR-17012867.

Keywords: carbohydrate, inflammatory markers, enhanced recovery after surgery (ERAS), clinical outcomes,

radical prostatectomy
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INTRODUCTION

Patients who undergo radical prostatectomy are generally

at an advanced age with multiple comorbidities. Surgical

trauma generally leads to a longer recovery time; therefore,

accelerated rehabilitation is required. Owing to the popularity

of enhanced recovery after surgery (ERAS) (1, 2), administering

preoperative oral carbohydrate (CHO) has become a common

clinical practise (3, 4). Preoperative administration of CHO
can reduce insulin resistance, protein loss, hunger, and anxiety
in patients without affecting gastric emptying (5). CHO
can promote early recovery of the intestinal function and
shorten the hospitalisation period (6). Currently, the most
common studies include assessment of the effects of CHO
on insulin resistance (7) and comfort (8) and the effects of
minimally invasive surgery (9) and unconventional fasting (10)
on postoperative immune function. A few studies have been
concerned with the improvement of postoperative immune
function by CHO.

Major open abdominal or pelvic surgery has a
higher incidence of postoperative adverse events such
as cardiopulmonary insufficiency, pain, thromboembolic
complications, and infection. The main reason for such
complications is the stress response caused by surgical trauma,
followed by a relatively high-level demand for a patient’s
immunity and energy reserve. The relatively high-level demand
for a patient’s organ function is considered to be mediated by
endocrine and metabolic changes caused by trauma.

The levels of C-reactive protein (CRP) and cytokines are
closely related to immune reaction, inflammatory response and
the extent of the inflamed tissue. Interleukin (IL-6) levels are
associated with the incidence of postoperative complications

FIGURE 1 | Illustration of the experimental design.

and are one of the predictors of the incidence of adverse
events postoperatively.

We hypothesise that drinking fluids before surgery can
improve the immune function of patients after surgery, and the
level of certain important inflammatory factors has increased.
The level of inflammatory factors has a certain warning
effect on the outcome of patients (such as infection, etc.).
Therefore, this study hypothesises that drinking liquids before
surgery can improve the outcome of patients by regulating
inflammatory factors.

METHODS

Patients who underwent open radical resection of prostate
cancer in the Shanghai Tenth People’s Hospital were selected
for this study. The inclusion criteria were as follows: elective
radical resection of prostate cancer; age ranging from 65 to
85 years; body mass index (BMI) ranging from 17.0 to 32.0
kg/m2; the American Society of Anesthesiologists (ASA) physical
status I-III and normal heart, lung, liver, kidney, and blood
coagulation function. Oral anticoagulants were discontinued 5–7
days before the operation. The exclusion criteria were as follows:
age <65 years, inability to drink transparent liquid or allergy,
gastrointestinal emptying disorder or obstruction, diabetes, liver
cirrhosis, severe cardiac and renal insufficiency, corticosteroid
administration at a dose more than 5 mg/day, and ASA physical
status IV. The trial was approved by the Ethics Committee of
the Shanghai Tenth People’s Hospital, and all patients signed a
written informed consent form before participating in the study.

All patients were randomly divided into the following
three groups: CHO, water (placebo group) and routine water
abstinence groups (fasting group). The patients were divided as
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follows: According to the required sample size of 120 patients,
120 two-digit random number series were generated using a
random number table. The order of the remainder obtained by
dividing the two-digit random number series by 3 was the order
in which the patients were randomly divided into three groups.
Eventually, the grouping scheme was kept in a sealed envelope.
The patients were assigned to the three respective groups based
on the grouping scheme. Both patients and researchers were
unaware of fluid distribution in patients. Fluid was given to
patients by a person who knew the distribution of CHO and
placebo water and was not involved in the study.

Patients who met the criteria were selected and randomly
assigned to the CHO, water (placebo group), and routine water
abstinence (fasting group) groups according to the envelope
clue. CHO (Su Qian, commonly known as maltodextrin fructose
drink) and placebo products were produced by Jiangsu Zhengda
Fenghai Pharmaceutical Co., Ltd., and both products had
the same outer packaging. After completing data entry and
database locking, the company revealed the product code to the
researchers. The study design is demonstrated in Figure 1, and a
flow chart is demonstrated in Figure 2.

