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Aims: The purpose of this study was to investigate the effectiveness of an inpatient diabetes care edu-
cation during the first year of internal medicine residency training on inpatient glycemic control.
Methods: The program was comprised of 1-hr small group teaching per 4-week rotation and twice-a-
week morning insulin round by an endocrinologist. Inpatient insulin management guideline leaflet
was provided to all internal medicine residents. We retrospectively collected the point-of-care testing for
glucose (POCT-glu) data in patients admitted to the general medicine wards and compared the mean of
blood glucose (BG) before and after the education program. A total of 134438 POCT-glu values from 7055
patients were analyzed.
Results: After the initiation of the education program, mean BG levels significantly decreased during the
first year and were lowest during the second year after education (Mean BG at baseline was
161.38 ± 64.10mg/dL; 1st year, 159.48± 62.53mg/dL and 2nd year, 155.60 ± 64.94mg/dL, p-
value < 0.0001). The reduction of BG levels was more pronounced in the patients with previously un-
diagnosed diabetes mellitus than patients with underlying diabetes mellitus. The rates of severe hypo-
glycemia (defined by BG< 40mg/dL or 2.2mmol/L) were not significantly different before and after
education (baseline 0.12%, 1st year 0.14%, and 2nd year 0.14%, p-value¼ 0.632).
Conclusions: Lack of confidence and inadequate knowledge of insulin treatment in physicians were
important barriers to glycemic management. Consistent education in internal medicine residents led to a
significant improvement in inpatient glycemic control.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Hyperglycemia in the hospital setting occurs not only in patients
with established diabetes mellitus but also in those with formerly
undiagnosed diabetes mellitus and others with stress hyperglyce-
mia that may occur during an acute illness. The poorly controlled
hyperglycemia during hospitalization, irrespective of its cause, is
associated with poor clinical outcomes, e.g. infection, prolonged
hospital stay, and increased risk for morbidity and mortality, across
medical and surgical patients [1e6]. Correction of hyperglycemia
has been shown to reduce hospital complications [7e9].
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the Endocrine Society Clinical Practice Guideline recommended a
premeal blood glucose (BG) target of less than 140mg/dL
(7.8mmol/L) in conjunction with a random BG level of less than
180mg/dL (10.0mmol/L) [10]. The preferred insulin regimen in-
cludes scheduled subcutaneous administration of insulin as basal-
bolus insulin therapy, in combination with a correction insulin
scale [10]. However, a retrospective study conducted in the teach-
ing hospital showed that 20% of patients’ BG values remained
>200mg/dL throughout the hospital stay [11]. Despite persistent
hyperglycemia, one-third of patients had insulin treatment
decreased rather than increased [11]. Lack of intensified insulin
treatment in response to hyperglycemia or clinical inertia is com-
mon among hospitalized patients [12e14]. Several physician bar-
riers in optimizing inpatient glycemic control include lack of
experience, hesitance to initiate insulin, unfamiliarity with
adjustment of insulin therapy and fear of hypoglycemia. Despite
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Abbreviations

BG blood glucose
POCT-glu point-of-care testing for glucose
PGY-1 postgraduate year 1
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well-outlined guidelines, basal-bolus insulin therapy is perceived
to be complex and therefore poorly adopted for hyperglycemia
management.

As in many hospitals, inpatient glycemic management was not
exclusively managed by endocrinologists. Residents learned from
their internal medicine attending, endocrinology consultants when
consults were placed and when they rotated to the endocrinology
service. With this model, not 100% of the patients were covered by
the endocrine service, and residents might have gotten varying
degree of knowledge regarding the glycemic management,
depending upon patients under their care and if they rotated
through endocrinology. This project attempted to reach out in a
more systematic way and evaluated the results. A pilot educational
training program for medical residents has been shown to improve
glycemic management [15].

