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Association Between Preoperative
Blood Glucose Level and Hospital
Length of Stay for Patients
Undergoing Appendectomy or
Laparoscopic Cholecystectomy
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OBJECTIVE

To evaluate the effect of preoperative blood glucose (POBG) level on hospital
length of stay (LOS) in patients undergoing appendectomy or laparoscopic
cholecystectomy.

RESEARCH DESIGN AND METHODS

We conducted a retrospective cohort study of patients aged =18 years who had
undergone appendectomy or laparoscopic cholecystectomy procedures between
2005 and 2016 at a tertiary medical centerin Taiwan. The association between POBG
level and LOS was evaluated using a multivariable quasi-Poisson regression with
robust variance. Multiple imputations were performed to replace missing values.

RESULTS

We included 8,291 patients; 4,025 patients underwent appendectomy (appendec-
tomy group) and 4,266 underwent laparoscopic cholecystectomy (laparoscopic
cholecystectomy group). In the appendectomy group, patients with POBG levels
of 2123 mg/dL (adjusted relative risk [aRR] 1.19; 95% Cl 1.06—1.33) had a 19% higher
risk of having a LOS of >3 days than did those with POBG levels of <106 mg/dL. In the
laparoscopic cholecystectomy group, patients with POBG levels of 2128 mg/dL also
had a significantly higher risk of having a LOS of >3 days (aRR 1.17; 95% CI 1.07-1.29)
than did those with POBG levels of <102 mg/dL. A positive dose—response curve
between POBG and an adjusted risk of a LOS of >3 days was observed, although the
curve starts to flatten at a POBG level of ~130 mg/dL.

CONCLUSIONS

We demonstrated that a higher POBG level was significantly associated with a
prolonged LOS for patients undergoing appendectomy or laparoscopic cholecys-
tectomy. The optimal POBG level may be lower than that commonly perceived.

Growing evidence indicates the prognostic value of managing preoperative hyper-
glycemia in patients diagnosed as having diabetes or in older adults undergoing
elective surgery (1). Nevertheless, no consensus has been reached on routine
screening of preoperative blood glucose (POBG) levels because the evidence
supporting the effectiveness of a specific blood glucose target range is scarce
(2-6). A systematic review of studies published from February 2001 to March
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Effect of POBG Level on Hospital LOS

2013 did not support the clinical effec-
tiveness of routine screening of POBG
or hemoglobin A;. (HbA4.) levels in
otherwise healthy or asymptomatic
adults receiving elective noncardiac
surgery (6). Based on these findings,
the latest European Society of Anaes-
thesiology (ESA) guidelines do not sug-
gest routine POBG assessments for
individuals undergoing elective non-
cardiac surgery (7).

Increasing evidence demonstrates
that preoperative hyperglycemia has a
detrimental effect on those undergoing
surgery. A retrospective study of 904 pa-
tients who died within 30 days during
hospitalization and 1,247 matched con-
trol patients who underwent noncardio-
vascular procedures reported that patients
with POBG levels of >110 mg/dL had an
increased risk of overall 30-day mortality
and cardiovascular mortality compared
with those with lower glucose levels
and that this association was present in
patients with prediabetes and diabetes (2).
Moreover, among patients who received
vascular and orthopedic surgery, the POBG
level was associated with an increased risk
of cardiovascular events within 30 days of
surgery and infected total knee replace-
ment within 1 year of surgery, respectively
(8,9). In another study of 493 consecutive
patients undergoing elective noncardiac
surgery, ~25% of patients without a dia-
betes diagnosis had fasting blood glucose
levels of >110 mg/dL (3). Abdelmalak et al.
(4) revealed that patients without diabetes
with preoperative hyperglycemia (>153
mg/dL or 8.5 mmol/L) who underwent
elective noncardiac surgery had higher
1-year mortality rates compared with pa-
tients with diabetes and similar blood
glucose levels. However, no significant
association was observed between pre-
operative hyperglycemia and short-term
outcomes such as in-hospital postopera-
tive complications and mortality. Wang
et al. (5) observed that among 6,683
patients without diabetes who underwent
nonemergent vascular and noncardiac sur-
gery, patients with POBG levels between
100 and 139 mg/dL and between 140 and
179 mg/dL had a significantly increased risk
of 30-day postoperative infection com-
pared with patients with POBG levels
between 70 and 99 mg/dL. Additionally,
a linearly increasing trend between POBG
level and the risk of postoperative infection
was observed in patients with POBG levels
between 100 and 179 mg/dL, which is

generally accepted as a safe range in current
surgical practice. In a recent intervention
study, Garg et al. (10) demonstrated the
benefits of preoperative diabetes man-
agement among patients with diabetes
undergoing elective cardiovascular and
noncardiovascular surgery. Optimizing
POBG levels to below 200 mg/dL was
associated with a reduction in the hos-
pital length of stay (LOS) among patients
with diabetes, although the clinical sig-
nificance was unclear (10).

