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INTRODUCTION

ABSTRACT

Aims/Introduction: We investigated the relationship between blood glucose profile at
hospital discharge, evaluated by continuous glucose monitoring (CGM), and hemoglobin
Alc (HbATcq) level at 12 weeks after discharge in patients with type 2 diabetes who
received inpatient diabetes education.

Materials and Methods: This was a retrospective study. The participants were 54
patients with type 2 diabetes who did not change their medication after discharge. The
mean blood glucose (MBG), standard deviation, coefficient of variation, mean postprandial
glucose excursion, maximum blood glucose, minimum blood glucose, percentage of time
with blood glucose at >180 mg/dL (time at >180), percentage of time with blood glucose
at >140 mg/dL, and percentage of time with blood glucose at <70 mg/dL were mea-
sured at admission and discharge using CGM. The primary end-point was the relationship
between CGM parameters and HbATc level at 12 weeks after discharge.

Results: The HbATc level at 12 weeks after discharge correlated with MBG level

(r =030, P = 0.029). Multivariate analysis showed that MBG level and disease duration
were predictors of 12-week HbATc level. Multivariate logistic regression analysis was car-
ried out considering goal achievement as a HbATc level <7.0% 12 weeks after discharge.
Disease duration and time at >180 were associated with goal achievement.
Conclusions: The present results suggested that blood glucose profile at discharge
using CGM seems useful to predict HbATc level after discharge in patients with type 2
diabetes who received inpatient diabetes education. Early treatment to improve MBG
level, as well as postprandial hyperglycemia, is important to achieve strict glycemic con-
trol.

such programs, patients learn the benefits of diet and exercise,

Hemoglobin Alc (HbAlc) is used as an index of chronic
hyperglycemia in the diagnosis and treatment of diabetes melli-
tus"?. Many epidemiological studies have shown that HbAlc is
associated with the risk of diabetic vasculopathy™. HbAlc is
the most important index of glycemic control, and has been
used to set the goal of appropriate treatment for each patient”.
Generally speaking, the aim of the majority of inpatient dia-
betes education programs is to improve lifestyle habits and
enhance treatment within a short period of time®”. Through
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and receive information about acute and chronic complications
of diabetes and preventive measures®. The primary goal of such
programs is to achieve good long-term glycemic control; and
HbAlc level after discharge is one of the most important
indexes used to evaluate the effect of such programs.

The HbAlc value reflects the net mean blood glucose level
over the preceding 1 or 2 months, and does not reflect imme-
diate changes in the blood glucose profile after treatment. In
clinical practice, self-monitoring of blood glucose (SMBG) and
continuous glucose monitoring (CGM) are often used to assess
circadian variation in blood glucose and changes in blood
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glucose after treatment. Among the parameters measured by
SMBG and CGM, the mean blood glucose level is reported to
be strongly correlated with HbA1c>'’. To our knowledge, how-
ever, there is little or no information on the relationship
between blood glucose profile at discharge and HbAlc level
after discharge.

The aim of the present study was to determine the relation-
ship between blood glucose profile at discharge and HbAlc
levels at 12 weeks after discharge in patients who did not
change their medications after discharge. For this purpose, we
evaluated blood glucose profile at admission and discharge as
measured with CGM in patients with type 2 diabetes who
received inpatient diabetes education.

