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Abstract 

Background Postoperative metabolic disorders and inflammatory responses are closely associated with post‑
operative delirium (POD). Preoperative oral carbohydrate intake can alleviate postoperative insulin resistance 
and the inflammatory response. This study aimed to evaluate the effects of preoperative oral carbohydrate intake 
on the incidence of POD in older patients undergoing lower limb orthopedic surgery.

Methods Eighty patients were randomly assigned to oral intake of 200 mL carbohydrate solution (Group CHO) 2 h 
before surgery or fasting for 8 h before surgery (Group C). The primary outcome was the incidence of POD. Fast‑
ing plasma glucose, interleukin (IL)‑6, and C‑reactive protein (CRP) levels were assessed before surgery and 1, 3, 
and 5 days after surgery (D1, D3, and D5).

Results The incidence of POD in Group CHO was lower than that in Group C (P = 0.005). Blood glucose, IL‑6 and CRP 
levels of Group CHO were significantly lower than those of Group C on D1 and D3 (P < 0.05).

Conclusions Preoperative oral carbohydrate intake can reduce the incidence of POD in older patients by ameliorat‑
ing postoperative metabolic disorders and reducing inflammatory responses.

Trial registration ChiCTR2300070154, Date of registration: 03/04/2023.
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Background
Postoperative delirium (POD) is a major challenge in 
geriatric medicine and surgery. The acute and transient 
nature of POD, characterized by inattention, altered 
consciousness, and cognitive dysfunction, emphasizes 

the complexity of its management and the urgency for 
effective prevention and treatment strategies. Fluc-
tuating symptoms, typically resolving within a week, 
pose diagnostic and therapeutic challenges, underscor-
ing the necessity for a multifaceted approach to care. 
The incidence of POD in older patients undergoing 
orthopedic surgery ranges from 13 to 41% [1–4], indi-
cating significant variability that is potentially attrib-
utable to differences in patient populations, surgical 
procedures, anesthesia types, and perioperative manage-
ment practices.

Studies have demonstrated that energy metabolism 
disorders and inflammatory responses are significant 
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mechanisms underlying POD [5–9]. Metabolic disorders, 
particularly fluctuations in blood glucose levels, have 
been implicated in POD incidence. The relationship 
between blood glucose level and POD is complex and 
involves various physiological and biochemical pathways. 
Studies have highlighted that blood glucose levels signifi-
cantly influence POD development.The maintenance of 
stable glucose levels may mitigate this risk. Periopera-
tive glucose management is emphasized as a potential 
strategy for preventing POD, underscoring the need for 
careful monitoring and regulation of blood glucose levels 
during surgery [10–12].

Inflammatory biomarkers such as interleukin-6 (IL-6) 
and C-reactive protein (CRP) are strongly associated with 
POD [13–15]. Elevated levels of these biomarkers suggest 
an inflammatory state that may worsen postoperative 
cognitive dysfunction. These studies confirm the correla-
tion between inflammatory markers and the incidence of 
POD, emphasizing the crucial role of inflammation man-
agement in reducing the risk of delirium.

Preoperative oral carbohydrate administration 
improves postoperative metabolic disorders and reduces 
inflammatory responses [16, 17], indicating that preoper-
ative oral carbohydrates may also prevent POD. However, 
there are few reports on the effects of preoperative car-
bohydrate intake on POD. This study aimed to evaluate 
the effect of preoperative oral carbohydrate administra-
tion on the incidence of POD, investigate its underly-
ing mechanisms, and propose novel strategies for POD 
prevention.

Methods
Study design
This study was a single-center, single-blinded, prospec-
tive, randomized, controlled trial which was approved by 
the Ethics Committee of the Affiliated Hospital of North 
Sichuan Medical College (No.2023ER001-1). All patients 
or their legal representatives signed a written informed 
consent. This trial was conducted according to the guid-
ing principles of the Helsinki Declaration and was reg-
istered at Chinese Clinical Trial Registry on 03/04/2023 
with registration number ChiCTR2300070154.

Randomization
A random number table was used to determine patient 
allocation. Patients were randomised (1:1) to be selected 
for the conventional fasting group (Group C) and the 
preoperative carbohydrate group (Group CHO).

According to inclusion and exclusion criteria. A 
researcher conducted preoperative visits and interviewed 
candidates who met the inclusion criteria and signed 
the informed consent. The other investigator assigned 

carbohydrate drinks to patients in the CHO group based 
on the time of the previous surgery.