To clarify the association between
preoperative hyperglycemia and postop-
erative outcomes, we conducted a large
retrospective cohort study at the largest
medical center in central Taiwan with a
surgical volume of >48,000 per year to
systematically evaluate the association
between POBG level and hospital LOS.
Appendectomy and cholecystectomy are
among the most common noncritical
surgical procedures in Taiwan (11,12).
Both operations follow highly standard-
ized clinical pathways that are rigorously
regulated by Taiwan’s National Health
Insurance Administration. Consequently,
we focused on these noncritical surgical
procedures (13-15).

RESEARCH DESIGN AND METHODS

Study Population

China Medical University Hospital (CMUH)
established the CMUH—Clinical Research
Data Repository (CMUH-CRDR), which
contains the medical records of 2,660,472
patients who sought care at CMUH be-
tween 2003 and 2016. The CMUH-CRDR
includes verified and validated data on
administrative and demographic infor-
mation, diagnoses, medical and surgical
procedures, prescriptions, laboratory meas-
urements, physiological measurements,
hospitalization, and catastrophic illness
status (16). We identified 16,153 appen-
dectomies or laparoscopic cholecystec-
tomies from the CMUH-CRDR. After
exclusion criteria were applied, the final
study population comprised 4,025 pa-
tients who had undergone appendectomy
(894 open and 3,131 laparoscopic) for the
first time (hereafter referred to as the
appendectomy group) and 4,266 patients
who had undergone laparoscopic chole-
cystectomy for the first time (hereafter
referred to as the laparoscopic cholecys-
tectomy group) at CMUH (Supplementary
Fig. 1). Supplementary Table 1 presents the
characteristics of study population and
patients who were excluded because of
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the absence of POBG measurements. This
study was approved by the CMUH Re-
search Ethical Committee/Institutional
Review Board (CMUH105-REC3-068).

Glucose Measurement

The primary exposure of interest was the
POBG level, which was measured within
48 h before surgery and closest to the
surgical incision time. Plasma glucose
levels were measured using the hexoki-
nase enzymatic method at the CMUH
Central Laboratory through a Beckman
UniCel DxC 800 immunoassay system
(Beckman Coulter, Brea, CA). We differ-
entiated fasting glucose and nonfasting
glucose according to the clinician’s order.
We used all available data on preoper-
ative fasting glucose levels and consid-
ered nonfasting glucose levels when data
on fasting glucose levels were unavail-
able. Moreover, we evaluated two def-
initions of cutoff points for glucose: 1)
clinical cutoff points for patients with
prediabetes and diabetes (<100, 100—
125, and >126 mg/dL) defined by the
Classification and Diagnosis of Diabetes
in the American Diabetes Association
Standards of Medical Care in Diabetes
(17), and 2) cutoff points based on the
25th and 75th percentiles of glucose
levels.

Outcome Measurement and
Covariates

The primary outcome of interest was
hospital LOS, which was treated as a di-
chotomous variable (=3 or >3 days). We
did not model hospital LOS on a contin-
uous scale for the following reasons: 1)
the time to discharge is highly standard-
ized by the diagnosis-related group re-
imbursement method for appendectomy
and cholecystectomy in Taiwan, and a
hospital LOS of >3 days is a significant
deviation from clinical practice; and 2)
studies have reported that the average
hospital LOS of these two procedures is
1-2 days, despite the differences in their
nature (emergent vs. elective) (18-20).
Supplementary Table 2 details the bio-
chemical- and procedure-related varia-
bles and provides the definition of
hypertension and cardiovascular disease
(CVD) history. We categorized patients
into the following groups: diagnosed
diabetes subgroup, comprising patients
with an International Classification of
Diseases-Ninth Revision, Clinical Modifica-
tion diagnosis code of 250.xx or patients
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who took antidiabetic medications
within 1 year before surgery; undiag-
nosed diabetes subgroup, comprising
patients without diabetes who had a
POBG level of =126 mg/dL within 1
year before surgery; and hyperglycemia
subgroup, comprising patients without
diabetes who had a blood glucose level
of <126 mg/dL within a period of 1 year
before surgery and a POBG level of =126
mg/dL within a period of 48 h before
surgery. The highest white blood cell
count (WBC), neutrophil-to-lymphocyte
ratio (NLR), and C-reactive protein (CRP)
values measured within 48 h before the
incision time were defined as the base-
line values.

Statistical Analysis

Data analysis was performed separately
for the appendectomy group and chole-
cystectomy group. Continuous variables
are expressed as medians and interquar-
tile ranges and were compared using the
nonparametric Kruskal-Wallis test. Cat-
egorical variables are expressed as a
frequency (percentage) and were com-
pared using the X2 test. POBG level was
modeled as both continuous and cate-
gorical (tertile) exposures and was cat-
egorized on the basis of common clinical
cutoffs of 100 and 126 mg/dL or the first
and third tertiles of POBG levels. Hospital
LOS was modeled as a dichotomous out-
come (LOS >3 days). Supplementary Table
3 provides information on missing data.
Because of the high proportion of missing
values for surgical parameters and NLR, we
performed multiple imputations using an
iterative Markov chain Monte Carlo pro-
cedure with 20 imputations and 100 iter-
ations (21). We used the data from the
multiple imputations in the subsequent
multivariable analyses.

