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ABSTRACT
Aims/Introduction: Currently, the impact of hospital-wide glycemic control interven-
tions on length of hospital stay (LOS) and readmission rates are largely unknown. We
investigated the impact of a 4-year hospital-wide remote glycemic management program
on LOS and 30-day readmission rates among hospitalized adults who received glucose
monitoring.
Materials and Methods: In this retrospective study, hospitalized patients who received
glucose monitoring were classified into groups 1 (high glucose variability), 2 (hypo-
glycemia), 3 (hyperglycemia) and 4 (relatively stable). The monthly percentage changes,
and average monthly percentage changes of hyperglycemia, hypoglycemia and treat to
target were determined using joinpoint regression analysis.
Results: A total of 106,528 hospitalized patients (mean age 60.9 – 18.5 years, 57%
men) were enrolled. We observed a significant reduction in the percentage of inpa-
tients in poor glycemic control groups (groups 1, 2 and 3, all P < 0.001), and a recipro-
cal increase in the relatively stable group (group 4) from 2016 to 2019. We found a
significant reduction in LOS by 11.4% (10.5–9.3 days, P = 0.002, after adjustment for
age, sex, and admission department). The 30-day readmission rate decreased from
29.9% to 29.3%, mainly among those in group 4 in 2019 (P < 0.001 after adjustment of
sex, age, admission department and LOS).
Conclusions: Improved glycemic control through a hospital-wide electronic remote
glycemic management system reduced LOS and 30-day readmission rates. Findings
observed in this study might be associated with the reduction in cost of avoidable hospi-
talizations.

INTRODUCTION
The prevalence of diabetes and its complications are still grow-
ing, and pose an enormous threat to public and global health1,2.
Furthermore, diabetes is an important driver of direct and indi-
rect costs and burdens, caused by frequent hospitalizations, dis-
ability and absence from work1–4.

Previous studies showed that patients with diabetes not only
have a higher risk of hospital admission, but also have longer
length of stay (LOS) and more frequent hospital readmissions
than those without diabetes5,6. In addition, patients with diabetes
had a significantly increased risk of in-hospital mortality5. Inpa-
tients who experienced hyperglycemia and hypoglycemia events
were also found to have higher readmission andmortality rates7,8.
The benefits of intensive glycemic control for inpatients

remain controversial9,10. An early study reported that inpatientReceived 28 August 2020; revised 22 December 2020; accepted 6 January 2021
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glycemic control managed by an integrated team of healthcare
professionals shortened LOS for patients with diabetes, albeit
with a non-significant increase in hypoglycemia events11.
Another retrospective observational study reported that LOS
and 30-day readmission rates decreased in patients co-managed
by a specialized diabetes team12. However, it is unclear whether
a hospital-wide remote glycemic intervention system could
influence hospital LOS and subsequent readmission.
Our previous study showed that a hospital-wide inpatient

remote glycemic management program, supported by a team
led by endocrinologists, efficiently decreased hyperglycemia and
hypoglycemia events in hospitalized adults from 2016 to
201813. In the study presented here, the observation was
extended to another year (2019), during which several intensi-
fied steps were implemented for the glycemic management pro-
gram. We examined whether the beneficial effects of our
hospital-wide glycemic management program could translate
into shortened LOS and lower 30-day readmission rates among
hospitalized adults.

MATERIALS AND METHODS
Study design
We retrospectively analyzed the effects of implementing a hos-
pital-wide glycemic management program on the LOS and 30-
day readmission rates among hospitalized adults who received
glucose monitoring. The glycemic management program was
initiated in 2017 and fully implemented in 2018. In 2019, sev-
eral intensified steps were introduced that included repeated
reinforced education training programs for attending physi-
cians, residents and nurse practitioners among all departments,
and provided automatic real-time warning messages of hypo-
glycemia included checking all medication orders for hypo-
glycemic patients and informing the primary care team to stay
alert for hypoglycemia-prone medications. We divided the
observation period into pre-implementation (2016), develop-
ment (2017), implementation (2018) and intensification (2019).

Study population
All study participants were enrolled from Taichung Veterans
General Hospital (TCVGH), a 1,500-bed public medical center
in central Taiwan. We excluded patients from the pediatric and
emergency departments. To minimize selection bias, we did not
exclude specific medical condition, insurance situation and
scheduled readmissions while analyzing the readmission rates.
Details on the implementation of this program have been pre-
sented previously13. The study was approved by the institu-
tional review board of TCVGH, and the requirement for
informed consent (approval certificate number: CE20061A) was
waived.