All three groups were banned from solid food at least 6 h
before surgery. From 07:00 PM to 12:00 AM on the evening
before surgery, patients in the CHO group were given 800mL
of a CHO drink (Su Qian contains 12.6% CHO, 50 kcal/100mL,
290 mOsm/kg, pH 5.0, and 200mL per bottle). On the day of
surgery, patients in the CHO group consumed ∼400mL of Su
Qian 2–3 h before the scheduled induction of anaesthesia, with
an interval of more than 20min. Patients in the placebo group
were given the same amount of seasoning water at the same time
points (sucralose, 0 kcal/100mL; citric acid, 0 kcal/100mL, 107
mOsm/kg, pH 5.0), which had the same taste and appearance
as the CHO drink. In the fasting group, no fluid was given to
patients preoperatively. To ensure smooth implementation of the
experiment, the patients were scheduled for the first operation on
the day of surgery. All operations were performed by the same
group of experienced urological surgeons.

All patients received the same general anaesthesia regimen,
with sufentanil at a dose of 0.25–0.5 µg/kg, propofol at a dose of
1.5–2 mg/kg and cisatracurium benzenesulfonate at a dose of 0.2
mg/kg. After endotracheal intubation, sevoflurane inhalation was
used to maintain anaesthesia with end-expiratory sevoflurane

FIGURE 2 | Experimental flow chart.
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TABLE 1 | Patient demographics and surgical characteristics.

Characteristicsa CHO (n = 28) Placebo (n = 30) Fasted (n = 32) Standardised differencesb

Age at surgery (years) 71.7 (68.5–74.5) 70.5(68.5–75.0) 70.4 (66.5–71.9) 0.421

BMI (kg/m2 ) 23.54 (22.1–26.3) 23.86 (21.4–26.28) 23.97 (23.03–25.06) 0.09

OR time (min) 152.5 (135–205) 162.5 (140–195) 154.27 (120–165) 0.387

Blood loss (mL) 200 (100–200) 200 (125–225) 200 (100–225) 0.798

Intraoperative fluid (mL) mean (min–max) 2,250 (2,000–2,250) 2,000 (1,750–2,250) 1,925 (1,750–2,000) 0.246

ASA grade (n [%]) 0.059

I 5 (18) 6 (20) 6 (19)

II 17 (61) 18 (60) 19 (59)

III 6 (21) 6 (20) 7 (22)

CHO, Carbohydrate; BMI, body mass index; ASA, American Society of Anesthesiologists; OR, Operative.
aValues are expressed as median (interquartile range) for skewed distribution data or as n (%) for categorical data.
bStandardised difference was calculated using the R software.

volume fraction of 0.9–1.2 minimum alveolar concentration,
remifentanil at a dose of 2–5 µg/kg/h was used to induce
analgesia, and cis-atracurium besylate at a dose of 4–10 mg/h
was used to maintain muscle relaxation. During surgery, fluid
infusion was guided based on blood pressure, heart rate, bleeding,
and urine volume. Ringer’s lactate solution and hydroxyethyl
starch were used as supplements, crystal fluid: Colloidal fluid =

3/1 and appropriate adjuvant vasoactive drugs were also used.
After surgery, the patients were encouraged to sit by the

bedside or get out of the bed as soon as their health conditions
permitted. If there was no nausea and vomiting, the patients
were asked to drink water and eat as soon as possible. Infection
is defined as the presence of sepsis, which can be diagnosed
as follows: body temperature >38◦C or <36◦C, heart rate >90
beats/min, systolic blood pressure ≤100 mmHg, respiratory rate
>22 beats min or partial pressure of carbon dioxide (PaCO2)
<32 mmHg (<4.3 kPa), white blood cell count >12 × 10 ∧9/L
or <4 × 10 ∧9/L or immature cell count >10% and changes in
the consciousness level.