To determine the association between
POBG level and dichotomized LOS out-
comes, we used robust quasi-Poisson
regression modeling with the classical
sandwich estimator under a generalized
estimating equation framework to ob-
tain accurate SEs for the elements (22).
We initially adjusted for age and sex.
Subsequently, we adjusted for diabetes,
hypertension, CVD, WBC, and NLR as well
as for the following surgical parameters:
American Society of Anesthesiologists
(ASA) Physical Status Classification score,
wound contamination class, surgical
drain placement, and operation dura-
tion. We also characterized the dose—

response relationship using a restricted
cubic spline model with three knots lo-
cated at the 10th, 50th, and 90th per-
centiles of the overall distribution for
POBG levels. In the subgroup analyses,
we stratified the study population by age
(<65, =65 years), sex, diabetes, hyper-
tension, CVD, ASA score (<3, =3), wound
contamination class (clean or clean-
contaminated, contaminated, or dirty),
surgical drain (absence, presence), and
operation duration (70 min [75th per-
centile] for appendectomy and 111 min
[75th percentile] for cholecystectomy).
To evaluate the effectiveness of POBG
levels in predicting a hospital LOS of
>3 days, we constructed receiver oper-
ating characteristic (ROC) curves and
obtained the areas under the curves
(AUCs or C statistics) using logistic re-
gression models (23,24). We also con-
structed the reference prediction model
using variables of age, sex, diabetes,
hypertension, CVD, WBC, and NLR to
assess the predictive performance of
the proposed model further incorpo-
rated with POBG levels. We plotted
the observed risk probability against
the predicted risk probability to demon-
strate the differencesin the calibration of
all risk models for hospital LOS predic-
tion. All statistical analyses were per-
formed using SAS 9.4 software (SAS
Institute, Cary, NC) and R 3.2.3 software
(R Foundation for Statistical Computing,
Vienna, Austria). The two-sided statisti-
cal significance level («) was set at 0.05.

RESULTS

Baseline Demographic and Clinical
Characteristics

The median ages of the patients in the
appendectomy group (n = 4,025) and
laparoscopic cholecystectomy group
(n = 4,266) were 38.0 and 53.4 years,
respectively (Supplementary Table 4).
Only 5.96% of the patients in the appen-
dectomy group and 20.84% of those in
the laparoscopic cholecystectomy group
had received a diagnosis of diabetes
before the procedures. Of the patients
in the appendectomy and laparoscopic
cholecystectomy groups, 4.07% and
14.63% had undiagnosed diabetes, re-
spectively, and 24.07% and 16.08% had
hyperglycemia, respectively. Complete
blood cell count results revealed a base-
line WBC count of 13.5 X 10%/uL (neu-
trophils: 82.1%; NLR: 7.4) for the
appendectomy group and 7.8 X 103/
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L (neutrophils: 67.2%; NLR: 2.9) for
the cholecystectomy group. The median
ASA scores for the appendectomy and
laparoscopic cholecystectomy groups
were 1 and 2, respectively. Furthermore,
61.12% and 75.97% of the patients in the
appendectomy and laparoscopic chole-
cystectomy had surgical wound class as
clean or clean-contaminated, respectively
(Supplementary Table 4). The average
operation durations were 55 min for
appendectomy and 85 min for laparo-
scopic cholecystectomy.

Clinical Characteristics Based on POBG
Tertiles

At higher POBG levels, an upward trend
was observed for median age and the
prevalence of diagnosed or undiagnosed
diabetes, hypertension, and CVD. Simi-
larly, as POBG levels increased, elevated
levels of WBC, NLR, CRP, body temper-
ature, and pulse rate preoperatively for
both surgical procedures were observed
(Table 1). For both surgical procedures,
patients whose POBG levels were in the
highest tertile were more likely to have
an ASA score of =3, a contaminated or
dirty wound, and long operation duration
compared with other patients; they were
also more likely to require a surgical
drain. Patients in higher POBG tertiles
were significantly more likely to have a
hospital LOS of >3 and >7 days. Nev-
ertheless, the proportion of readmission
and emergency department revisits within
30 days of discharge differed significantly
across the POBG tertiles in the laparo-
scopic cholecystectomy group but not in
the appendectomy group (Table 1). Be-
cause >90% of appendectomies and only
29.2% of cholecystectomies were emer-
gent, we conducted a sensitivity analysis
onemergent appendectomy and elective
cholecystectomy and obtained similar
results (Supplementary Table 5). Addi-
tionally, for both procedures, we noted a
strong and positive correlation between
POBG and postoperative glucose levels
(Supplementary Fig. 2).