Hospital-wide monitoring system and glycemic management
program
The glycemic management team was formed and led by
endocrinologists. The inpatient glucose bedside point-of-care

devices data management systems, in combination with the
CONTOURTM PLUS, BGMS blood glucose monitoring system
(Ascensia Diabetes Care Holdings AG, Basel, Switzerland,
through the acquisition of Bayer Diabetes Care by PHC Hold-
ings), met the ISO 15197: 2013 and US Food and Drug
Administration blood glucose meter accuracy standards14–16.
Glucometer data were uploaded to the electronic medical
record system directly and automatically through a wireless
connection.
We established an electronic dynamic glucose dashboard that

monitored all hospitalized inpatient point-of-care and plasma
glucose values. Information from the dashboard was automati-
cally updated every night at 00.00 hours. Poor glycemic control
included hyperglycemia, defined as two or more glucose values
≥300 mg/dL, and hypoglycemia, defined as a glucose level
<70 mg/dL, during the previous 24 h. Inpatients were classified
into four groups. Group 1 (high glucose variability) included
those who had two hyperglycemia events plus at least one
hypoglycemia event within 24 h during hospitalization.
Group 2 (hypoglycemia) patients had at least one hypoglycemia
event during hospitalization. Group 3 patients (hyperglycemia)
had at least one hyperglycemia event during hospitalization.
Group 4 patients (relatively stable) did not have any hyper-
glycemia or hypoglycemia episodes during hospitalization.
The glycemic management program integrated the following:

(i) an electronic glucose dashboard that analyzed and moni-
tored all hospitalized inpatient glucose point-of-care glucose
and plasma glucose data from the biochemistry laboratory (Fig-
ure S1). Both automatic and manual mode are available; infor-
mation was automatically updated every night at 00.00 hours,
and we can also update the real-time data by manual model;
(ii) a glycemic management system that could send daily warn-
ing messages (Figure S2); (iii) remote glycemic management
recommendations (Figure S2); and (iv) timely warnings and
recommendations for the prevention of hypoglycemia (Fig-
ure S2)13.
The automatic real-time warning messages included checking

all medication orders for hypoglycemic patients and informing
the primary care team to stay alert for hypoglycemia-prone
medications. Virtual glycemic management recommendations
summarized the suggestions of administration of glucose-lower-
ing drugs, dose and administration method13. We informed the
primary care team members that these recommendations were
only a part of the clinical decision support system based on the
patient’s recent blood glucose status and clinical data without
visiting patients. Their consideration of the patient’s clinical sta-
tus is extremely important. The formal endocrinology consulta-
tion services were available if required13.

Statistical analysis
Characteristics of the inpatients are presented as descriptive
statistics, and include sex, age, glucose monitoring during the
admission period, LOS and 30-day readmission rate from 2016
to 2019. Continuous descriptive variables are presented as
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means – standard deviations, glucose coefficient of variation (s-
tandard deviation/mean) data are listed as medians with
interquartile ranges in parentheses, and categorical variables are
presented as percentages. The proportion (%) of patients with
poor glycemic control treated to target range were expressed as
‘per day per 100 patients with glucose monitoring.’ The join-
points (years at which trends change significantly) and average
monthly percentage changes and the corresponding 95% confi-
dence intervals (CIs) were calculated using joinpoint regression
analysis via Joinpoint Trend Analysis Software (version 4.8.0.1)
from the Surveillance Research Program of the US National
Cancer Institute17–19. The Cochran–Armitage trend test was
used to estimate the linear association of LOS and readmission
for the years of the study period. We adjusted for factors asso-
ciated with 30-day readmissions, including sex, age, department
of admission and LOS. Statistical significance was defined as
P < 0.05. All statistical analyses were carried out with SAS soft-
ware version 9.4 (SAS Institute Inc., Cary, NC, USA).
We presented data on a total of 106,528 inpatients with a

mean age of 60.9 years; the men enrolled in the study slightly
outnumbered the women during the 4-year monitoring period
(Table 1). Although the percentage of hospitalized adults
requiring glucose monitoring increased by 24% from 2016 to
2019 (23,739 and 29,447 patients in 2016 and 2019,

respectively), we found a significant reduction in the number of
participants with poor glycemic control (group 1, 2 and 3, all
P < 0.001) after implementation of the hospital-wide glucose
management program. Our efforts also resulted in a signifi-
cantly increased percentage of patients in group 4 (those with
relatively stable glycemic levels) during the 4-year observation
period (Table 1).