Inclusion and exclusion criteria
The inclusion criteria were as follows: Patients aged 
65–79 years of either sex, American Society of Anesthesi-
ologists (ASA) physical status I–III, and patients who had 
undergone hip or knee replacement surgery under spinal 
anesthesia.

The exclusion criteria were as follows: patients who 
refused to participate; those with diabetes, abnormal 
glucose tolerance, or on medications affecting insu-
lin sensitivity; patients experiencing nausea, vomiting, 
gastroesophageal reflux, gastric emptying disorders, or 
pyloric obstruction; individuals with severe cardiac, pul-
monary, hepatic, renal, or cerebral conditions; patients 
with a suspected or confirmed history of alcohol or drug 
abuse or preoperative mini-mental state examination 
(MMSE) score < 23 points (evaluated 1  day before sur-
gery); individuals with a history of Alzheimer’s disease, 
Parkinson’s disease, or delirium; patients receiving any 
corticosteroid therapy;contraindications to spinal anes-
thesia and patients unable to communicate effectively 
due to severe sensory impairments (such as vision and 
hearing loss) or other reasons affecting evaluation.

Treatment protocol
In Group C, patients started fasting at midnight before 
surgery. The patients in Group CHO also started fast-
ing from midnight before surgery, except for receiving 
200 mL carbohydrate drink (Fuan [12.6% carbohydrate]; 
214.2 kJ/100 mL, 280 mOsm/kg and 200 mL per bottle) 2 
h before surgery.

The anesthesia protocol for both groups was standard-
ized and involved spinal anesthesia. Upon patient arrival 
in the operating room, peripheral venous access was 
routinely established and oxygen was administered via a 
nasal cannula at a rate of 3 L/min. Continuous monitor-
ing of invasive blood pressure, measurement of SpO2, 
and an electrocardiogram were performed. The patient 
was placed in the lateral decubitus position, and spi-
nal anesthesia was performed at the L3-4 or L2-3 levels. 
Upon unobstructed cerebrospinal fluid flow, a mixture 
of 0.75% bupivacaine (1–1.3 mL) and cerebrospinal fluid 
(0.5 mL) was injected, resulting in a total volume of 1.5–
1.8 L to maintain the anesthesia level at T8 during the 
procedure. Ephedrine (6 mg intravenously) was adminis-
tered if the systolic blood pressure fell below 90 mm Hg, 
and atropine (0.5 mg) was administered if the heart rate 
dropped below 50 beats per minute. Heart rate and mean 
arterial pressure fluctuations during the operation were 
maintained within 20% of the baseline values.
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All the surgeries were performed by the same group 
of surgeons. Intravenous analgesia was administered by 
pump to both groups after surgery. The standardized 
medication regime was sufentanil 150  g + butorphanol 
8 mg + tolansetron 5 mg, added to saline and diluted to 
150 mL, background dose: 2.5 mL/h; single dose: 1 mL; 
locking time: 15 min.

Observation indicators
Baseline clinical characteristics, including age, sex, 
height, weight, ASA classification, and type of surgery, 
were recorded preoperatively, as was the preoperative 
MMSE score. Operative time, fluid volume, and intra-
operative blood loss were also recorded. The mean arte-
rial pressure (MAP) and heart rate (HR) were measured 
at four specific time points: 5 min after admission to the 
operating room (T0), 5 min after anesthesia (T1), 30 min 
after commencement of surgery (T2), and immediately 
after surgery (T3). At the four research time points, the 
patients were monitored for symptoms such as thirst, 
nausea, and vomiting.

POD was assessed on postoperative days 1–5, con-
ducted daily between 08:00–10:00 a.m. and 16:00–20:00 
p.m. by trained observers who were unaware of specific 
group assignments. The 3-Minute Diagnostic Confusion 
Assessment Method (3D-CAM) scale [18] was used for 
the detection of POD, and the specific diagnostic criteria 
were: (1) acute change of mental state with volatility; (2) 
attention disorder; (3) confusion of thinking; (4) change 
of consciousness level. (1) and (2) existing at the same 
time, plus any one of (3) or (4), which requires the patient 
to have an acute onset of change or fluctuating mental 
status, inattention, and either disorganized thinking or an 
altered level of consciousness. Patients were considered 
delirious if delirium was present in the 3D-CAM on any 
postoperative day; otherwise, patients were considered 
non-delirious.

Venous blood samples were collected before the inter-
vention on the morning of the day of surgery and post-
operatively on days 1, 3, and 5. Serum levels of blood 
glucose, IL-6, and CRP were determined using enzyme-
linked immunosorbent assay (ELISA).