Association Between POBG Level and
Hospital LOS

When glucose was considered a contin-
uous variable in a multivariable logistic
regression, every 10 mg/dL increase in
POBG levels was associated with 1%
(95% Cl 0-2) and 1% (95% CI 0-1)
increases in the risk of an extended
hospital LOS in the appendectomy and
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Table 2—Relative risk of having a hospital LOS of >3 days according to POBG level on a continuous scale, in tertile groups, and
with a clinical cutoff using the American Diabetes Association diagnostic criteria for the classification of prediabetes and
diabetes based on fasting blood glucose levels

Crude RR]| (95% Cl)

Model 1*
aRR (95% Cl)

Model 2t
aRR (95% Cl)

Model 3%
aRR (95% Cl)

Model 4§
aRR (95% Cl)

1.04 (1.03-1.05)  1.02 (1.02-1.03)

1.02 (1.02-1.03)

1.02 (1.01-1.03) 1.01 (1.00-1.02)

N Event
Appendectomy
Glucose (per 10 mg/dL) 4,025 1,210
Glucose, mg/dL (tertiles)
Glucose <106 1,320 296
Glucose 106 to <123 1,291 334
Glucose =123 1,414 580
Glucose, mg/dL (clinical)
Glucose <100 784 165
Glucose 100 to <126 2,013 519
Glucose =126 1,228 526
Laparoscopic cholecystectomy
Glucose (per 10 mg/dL) 4,266 1,835
Glucose, mg/dL (tertiles)
Glucose <102 1,360 437
Glucose 102 to <128 1,425 575
Glucose =128 1,481 823
Glucose, mg/dL (clinical)
Glucose <100 1,200 390
Glucose 100 to <126 1,505 588
Glucose =126 1,561 857

1.00 (Ref)
1.15 (1.01-1.32)
1.83 (1.63-2.06)

1.00 (Ref)
1.23 (1.05-1.43)
2.04 (1.75-2.37)

1.04 (1.03-1.05)

1.00 (Ref)
1.26 (1.14-1.39)
1.73 (1.58-1.89)

1.00 (Ref)
1.20 (1.08-1.33)
1.69 (1.54-1.85)

1.00 (Ref)
1.06 (0.93-1.22)
1.43 (1.26-1.62)

1.00 (Ref)
1.13 (0.97-1.32)
1.55 (1.32-1.81)

1.03 (1.02-1.03)

1.00 (Ref)
1.16 (1.05-1.29)
1.45 (1.32-1.59)

1.00 (Ref)
1.11 (1.00-1.23)
1.41 (1.28-1.55)

1.00 (Ref)
1.07 (0.93-1.22)
1.42 (1.25-1.61)

1.00 (Ref)
1.14 (0.98-1.33)
1.54 (1.32-1.81)

1.02 (1.02-1.03)

1.00 (Ref)
1.17 (1.06-1.29)
1.38 (1.25-1.52)

1.00 (Ref)
1.11 (1.00-1.23)
1.34 (1.22-1.48)

1.00 (Ref)
1.04 (0.91-1.19)
1.34 (1.18-1.52)

1.00 (Ref)
1.11 (0.95-1.29)
1.46 (1.25-1.71)

1.02 (1.01-1.02)

1.00 (Ref)
1.14 (1.03-1.25)
1.28 (1.16-1.42)

1.00 (Ref)
1.08 (0.98-1.2)
1.24 (1.12-1.38)

1.00 (Ref)
1.02 (0.91-1.16)
1.19 (1.06-1.33)

1.00 (Ref)
1.07 (0.93-1.23)
1.27 (1.10-1.46)

1.01 (1.00-1.01)

1.00 (Ref)
1.06 (0.97-1.16)
1.17 (1.07-1.29)

1.00 (Ref)
1.02 (0.92-1.12)
1.13 (1.03-1.25)

*Model 1: Adjusted for age and sex. tModel 2: Adjusted for age at entry, sex, diabetes, and hypertension. ¥Model 3: Adjusted for age at entry, sex,
diabetes, hypertension, WBC, and NLR. §Model 4: Adjusted for age at entry, sex, diabetes, hypertension, CVD, WBC, NLR, ASA score of =3, wound
classification, surgical drain, and operation duration above the 75th percentile. |[RRs and corresponding 95% Cls are presented in bold when the 95% CI

did not cross 1.

laparoscopic cholecystectomy groups,
respectively (Table 2, model 4). As men-
tioned previously, we divided the pa-
tients in the appendectomy group into
three tertiles according to their POBG
levels and observed that patients with
POBG levels of =123 mg/dL had a 19%
(95% CI 6-33) higher risk of having a
hospital LOS of >3 days than those with
POBG levels of <106 mg/dL (Table 2,
model 4). Similarly, we divided the pa-
tients in the laparoscopic cholecystec-
tomy group into three tertiles according
totheir POBG levels. We noted that those
with POBG levels of =128 mg/dL (the
highest tertile) had a 17% (95% CI 7-29)
higher risk of having an extended hospital
LOS. When clinical cutoffs of 100 mg/dL
and 126 mg/dL were used to define three
POBG subgroups, the corresponding in-
creasesintherisk of an extended hospital
LOS for appendectomy and cholecystec-
tomy were 27% (95% Cl, 10-46) and 13%
(95% Cl, 3-25), respectively (Table 2,
model 4).