RESULTS
Glycemic control
Figure 1 shows the trend in glycemic control from January
2016 to December 2019. Although the proportion of patients
with poor glycemic control (including those with hypoglycemia
and hyperglycemia) did not change during the pre-implementa-
tion period (2016), we found a significant and persistent lower
rate of poor glycemic control over the following 3 years (2017–
2019, P trend <0.001). Specifically, the mean proportion of
patients with poor glycemic control decreased by 41% (from
10.2% to 6.0%), the rate of those with hyperglycemia decreased
by 43% (from 6.1% to 3.5%) and the rate of those with hypo-
glycemia decreased by 50% (from 4.2% to 2.1%), all P < 0.001
(Table 2). In addition, the rate of patients with glucose level
≥270 mg/dL decreased by 40% (from 9.6% to 5.8%, P < 0.001),
and the rate of severe hypoglycemia (defined as a glucose level

Table 1 | Clinical characteristics and glucose coefficient of variation (%) of hospitalized adults with glucose monitoring

Clinical characteristics Total Year P for trend

2016
Pre-implementation

2017
Development

2018
Implementation

2019
Intensification

n % n % n % n % n %

Total hospitalizations 106,528 23,739 100.0 25,868 27,474 29,447 0.001
Men 60,835 57.1 13,764 58.0 14,983 57.9 15,975 58.1 16,113 54.7

Age, years (mean – SD) 60.9 – 18.5 61.3 – 18.5 61.0 – 18.9 61.0 – 18.8 60.6 – 18.0
Group 1: high glucose variability 161 0.7 154 0.6 106 0.4 80 0.3 <0.001
Group 2: hypoglycemia 1,150 4.8 1,008 3.9 829 3.0 1,005 3.4 <0.001
Group 3: hyperglycemia 3,099 13.1 3,281 12.7 3,403 12.4 2,940 10.0 <0.001
Group 4: relatively stable 19,329 81.4 21,428 82.8 23,136 84.2 25,442 86.3 <0.001

Glucose coefficient
of variation (%)

Years P for trend

2016 2017 2018 2019

Mean Median (IQR) Mean Median (IQR) Mean Median (IQR) Mean Median (IQR)

Total 9.0 18.6 (8.6–33.2) 8.4 17.4 (8.5–31.0) 8.1 17.2 (7.9–30.0) 7.7 17.3 (8.0–30.2) <0.001
Group 1: high glucose variability 17.8 20.6 (11.5–43.3) 15.5 21.1 (11.6–40.3) 14.8 24.7 (9.4–40.8) 12.8 17.0 (8.7–27.5) 0.300
Group 2: hypoglycemia 12.3 19.6 (9.4–35.7) 12.9 21.9 (10.2–40.0) 13.6 22.1 (11.1–41.3) 13.0 23.1 (12.4–39.2) 0.250
Group 3: hyperglycemia 10.1 18.8 (9.0–32.8) 10.7 17.7 (8.8–32.5) 10.3 18.4 (8.7–32.0) 10.6 18.2 (8.1–31.2) 0.735
Group 4: relatively stable 7.8 18.3 (8.1–32.6) 6.8 16.3 (7.9–29.6) 6.7 15.8 (7.3–27.6) 6.3 16.4 (7.3–28.5) <0.001

Group 1: patients with glucose values <70 mg/dL and two or more glucose values ≥300 mg/dL within 24 h during the admission period. Group 2:
patients with glucose values <70 mg/dL within 24 h during the admission period. Group 3: patients with two or more glucose values ≥300 mg/dL
within 24 h during the admission period. Group 4: patients not having glucose values <70 mg/dL or two or more glucose values ≥300 mg/dL
within 24 h during the admission period. Glucose coefficient of variation (standard deviation/mean). Glucose coefficient of variation data are listed
as means, and medians with interquartile ranges in parentheses. IQR, interquartile range; SD, standard deviation.
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<50 mg/dL) decreased by 49% (from 1.06% to 0.54 %,
P < 0.001; shown in Table 2 and Figure 1). The proportion of
patients with glucose levels within the target range (110–
180 mg/dL) increased significantly by 16% (25.7–29.8%) from
2016 to 2019 (Table 2). We analyzed data of reaching the tar-
get range frequently used for continuous glucose monitoring
study (70–180 mg/dL) shown in Table 2 and Figure 1. The
proportion of patients who adopted treat to target in range
(70–180 mg/dL) increased by 15% (49.2–56.7%, P = 0.004)
during the study period (Table 2; Figure 1). Significant
improvement of glucose variability was also founded by the
decrease of patients of group 1 and reduction of glucose coeffi-
cient of variation (shown in Table 1).
Table 3 shows the estimated trends for the proportions of