In this study, we explored the effects of diabetes education
program provided to internal medicine residents on inpatient gly-
cemic control. The goals of the education program were both to
improve resident knowledge and performance in treating hospi-
talized patients with hyperglycemia. We thus hypothesized that
successful learning through the education program would lead to
achieving the target glycemic range without hypoglycemia.

2. Material and methods

All first-year internal medicine residents (postgraduate year 1 or
PGY-1) at our hospital were asked to join the education program
during the rotation of general medicine ward. The academic year is
divided into 13 four-week block rotations. The education program
was comprised 1-hr small group teaching at the beginning of a 4-
week rotation on one of the internal medicine wards, along with
twice-a-week morning insulin round by an endocrinology staff
(Chutintorn Sriphrapradang) and clinical endocrine fellows. A
teaching endocrinologist rounded every Tuesday and Thursday at
7.00e7.15 a.m. with medical residents. The medical students also
participated in the insulin round. It was designed to be integrated
with ongoing clinical care while not burdening residents who had
many responsibilities. On rounds, the endocrinology staff provided
direct feedback and suggested improvement in treatment plan for
patients under the care of residents.

Inpatient insulin guideline leaflet detailing the management of
subcutaneous basal-bolus insulin regimen was also provided for all
residents. The inpatient guidelinewas revised from Rush University
Medical Center Inpatient Glycemic Management Guidelines, with
permission [16]. The guideline provided comprehensive sugges-
tions in inpatient glycemic management taken into account mul-
tiple patients’ factors such as prior diabetes status and treatment,
body weight, kidney function, nutrition status and steroid use.
Based on these guidelines, residents were instructed to follow the
recommendations. All patients had capillary BG monitored pre-
meals and at bedtime for patients who were eating. For patients
who were nil per os (NPO), BG was measured every 4e6 h. The
patients who had BG> 140mg/dL (7.8mmol/L) needed monitoring
of BG for at least 24e48 h with appropriate glycemic management.
Oral hypoglycemic agents were discontinued and switched to
basal-bolus insulin regimen. Patients usually received NPH and
rapid-acting or regular insulin twice daily. Premixed insulin such as
70/30 was not recommended. Sole use of sliding scale insulin was
not permitted. Doses weremodified twice daily based on 4 daily BG
values. The BG targets were as follows: fasting BG 100e140mg/dL
(5.5e7.8mmol/L) and prelunch, predinner, and bedtime BG
140e180mg/dL (7.8e10.0mmol/L).

To decrease the risk of hypoglycemia, we suggested that insulin
therapy be reassessed when BG values fell below 100mg/dL
(5.5mmol/L). Modifications of treatment regimen were usually
necessary when BG values were below 70mg/dL (3.9mmol/L).
However, the cut-off value at 70mg/dL has been debated. Recent
joint position statement from the American Diabetes Association
and the European Association for the Study of Diabetes recom-
mended a BG level of <54mg/dL (3.0mmol/L) be defined as clini-
cally important hypoglycemia [17]. This cut-off was associated with
the risk of severe hypoglycemia [18] and mortality [19]. According
to American Diabetes Association and the Endocrine Society
Workgroups, severe hypoglycemia is an event requiring assistance
of another person to actively administer carbohydrates, glucagon,
or take other corrective actions [20]. However, we cannot retro-
spectively collect this information. The BG level at 40mg/dL was
used as the cut-off value of severe hypoglycemia as most of the
studies have defined severe hypoglycemia arbitrarily as BG less
than 40mg/dL (2.2mmol/L) [7,20e23].

We retrospectively collected the bedside capillary point-of-care
testing for glucose (POCT-glu) data in patients admitted to all of the
five general medicine wards (the specific ward where the teaching
took place and four others), and compared the mean of POCT-glu
before (July 2013eJune 2014) and after the education program
(July 2014eJune 2016). BG data for the same timeframes in
2013e2016 provided year-over-year comparison. The analysis of
POCT-glu data was also conducted in a subgroup of patients with
cancer and previously diagnosis with diabetes mellitus. We iden-
tified patients with cancer and diabetes mellitus in the databases
using ICD-10 codes E10.x-E14.x and C00.x-C97.x, respectively.