In the appendectomy or laparoscopic
cholecystectomy group, we observed a
nonlinear dose—response risk curve with
an initial steep increase when the POBG
levels ranged from 100 to 130 mg/dL,
followed by a less pronounced rise when

the POBG levels >130 mg/dL (Fig. 1).
Subgroup analyses indicated no statisti-
cally significant interaction among most
of the a priori variables of interest in the
relationship between POBG level and a
hospital LOS of >3 days, except for
wound class and surgical drain in the
appendectomy group as well as age and
CVD in the cholecystectomy group (Fig.
2). Generally, the unfavorable effect of
POBG on hospital LOS is more pro-
nounced in younger and healthier pa-
tients. In addition, a dose-response
relationship between increased glucose
level and the relative risk of having a
hospital LOS of >3 days was present in
most subgroups. Supplementary Fig. 3
presents asummary of the discrimination
performance after POBG levels (both
continuous and categorical) were added
to the seven-variable reference equation
for hospital LOS prediction. Adding POBG
tertiles significantly improved risk dis-
crimination, with the AUC increasing
from 0.657 to 0.663 (P = 0.04) and
from 0.669 to 0.677 (P = 0.01) for the
appendectomy and laparoscopic chole-
cystectomy groups, respectively; never-
theless, the overall predictive performance
was only moderate (Supplementary Fig.
3A). The calibration plot demonstrated

good agreement between observed and
predicted probabilities, and adding the
POBG tertiles slightly improved the agree-
ment (Supplementary Fig. 3B).

CONCLUSIONS

This large retrospective cohort study
with robust analytic approaches demon-
strated that increased POBG levels are
significantly associated with a prolonged
hospital LOS in a nonlinear dose-response
manner in the appendectomy and lap-
aroscopic cholecystectomy groups. A
POBG level of =123 mg/dL was asso-
ciated with a 19% higher risk of a hos-
pital LOS of >3 days forappendectomy,
and a POBG level of =128 mg/dL was
associated with a 17% higher risk of a
prolonged hospital LOS for cholecys-
tectomy. Our study results indicate that
the optimal POBG level may be lower
than that in common surgical practice.

A consensus has not been reached on
therisk threshold of POBG level for adverse
outcomes. Our statistical cutoff points
for both appendectomy (<106, 107-122,
and =123 mg/dL) and cholecystectomy
(<102, 102-127, and =128 mg/dL) are
unexpectedly consistent with the preexist-
ing diagnostic classification of diabetes for
the general population (17). Davis et al. (25)
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Figure 1—Relative risk for a hospital stay longer than 2, 3, and 7 days according to POBG level. The solid black lines represent aRRs based on restricted
cubic splines for POBG level with knots at the 10th, 50th, and 90th percentiles (appendectomy: 94, 113, and 153 mg/dL; laparoscopic cholecystectomy:
87,114,and 175 mg/dL, respectively). The shaded areas represent upper and lower 95% Cls. The reference was set at the 10th percentile of POBG levels.
Adjustment factors are the same as those in model 4 of Table 2.

identified a similar POBG cutoff of 120 mg/
dL as being significantly associated with a
longer hospital stay after neurosurgery.
Noordzij et al. (2) reported that POBG
levels of 110-199 mg/dL (prediabetes)
and =200 mg/dL (diabetes) were signifi-
cantly associated with increased mortal-
ity risk. Two recent studies of patients
with cancer have demonstrated that
higher POBG levels (=140 mg/dL, HbA,.
=6.5% [48 mmol/mol]) or poorly con-
trolled diabetes (preoperative HbA;.
=7.0% [53 mmol/mol]) were associated
with decreased survival or tumor recur-
rence (26,27). However, the preopera-
tive cutoff points reported by the
aforementioned studies were empiri-
cally derived, representing a critical
knowledge gap that requires urgent
attention.