patients (per day per 100 patients with glucose monitoring)
with hyperglycemia, hypoglycemia and treat to target, based on
analysis of the joinpoint regression model. From 2016 to 2019,

significant improvements of the average monthly percentage
changes for hyperglycemia, hypoglycemia and treat to target
were - 0.2%, -0.2% and 0.1%, respectively (Table 3). For inpa-
tients with hyperglycemia, the monthly percentage changes
increased significantly for trend 1, which was followed by a sig-
nificant decrease in trends 2 and 3. For inpatients with hypo-
glycemia, we found significant decreases in both trend 2 and
trend 3. Regarding the proportion of treat to target, significant
increases were found for trend 2 and trend 3. Univariate
regression for trend analysis was carried out, and the results
were consistent with the joinpoint regression: significant
improvements of glycemic control were found for trend 2 and
trend 3 (footnote of Table 3).

LOS
From 2016 to 2019, we observed an 11.4% reduction in the
mean LOS from 10.5 to 9.3 days (P = 0.002) after adjusting for
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age, sex and admission department (Figure 2). Patients in
group 1 who experienced hyperglycemia and hypoglycemia
over a 24-h period during their hospitalization had the longest
average hospital LOS, whereas patients with relatively stable gly-
cemic control (group 4) had the shortest mean LOS (Table S1).

30-day readmission
The results of total and group-specific 30-day readmission rates
are presented in Table 4. The 30-day readmission rates of
patients with glucose monitoring are higher than hospital-wide
readmission rates (10.0–11.0%, unadjusted P trend = 0.084),
and decreased from 2016 to 2019 (29.9–29.3%, P < 0.001 after
adjustment for sex, age, admission department and LOS). How-
ever, none of the readmission rates reached statistical signifi-
cance for groups 1, 2 and 3. For group 4, we did find that 30-
day readmission rates increased in 2017 and 2018, and
decreased greatly in 2019, with a significant trend of reductions
in 30-day readmission rates (Table 4).

DISCUSSION
We recently reported on the successful experiences of a hospi-
tal-wide glycemic management program that reduced hyper-
glycemia and hypoglycemia in hospitalized adults13. This
present study was an extension of our previous observations
with addition of several intensified management measures. Our
study showed further reductions in the number of inpatients
with poor glycemic control (hyperglycemia and hypoglycemia),
and more inpatients had glucose levels within the target ranges.
Compared with other institution-wide inpatient glycemic man-
agement systems20–23, our program enrolled relatively more
hospitalized adults, had a longer observation term (observed for
4 years), and ranked highly in improvements in glycemic con-
trol and maintenance. Interestingly, as compared with usual
care (a referral-based consultation service), a recent study
reported that proactive or early intervention by endocrinologists
decreased the proportion of patients with hyperglycemia
(>270 mg/dL) to 3.3%24, which was similar to our study.

Figure 1 | Trends of glycemic control among hospitalized adults: 2016–2019. The proportion of patients (%): per day per 100 patients with glucose
monitoring. Hyperglycemia: two or more glucose values of ≥300 mg/dL during the previous 24 h. Hypoglycemia: a glucose level of <70 mg/dL
during the previous 24 h. Treat to target: all glucose values within 110–180 mg/dL in the previous 24 h.

