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Abstract

Background: Preoperative carbohydrate (CHO) loading improves patient

outcomes but is not extensively studied in individuals with diabetes mellitus

(DM), resulting in limited professional recommendations. This study ex-

amined postprandial glycemic responses and gastric emptying rates following

consumption of a CHO drink in adults with and without DM.

Methods: A single‐arm, nonrandomized pilot trial was conducted in adults

without DM (non‐DM) (47.5 ± 2.5 years), with pre‐DM (55.8 ± 3.0 years), and

with type 2 DM (56.2 ± 2.5 years). Following an overnight fast, participants

consumed a 50 g CHO drink followed by 1.5 g liquid paracetamol. Venous

blood samples were collected at baseline (ie, t= 0min) and 15, 30, 45, 60, 90,

120, 150, 180, 210, and 240min for plasma glucose and serum insulin and

paracetamol concentrations to assess gastric emptying.

Results: Participants with DMwere older and had a higher body mass index than

non‐DM participants (31.2 ± 0.9 vs 28.2 ± 0.9). Fasting glucose and hemoglobin

A1c levels differed significantly across groups (non‐DM: 95.4 ± 3.6mg/dl and

5.2%± 0.1%; pre‐DM: 111.6 ± 3.6mg/dl and 5.8%± 0.1%; DM: 167.4± 3.6mg/dl

and 7.2%± 0.1%). Compared with the non‐DM group, DM had increased glucose

responses at 30–180min. Glucose returned to baseline at 150min in the non‐DM
and pre‐DM groups compared with 210min in the DM group. Paracetamol con-

centrations were not significantly different between the non‐DM and DM groups.

Conclusion: Blood glucose returned to baseline within ~2.5 h in non‐DM and

pre‐DM groups and ~3.5 h in participants with DM following ingestion of a

CHO drink. No consistent differences in gastric emptying rates were observed

between participants with and without DM.
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INTRODUCTION

Surgery is a major source of emotional and physiological
stress that induces metabolic changes.1,2 Specifically,
postoperative insulin resistance develops and contributes
to hyperglycemia.1,2 Postoperative hyperglycemia is asso-
ciated with adverse clinical outcomes, such as increased
risk of complications and longer hospital length of stay
(LOS).2 Because of the heightened physiological stress ex-
perienced by patients during surgery, many institutions
now implement enhanced recovery pathways that aim to
optimize perioperative management of surgical patients
with the goal of improving clinical outcomes.3 Of the
multimodal perioperative care components, there is an
emerging role for nutrition,4 including the use of pre-
operative carbohydrate (CHO) loading drinks. Data show
that preoperative CHO loading is associated with improved
patient well‐being and reduced postoperative insulin
resistance.5,6 Currently, the practice of preoperative CHO
loading is recommended by multiple professional surgical
society guidelines for various surgical specialties.7–10

Compared with traditional overnight fasting or a pla-
cebo beverage, utilization of preoperative CHO loading in
surgical patients with normal glycemia improved pre-
operative and postoperative subjective well‐being as defined
by decreased thirst, hunger, nausea, and vomiting.11–14

Data also report that utilization of preoperative CHO
loading reduced postoperative insulin resistance.15 In a
2010 randomized clinical trial, patients undergoing elective
colorectal surgery were randomly assigned to receive either
a preoperative CHO loading or placebo beverage (ie, fla-
vored water) 3 h before induction of anesthesia or to fast
overnight before surgery. At the end of surgery, patients
consuming the preoperative CHO beverage had sig-
nificantly lower homeostatic model assessment for insulin
resistance values compared with the other two groups.15 To
date, the practice of preoperative CHO loading for patients
with type 2 diabetes mellitus (T2DM) has not been ex-
tensively studied. As a result, there is a lack of consensus by
professional society guidelines on this practice in patients
with DM because of limited evidence and theoretical con-
cerns. Several Enhanced Recovery After Surgery® guide-
lines acknowledge that more data are needed surrounding
the effect of preoperative CHO loading in patients with
DM.7,8,16 Additionally, preoperative CHO loading is not
endorsed in patients with type 1 diabetes.10 A continued
lack of clear direction for surgical patients with DM is
problematic, as this number is only expected to increase,
with some investigators reporting that current DM pre-
valence may be as high as 60% among patients undergoing
surgery.2