Statistical analysis
Based on a preliminary trial, the incidence of lower-
extremity orthopedic POD in older patients was approxi-
mately 30%. Following oral carbohydrate administration, 
the incidence of POD decreased to approximately 5%. 
Therefore, using a power analysis with a 95% confidence 
interval and power of 80%, accounting for a dropout rate 
of 10%, the final sample size required was calculated to be 
40 cases per group, resulting in a total of 80 cases.

Statistical software (SPSS 27.0) was used for the analy-
sis. Continuous data are expressed as mean ± standard 
deviation or median (quartile 1 (Q1), quartile 3 (Q3)). 
All continuous data with normal distribution were com-
pared using an independent sample t-test, whereas the 
Mann–Whitney U nonparametric test was used for non-
normally distributed data. Numerical data were analyzed 
using the chi-square test. P < 0.05 was considered as sta-
tistical significance.

Results
We conducted an eligibility review of 90 patients who 
were scheduled to undergo lower limb orthopedic sur-
gery under spinal anesthesia between April 2023 to April 
2024.

Based on the inclusion and exclusion criteria, four 
patients with concomitant diabetes or impaired glucose 
tolerance, two patients with cognitive impairments, 
and four patients who did not consent to participate in 
the study were excluded. Ultimately, 80 patients were 
included in the study (Fig. 1). The control group (Group 
C) and the carbohydrate group (Group CHO) comprised 
40 patients each.

Comparison of baseline characteristics between the two 
groups
There were no statistically significant differences between 
the two groups in terms of age, sex, body mass index 
(BMI), ASA classification, type of surgery, preoperative 
MMSE score, operation time, bleeding volume, or fluid 
infusion (Table 1).

Comparison of MAP and HR
There were no statistically significant differences in the 
MAP or HR between the two groups at any time points 
(all P > 0.05) (Table 2).

Incidence of POD
POD occurred in 13 patients in Group C (32.5%) and 
three patients in the Group CHO (7.5%). The incidence 
of POD in Group CHO was lower than that in Group 
C (X2 = 7.813, P = 0.005). Additionally, the incidence 
of POD was significantly higher on D1 in both groups 
(Table 3).

Comparison of blood glucose levels between the two 
groups
Blood glucose levels in both groups increased signifi-
cantly at D1 (P < 0.001). No significant differences were 
observed between the two groups preoperatively or on 
D3 or D5. Blood glucose levels in Group CHO were sig-
nificantly lower than those in the Group C on D1and D3 
(P < 0.05) (Table 4).
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Comparison of IL‑6 and CRP levels between the two groups
Compared to preoperative levels, the levels of IL-6 and 
CRP in serum in the two groups significantly increased 
on D1, D3 and D5 (P < 0.001). The serum levels of IL-6 
and CRP in Group CHO were significantly lower than 
for Group C on D1 and D3 (P < 0.05). No significant 

Fig. 1 Consolidated Standards of Reporting Trials (CONSORT) flowchart

Table 1 Comparison of baseline clinical characteristics between 
the two groups

Normally distributed continuous data are represented by mean ± SD and non-
normally distributed data are represented by median (Q1, Q3); BMI, Body mass 
index; ASA, American Society of Anesthesiologists; Group C, preoperative fasting 
group; Group CHO, preoperative carbohydrate-loading group

Clinical characteristics Group C
(n = 40)

Group CHO
(n = 40)

P

Age (yr) 73.62 ± 4.07 72.55 ± 3.56 0.212

Sex, male/female 14/26 19/21 0.256

BMI (kg/m2) 23.31 ± 2.93 23.59 ± 1.79 0.603

ASA grade

II [n (%)] 23 (57.5) 19 (47.5) 0.37

III [n (%)] 17 (42.5) 21 (52.5)

Type of surgery

Hip surgery [n (%)] 23 (57.5) 21(52.5) 0.653

Knee surgery [n (%)] 17 (42.5) 19(47.5)

MMSE score 25 (24, 25) 25 (24, 26) 0.423

Operation time (min) 121.38 ± 15.65 120.40 ± 18.79 0.802

Bleeding volume (mL) 175 (100, 200) 150 (100, 200) 0.605

Fluid infusion (mL) 1435.00 ± 180.53 1437.50 ± 195.71 0.953

Table 2 Comparison of MAP and HR between the two groups

MAP, Mean arterial pressure; HR, Heart rate; T0, 5 min after admission to the 
operating room; T1, 5 min after anesthesia; T2, 30 min after commencement of 
surgery; T3, immediately after surgery

Indicators Timing Group C
(n = 40)

Group CHO
(n = 40)

P

MAP (mm Hg) T0 101.95 ± 10.76 102.75 ± 9.65 0.528

T1 98.42 ± 9.12 98.70 ± 7.96 0.069

T2 94.70 ± 9.58 94.43 ± 7.73 0.923

T3 96.02 ± 7.75 92.40 ± 7.64 0.992

HR (bpm) T0 79.12 ± 8.06 78.35 ± 10.37 0.488

T1 79.77 ± 8.33 77.92 ± 9.11 0.857

T2 76.37 ± 5.54 75.45 ± 9.89 0.23

T3 75.82 ± 5.86 73.85 ± 8.48 0.384
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differences were observed between the two groups pre-
operatively or on D5 (Table 5).