Univariate regression analysis:
1 January 2016 to 31 December 2016 (pre-implementation period)
Poor glycemic control rate: Coefficient = -0.002 (95% confidence interval [CI] -0.077 to 0.081, P trend = 0.962)
Hypoglycemia rate: Coefficient = -0.012 (95% CI -0.087 to 0.064, P trend = 0.733)
Hyperglycemia rate: Coefficient = -0.003 (95% CI -0.068 to 0.062, P trend = 0.926)
Treat to target: Coefficient = 0.134 (95% CI -0.056 to 0.323, P trend = 0.148)

1 January 2017 to 31 December 2019 (development, implementation and intensification periods)
Poor glycemic control rate:
Coefficient = -0.128 (95% CI -0.157 to -0.100, P trend <0.001)

Hypoglycemia rate:
Coefficient = -0.058 (95% CI -0.074 to -0.041, P trend <0.001)

Hyperglycemia rate:
Coefficient = -0.100 (95% CI -0.117 to -0.083, P trend <0.001)

Treat to target:
Coefficient = 0.126 (95% CI 0.085–0.167, P trend <0.001)

Trends of joinpoint trend analysis:
Hyperglycemia
Trend 1: January 2016–March 2017
Trend 2: March 2017–July 2017
Trend 3: July 2017–December 2019

Hypoglycemia
Trend 1: January 2016–March 2017
Trend 2: March 2017–June 2017
Trend 3: June 2017–December 2019

Treat to target
Trend 1: January 2016–March 2017
Trend 2: March 2017–June 2017
Trend 3: June 2017–December 2019
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However, in that work, there was no significant reduction in
the proportion of patients with hypoglycemia (<72 mg/dL),
which is contrary to the present study, which had a 50%
decrease in the prevalence of hypoglycemia (<70 mg/dL, from
4.2% to 2.1%). According to the results of joinpoint regression,
we can find a steep improvement in hypoglycemia, hyper-
glycemia and treat to target during trend 2. Significant progress
has been made in the 3rd to 6th months after implementation
of the program, and with additional significant improvement
throughout the following observation period of our study
(trend 3).
We analyzed the antidiabetes drugs used during hospital stay

(Table S2). These drugs have good glucose-lowering efficacy
and stable safety. The use of these newer antidiabetes drugs
increased over the study period, especially sodium–glucose
cotransporter 2 inhibitors. However, the use of glucagon-like
peptide-1 receptor agonists or sodium–glucose cotransporter 2
inhibitors remained <5% throughout the observation periods.
These new drugs used in hospitalized patients were limited due
to the acute illness or stress conditions (poor appetite, renal
function impairment, metabolic acidosis, preparation for opera-
tions), and considerations of the adverse effects. The use of
antidiabetes drugs might not be the main cause of the improve-
ments in glycemic control, LOS or readmission rate.
Our findings are quite timely, as the world is grappling with

a new pandemic of COVID-1925,26. A reduction of the hospi-
tal-wide formal endocrinology consultation rate from 2016 to
2019 (from 1.32% to 1.20%, not shown in tables) was found
according to our observation. We believe that the remote glyce-
mic recommendations led by endocrinologists could help to
improve inpatient glycemic control, and minimize the risk of
exposure and subsequent nosocomial infections.

Patients with diabetes are at a higher risk of prolonged LOS
than those without diabetes5,6,27,28. Several studies have shown
a relationship between poor glycemic control and an increased
LOS29–31, especially among those with associated comorbidities,
such as stroke, hospitalization for bone marrow transplantation
and heart failure32–35. The association between hospital hyper-
glycemia and prolonged LOS was also observed among those
without a previous history of diabetes (including undiagnosed
diabetes and new-onset hyperglycemia during hospitaliza-
tion)35,36. Additionally, those with hypoglycemia were more
likely to have prolonged LOS and poor disease outcomes. There
was an increase of 0.75 days in LOS per each event of hypo-
glycemia during hospitalization31. A retrospective study also
showed that patients with hypoglycemia are prone to increased
LOS and a higher mortality rate37,38. Recently, an introduction
of inpatients’ early glycemic intervention (an inpatient diabetes
team electronically identified individuals with diabetes and
aimed to provide bedside management within 24 h of admis-
sion) reduced the proportion of inpatients with hyperglycemia
and hospital-acquired infection, but did not affect LOS, as com-
pared with traditional glycemic intervention24. The present
findings clearly show that the implementation of a hospital-
wide glycemic management program not only improved glyce-
mic control, but also significantly decreased LOS by 11.4%
(from 10.5 to 9.3 days) during the 4-year observation period
after adjustment for age, sex and admission department
(P = 0.002). The underlying condition might be the main fac-
tor affecting the LOS. We analyzed the principal diagnosis dur-
ing the four different periods (shown in Table S3) and
established that the distribution of principal diagnoses was simi-
lar throughout the observation period. Furthermore, we did not
adjust for the department of admission and diagnosis at the