Concerns over adoption of preoperative CHO loading
drinks in patients with DM primarily stems from the risk

of perioperative insulin resistance and hyperglycemia, as
well as delayed gastric emptying and increased risk for
aspiration after induction of anesthesia.2,17 A limited
number of studies examined the direct effect of pre-
operative CHO loading on clinical outcomes in patients
with DM. In patients with DM undergoing colorectal
surgery, implementation of an enhanced recovery path-
way, which included preoperative CHO loading, was
associated with significantly reduced rates of post-
operative hyperglycemic events and reduced hospital
LOS (−2.55 days) when compared with a cohort of
patients with DM that underwent surgery before an
enhanced recovery pathway implementation.18 In a se-
parate study in colorectal surgery patients with DM that
used a similar design, enhanced recovery pathway im-
plementation, including preoperative CHO loading, was
not associated with increased preoperative insulin re-
quirements, rates of glycemic variability, or postoperative
complications compared with a control group with DM.19

However, these data were from retrospective studies, and
preoperative CHO loading was included as part of an
enhanced recovery pathway that contained other perio-
perative care components. In patients with controlled
DM, compared with patients without DM (non‐DM),
ingestion of a preoperative CHO loading drink (12.5%
maltodextrin; Nutricia preOp) did not significantly alter
gastric emptying rates.20 This study was not conducted in
patients undergoing surgical procedures, and thus no
perioperative clinical outcomes were assessed. Despite
theoretical concerns and limited data in this patient po-
pulation, a recent survey of 68 US hospitals with color-
ectal enhanced recovery programs implementing
preoperative CHO loading reported that 80.9% of these
institutions administered preoperative CHO loading
beverages to patients with DM not taking insulin.21 Al-
though available data suggest that preoperative CHO
loading in patients with DM is not likely to confer ne-
gative effects, further clinical studies examining the iso-
lated effect of preoperative CHO loading on patient well‐
being and clinical outcomes are warranted to inform
professional recommendations in this population.

The goal of the current pilot study was to examine
postprandial glycemic responses and gastric emptying
rates following consumption of a CHO loading drink in
adult participants (not surgical patients) with DM and
non‐DM (specifically T2DM). It was hypothesized that
gastric emptying rates would not differ between those
with DM and those non‐DM and that glucose levels
would return to baseline earlier in participants who are
non‐DM compared with those with DM. To test this,
adults with DM and those who are non‐DM completed a
single‐arm, nonrandomized study in which they orally
ingested 10 fl oz of a preoperative CHO loading drink
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containing 50 g CHO. Following ingestion, blood samples
were collected to assess postprandial glycemic responses
and gastric emptying rates at regular intervals during the
240‐min postprandial period.

MATERIALS AND METHODS

Study participants

The present study was conducted according to the
guidelines established in the Declaration of Helsinki, and
all procedures involving human patients were approved by
the institutional review board (IRB) at each respective
study site (Copernicus Group IRB). This study was regis-
tered at clinicaltrials. gov (NCT04313920). Written in-
formed consent was obtained from all participants at
screening before study enrollment. Participants were not
surgical patients and were required to meet the following
inclusion criteria: age 18–75 years, body mass index (BMI)
>18.5 and ≤40.0 (calculated as weight in kilograms di-
vided by height in meters squared), not pregnant or lac-
tating, regular chronic medication usage (no change for ≥2
months; if any), no usage of dietary supplements during
the past 4 weeks, no aversion to ingredients found in
the study product, and self‐reported to be free of
infection/infectious disease (ie, hepatitis and HIV), cancer,
cardiovascular, renal, and noninfectious hepatic disease,
bleeding disorders, and no history of gastroparesis. Before
enrollment, participant glycemic status (ie, non‐DM, pre‐
DM, and DM) was determined by hemoglobin A1c
(HbA1c) according to the following criteria by the
American Diabetes Association: non‐DM (<5.7%), pre‐DM
(≥5.7% to <6.5%), and DM (≥6.5% to <8.0%). Diabetes
status was also confirmed by use of oral hypoglycemic
medication for at least 2 months before screening. In-
dividuals with type 1 diabetes or those taking insulin or
glucagon‐like peptide‐1 inhibitors for glucose control were
excluded. Therefore, subsequent use of “DM” in this ar-
ticle refers to T2DM, unless otherwise specified. Partici-
pants were instructed to continue all permitted prescribed
medications, with the exception that oral hypoglycemic
medication was to be withheld on the morning of the
study visit.