At ∼7 AM before surgery, venous blood was collected from
the patients to measure the levels of IL, tumour necrosis factor
(TNF), and CRP and cellular immunity. Venous blood samples
were collected at the same time point on days 1, 3, and 7
postoperatively. In addition, comfort and grip strength of the
patients were measured at the same time point preoperatively
and on days 1, 3, and 7 postoperatively. Comfort was measured
using a 100-mm visual analogue scale (VAS) (5) based on the
following parameters: anxiety, hunger, thirst, nausea, and fatigue.
Grip strength was measured using a grip force device, and all
measurements were performed on the same dominant hand.
The first exhaust time, independent standing time after surgery,
time to the intake of water and time to the intake of oral diet
were recorded, and the results related to postoperative infection
were assessed.

Outcome indicators included the following:

1. Main outcome indicators: levels of inflammatory markers
(IL-6, IL-8, IL-10, TNF, and CRP);

2. Secondary outcomes indicators: cellular immunity level (CD3,
CD4, CD8, CD4/CD8, CD19, and CD16/CD56), comfort

(anxiety, hunger, thirst, nausea, and fatigue), the index of
grip strength of body mass (grip strength [kg]/body weight
[kg] × 100%) and clinical outcomes (first exhaust time,
independent standing time after surgery, time to intake of
water, time to intake of oral diet and the incidence of
postoperative infection).

Statistical Analysis
Measurement data conforming to normal distribution were
represented by mean (standard deviation); non-normal
distribution was represented by median (lower and upper
quartiles, i.e., the interquartile range), and count data were
represented by the rate of adoption (%) or composition ratio
(%). Standardised differences were used to evaluate the chief
demographic and clinical characteristics among different groups,
and the maximum value of standardised differences between
two groups compared in pairs was used as the evaluation index.
The measurement data were used for repeated measures analysis
of variance with adjusted covariates including Age, BMI, AT,
Fluid, Blood Loss, and ASA. If the difference between the
treatment groups and interaction between the repetitive (time)
and treatment factors were statistically significant, multiple
comparisons of the treatment factors were performed according
to the measurement time points (Bonferroni method). P ≤

0.05 indicated that the difference was statistically significant.
IBMSPSS 20.0 was used for statistical analysis, and the statistical
graphs were plotted using GraphPad Prism version 8.3.0.

RESULTS

Table 1 demonstrates that the three groups were well-matched in
terms of age, BMI, ASA physical status classification, operative
time, blood loss, and fluid rehydration. A patient in the placebo
group had intraoperative bleeding of 900mL and was infused
with 1unit red blood cell suspension.

Table 2, Figure 3 demonstrate the pairwise comparison of
inflammatory factors at each time point in the three groups.
Compared with the fasting group, the CHO group was associated
with a decrease in IL-6 levels on days 1 and 7, IL-8 levels
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TABLE 2 | Comparison among the levels of inflammatory factors of the three groups.

CHO

mean

(SEM)

Placebo

mean

(SEM)

Fasted

mean

(SEM)

P-value CHO vs. placebo

mean difference (95%

CI); P-value

CHO vs. fasted

mean difference (95%

CI); P-value

Placebo vs. fasted

mean difference (95%

CI); P-value

IL-6

(pg/mL)

0.001

Day 0 9.3 (4.5) 11.0 (4.3) 15.8 (4.0) −1.7 (−17.7 to 14.2); 1.000 −6.5 (−21.1 to 8.1); 0.834 −4.8 (−19.1 to 9.6); 1.000

Day 1 75.5

(15.7)

123.0

(15.1)

134

(13.9)

−65.5 (−121.654 to −9.4);

0.017

−76.5 (−127.9 to −25.1);

0.001

−11.0 (−61.6 to 39.5);

1.000

Day 3 27.9 (8.8) 33.0 (8.5) 34.1 (7.8) −5.1 (−36.8 to 26.5); 1.000 −6.3 (−35.2 to 22.7); 1.000 −1.1 (−29.7 to 27.4); 1.000