Table 2 | Proportion of inpatients with poor glycemic control and treat to target

2016
Pre-implementation

2017
Development

2018
Implementation1

2019
Intensification

P for trend

Mean proportion of patients, % (expressed as “per day per 100 patients with glucose monitoring”)
Poor glycemic control (group 1 + 2 + 3) 10.2 8.9 7.0 6.0 <0.001
Hyperglycemia
Glucose values of ≥300 mg/dL (group 1 + 3) 6.1 5.7 4.6 3.5 <0.001
Glucose values of ≥270 mg/dL 9.6 8.5 6.7 5.8 <0.001
Hypoglycemia
Glucose level of <70 mg/dL (group 1 + 2) 4.2 3.3 2.3 2.1 <0.001
Glucose level of <50 mg/dL 1.06 0.53 0.66 0.54 <0.001
Treat to target (110–180 mg/dL) 25.7 27.1 29.7 29.8 <0.001
Treat to target in range (70–180 mg/dL) 49.2 49.9 50.3 56.7 0.004

Automated update of the electronic medical record-based dashboard database at 00.00 am. Hyperglycemia: two or more glucose values of
≥300 mg/dL during the previous 24 h. Hypoglycemia: a glucose level of <70 mg/dL during the previous 24 h. Treat to target: all glucose values
within 110–180 mg/dL in the previous 24 h. Treat to target in range: all glucose values within 70–180 mg/dL in the previous 24 h. Group 1:
patients with glucose values <70 mg/dL and two or more glucose values ≥300 mg/dL within 24 h during the admission period. Group 2: patients
with glucose values <70 mg/dL within 24 h during the admission period. Group 3: patients with two or more glucose values ≥300 mg/dL within
24 h during the admission period. Glucose values of ≥270 mg/dL: patients with two or more glucose values ≥270 mg/dL within 24 h during the
admission period. Glucose values <50 mg/dL: patients with glucose values <50 mg/dL within 24 h during the admission period.
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same time, because diagnosis is strongly correlated to the
department of admission. According to recent research aimed
at evaluating the costs and LOS of hospitalizations due to the
most common diabetes-related complications in Taiwan, the
average hospitalization costs per day ranged from approxi-
mately NT$7,464.5 (NT$1 = $US0.034; $US253.7, the lowest
hospitalization cost among the classification of their study,
caused by peptic ulcer) to NT$31,574.4 ($US1,072.6, the highest
hospitalization cost, caused by fatal ischemic heart disease).
Thus, a decrease in LOS of 1.2 days observed in the present
study might be associated with a $US304.4–1,287.1 reduction
in hospitalization costs per admission39.
In addition, previous research found that inpatients with

glycemic variability had a longer LOS and higher mortal-
ity40. The present study also found that patients who experi-
enced high glucose variability (group 1) had the longest
average hospital LOS, which is in line with the findings of a
previous report40. The mean LOS in the present study ran-
ged from 21.8 to 24.7 days, which was similar to the LOS
in patients with diabetes and a history of amputation,
reported as the complication of diabetes with the longest
LOS in Taiwan39.
According to the results of the present study, 30-day read-

mission rates for inpatients with glucose monitoring were
higher than the rate for all hospitalized patients (10.0–11.0%),
consistent with previous findings. Our study showed the bene-
fits of a hospital-wide glycemic management program, which
included a significant reduction in the 30-day readmission rate
after adjusting for sex, age, admission department and LOS
(29.9–29.3% from 2016 to 2019, P < 0.001). There was no pol-
icy related to admission or discharge in our hospital during the
observation periods.
Previous evidence shows that both patients with diagnosed

and with newly onset diabetes have higher readmission
rates6,28,41. An urban teaching hospital-based study reported
that the 30-day readmission rates were higher in patients with
diabetes than those without diabetes (15.3% vs 8.4%, respec-
tively, P < 0.001)28. Another study reviewed 7,763 admissions
at the University of Michigan Health System, and found that
30-day readmission rates for hospitalized patients with diabetes
were up to 22.7% and were higher than the rate for all hospi-
talized patients (8.5–13.5%)41. It was also shown that patients
who experienced hypoglycemia were at risk for readmission7,38.
Thus, although patients with either hyperglycemia or hypo-
glycemia were known to have higher risks of readmission, the
benefits of intensive glycemic control on readmission rates
remain largely unknown9,10.
The readmission rate of the present study is higher than in a