Clinical practice guidelines for patients
undergoing surgery have largely focused
on perioperative glycemic goals for pa-
tients with diabetes. The 2009 Practice
Guidelines of The Society of Thoracic
Surgeons suggest that the preoperative
and intraoperative blood glucose levels
should be maintained at <180 mg/dL for
patients with diabetes undergoing cardiac
surgery (28). According to the Society
for Ambulatory Anesthesia Consensus

statement in 2010, with insufficient
evidence, the preoperative and intra-
operative blood glucose levels should
be maintained <180 mg/dLin ambulatory
surgical patients with well-controlled
diabetes (29). The 2012 Joint British
Diabetes Societies Guidelines suggest
that referral to a specialist diabetes
team for advice should be considered if
the preoperative HbA,. level is >8.5%
(69 mmol/mol) for patients with diabe-
tes undergoing elective surgery (30).
According to the National Surgical Qual-
ity Improvement Program of the Amer-
ican College of Surgeons, glycemic control
(HbA. >7.0% [53 mmol/mol]) is empha-
sized only for patients with diabetes, with
the aim of reducing the risk of surgical site
infections and promoting wound healing
(31). As no definitive POBG target range is
indicated by relevant guidelines, health
care providers may not be aware of the
increased risks of adverse outcomes asso-
ciated with preoperative hyperglycemia.
Our study findings provide initial insight
into blood glucose level optimization re-
gardless of diabetic status. Further re-
search focusing on the effect of optimal
glucose control during the preoperative
stage for patients without diabetes is re-
quired (32).

In our study, the high correlations
observed among POBG and inflammatory
markers such as WBC, NLR, and CRP in-
dicate that blood glucose could be an
indicator of the severity of surgical diseases
and physiological status (Supplementary
Fig. 4). This explains the potential role of
POBG in hospital LOS prediction. However,
an association does not guarantee causal-
ity. Further research is required to verify
the prognostic role of POBG level during
the entire surgical course. Such research
should determine whether it is simply a
surrogate marker, a trigger, or an effect
modifier of subsequent acute local or
systemic inflammation that leads to nu-
merous complications, including poor
wound healing and surgical site infection
(33-37).

Strengths and Limitations

The strengths of this study include the
careful efforts made to address con-
founders in the causal pathway between
POBG level and prolonged hospital LOS,
as illustrated in a directed acyclic graph
(Supplementary Fig. 5). This was done to
adjust for the measurable factors to
estimate the independent effect of
POBG level on hospital LOS and conduct
multiple sensitivity analyses for robust
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Subgroup N Event  Adjusted RR (95% CI) N  Event Adjusted RR (95% Cl) P for interaction
Age < 65 Age = 65 0.585
Glucose < 106 1258 266 1.00 (1.00, 1.00) + 62 30 1.00(1.00, 1.00) +
106 = Glucose < 123 1203 204  0.99 (0.87, 1.14) - 88 40 1.05(0.76, 1.45) ———
Glucose = 123 1156 428 1.16 (1.02, 1.32) - 258 152 1.19(0.93, 1.53) ——
Tt —r—t—T
0 05 1 15 2 0 05 1 15 2
Female Male 0.220
Glucose < 106 728 155 1.00 (1.00, 1.00) + 592 141 1.00 (1.00, 1.00) +
106 = Glucose < 123 598 141 0.92 (0.77, 1.11) - 693 193  1.11(0.94, 1.31) —
Glucose = 123 630 270 1.21 (1.02, 1.43) —— 784 310 1.16 (1.00, 1.35) .
| e e e m— —T—t—T
0o 05 1 15 2 0 05 1 15 2
Non-diabetes Diabetes 0.675
Glucose < 106 1297 287 1.00 (1.00, 1.00) + 23 9 1.00(1.00, 1.00) +
106 = Glucose < 123 1270 323 1.02 (0.90, 1.16) - 21 11 1.23(0.74, 2.05) —:—'%
Glucose = 123 1218 477 1.18 (1.05, 1.33) - 196 103 1.34 (0.90, 1.99) ——
Tt —T—t+—T
0 05 1 15 2 0 05 1 15 2
Non-hypertension Hypertension 0.547
Glucose < 106 1298 285  1.00 (1.00, 1.00) + 22 11 1.00 (1.00, 1.00) ¢
106 = Glucose < 123 1272 323 1.02 (0.90, 1.16) - 19 11 1.14 (0.65, 2.00) —
Glucose = 123 1326 529 1.20 (1.07, 1.35) |- 88 51 1.06 (0.68, 1.66) —t—
Tt | S e e —
0o 05 1 15 2 0 05 1 15 2
Non-CVD CcVD 0.089
Glucose < 106 1279 282 1.00 (1.00, 1.00) + 41 14 1.00 (1.00, 1.00) +
106 = Glucose < 123 1252 315  1.00(0.89, 1.14) - 39 19 1.49(0.91, 2.46) —
Glucose = 123 1282 507 1.19 (1.06, 1.34) 1 132 73 1.25(0.80, 1.94) ———
| e  m— | s
0 05 1 15 2 0 05 1 15 2
Operation duration = 70 min Operation duration > 70 min 0.626
Glucose < 106 1058 182 1.00 (1.00, 1.00) + 262 114  1.00 (1.00, 1.00) +
106 = Glucose < 123 983 203 1.06 (0.90, 1.25) e 308 131 0.95(0.80, 1.13) e
Glucose = 123 999 308 1.15 (0.98, 1.35) - 415 272 1.24 (1.07,1.44) | =
—T—t—T T
0o 05 1 15 2 0 05 1 15 2
ASA score< 3 ASA score = 3 0.180
Glucose < 106 1246 268 1.00 (1.00, 1.00) + 74 28 1.00 (1.00, 1.00) +
106 = Glucose < 123 1212 294 0.99 (0.87, 1.13) - 79 40 1.23(0.86, 1.77) i T —
Glucose = 123 1231 475 1.16 (1.03, 1.32) - 183 105  1.30(0.96, 1.76) ——
—r—t—T | I e e —
0 05 1 15 2 0 05 1 15 2
Wound Class (Clean/Clean Contaminated) Wound Class (Contaminated/ Dirty) 0.002
Glucose < 106 1075 188 1.00 (1.00, 1.00) + 245 108 1.00 (1.00, 1.00) ¢
106 = Glucose < 123 1004 203 1.02 (0.86, 1.21) —-— 287 131 1.00(0.85, 1.19) -
Glucose 123 966 310 1.29 (1.10, 1.52) | —— 448 270 1.06(0.92, 1.24) --—
Tt | o e m—
0o 05 1 15 2 0 05 1 15 2
Non-drain Drain 0.040
Glucose < 106 1107 160 1.00 (1.00, 1.00) + 213 136 1.00(1.00, 1.00) +
106 = Glucose < 123 1036 169 0.99 (0.81, 1.20) == 255 165 1.01(0.88, 1.15) -
Glucose = 123 978 242 1.21(0.99, 1.47) —— 436 338 1.13(1.01,1.27) -
—r—t—T | S  p— p—