Study design

This was a single‐arm, nonrandomized clinical trial
conducted at three US sites (Health Awareness, Inc;
Biofortis; and Great Lakes Clinical Trials) examining
postprandial glycemic responses and rates of gastric
emptying following consumption of a CHO loading

drink. Before visiting the study center, participants were
instructed to consume an average of 150 g CHO per day
for 3 days prior (verified from self‐reported food records)
and to abstain from alcohol and exercise the day before
in an effort to control for variability of the normal diet on
postprandial effects. Participants visited the study center
following an overnight fast (8–14 h). At the study visit,
participants ingested 1 bottle (10 fl oz [296ml] of
50 g complex CHO; 14.9% maltodextrin) of Ensure
Presurgery (Abbott Nutrition), immediately followed by
1.5 g liquid paracetamol (ie, acetaminophen; Gericare,
Geri‐Care Pharmaceuticals Corp). The study product was
given to participants in a nonlabeled container.

Sample collection and laboratory analyses

Venous blood samples were collected from study partici-
pants into evacuated tubes containing ethylenediaminete-
traacetic acid or sodium heparin before (t= 0min) and at
15, 30, 45, 60, 90, 120, 150, 180, 210, and 240min post-
ingestion. Plasma was obtained following centrifugation
and analyzed for glucose concentrations (0–240min), and
serum was obtained through natural separation and ana-
lyzed for insulin (0–240min) and paracetamol concentra-
tions (0–180min). Paracetamol absorption, as assessed by
measuring serum concentrations, was utilized as a non-
invasive, indirect indicator of postprandial gastric empty-
ing. Plasma glucose and serum insulin and paracetamol
were measured using commercially available enzymatic
assays according to the manufacturer's instructions (Roche
Cobas Integra 400 Plus, Roche Diagnostics).

Subjective appetitive ratings and
product liking

Before beverage ingestion and immediately following, as
well as at the end of the postprandial period, participants
completed a simple 100mm visual analog scale for thirst,
hunger, fullness, and desire to eat. Participants also
completed a product assessment questionnaire to de-
termine their liking and taste preference.

Statistical analyses

A primary outcome of interest in the current study was
postprandial plasma glucose concentrations, including
peak plasma glucose relative to baseline concentrations. A
sample size of five per group (non‐DM, pre‐DM, and DM)
had 80% power to detect a mean difference of 5.8mmol/L
in peak plasma glucose concentrations, with an SD of
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2.5mmol/L using a two‐group t‐test with a 0.05 two‐sided
significance level. To detect mean differences of 8.8min
(with SD= 11min) in gastric emptying half‐time between
groups, a sample size of 90 participants was needed. To
account for participant attrition (~10%), 26 evaluable par-
ticipants per group were needed, and all evaluable parti-
cipants were included in the final data analysis. There were
no adjustments to P values for multiple testing because of
the pilot nature of the study and small sample sizes in each
study group. Data (least squared means [LSM]± SE) for
plasma glucose and serum insulin are reported as change
from baseline values for each postprandial time point re-
lative to concentrations before beverage consumption (ie,
t=0min). Glucose values were converted from millimoles
per liter to milligrams per deciliter (1mmol/L= 18mg/dl)
for clinical reporting purposes. To determine the time point
at which glucose and insulin returned to baseline values,
the baseline and postprandial values were compared using
paired t tests. The earliest postprandial time point at which
glucose and insulin concentrations were not significantly
different from the baseline value was considered as the
time point when concentrations returned to baseline. Area
under the curve (AUC) was calculated using the trapezoi-
dal rule. Categorical variables were analyzed using tests of
association (Cochran‐Mantel‐Haenszel tests controlling for
site and Fisher exact tests). For comparison between the
glycemia groups at baseline, continuous variables were
analyzed using analysis of covariance (ANCOVA) with
factors for glycemia group and study site. Repeated‐
measures ANCOVA with factors for study site, age, glyce-
mia group, gender, BMI, and glycemia group by gender
interaction was used for comparisons between the glycemia
groups on postprandial timepoints. If the distribution of the
variable deviated significantly from normality, nonpara-
metric analysis (Wilcoxon rank sum test) was used to verify
the result. For serum paracetamol concentrations, un-
detectable levels were replaced by half the lower limit of
quantification, and the Weibull model was used to fit the
response for each participant. All data were analyzed using
SAS version 9.4. P< .05 was considered statistically
significant.