previous review41, which might be related to the disease severity
of our hospital (TCVGH is a major medical center of central
Taiwan). Furthermore, to minimize selection bias, we did not
exclude any specific medical condition or insurance situation.
The exclusion criteria of previous studies for evaluation read-
mission rate varied, such as scheduled readmission forTa
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chemotherapy or operation, some excluded patients who were
transferred to other hospitals on the day of discharge and
patients who were discharged on the day of admission, some
excluded underlying conditions, patients admitted with excep-
tionally long LOS or insurance situation, and so
on.6,7,12,28,38,41,42 We tried to avoid distortion of accounting
information caused by human factors.
Many factors were shown to influence readmission, including

socioeconomic status, belonging to a racial or ethnic minority,
comorbidity burden, public insurance availability, emergent or
urgent admission, inherently complicated disease processes,
patient characteristics and the diversity of patient condi-
tions6,7,42. Only one recent study showed that 30-day readmis-
sion decreased significantly among patients co-managed by a
specialized diabetes team (mean 30-day readmission decreased
by 10.71%)12. Nevertheless, this will take time and considerable

resources, and might be impractical due to the growing number
of inpatients with glucose monitoring.
Data from the present study showed that the reduction in

30-day readmissions is likely on account of patients in group 4
(which accounted for >80% of all discharges) having relatively
stable glucose levels (5% reduction from 32.1% to 30.4%,
adjusted P < 0.001). Given that the inherent conditions of this
group were quite heterogenous, with various causes of hospital-
ization, we believe that they also benefited from our hospital-
wide glycemic management program.
During the observation period, a significant improvement of

glucose variability analyzed by glucose coefficient of variation
was found, mainly in group 4 (Table 1); we can also find a sig-
nificant improvement of treat to targets, and these improve-
ments could affect the patients among group 4, the relatively
stable group. The educational programs and warning messages
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were of tremendous value13. The recommendation by endocri-
nologists might also improve the ability of glycemic control13,23.
The ways to improve glycemic control and treat to target
included better management of underlying conditions, and
these improvements might lead to a consequent improvement
of readmission rate.
The main limitation of the present study was its retrospec-

tive and observational design. Although external validity might
be lacking, the demographic characteristics of the patients in
this study were similar to the nationwide population, based
on the overall distribution of diabetes in Taiwan4. The hospi-
tal featured in this study is a major medical center of central
Taiwan and a place that cares for the more severely ill
patients. We analyzed the principal diagnosis; furthermore, we
did not adjust for department of admission and diagnosis
simultaneously, as diagnosis is strongly correlated to the
department of admission. The raw data of all hospitalizations
were not available (limited by the study population approved
by the institutional review board), and we were not able to
adjust for the confounders while analyzing the LOS and read-
mission of all hospitalized patients. This study aimed to
observe the general effects of our institutional-wide glucose
management program on the LOS and readmission rates of
the entire inpatient population receiving glucose monitoring.
However, the underlying condition might be the main factor
affecting LOS and readmission. Therefore, further studies are
warranted to validate the impact of glycemic management
programs on disease-specific LOS, readmissions, mortality and
health expenditures among hospitalized patients. We did not
consider the responses of primary care teams to our recom-
mendations. Finally, with different definitions of poor glycemic
control and clinical conditions for the study inpatients, the
present results cannot be compared with those of previous
studies directly.
The present findings show that the implementation of a

hospital-wide glycemic management program not only further
improves glycemic control, but also significantly reduces LOS
and 30-day readmission rate among hospitalized adults. These
improvements might alleviate many current health burdens.
Further prospective studies are required to investigate the
effects of glycemic management among inpatients, and how
this affects healthcare quality measurements and disease out-
comes.
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Figure S1 | A dynamic electronic blood glucose monitoring dashboard for hospitalized patients.

Figure S2 | An electronic glycemic management system for hospitalized patients.

Table S1 | Length of stay of hospitalized adults with glucose monitoring.

Table S2 | Use of oral diabetes medications in hospitalized patients.

Table S3 | The principal diagnosis of the four periods.
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