MATERIALS AND METHODS

Participants

This was a retrospective study. Participants were selected from
patients with type 2 diabetes admitted to the Hospital of the
University of Occupational and Environmental Health and
Wakamatsu Hospital of the University of Occupational and
Environmental Health, Kitakyushyu-shi, Japan, between April
2011 and July 2015. Each of the selected patients had under-
gone assessment for blood glucose profile with a continuous
glucose monitoring system (CGMS® System Gold™ or iPro2;
Medtronic MinMed Inc., Northridge, California, USA) within
4 days of admission (for at least 2 days) and within 4 days
before discharge (for at least 2 days), and did not change their
medications and insulin dose until 12 weeks after discharge.
The following other inclusion criteria were applied in the pre-
sent study: (i) age >20 years; (ii) blood glucose level at admis-
sion of <300 mg/dL; (iii) no diabetic ketosis or non-ketotic
hyperosmolar coma, and (iv) absence of cardiac arrhythmias.
Patients with aspartate aminotransferase >100 IU/L or alanine
aminotransferase >100 IU/L, patients with serum creatinine
level >2.0 mg/dL or estimated glomerular filtration rate (eGFR)
<30 mL/min/1.73 m? infectious diseases, acute coronary syn-
drome, anemia and/or using erythropoiesis stimulating agents
were also excluded from the study. The study protocol was
approved by the ethics committees of the University of Occu-
pational and Environmental Health and the participating medi-
cal centers. Informed consent was obtained from all
participants.

The baseline definition of diabetic microangiopathy was as
follows. Diabetic nephropathy is graded'' according to the uri-
nary albumin excretion rate. The urinary albumin excretion
rate is presented as the albumin-to-creatinine ratio (mg/g crea-
tinine). In the present study, diabetic nephropathy was defined
as albumin-to-creatinine ratio >30 mg/g creatinine. Diabetic
retinopathy was defined as simple retinopathy or more severe
conditions judged according to the results of funduscopic
examinations carried out by expert ophthalmologists. Diabetic
neuropathy was diagnosed by the presence of two or more
components among clinical symptoms (bilateral spontaneous
pain, hypoesthesia or paresthesia of the legs), absence of ankle
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tendon reflexes and decreased vibration sensations using a
Cl128 tuning fork.

Continuous glucose monitoring system

The mean blood glucose (MBG) level, standard deviation (SD),
mean postprandial glucose excursion (MPPGE), maximum
(Max), minimum (Min), percentage of time with blood glucose
at >180 mg/dL, percentage of time with blood glucose at
>140 mg/dL and percentage of time with blood glucose at
<70 mg/dL were measured from the data recorded through
CGM using the SMBG device. To assess postprandial glucose
excursions from the CGM data, MPPGE was calculated as the
arithmetic mean of the differences between the postprandial
peak glucose values and the corresponding preprandial glucose
values for meals. Previous studies showed that interstitial glu-
cose concentrations measured by CGM correlate with venous
blood glucose levels'>. CGM measurements represent glucose
concentrations in the interstitial fluid, but since the introduction
of the SMBG technique, the measured value is considered to
represent blood glucose level. Analysis was limited to the data
obtained from the intermediate 48 h of recording to avoid bias
as a result of insertion and removal of CGM or insufficient sta-
bility of the monitoring system. All patients received optimal
meals (25 kecal/kg of ideal bodyweight; 60% carbohydrate, 15—
20% protein and 20-25% fat) during CGM.

Laboratory procedures

HbAlc levels (%) were measured with a high-performance lig-
uid chromatography method using Tosoh HLC-723 G8 (Tosoh
Co., Kyoto, Japan). HbAlc level was estimated according to the
National Glycohemoglobin Standardization Program by adding
0.4% to the HbAIc level expressed as conventional Japanese
standard substance value (Japan Diabetes Society values)".
HbAlc levels were measured at admission, and 4 and 12 weeks
after discharge. In the present study, the HbAlc level at
12 weeks after discharge was used as the index for the effects
on glycemic control after discharge.

Interventions during hospitalization

A 2-week hospitalization educational program was provided for
the patients, which included lectures using brochures, slides,
and videos from physicians, pharmacists and nurses; at least
one personalized nutrition education session provided by man-
agerial dieticians; interventions other than lectures, such as
explanations about the use of self-monitoring blood glucose
devices, as well as target glucose level and hypoglycemia; and
education and confirmation of techniques for self-injection of
insulin and glucagon-like peptide 1 preparation for patients
requiring such self-injection.