Accu-Chek Inform II POCT-glu monitoring system (Roche Di-
agnostics, Indianapolis, IN) was used for measurement of glucose in
fresh capillary whole blood samples drawn from the fingertips. The
enzyme on the test strip, modified glucose dehydrogenase, con-
verts the glucose in the blood sample and creates an electrical
current that the meter interprets for the BG result (electrochemical
detection technique). This device is a wireless hospital glucose
meter that enables an immediate transfer of BG results to the
hospital medical record. The reportable range for the system is
10e600mg/dL (0.55e33.3mmol/L). If the report is <10 or
>600mg/dL, it will count as 10 or 600mg/dL, respectively.

A group of residents who participated during the first six
months of the program also answered questionnaires evaluating
their satisfaction with the program.

Statistical analysis was performed in Microsoft Excel 2011
(Microsoft, Seattle, WA) and STATA 14 (STATACorp, College Station,
TX). Comparisons between two groups and three groups on
continuous variables were calculated using student t-test and one-
way ANOVA, respectively. Differences in categorical variables were
analyzed using Chi-square test. Results were considered statisti-
cally significant when two-tailed p-value < 0.05.

3. Results

3.1. Characteristics of residents and patients participating in this
study

For the consecutive 3 academic years, 111 PGY-1 internal med-
icine residents participated in the study. Fifty four percent of the
residents were female.
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A total of 134438 POCT-glu values from 7055 patients were
analyzed. The number of POCT-glu data was 42513, 42312 and
49613 values at baseline and after the education at year 1 and year
2, respectively. Patient characteristics were shown in Table 1. The
mean age was 65.3± 16.0 years and 46.5% of the patients were
male. The mean hospital length of stay was 12.6± 20.0 days. There
were no significant difference in age, sex and length of stay among
the patients at baseline, after the education program year 1 and 2.
Fig. 1. Comparison of average blood glucose (expressed as mean ± standard error)
before and after the residency diabetes education.
3.2. Glycemic outcomes

1. Average BG (Fig. 1)

Mean BG (mean± SD) at baseline was 161.38± 64.10mg/dL.
Mean BG levels at 1st and 2nd year after the education program
significantly decreased to 159.48 ± 62.53 and 155.60± 64.94mg/dL
compared with baseline (p-value< 0.0001).

After the education program, the reduction of BG was more
obvious in the group of patients with no previous diagnosis of
diabetes mellitus (Table 2).

2. Hyperglycemia

Percentage of high BG levels >180mg/dL (10.0mmol/L) were
significantly decreased from 30.91% at baseline to 29.79% and
27.53% at 1st and 2nd year after education (p-value< 0.0001). The
percentage of high BG levels >200 and>300mg/dL (>11.1
and>16.6mmol/L) were also significantly decreased after educa-
tion (p-value< 0.0001).

3. Hypoglycemia

Rates of BG< 70mg/dL were increased after the education
(baseline 1.25%, 1st year 1.47%, and 2nd year 1.67%, p-
value< 0.0001). The rates of clinically important hypoglycemia
(defined by BG< 54mg/dL or 3mmol/L) were 0.28% at baseline,
0.42% at 1st year and 0.42% at 2nd year (p-value¼ 0.06). The rates
of severe hypoglycemia (defined by BG< 40mg/dL or 2.2mmol/L)
were not significantly different before and after the education
(baseline 0.12%,1st year 0.14%, and 2nd year 0.14%, p-value¼ 0.632).