RESULTS

Participant characteristics

A total number of 335 participants were screened to achieve
a target enrollment of 90 adults. Of the 90 adults enrolled
in the study, 80 evaluable participants (39 males and
41 females) were included in the final analysis (Table 1).
Ten participants violated criteria for evaluability, including
one or more missing insulin or glucose values, fasting for

>14 h, blood draws outside the sampling windows, not
consuming all of the CHO drink, or early dropout from the
study. All participants completed the intervention without
any major adverse events. Participants were primarily
White (73%) and aged ~50 years (54.1 ± 1.5 years) and had
fasting plasma glucose and HbA1c values consistent with
their respective glycemic group (Table 1). Participants with
DM were significantly older and had a higher BMI than
those who were non‐DM (P< .05). Fasting glucose and
HbA1c levels differed significantly across groups (P< .05)
(Table 1). Additionally, there was a significantly greater
proportion of males in the DM group compared with the
non‐DM and pre‐DM groups (P< .05) (Table 1).

Glucose and insulin responses

Significant differences were observed between groups for
postprandial changes in plasma glucose responses (P< .05)
(Figure 1). Compared with the non‐DM group, the pre‐DM
group had increased glucose concentrations at 60min but

TABLE 1 Participant demographics and baseline
characteristics

non‐DM
(n= 27)

pre‐DM
(n= 28)

DM
(n= 25)

Age (years) 47.5 ± 2.5a 55.8 ± 3.0a,b 56.2 ± 2.5b

Gender, n (%)

Male 11 (40.7)a 9 (32.1)a 19 (76.0)b

Female 16 (59.3)a 19 (67.9)a 6 (24.0)b

Race, n (%)†

Asian 1 (3.7) 0 (0.0) 1 (4.0)

Black/African
American

7 (25.9) 3 (10.7) 6 (24.0)

White 16 (59.3) 24 (85.7) 18 (72.0)

Other 3 (11.1) 1 (3.6) 0 (0.0)

HbA1c 5.2 ± 0.1a 5.8 ± 0.1b 7.2 ± 0.1c

Fasting glucose
(mg/dl)

95 ± 3.6a 112 ± 3.6b 167 ± 3.6c

BMI 28.2 ± 0.9a 29.6 ± 1.1a,b 31.2 ± 0.9b

Note: Data are reported as the LSM± SE, and groups not sharing a common
superscript are significantly different (P< .05). Age, HbA1c, fasting glucose,
and BMI were analyzed using analysis of variance, with effects for glycemia
group and site. Gender was analyzed using the Cochran‐Mantel‐Haenszel
test, and race was analyzed using Fisher exact test. BMI is calculated as
weight in kilograms divided by height in meters squared.

Abbreviations: BMI, body mass index; DM, diabetes mellitus; HbA1c,
hemoglobin A1c; LSM, least squared means; non‐DM, without diabetes
mellitus; pre‐DM, pre‐diabetes mellitus.
†No significant differences between groups.
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lower glucose concentrations at 240min. Additionally, the
DM group had increased glucose concentrations at
30–180min compared with the non‐DM group and at
30–210min compared with the pre‐DM group. Glucose
responses returned to baseline levels at 150min in the non‐
DM and pre‐DM groups compared with 210min in the
DM group. However, AUC did not differ among the groups
(P> .05). After adjusting for covariates, peak plasma glu-
cose values did not differ between groups. Additionally,
although time to peak values occurred earliest in the non‐
DM group, later in the pre‐DM group, and the latest in the
DM group, these differences were not statistically sig-
nificant (P> .05) (Table 2).