Statistical analysis

Data are expressed as mean + SD. Data distribution was deter-
mined using the Shapiro-Wilk test. Comparisons between
CGM data at admission and discharge were carried out using
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the paired t-test for normally distributed data and the Wil-
coxon signed-rank test for data with skewed distribution. Cor-
relation analyses between HbAlc and CGM data were carried
out using Pearson’s correlation analysis for normally distributed
variables and Spearman’s correlation analysis for variables with
skewed distribution.

Multivariate analysis using a forward selection method was
carried out with the HbAlc level at 12 weeks after discharge as
the dependent variable, and age, sex, body mass index, disease
duration, eGFR, pharmacotherapy, MBG, SD, CV, MPPGE,
Max, Min, percentage of time with blood glucose at >180 mg/
dL, percentage of time >140 mg/dL and percentage of time
<70 mg/dL as the independent variables. Univariate and multi-
variate logistic regression analyses were carried out considering
patients with HbAlc <7.0% at 12 weeks after discharge as the
goal-achieving group and all others as the non-goal-achieving
group. Data were expressed as odds ratios and 95% confidence
intervals (CIs). In the multivariate logistic regression analysis
using a forward selection method, the independent variables
were chosen from factors that had a P-value of <0.25 in the
univariate logistic regression analysis after excluding the factors
with multicollinearity by Spearman’s correlation analysis. All
statistical analyses were carried out using Spss version 22.0
(SPSS Inc., Chicago, Illinois, USA). Statistical significance was
set at P < 0.05.

RESULTS

Baseline characteristics

Table 1 summarizes the clinical characteristics of the participat-
ing patient. They included 54 patients (26 men and 28 women)
with a mean age of 59.9 + 132 years (range 30-81 years),
mean disease duration of 5.9 + 6.7 years (range 0-31 years)
and mean HbAlc level of 8.9 * 1.8% (range 6.6-15.5%).

Pharmacotherapy and CGM parameters at admission and
discharge

Table 1 shows the pharmacotherapy at discharge. After admis-
sion, all patients received diet therapy and changed their medi-
cations. The number of patients receiving each drug changed
from 15 to 4 patients for sulfonylurea, from 3 to 8 for pioglita-
zone, from 13 to 23 for metformin, from 5 to 9 for o-glucosi-
dase inhibitor, from 23 to 32 for dipeptidyl peptidase-4
inhibitor, from 8 to 4 for insulin, from 1 to 11 for sodium-glu-
cose co-transporter 2 inhibitor, and from 1 to 9 for glucose-like
peptide 1 receptor agonists.

A significant reduction was observed in MBG (from
168.2 mg/dL at admission to 130.3 mg/dL at discharge), SD
(from 356 to 25.1 mg/dL), CV (from 212 to 18.8 mg/dL),
MPPGE (from 749 to 58.8 mg/dL), Max (from 2514 to
196.3 mg/dL) and Min (from 109.9 to 90.4 mg/dL). The per-
centage of time with blood glucose at >180 mg/dL was signifi-
cantly decreased from 31.3 to 8.3%, and the percentage of time
with blood glucose at >140 mg/dL was significantly decreased
from 63.6 to 29.1%, whereas the percentage of time with blood

http://onlinelibrary.wiley.com/journal/jdi

Table 1 | Clinical characteristics of study participants with type 2
diabetes

Variables
Age (years) 599 £ 132
Sex (male/female) 26/28
Body mass index (kg/m?) 279 %55
Duration of diabetes (years) 59+ 67
Diabetes complications

Neuropathy, n (%) 23 (426)

Retinopathy, n (%) 12 (222)

Nephropathy, n (%) 16 (296)
Fasting glucose (mg/dL) 1539 £ 397
HbA1c (%) 89+ 18
eGFR (mL/min/1.73 m?) 884 + 421
Diabetes therapy at discharge

Diet only, n (%) 0 (0)

Oral agents only, n (%) 42 (778)

GLP-1 RA only, n (%) 1(19)
Insulin only, n (%) 0 (0)
Oral agents + GLP-1 RA, n (%) 7 (130
Oral agents + insulin, n (%) 3 (56)
GLP-1 RA + insulin, n (%) 109

Data are mean + SD or n (%); n = 54. eGFR, estimated glomerular filtra-
tion rate; GLP-1 RA, glucose-like peptide 1 receptor agonist; HbATc,
hemoglobin Alc.

glucose at <70 mg/dL did not show a significant change (from
0.4 to 0.2%; Table 2).