Day 7 7.1 (4.3) 20.5 (4.1) 26.11

(3.8)

−13.4 (−28.8 to 1.9); 0.106 −19.1 (−33.1 to −5.0);

0.004

−5.6 (−19.5 to 8.2); 0.973

IL−8

(pg/mL)

0.011

Day 0 170 (56) 192 (54) 188 (50) −23 (−223 to 177); 1.000 −18.2 (−201.3 to 164.8);

1.000

4.4 (−175.6 to 184.5);

1.000

Day 1 275 (141) 390 (136) 852 (125) −116 (−620 to 389); 1.000 −576.9 (−1038.4 to

−115.4); 0.009

−461.3 (−915.2 to −7.3);

0.045

Day 3 341 (133) 473 (129) 417 (118) −132 (−608 to 345); 1.000 −75.9 (−512.3 to 360.6);

1.000

55.8 (−373.5 to 485.1);

1.000

Day 7 309 (137) 305 (132) 620 (121) 4.2 (−487 to 495); 1.000 −310.8 (−760.0 to 138.4);

0.284

−315.0 (−756.8 to 126.9);

0.256

TNF

(pg/mL)

0.001

Day 0 13.9 (3.3) 14.5 (1.2) 20.3 (2.9) −0.5 (−12.3 to 11.2); 1.000 −6.4 (−17.1 to 4.4); 0.451 −5.8 (−16.4 to 4.7); 0.541

Day 1 11.2 (2.4) 14.0 (2.4) 23.9 (2.2) −2.8 (−11.6 to 5.9); 1.000 −12.7 (−20.7 to −4.7);

0.001

−9.9 (−17.8 to −2.0); 0.009

Day 3 9.6 (2.8) 20.7 (2.7) 20.5 (2.5) −11.2 (−21.1 to −1.2);

0.023

−11.0 (−20.1 to −1.8);

0.013

1.2 (−8.8 to 9.2); 1.000

Day 7 9.7 (1.9) 13.9 (1.9) 18.9 (1.7) −4.2 (−1.2 to 2.8); 0.428 −9.2 (−15.6 to −2.8); 0.002 −5.0 (−11.3 to 1.3); 0.170

CHO, Carbohydrate; IL−6, Interleukin 6; IL-8, Interleukin 8; SEM, Standard error of the mean; TNF, Ttumor necrosis factor; Day 0, Before the operation; Day 1, The first postoperative

day; Day 3, The third postoperative day; Day 7, The seventh postoperative day. P < 0.05 is displayed in bold.

on day 1 and TNF levels on days 1, 3, and 7. Patients in the
placebo group exhibited a decrease in IL-8 and TNF levels on
day 1. Compared with the placebo group, the CHO group was
associated with a decrease in IL-6 levels on day 1 and TNF
levels on day 3. No significant difference was observed in the
levels of IL-10 and CRP among the three groups. No statistical
difference was observed in the cellular immune indexes among
the three groups.

The results of repeated measures analysis of variance revealed
no interaction between IL-10 levels and measurement time
points (F = 0.746, P = 0.471) among the groups. Statistical
differences were observed in IL-10 levels at different time points
preoperatively and postoperatively (F = 8.112, P = 0.001). No
statistically significant differences were observed in IL-10 levels
among the three groups (F = 1.148, P = 0.322).

Table 3 demonstrates that compared with the fasting group,
the thirst (0.68 and 1.26, respectively) and hunger (0.24 and
0.47, respectively) scores of the CHO and placebo groups on the
morning of surgery were significantly reduced (both P < 0.01).
No difference was observed in the weight grip index among the
three groups.

Table 4 demonstrates no differences in independent standing
time, the first exhaust time, the first water intake time, the first

mealtime and the incidence of postoperative infection among the
three groups.