Serum insulin concentrations differed significantly
between groups (P < .05) (Figure 2). Participants with DM
had significantly lower serum insulin concentrations at
15–60 min compared with the non‐DM group and at
15–120 min compared with those with pre‐DM. Ad-
ditionally, insulin concentrations were significantly
greater in participants with DM at 180 and 210 min and at
240 min compared with the non‐DM and pre‐DM groups,

respectively. Compared with the non‐DM group, partici-
pants with pre‐DM had lower insulin concentrations at
15 min but greater insulin concentrations at 90–180 min
(P < .05) (Figure 2). Insulin AUC was significantly lower
in participants with DM compared with the non‐DM and
pre‐DM groups (P < .05) (Figure 2). Insulin responses
returned to baseline levels at 180, 210, and 240 min in the
non‐DM, pre‐DM, and DM groups, respectively. Peak
serum insulin values were significantly lower in partici-
pants with DM compared with the non‐DM and pre‐DM
groups (P < .05) (Table 2). Time to peak insulin values
were similar to those observed for glucose responses;
however, these did not significantly differ between the
groups after adjusting for covariates (Table 2).

Paracetamol concentrations

Postprandial mean paracetamol concentrations did not
significantly differ between the non‐DM group and
the pre‐DM or DM groups. Statistically significant

FIGURE 1 Postprandial changes in plasma glucose responses (left) following CHO drink ingestion by study participants. Data are
LSM± SE and were analyzed using repeated‐measures ANCOVA. AUC (right) for postprandial responses was calculated using the
trapezoidal rule; non‐DM (n= 27), pre‐DM (n= 28), and DM (n= 25). *P< .05, non‐DM vs DM; †P < .05, pre‐DM vs DM; ‡P < .05, non‐DM
vs pre‐DM. ANCOVA, analysis of covariance; AUC, area under the curve; CHO, carbohydrate; DM, diabetes mellitus; LSM, least squared
means; non‐DM, without diabetes mellitus; pre‐DM, pre‐diabetes mellitus

TABLE 2 Peak glucose and insulin values and time to reach peak glucose and insulin value by participant group

Glucose (mg/dl)† Insulin (mIU/ml)

non‐DM pre‐DM DM non‐DM pre‐DM DM

Peak value 100.8 ± 10.8 115.2 ± 10.8 113.4 ± 14.4 134.1 ± 13.1a 88.8 ± 15.0b 26.6 ± 8.5c

Time to peak (min) 48.3 ± 7.1 60.7 ± 7.5 74.8 ± 9.3 55.6 ± 7.5 64.2 ± 8.9 77.5 ± 8.2

Note: Data are reported as the LSM ± SE and were adjusted for baseline, age, BMI, gender, and site were analyzed using ANCOVA with effects for glycemia
group, gender and site; interaction effect for glycemia group with gender and with baseline, age, and BMI as covariates. Groups not sharing a common
superscript are significantly different (P < .05).

Abbreviations: DM, diabetes mellitus; LSM, least squared means; non‐DM, without diabetes mellitus; pre‐DM, pre‐diabetes mellitus.
†No significant differences between groups.
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differences in serum paracetamol concentrations were
observed between participants with pre‐DM and DM at
45, 60, 150, and 180min, although the clinical relevance
of these differences is unclear (P< .05) (Figure 3).

Subjective appetitive responses and
product liking

No significant differences in subjective appetitive responses
(thirst, hunger, fullness, and desire to eat) were observed
between groups at any time point (P> .05) (Figure 4).

Overall, ~80% of all participants responded as “liking the
product” based on the upper one‐third of responses on a
9‐point scale, as defined by “like extremely,” “like very
much,” and “like moderately.” Response rates did not
differ significantly between groups (P> .05) (Figure 5).