Relationship between HbA1c level at 12 weeks after discharge
and CGM parameters at discharge

The mean HbAlc level was 8.9% at admission, 7.4% at 4 weeks
after discharge and 6.6% at 12 weeks after discharge, showing a
significant improvement (P < 0.001). The relationship between
HbAIc level at 12 weeks after discharge and CGM parameters
at discharge is shown in Table S1. The HbAlc level at
12 weeks after discharge correlated with MBG (r = 0.30,
P = 0.029), but not with SD, CV, Max, MPPGE, Min, percent-
age of time with blood glucose at >180 mg/dL, percentage of
time with blood glucose at >140 mg/dL or percentage of time
with blood glucose at <70 mg/dL.

Multivariate analysis was carried out with the level of HbAlc
at 12 weeks after discharge as the dependent variable, and age,
sex, body mass index, disease duration, eGFR, pharmacother-
apy, MBG, SD, CV, MPPGE, Max, Min, percentage of time
with blood glucose at >180 mg/dL, percentage of time with
blood glucose at >140 mg/dL and percentage of time with
blood glucose at <70 mg/dL as the independent variables. The
analysis identified MBG and disease duration as the two inde-
pendent and significant determinants of HbAlc levels at
12 weeks after discharge (Table 3).

The HbAIlc level at 12 weeks after discharge was <8% in
98.1% (53 patients), <7% in 75.9% (41 patients) and <6% in
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Table 2 | Continuous glucose monitoring parameters at admission and discharge

CGM parameters At admission At discharge Change of CGM parameters "P-value
MBG (mg/dL)" 1682 + 435 1303 £ 199 —378 £ 343 <0.001
SD (mg/dL)T 356+ 147 251119 —105 + 132 <0.001
CV (%) 212+ 69 188 = 7.1 24+ 81 0018
MPPGE (mg/dL)" 749 + 288 588 £ 293 -163 £ 336 0001
Max (mg/dL)T 2514 £ 56.7 1963 + 483 —55.1 £ 492 <0.001
Min (mg/dL)T 1099 + 358 904 + 162 —195 + 338 <0.001
Time at >180 mg/dL (%) 313 + 284 83+ 127 -230 £ 236 <0.001
Time at >140 mg/dL )" 636 + 281 291 £ 228 —345 + 282 <0.001
Time at <70 mg/dL )" 04+19 02+ 08 03+ 21 0463

Data are mean + SD or n (%). "Measured by the continuous glucose monitoring system. There were no significant differences among each base-
line values. P-values are for differences between baseline and discharge. CGM, continuous glucose monitoring; CV, coefficient of variation; Max, max-
imum; MBG, mean blood glucose; Min, minimum; MPPGE, mean postprandial glucose excursions; SD, standard deviation.

Table 3 | Linear multivariate analyses with hemoglobin Alc after 12 weeks as the dependent variable at discharge

Variable Unstandardized Standardized coefficients t value P-value
coefficients
B SE
Intercept 4957 0458 10.824 <0.001
MBG 0010 0003 0329 2961 0.005
Duration of diabetes 0052 0.003 0571 5138 <0.001
Adjusted multiple R? 0358

Multivariate stepwise regression analysis with hemoglobin Alc after 12 weeks as the dependent variable, and age, sex, duration of the disease, esti-
mated glomerular filtration rate, pharmacotherapy, hemoglobin Alc at baseline and mean blood glucose (MBG) as the independent variables. MBG
was measured by the continuous glucose monitoring system. SE, standard error.