DISCUSSION

Indicators for the clinical evaluation of immune function include
inflammatory markers (IL-2, IL-6, IL-8, IL-10, TNF, and CRP)
(11) and cellular immunity (T cells, T helper cells, natural killer
[NK] cells, and human leukocyte antigens DR [HLA-DR]). Of
these inflammatory factors, IL-6, IL-8, TNF, and CRP are all
pro-inflammatory factors, and some studies have reported that
IL-10 is an anti-inflammatory factor. A decrease in the levels
of inflammatory markers and an increase in cellular immunity
indicate that an individual’s immune function is better (12,
13). To reduce the occurrence of postoperative complications,
studies have suggested that accelerated rehabilitation surgery,
especially minimally invasive surgery (14), and unconventional
fasting before surgery can improve postoperative immune
function, reduce inflammation levels, and increase cell-mediated
specificity. In 2006, the Gerdien et al. (15) investigated the
effect of preoperative liquid CHO intake on postoperative
immune function. Compared with the routine preoperative water
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FIGURE 3 | Changes in the levels of postoperative inflammatory markers including IL-6 (A), IL-8 (B), IL-10 (C), and TNF (D) in different groups. CHO vs. 0.01;

Placebo vs. Fasted, #P ≤ 0.05, Placebo vs. Fasted, &P ≤ 0.05, *P ≤ 0.05, **P ≤ 0.01.

deprivation group, the HLA-DR levels of the oral CHO group
did not decrease and body fluid balance was not disturbed,
indicating that preoperative oral administration of CHO can
avoid subsequent immune reactions and reduce the incidence
of complications such as infection. However, another study by
Mathur et al. demonstrated that CRP and IL-6 levels exert no
effect on systemic inflammation in patients undergoing major
abdominal surgery (16). Therefore, the authors believed that
there is no evidence that CHO load is essential to reduce surgical
pressure. Tran et al. (17) found that the levels of IL-6 and CRP
were not affected by the use of CHO before coronary artery
bypass grafting and spinal surgery.

This study revealed that the levels of inflammatory markers
in the placebo and CHO groups were lower than those of the
fasting group; the levels were especially lower in the CHO group.
Compared with the fasting group, the CHO group exhibited
a decrease in TNF levels on days 1, 3, and 7 postoperatively,
IL-6 levels on days 1 and 7 postoperatively and IL-8 levels on
day 1 postoperatively. Compared with the fasting group, the
placebo group exhibited a decrease in IL-8 and TNF levels on the
first postoperative day. The levels of three major inflammatory
factors (IL-6, IL-8, and TNF) were significantly reduced on
the first postoperative day, indicating that CHO was closely
associated with decreased levels of inflammatory markers. The
levels of two inflammatory factors (IL-8 and TNF) in the placebo

group were also significantly reduced on the first postoperative
day, indicating that drinking water was also associated with
the reduction of inflammatory factors. Compared with the
placebo group, the CHO group only exhibited a decrease in
IL-6 levels on the first postoperative day and TNF levels on
the third postoperative day, indicating that CHO did not offer
many advantages to reduce the levels of inflammatory factors.
Therefore, preoperative consumption of a certain amount of
liquid, whether CHO, sweet water, or other clear liquids, exerts
similar effects on postoperative inflammation indicators. Su Qian
is an energy-rich CHO beverage, whereas water is a transparent
liquid without energy-rich nutrients; the difference between
Sugan and water is that their sugar and energy contents are 1
and 0, respectively. Sugar and energy may not play an important
role in regulating the level of inflammatorymarkers, and a certain
amount of fluid intake preoperativelymay exert significant effects
on postoperative results. Compared with water deprivation,
preoperative intake of a certain amount of fluid can significantly
reduce the levels of inflammatory markers in the body.

Anti-inflammatory cytokines are immunoregulatory
molecules that control the pro-inflammatory cytokine response.
They interact with specific cytokine inhibitors and soluble
cytokine receptors to regulate the human immune response.
Their physiological role in inflammation and pathological
role in systemic inflammatory states are increasingly being
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TABLE 3 | Comparison among subjective comfort in the three groups.