Figure 2—Results of subgroup analyses of preoperative glucose level and a hospital stay of >3 days according to clinical characteristics. A,
Appendectomy. B, Laparoscopic cholecystectomy. Adjustment factors are the same as those in model 4 of Table 2.

inferences (Supplementary Tables 6 and
7). In addition, our results demonstrate
the feasibility of using POBG level irre-
spective of a patient’s last meal because
we analyzed both fasting and nonfasting
glucose levels and their association with
hospital LOS.

Despite these strengths, this study has
several limitations. First, selection bias
was present because we included only
patients with POBG measurements taken
within 48 h before the surgical procedures.
Compared with our study population, pa-
tients without POBG measurements were
less likely to have a diabetes diagnosis or

undergo emergent procedures, but they
were revealed to have longer hospitaliza-
tion periods (Supplementary Table 1). The
inclusion of only patients with POBG mea-
surements could have resulted in an over-
estimation of the effect of POBG level on
prolonged hospital LOS. However, the ef-
fect of this limitation on our inferences
about patients undergoing appendectomy
would be minimal, because only 6.3% of
them did not have their POBG levels
measured. In the laparoscopic cholecys-
tectomy group, the proportion of patients
without POBG measurements was 21.8%.
Interestingly, our results revealed that

among patients who received chole-
cystectomies and did not have POBG
measurements, the attending surgeons
who performed the operations were
significantly younger than the surgeons
who operated on patients whoreceived
POBG measurements (medianage,37.1
vs. 40.2 years) (Supplementary Table
1).

Second, residual and unmeasured con-
founders could not be entirely excluded.
For instance, we may have slightly under-
estimated the prevalence of hypertension
and CVD in the study population because
this was a retrospective single-center
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B Laparoscopic cholecystectomy