18.5% (10 patients). Univariate and multivariate logistic regres-
sion analyses were carried out considering the patients with
HbAlc <7.0% at 12 weeks after discharge as the goal-achieving
group (41 patients), and those with HbAlc >7.0% as the non-
goal-achieving group (13 patients; Table 4). The analysis identi-
fied that disease duration and percentage of time with blood
glucose at >180 mg/dL were significantly associated with goal
achievement. The odds of achieving an HbAlc of <7.0% was
0.83-fold the value with each 1-point increase in disease dura-
tion (95% CI: 0.72-0.93), and 0.91-fold the value with each
1-point increase in the percentage of time with blood glucose
at >180 mg/dL (95% CI: 0.84-0.97).

Relationship between change in HbA1c level at 12 weeks
after discharge and change in CGM parameters during
hospitalization

Finally, we analyzed the relationship between changes in CGM
parameters during hospitalization (between admission and dis-
charge) and changes in HbAlc level at 12 weeks after dis-
charge. The change in HbAlc level correlated with changes in
MBG (r = 0.582, P < 0.001), SD (r = 0.448, P = 0.001), Max
(r =0.586, P < 0.001), Min (r = 0411, P = 0.002), percentage
of time with blood glucose at >180 mg/dL (r = 0.630,

P <0.001) and percentage of time with blood glucose at
>140 mg/dL (r = 0.396, P = 0.003), but not with changes in
MPPGE or percentage of time with blood glucose at <70 mg/
dL (Table S2). Multivariate analysis was carried out with the
change in HbAlc until 12 weeks after discharge as the depen-
dent variable, and with age, sex, disease duration, eGFR, phar-
macotherapy, AMBG, AMin, Apercent of time >180 mg/dL,
Apercent of time >140 mg/dL and Apercent of time <70 mg/
dL as independent variables, which showed that AMBG is a
factor that affects change in HbAlc until 12 weeks after dis-
charge (adjusted multiple R* = 0.508, standardization coefficient
B = 0.036, t = 7.461, P < 0.001).

DISCUSSION

Based on the data obtained using CGM, the present study
showed that: (i) the HbAlc level after discharge was associated
with disease duration and the mean blood glucose level at dis-
charge; and (ii) the achievement of HbAlc <7.0% after dis-
charge was dependent on disease duration and percentage of
postprandial hyperglycemia at discharge. The aim of diabetes
education during hospitalization for patients with type 2 dia-
betes is to improve lifestyle habits and enhance treatment in a
short period of time®”'*. Only a few studies have so far

© 2016 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

317

J Diabetes Investig Vol. 8 No. 3 May 2017



ORIGINAL ARTICLE
Torimoto et al.

http://onlinelibrary.wiley.com/journal/jdi

Table 4 | Clinical markers of glycemia variables at discharge and recording of hemoglobin Alc after 12 weeks of <7% analyzed by univariate and
multiple logistic regression analyses

Univariate logistic regression Multiple logistic regression

Wald %? P OR (95% Cl) Wald ¥? P OR (95% Cl)
Sex (male/female) 04 0425 168 (048-6.38)
Duration of diabetes 6.8 <0.001 087 (0.77-096) 84 0.004 083 (0.72-093)
HbATc at baseline 30 0.086 0.73 (049-1.03)
eGFR 0.1 0.730 1.00 (099-1.02)
MBG 34 0.059 097 (0.94-1.00)
SD 6.3 0012 093 (087-098)
v 49 0.026 090 (0.81-098)
MPPGE 17 0.195 099 (096-101)
Max 28 0.095 099 (0.98-1.00)
Min 2.1 0.147 1.03 (0.99-1.08)
Time at >180 6.0 0014 094 (0.88-098) 74 0.007 091 (0.84-097)
Time at >140 38 0.058 097 (0.94-1.00)
Time at <70 14 024 063 (0.23-139)

Only factors with P < 0.25 on univariate logistic regressions (duration and hemoglobin Alc [HbA1c] at baseline, MBG, mean blood glucose; SD,
standard deviation; CV, coefficient of variation; MPPGE, mean of postprandial glucose excursion; Max, maximum; Min, minimum; time at blood glu-
cose >180 mg/dL, time at blood glucose >140 mg/dL and time at blood glucose <70 mg/dL) were included in this multiple factor logistic regres-
sion. MBG, SD, MPPGE, Max, Min, time at blood glucose >180 mg/dL, time at blood glucose >140 mg/dL and time at blood glucose <70 mg/dL

were measured by the continuous glucose monitoring system.