CHO Placebo Fasted P-value (CHO vs. fasted) P-value (placebo vs. fasted)

Anxiety

Day 0 1.2 (0–8) 1.8 (0–5) 1.6 (0–4) 0.141 0.338

Day of surgery 1.0 (0–4) 1.7 (0–5) 1.2 (0–8) 0.838 0.119

Day 1 0.9 (0–7) 0.6 (0–5) 0.7 (0–4) 0.603 0.999

Day 3 0.3 (0–2) 0.2 (0–2) 0.5 (0–5) 0.339 0.365

Thirst

Day 0 1.7 (0–6.5) 1.4 (0–5) 2.4 (0–5) 0.451 0.52

Day of surgery 0.7 (0–4) 1.3 (0–4) 3.0 (1–8.5) 0.002 0.001

Day 1 2.2 (0–8) 1.8 (0–8) 2.2 (0–7) 0.7 0.335

Day 3 1.2 (0–7) 0.4 (0–2) 0.8 (0–5) 0.692 0.306

Hunger

Day 0 0.9 (0–3) 0.4 (0–4.5) 1.0 (0–4) 0.934 0.78

Day of surgery 0.2 (0–3) 0.5 (0–3) 1.4 (0–7) 0.008 0.01

Day 1 1.9 (0–8) 1.2 (0–5) 1.5 (0–6) 0.474 0.886

Day 3 0.8 (0–5.5) 0.4 (0–5) 0.9 (0–5) 0.889 0.439

Nausea

Day 0 0 (0–0) 0.2 (0–3) 0 (0–0) 0.999 0.07

Day of surgery 1.2 (0–3) 1.5 (0–6) 2 (0–6) 0.666 0.916

Day 1 0.5 (0–5) 1.8 (0–6) 1.3 (0–3) 0.828 0.758

Day 3 0.6 (0–5) 0.1 (0–1) 0.1 (0–3) 0.138 0.585

Fatigue

Day 0 1.1 (1–2) 1.0 (1–2) 1 (0–2) 0.125 0.563

Day of surgery 2.2 (0–6) 2.5 (1–6) 2.4 (0–6) 0.553 0.979

Day 1 1.6 (0–7.5) 0.9 (0–3) 1.0 (0–4) 0.128 0.786

Day 3 0.9 (0–5) 0.4 (0–3) 0.7 (0–2) 0.791 0.172

Grip strength index (%)

Day 0 44.7 (29.0–67.7) 46.9 (33.4–67.7) 44.1 (30.7–62.3) 0.211 0.588

Day of surgery 38.4 (26.2–68.1) 41.5 (32.8–57.5) 41.3 (25.9–57.9) 0.57 0.475

Day 1 39.2 (27.6–66.0) 42.1 (24.8–63.2) 43.0 (30.9–61.2) 0.968 0.567

Day 3 42.4 (29.7–66.1) 44.1 (25.1–63.1) 44.1 (28.8–64.9) 0.496 0.691

CHO, Carbohydrate; Day 0, Before the operation; Day 1, The first postoperative day; Day 3, The third postoperative day; Day 7, The seventh postoperative day.

TABLE 4 | Comparison among the postoperative rehabilitation indices of the three groups.

CHO mean

(min–max)

Placebo mean

(min–max)

Fasted mean

(min–max)

CHO vs. placebo mean

difference (95% CI);

P–value

CHO vs. fasted mean

difference (95% CI);

P-value

Placebo vs. fasted mean

difference (95% CI);

P-value

Time to first anal

exhaust (h)

24.7 (5.5–101) 26.5 (7.5–64) 25.0 (1.5–93) −1.8 (−11.2 to 7.7); 1.000 −0.32 (−9.30 to 8.65);

1.000

1.44 (−7.91 to 10.79);

1.000

Time to first walk

(h)

28.6 (10–100) 28.7 (12–70) 39.2 (15–93) −1.4 (−10.2 to 9.9); 1.000 −10.64 (−20.03 to −1.25);

0.081

−10.50 (−20.29 to

−0.712); 0.108

Time to first drink

(h)

24.7 (5.5–101) 26.5 (7.5–64) 25.0 (1.5–93) −3.9 (−4.6 to 3.8); 1.000 −1.97 (−5.87 to 1.92);