4. Resident satisfaction

After the end of the rotation, the residents (n¼ 24) were asked
to complete the 8-item survey and rated their satisfaction on a 5-
point scale, ranging from 1 (no satisfaction at all) to 5 (extreme
satisfaction). The mean satisfaction was reported as followings: (1)
understanding the importance of inpatient glycemic control,
4.4± 0.5; (2) increased knowledge about insulin, 4.3± 0.5; (3)
confidence in prescribing and adjusting insulin, 4.3± 0.5; (4) con-
fidence in prescribing home diabetes medications, 4.1± 0.4; (5)
Table 1
Patient characteristics.

Pre-education

Number of patients 2356
Age, years* 64.6± 16.1
Male (%) 46.25
Underlying disease Cancer (%) 44.25
DM (%) 65.74
Number of POCT-glu 42513
Length of stay, days* 13.1± 23.7

*Data were presented as mean ± standard deviation.
DM, diabetes mellitus; POCT-glu, point-of-care testing for glucose.
improvement in patients’ glycemic control compared to before
joining the program, 4.4± 0.5; (6) frequency of rounding, 4.1± 0.5;
(7) timing of rounding, 4.1± 0.5; (8) this program should be
continued, 4.5± 0.5.

4. Discussion

Significant improvement of glycemic control was achieved in
the present study. The intervening education program resulted in
lower the mean BG levels and a fewer percentage of BG levels
>180mg/dL (10.0mmol/L). This accomplishment came at the
expense of an increase in hypoglycemic events. Fortunately, the
rate of clinically important hypoglycemia (BG< 54mg/dL or
3mmol/L) and severe hypoglycemia (BG< 40mg/dL or 2.2mmol/L)
did not significantly increase after the diabetes education program.
The effects of resident education have been observed in the group
of patients with no previous diagnosis of diabetes mellitus.

Management of inpatient hyperglycemia is quite distinct from
management of outpatient diabetes in the following ways: (1) BG
goals are different, (2) patients are not in their usual state, (3)
nutritional intake may be unpredictable, (4) patients may be given
intravenous fluids or medications that can alter BG levels, and (5)
many diabetes medications commonly used in the outpatient
setting are not recommended for use in the inpatient setting. Even
for endocrinologists, inpatient management may present signifi-
cant challenges and require additional knowledge and skills. In
academic teaching institutions, residents are most often respon-
sible for managing the complex spectrum of conditions for which
the patients have been admitted. However, surveys show that
medical residents have substantial deficits in basic diabetes
knowledge and inpatient diabetes management skills [24e27].
Residents often fail to intensify therapy when BG levels are high, a
Post-education year 1 Post-education year 2

2293 2406
66.1± 15.8 65.2± 16.2
45.77 47.58
38.88 45.67
68.66 62.61
42312 49613
12.0± 16.6 12.8± 18.6



Table 2
Blood glucose levels according to underlying disease of cancer and diabetes mellitus (Data were presented as mean± standard deviation).

Blood glucose levels (mg/dL) Pre-education Post-education year 1 Post-education year 2

Non-cancer, non-DM 140.15± 50.38 136.04± 47.15 129.08 ± 46.41*
Non-cancer, DM 170.79± 67.55 168.35± 64.36 171.17± 70.33
Cancer, non-DM 141.42± 47.81 136.63± 44.95 132.11 ± 45.81*
Cancer, DM 173.79± 68.72 173.16± 68.99 169.78± 69.02

*p-value < 0.0001 compared with pre-education and post-education year 1.
DM, diabetes mellitus.
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problem known as clinical inertia [28].
Traditionally, clinical diabetes training for residents may be