DISCUSSION

This study in adult participants without DM, with pre‐
DM, or with DM demonstrates that following oral
ingestion of a preoperative CHO loading drink, blood
glucose responses returned to baseline levels after ~2.5 h
in the non‐DM and pre‐DM groups and within ~3.5 h
in participants with DM, which is consistent with the
original hypothesis. Similar to other available data in
participants with DM and those who are non‐DM, it was
also hypothesized that gastric emptying rates following
CHO drink ingestion would be similar between groups.20

Despite observing statistically significant differences in
paracetamol concentrations between participants with
DM and pre‐DM at 45, 60, 150, and 180min, these dif-
ferences did not occur consistently throughout the course
of the entire postprandial period. Additionally, no sig-
nificant differences were observed for any postprandial
timepoints in the non‐DM group compared with the DM
or pre‐DM groups. Therefore, any statistically significant
differences in gastric emptying rates between study
participants are not likely considered to be clinically
relevant, which is consistent with previous findings in
the literature.20

There is hesitancy among clinicians to adopt pre-
operative CHO loading regimens in patients with DM,
which stems from concerns over risk of hyperglycemic

FIGURE 2 Postprandial changes in serum insulin responses (left) following CHO drink ingestion by study participants. Data are
LSM± SE and were analyzed using repeated‐measures ANCOVA. AUC (right) for postprandial responses was calculated using the
trapezoidal rule, and groups not sharing a common superscript are significantly different (P< .05; non‐DM [n= 27], pre‐DM [n= 28], and
DM [n= 25]). *P< .05, non‐DM vs DM; †P< .05, pre‐DM vs DM; ‡P< .05, non‐DM vs pre‐DM. ANCOVA, analysis of covariance; AUC, area
under the curve; CHO, carbohydrate; DM, diabetes mellitus; LSM, least squared means; non‐DM, without diabetes mellitus; pre‐DM,
pre‐diabetes mellitus

FIGURE 3 Postprandial mean serum paracetamol responses
following CHO drink ingestion by study participants. Responses
were fitted using the Weibull model and data are LSM± SE and
were analyzed using repeated‐measures ANCOVA (non‐DM,
n= 27; pre‐DM, n= 28; DM, n= 25). *P< .05, DM vs pre‐DM.
ANCOVA, analysis of covariance; CHO, carbohydrate; DM,
diabetes mellitus; LSM, least squared means; non‐DM, without
diabetes mellitus; pre‐DM, pre‐diabetes mellitus
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events and delayed gastric emptying that outweigh poten-
tial benefit, including risk of aspiration.2,17 Blood glucose
responses returned to baseline levels earlier in participants
who are non‐DM compared with those with DM and is
consistent with a previous study.20 Based on existing lit-
erature,18,20 it was also expected that peak glucose values
would be greater and occur later in participants with DM
compared with non‐DM, but this was not observed. Rather,

peak glucose values and time to reach peak values were not
significantly different between groups after adjusting for
the effects of site, gender, glycemia group with gender in-
teraction, and for covariates age and BMI. Additionally,
AUC for glucose responses over the postprandial period did
not differ. Taken together, our data suggest that although
participants had differing levels of glycemic control based
on their health status, glycemic responses following CHO

FIGURE 4 Subjective appetitive responses (thirst, desire to eat, hunger, and fullness) between participants in the non‐DM (n= 27),
pre‐DM (n= 28), and DM (n= 25) groups before and following CHO drink ingestion and at the end of the 240‐min postprandial period.
No significant differences were observed between the groups (P> .05). CHO, carbohydrate; DM, diabetes mellitus; non‐DM, without
diabetes mellitus; pre‐DM, pre‐diabetes mellitus

FIGURE 5 Product‐liking responses between participants in the non‐DM (n= 27), pre‐DM (n= 28), and DM (n= 25) groups. No
significant differences were observed between the groups (P> .05). DM, diabetes mellitus; non‐DM, without diabetes mellitus; pre‐DM,
pre‐diabetes mellitus
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drink ingestion over the entire postprandial period were
similar between groups.

The current study measured serum paracetamol con-
centrations to assess gastric emptying rates. This method
is commonly used, as it circumvents radiation exposure,
increased costs, and advanced technical expertise asso-
ciated with scintigraphic methods.22,23 However, despite
its common use, we did observe postprandial timepoints
whereby serum paracetamol concentrations were below
the lower limit of quantitation (LLOQ) of the assay. This
may be attributed to differences in sensitivity between
commercial enzymatic assays and liquid chromatography
and mass spectrometry (LC‐MS) methodologies (ie,
LC‐MS/MS).24 However, LC‐MS/MS methods typically
involve more time‐intensive extraction procedures and are
more costly, which was not practical in the current study
given the large number of samples (~700).