0.948

−1.58 (−5.69 to 2.53);

1.000

Time to start oral

diet (h)

27.9 (12–73) 34.8 (8–72) 34.6 (2.5–80) −6.9 (−16.5 to 2.7); 0.474 −6.65 (−15.72 to 2.40);

0.441

0.22 (−9.68 to 9.24); 1.000

Infection (n)

Day 1 4 4 3 1.000 1.000 1.000

Day 3 2 2 3 1.000 1.000 1.000

Day 7 0 0 0 1.000 1.000 1.000

CHO, Carbohydrate; Day 0, Before the operation; Day 1, The first postoperative day; Day 3, The third postoperative day; Day 7, The seventh postoperative day.

CHO vs. fasted.
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recognised. Major anti-inflammatory cytokines include IL-1
receptor antagonist, IL-4, IL-10, IL-11, and IL-13. Of all anti-
inflammatory cytokines, IL-10 exhibits potent anti-inflammatory
properties, repressing the expression of inflammatory cytokines
such as TNF-α, IL-6 and IL-1 by activated macrophages. In
addition, IL-10 can upregulate endogenous anti-cytokines
and downregulate pro-inflammatory cytokine receptors.
Therefore, it can counter-regulate the production and function
of pro-inflammatory cytokines at multiple levels (18).

In this study, no statistical difference was observed in IL-
10 levels among the three groups, indicating that the effect
of preoperative liquid intake was weaker on anti-inflammatory
factors such as IL-10 than that on pro-inflammatory factors such
as IL-6, IL-8, and TNF.

Although significant differences were observed in the levels
of IL-6, IL-8, and TNF among the three groups, no difference
was observed in the levels of cellular immunity indicators
and the incidence of postoperative infection among the three
groups; therefore, the clinical significance of CHO administration
could not be determined. Because several factors affect the
incidence of postoperative infection, preoperative fluid intake
may not be a key factor in reducing the incidence of
postoperative infections.

Several studies (19) have demonstrated that preoperative
administration of CHO can significantly reduce preoperative
hunger and anxiety and does not affect gastric volume.
The present study found that preoperative administration
of fluid, either CHO or clear liquid, can significantly
improve thirst and hunger scores in the early morning
(usually 90–120min after the intake of liquid in the
morning) as compared with water deprivation. A similar
effect was observed on the comfort parameters on the day
of surgery. Furthermore, drinking a liquid beverage, not
necessarily CHO, may significantly provide improved comfort
to patients.

Clinical outcomes among the three groups were not
significantly different. Preoperative liquid intake did not play
an important role because several factors affect the clinical
outcome of patients. For example, the time to get out of bed
is affected by factors such as medical staff education, medical
cognition update, fear of getting out of bed, postoperative
pain, and weakness. Some studies (20) have reported that
preoperative CHO load is only related to a small reduction
in the length of hospital stay and exerts no effect on the
incidence of complications. In China, the length of hospital stay
is affected by various factors; therefore, the clinical results of
this study do not include postoperative hospital stay. Compared
with a study conducted by Veenhof et al. (14), this study
included a group of placebo controls. Compared with a study
conducted by Mathur et al. (16), this study included a set of
blank controls. This study demonstrated that CHO and placebo
almost offer the same advantages in reducing the levels of
inflammatory markers; however, no significant difference was
observed in the incidence of postoperative infection among the
three groups.

This quality study has some limitations. The sample size
was small, and the level of inflammatory markers was not
necessarily associated with the incidence of infection. Therefore,
it is necessary to further investigate the influence of CHO or
clear liquid on the inflammatory markers and clinical outcomes
of elderly patients undergoing major surgery.

CONCLUSIONS

Preoperative CHO and drinking water are associated with
decreased levels of IL-6, IL-8, and TNF. CHO and water can also
reduce thirst and hunger scores. Therefore, we recommend that
patients without contraindications should be given 200–400ml of
fluid 2–3 h before surgery, preferably CHO.
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