Subgroup N Event  Adjusted RR (95% CI) N  Event Adjusted RR (95% ClI) P for interaction
Age <65 Age = 65 0.005
Glucose < 102 1166 337 1.00 (1.00, 1.00) + 194 100 1.00 (1.00, 1.00) +
102 = Glucose < 128 1103 391 1.07 (0.96, 1.20) - 322 184  1.03 (0.89, 1.20) e
Glucose = 128 883 437 1.27 (1.13, 1.43) | —— 598 386 1.05(0.91,1.21) -
—r—t—T —r—t—T
0o 05 1 15 2 0o 05 1 15 2
Female Male 0.371
Glucose < 102 819 252 1.00 (1.00, 1.00) + 541 185 1.00 (1.00, 1.00) +
102 = Glucose <128 760 301 1.13 (0.99, 1.28) \%in 665 274 0.99(0.86, 1.13) .-
Glucose = 128 689 365 1.22 (1.06, 1.40) | —-— 792 458 1.13(0.99, 1.29) ra—
| e e m— —T—t—T
0o 05 1 15 2 0 05 1 15 2
Non-diabetes Diabetes 0.557
Glucose < 102 1258 384 1.00 (1.00, 1.00) L 4 102 53 1.00(1.00, 1.00) ¢+
102 = Glucose < 128 1251 480 1.05 (0.95, 1.16) - 174 95 1.05(0.85, 1.31) o
Glucose = 128 868 430 1.16 (1.04, 1.30) - 613 393  1.16 (0.96, 1.40) —
—r—t—T —r—t—r
0o 05 1 15 2 o 05 1 15 2
Non-hypertension Hypertension 0.943
Glucose < 102 1261 391 1.00 (1.00, 1.00) + 99 46  1.00 (1.00, 1.00) +
102 = Glucose < 128 1298 508 1.05 (0.95, 1.16) bl 127 67 1.09(0.85, 1.39) —
Glucose = 128 1210 643 1.17 (1.05, 1.29) - 271 180 1.25(0.99, 1.57) ——
| o e e m— [ P o —
0 05 1 15 2 0 05 1 15 2
Non-CVD CVD 0.024
Glucose < 102 1264 388 1.00 (1.00, 1.00) + 96 49  1.00 (1.00, 1.00) +
102 = Glucose <128 1297 503 1.06 (0.96, 1.17) - 128 72 1.03(0.82, 1.29) =
Glucose = 128 1244 676 1.20 (1.08, 1.34) |- 237 147 1.01(0.82, 1.25) ——
—r—t—T —r—t—T
0o 05 1 15 2 0 05 1 15 2
Operation duration = 111 min Operation duration > 111 min 0.343
Glucose < 102 1087 286 1.00 (1.00, 1.00) + 273 151 1.00(1.00, 1.00) *+
102 = Glucose < 128 1065 342 1.04 (0.92, 1.18) & ¥ 360 233 1.08(0.95, 1.22) -
Glucose = 128 1052 503 1.21 (1.06, 1.37) | —— 429 320 1.13(1.00, 1.29) r—
| o e e Tt T
0 05 1 15 2 o 0.5 1 15 2
ASA score <3 ASA score = 3 0.196
Glucose < 102 1219 376 1.00 (1.00, 1.00) + 141 61 1.00(1.00, 1.00)
102 = Glucose <128 1237 459 1.02 (0.92, 1.14) - 188 116 1.26 (1.03, 1.55) e
Glucose = 128 1094 566 1.16 (1.04, 1.30) .- 387 257  1.25(1.03, 1.52) ——
—Tr—t—T
0 05 1 15 2 0 05 1 15 2
Wound Class (Clean/Clean Contaminated)) Wound Class (Contaminated/ Dirty) 0.270
Glucose < 102 1261 391 1.00 (1.00, 1.00) + 99 46  1.00 (1.00, 1.00) ¢
102 = Glucose <128 1232 463 1.07 (0.97, 1.18) - 193 112 0.98 (0.77, 1.25) ——
Glucose = 128 1195 641 1.21 (1.09, 1.34) | .- 286 182  1.05(0.84, 1.33) ——
—r—t—T T
0o 05 1 15 2 0o 05 1 15 2
Non-drain Drain 0.298
Glucose < 102 941 177 1.00 (1.00, 1.00) + 419 260 1.00 (1.00, 1.00) +
102 = Glucose <128 797 172 1.06 (0.88, 1.28) —— 628 403 1.03 (0.94,1.13) -
Glucose = 128 635 208 1.30 (1.06, 1.58) |—— 846 615 1.11(1.01,1.22) il
| e e m— Tt

| Figure 2—Continued.

study. Therefore, a slight overestimation
of the effects of POBG level may have
arisen due to the underestimation of
these positive confounders. Additionally,
surgeons’ individual performance records
were not available; hence, their perfor-
mance was an unmeasured factor.
Third, the measurement of POBG lev-
els in this real-world observational study
could not be standardized (i.e., fasting,
nonfasting, or free of glucose water in-
fusion), particularly for patients under-
going appendectomies. Misclassification
of diabetes, undiagnosed diabetes, and
stress hyperglycemia cannot be excluded
because fasting status associated with
blood samples cannot be routinely

verified in the current surgical care
flow in Taiwan. We could only differen-
tiate fasting, nonfasting, or random glu-
cose based on the title of clinician-ordered
laboratory tests, which may not accurately
reflect the patient’s clinical situation. How-
ever, this real-world practice constraint
increases the likelihood of our study results
being generalizable to a wide range of
clinical conditions under which fasting
glucose levels may be difficult to obtain.

Fourth, our findings were not verified
in other populations under different
health care systems and with different
ethnic compositions. Nevertheless, the
biological relationship between POBG
levels and adverse outcomes may be

similar across different populations as
presented in prior studies, ensuring the
generalizability of our findings.

Conclusion

In summary, our study results indicate
that the POBG level is significantly associ-
ated with a prolonged hospital LOS in
patients undergoing appendectomy or lap-
aroscopic cholecystectomy procedures. The
optimal POBG level may be much lower
than the commonly applied level of 180 mg/
dL (28,29) or HbA;. =7.0% (53 mmol/mol;
glucose 154 mg/dL) or HbA;. >8.5%
(69 mol/mol; glucose 197 mg/dL) (30,31).
Additional studies are required to deter-
mine whether routine POBG screening or
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preoperative glucose control could im-
prove the outcomes of patients, even
those without diabetes, undergoing both
emergent and elective surgery.
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