Comparison of postoperative complications between two 
groups
The incidence of thirst in Group CHO was significantly 
lower than in Group C (42.5% vs 12.5%, X2 = 9.028, 

P = 0.003). However, there was no significant difference 
in nausea (20.0% vs 7.5%, X2 = 1.686, P = 0.194) or vom-
iting (10.0% vs 2.5%, X2 = 0.853, P = 0.356) between two 
groups.

Discussion
Amid the rapid evolution of the socioeconomic land-
scape and the growing older population, the postop-
erative outcomes of geriatric patients have garnered 
significant clinical attention. POD, a common complica-
tion in older patients, continues to present substantial 
challenges in clinical settings. Although the pathogenesis 
of POD remains unclear, it is hypothesized to result from 
the interaction of multiple mechanisms, including neuro-
inflammatory responses, neurotransmitter imbalances, 
and oxidative stress [19–21]. Recently, the adoption of 
the Enhanced Recovery After Surgery (ERAS) concept 
has led to domestic guidelines recommending modifi-
cations to the traditional preoperative fasting and fluid 
restriction protocols [22–24]. These modifications aim to 
shorten the duration of fasting and fluid restriction, alle-
viate preoperative and postoperative discomfort, improve 
perioperative stress responses, reduce related complica-
tions, accelerate patient recovery, and ultimately shorten 
hospital stay.

Preoperative carbohydrate consumption can reduce 
glycogen depletion, enhance insulin secretion, and 
improve glucose utilization, thereby augmenting postop-
erative insulin sensitivity and mitigating insulin resistance 
[25, 26]. This metabolic modulation aids in maintaining 
the energy balance during the perioperative period and 
may consequently reduce the risk of POD [27]. Moreo-
ver, preoperative carbohydrate intake can attenuate stress 
responses during the perioperative period [28], which 
often result in increased metabolic activity and fluctua-
tions in insulin and glucocorticoid levels, subsequently 
affecting blood glucose regulation. Persistent postopera-
tive hyperglycemia increases the risk of infection, impairs 
wound healing, and prolongs hospital stay [29].Therefore, 
preoperative oral intake of carbohydrates may intricately 
linked to the mechanisms and prevention strategies 
for POD through the mitigation of postoperative stress 
responses and the regulation of blood glucose levels.

Table 3 Comparison of the incidence of POD between the two groups

D1, 1 d after surgery; D2, 2 d after surgery; D3, 3 d after surgery; D4, 4 d after surgery; D5, 5 d after surgery

D1 D2 D3 D4 D5 Incidence

Group C (n = 40 [n (%)]) 10 (25.0) 3 (7.5) 0 0 0 13 (32.5)

Group CHO (n = 40 [n (%)]) 3 (7.5) 0 (0) 0 0 0 3 (7.5)

X2 7.813

P 0.005

Table 4 Comparison of blood glucose levels between the two 
groups

D1, 1 d after surgery; D3, 3 d after surgery; D5: 5 d after surgery
a P < 0.001, compared with the preoperative values in the same group
b P < 0.05, compared with Group C

Group C
(n = 40)

Group CHO
(n = 40)

P

Blood
Glucose
(mmol/L)

Preoperatively 4.93 (4.18, 6.03) 5.00(4.70, 5.70) 0.668

D1 6.16 (5.74, 7.24)a 5.65 (5.20, 5.90)a,b  < 0.05

D3 5.20 (4.93, 6.05) 5.10 (4.90, 5.48)b  < 0.05

D5 4.97 (4.57, 5.32) 4.90 (4.55, 5.35) 0.504

Table 5 Comparison of IL‑6 and CRP Levels between the two 
groups

D1, 1 d after surgery; D3, 3 d after surgery; D5: 5 d after surgery
a P < 0.001, compared with the preoperative values in the same group
b P < 0.05, compared with Group C

Group C
(n = 40)

Group CHO
(n = 40)

P

IL‑6
(pg/L)