inconsistent and limited to informal teaching. To address this
deficit, our division has tried a more formal approach to training.
We offered the formal small-group lecture at the beginning of
rotation and also provided inpatient insulin guideline leaflet to all
residents. In addition, residents received regular feedback from
endocrinologists twice a week. Quick insulin round was performed
without increased time constraints for residents. From the previous
studies, residents gained confidence about their knowledge and felt
more at ease with inpatient glucose management, but significant
improvement in glucose management outcomes generally have not
occurred [29]. Many educational efforts to improve resident edu-
cation have been reported such as printed materials, web-based
learning and case conferences. However, the most important fac-
tor linked with glycemic outcomes was the real-time feedback on
management of the real patients [30]. Moreover, we taught the
residents on the certainward and collected BG data from all general
medicine wards. The improvement of glycemic control suggests
that we are able to improve outcomes with resident carrying
knowledge they have learned. The educational wisdom is found in
this ancient Chinese proverb “give aman a fish and you feed him for
a day; teach him to fish and you feed him for a lifetime”. This
program was well received by the residents as evident by high
satisfaction. Interestingly, the glycemic outcomes improved better
year by year. These results emphasized to continuing the education
efforts for the residents.

In our study, the reduction of average BG concentrations was
more apparent in the patients who had no history of diabetes
before the admission, compared to those with established diabetes
diagnosis. Umpierrez et al. reported that patients with newly
diagnosed hyperglycemia or “stress hyperglycemia” had signifi-
cantly increased rate of in-hospital mortality, poor clinical out-
comes and prolonged length of hospital stay than patients with a
previously diagnosis of diabetes mellitus [1]. The detrimental ef-
fects of hyperglycemia include immune dysfunction (impaired
leukocyte function and phagocytosis), hemodynamic effects (elec-
trolyte loss, intracellular and extracellular dehydration) and tissue
effects (inflammation, oxidative stress and endothelial dysfunction)
[31e33].

In the past, the strict glycemic control (BG 80e110mg/dL or
4.4e6.1mmol/L) was the glycemic goals in the hospital setting
[23,34]. However, the large multicenter randomized study in crit-
ically ill patients, NICE-SUGAR study, showed increased mortality
and severe hypoglycemic rates in tightly controlled patients [35].
This result changed the recommended glucose target to
140e180mg/dL (7.8e10.0mmol/L) in both critically ill and non-
critical ill patients. Despite a higher glucose target recommended
in terminally ill patients [10], the average BG levels in patients with
cancer were not different from non-cancer group. This could
possibly be partly explained from the diagnosis of cancer based on
the use of ICD-10. The cancer group in the present study included
not only patients with currently active disease of cancer, but with
cancer remission.
Despite the significant reduction of BG, there were no differ-
ences in the length of hospital stay in the present study. Although
the clinical impact of hyperglycemia among hospitalized patients
has beenwell established [7e9], there was no difference in hospital
length of stay in both general medicine and surgery wards after the
optimal glycemic control [7,36]. The mean length of stay in our
study was much longer than other studies. It could be implied that
the study population had a greater severity of illness, and that
correction of hyperglycemia could not decrease the length of stay.
In addition, the absolute reduction in glucose values was small,
which could partly explain the null effect on the length of stay.
Nevertheless, our study did not address the question of whether
better glycemic control may shorten stays in the hospital due to
retrospective design. Future research is required to investigate the
long-term results.

Our study has a strength by including the large accurate dataset
from the computer-based system. However, there were several
limitations. The study was a retrospective design. There likely
existed confounders which we could not control. Some parameters
such as prior diabetes types and treatments were not readily
available in the dataset but these were taken into account in the
insulin dosing per the guidelines. While statistically significant, the
absolute reduction in glucose values was small and it was unclear
whether this was clinically meaningful. We did not see significant
changes in glucose levels in those with pre-existing DM, therefore
this could be a focus of improvement in our further teaching. Other
adverse outcomes, such as infection rates, were not collected.

5. Conclusions

Inpatient glycemic control is important but can be very chal-
lenging. Insufficient knowledge among internal medicine residents
is one of the factors contributing to hyperglycemia. Our study
demonstrated that endocrinologist-supported education program
aimed at medical resident to reduce clinical inertia could improve
diabetes management in the inpatient setting.
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