In cases in which samples were below the LLOQ, half
the LLOQwas used (ie, 2.5mcg/ml) and the Weibull model
was utilized to fit the postprandial response for each par-
ticipant. This approach was used to smooth out erratic data
patterns and mitigate measurement error. The Weibull
distribution is a versatile model for describing nonzero
outcomes of various skewness and peakedness (kurtosis)
and is widely used in the field of medical science for sur-
vival time modeling.25 Additionally, the Weibull model has
been used in human trials similar in nature to the current
study26 and may have advantages over classical tests, such
as analysis of variance, for analyzing clinical outcomes,
particularly when small sample sizes are present.27 There-
fore, this approach was used in the current study given the
small sample size and skewed distribution of the data, and
reported paracetamol concentrations are consistent with
other reports in the literature.28,29

Because surgery places the body under a tremendous
amount of physiological and emotional stress,1,2 pre-
operative CHO loading beverages are often recommended to
support patient well‐being.8–10 Indeed, several lines of evi-
dence support the use of preoperative CHO loading regi-
mens with improvements such as decreased thirst and
hunger.11,12,30 However, we did not observe any differences
between groups for changes in subjective appetitive ratings
before and after CHO drink ingestion. This is not surprising
considering all participants in this single‐arm study con-
sumed the beverage and no comparator was used. This is in
direct contrast to previous studies in which CHO drink in-
gestion is compared with a control group, such as overnight
fasting and/or a placebo (ie, flavored water), and conducted
in patients undergoing surgery.11–15 Participants in the cur-
rent study were required to have no history of gastroparesis
to limit confounding effects on postprandial gastric emptying
rates following CHO drink ingestion. Thus, data reported
from the current study may not generalize to patients with a

known history of gastroparesis. Gastric emptying rate pri-
marily depends on the meal composition and macronutrient
content and is less affected by the meal volume.31 Typical
ranges of gastric emptying are ~1–4 kcal/min in healthy
individuals.32 This interindividual variation of gastric emp-
tying rates is broadened in individuals with DM, as there are
reports of both delayed and occasionally rapid gastric emp-
tying in this population.33 In addition to adults with DM and
those without, this study also examined postprandial gly-
cemic responses in individuals with pre‐DM, which adds to
previous studies that included only adults with DM and non‐
DM. Understanding how a CHO loading beverage impacts
glycemic responses in individuals with pre‐DM is clinically
relevant, as the rate of pre‐DM is expected to increase and, if
left untreated, predisposes individuals to a high probability
of developing DM in the future.34 As individuals with DM
are more likely to require surgical‐related procedures and
are at greater risk for complications,35 it would be expected
that adults with pre‐DM are also at increased risk. There are
several additional limitations to this pilot study. Study par-
ticipants were medically stable and predominantly White
and were not undergoing surgery. Therefore, a multimodal
enhanced recovery pathway was not implemented including
full nutrition and nonnutrition components and timing.
Although not addressed by the current study, future studies
should seek to examine the potential benefits of preoperative
CHO loading in surgical patients with pre‐DM to equip
clinicians with data to provide better guidance to patients
with pre‐DM surrounding the use of preoperative CHO
loading regimens.36

CONCLUSION

Blood glucose responses returned to baseline levels within
~2.5 h in participants with non‐DM and pre‐DM and
within ~3.5 h in participants with DM following ingestion
of CHO drink. Additionally, peak and time to reach peak
glucose values were not significantly different between
participants with DM and non‐DM. Furthermore, there
were no consistent differences in gastric emptying rates
between participants with DM and non‐DM, although
paracetamol concentrations were significantly different at
select timepoints. Data from the current study help to fill
gaps in the literature and may help guide and support
utilization and extended timing of preoperative CHO
loading drinks for adults with DM as well as pre‐DM;
current guidelines recommend that CHO drinks can be
consumed up to 2 h before induction of anesthesia in
patients who are non‐DM.8–10 However, further high‐
quality randomized clinical studies are needed in surgical
patients to enable interpretation and translation into
clinical practice. This evidence will inform future
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recommendations from professional societies regarding
the practice and timing of preoperative CHO loading in
adult surgical patients with pre‐DM and DM.
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