Preoperatively 5.89 (3.19, 11.66) 4.47 (2.83, 7.64) 0.143

D1 44.91 (23.56, 
74.43)a

29.38 (18.73, 
39.13)a,b

 < 0.05

D3 37.99 (23.9, 
57.36)a

28.73 (17.48, 
42.07)a,b

 < 0.05

D5 17.24 (11.20, 
29.25)a

21.57 (12.44, 
28.81)a

0.648

CRP
(mg/mL)

Preoperatively 4.61 (2.44, 18.82) 3.14 (1.90, 15.80) 0.390

D1 55.63 (39.70, 
73.52)a

17.05 (11.80, 
42.96)a,b

 < 0.05

D3 69.02 (47.28, 
84.25)a

56.37 (27.92, 
71.36)a,b

 < 0.05

D5 42.81 (23.84, 
65.51)a

43.88 (20.14, 
64.40)a

0.528
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Research conducted by Liu et  al. and Chen et  al. [10, 
30] identified perioperative stress responses and blood 
glucose levels as significant risk factors for POD devel-
opment. In this study, the group that received preopera-
tive oral carbohydrates exhibited lower blood glucose 
concentrations on day 1 after surgery than Group C 
(P < 0.05). Additionally, the incidence of delirium on the 
first day after surgery was significantly lower in Group 
CHO compared to Group C (P < 0.05), corroborating the 
previous findings.

Previous research has shown that severe trauma and 
postsurgical conditions frequently induce systemic 
inflammatory responses that can precipitate delirium 
[31]. Inflammatory mediators compromise the blood–
brain barrier and disrupt neuronal activity, contributing 
to the onset of delirium. Previous investigations have 
established that the body’s inflammatory response is inte-
gral to the development and progression of POD, with 
peripheral blood levels of inflammatory factors serving as 
predictive markers [14, 32, 33]. Key inflammatory factors 
include IL-6 and CRP. The current study demonstrated 
that Group CHO exhibited significantly lower levels of 
IL-6 and CRP on days 1 and 3 after surgery than Group C 
(both P < 0.05). Additionally, the incidence of POD on the 
first day after surgery was significantly lower in Group 
CHO group than in Group C. This suggests that preop-
erative oral carbohydrate administration attenuates the 
postoperative systemic inflammatory response, thereby 
reducing the incidence of POD in older patients and aid-
ing recovery. These results are largely congruent with 
those of Hu et al. [34].

This study found that the administration of preopera-
tive oral carbohydrates significantly reduced periopera-
tive thirst (P < 0.05), thereby enhancing patient comfort. 
These findings align with those of previous research 
[34–37], which demonstrated that the ingestion of carbo-
hydrate-rich beverages 2 h before surgery alleviated post-
operative thirst and hunger.

Preoperative oral carbohydrate administration reduced 
the incidence of postoperative nausea and vomiting 
(PONV) in patients undergoing laparoscopic surgery [38, 
39]. The findings of this study suggest that consuming 
carbohydrates orally 2  h prior to surgery may decrease 
the incidence of PONV, although this reduction was not 
statistically significant. This outcome could have been 
influenced by the type of surgery included in the study, 
as the incidence of PONV is lower in patients undergoing 
lower limb surgery than in those undergoing laparoscopic 
procedures [40, 41]. Furthermore, these results under-
score the relative safety of preoperative oral carbohydrate 
intake as it does not increase the incidence of PONV.

There are some limitations to this study. First, the 
stress indicators assessed were limited to blood glucose 

levels, and did not include the insulin resistance index, 
which may constrain a comprehensive evaluation of the 
postoperative stress response. Furthermore, this study 
only investigated the effect of oral administration of 
200ml carbohydrate 2 h before surgery on the incidence 
of POD, and the specific dosage of CHO needs further 
study. Thus, future studies can explore the effect of differ-
ent CHO doses on the incidence of POD according to the 
ERAS protocol. Additionally, the small sample size raises 
concerns regarding the generalizability of the findings 
to a broader population, indicating the need for further 
validation. Consequently, future studies should aim to 
increase the sample size and include a broader spectrum 
of stress indicators to thoroughly investigate the effects of 
preoperative oral carbohydrate intake on the postopera-
tive recovery of older patients.

Conclusion
The administration of carbohydrates 2  h prior to lower 
limb orthopedic surgery in older patients can attenuate 
postoperative stress responses and lower inflammatory 
marker levels, thereby decreasing the incidence of POD. 
This intervention presents a novel approach for prevent-
ing POD in older patients, thereby promoting favorable 
postoperative recovery.
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