examined the time-course of changes in HbAlc level after dis-
charge. Sonoda et al.'> reported that fasting and urine C-pep-
tide immunoreactivity are significant predictors of HbAlc level
after discharge. In clinical practice, a clear understanding of the
relationship between diurnal blood glucose and HbAlc is
important for setting the appropriate target level of HbAlc for
each patient in order to prevent vascular complications. To our
knowledge, this is the first study that examined the association
between blood glucose parameters evaluated in detail using
CGM at discharge and HbAlc after discharge.

Several previous studies have investigated the relationship
between mean blood glucose and HbAlc levels in patients with
diabetes mellitus. Koenig et al.'® reported the association
between MBG and HbAlc in five patients with diabetes melli-
tus. Subsequently, the association between MBG and HbAlc
was reported in patients with both type 1 and type 2 diabetes
through blood glucose measurement using SMBG testing'”'®
and CGM>'*'** However, no studies have examined the
association between blood glucose profile and future HbAlc
levels. The results of the present study showed that the MBG
level measured using CGM correlated with HbAlc 12 weeks
after the measurement, and the change in mean blood glucose
during admission was associated with the change in HbAlc
after discharge, suggesting that improvement in MBG level until
the time of discharge is essential for improvement of HbAlc.

Monnier et al”! investigated the relationship between post-
prandial and fasting blood glucose levels and HbAlc in 290
patients with type 2 diabetes. They reported that the contribu-
tion of fasting blood glucose and postprandial blood glucose to

HbAlc were equal when HbAlc was >7.3%, whereas the con-
tribution of postprandial blood glucose was greater than that of
the fasting blood glucose in patients with HbAlc of <7.3%.
Similarly, Woerle et al** studied 164 patients with type 2 dia-
betes and reported that improvement in postprandial blood
glucose, as well as fasting blood glucose, was essential to
achieve HbAlc <7%2. In the present study, blood glucose fluc-
tuation and time spent at blood glucose >140 mg/dL; that is,
factors related to postprandial hyperglycemia, significantly influ-
enced the achievement of HbAlc <7.0% after inpatient diabetes
education. We consider that improvement in blood glucose
fluctuation and postprandial hyperglycemia, as well as fasting
blood glucose, is necessary in order to achieve good glycemic
control (HbAlc <7.0%).

With regard to the prevention of diabetic vasculopathy, the
importance of early intervention has been acknowledged*. It
has been reported that early and strict blood glucose control
can, at least in part, prevent microvascular and macrovascular
complications™. The results of the present study showed that
the shorter the duration of diabetes mellitus, the greater was
the improvement in HbAlc after inpatient diabetes education.
We consider that inpatient diabetes education for patients in
the early phase of diabetes is useful to achieve strict glycemic
control, as well as to prevent vascular complications.

The present study had several limitations. First, the treatment
goal differed from patient to patient. According to the Japanese
guideline, a treatment goal should be determined taking into
consideration the age of the patient, disease duration, organ dis-
order, risk of hypoglycemia and support systems''. The
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treatment goal for each patient in the present study was deter-
mined by the attending physicians. Second, this was a retro-
spective study carried out in two hospitals. The patients were
limited to those who did not change medications after dis-
charge. Third, the interindividual variability in the educational
effect was not included in the analysis. Given that educational
outcomes are affected by socioeconomic status™, there might
have been a difference in the educational effect among the
patients.

The present study showed that HbAlc level after dis-
charge was associated with disease duration and MBG level
at discharge. Furthermore, the study identified disease dura-
tion and postprandial hyperglycemia at discharge as signifi-
cant factors that influenced the achievement of HbAlc
<7.0%. Based on the data obtained using CGM, the present
study showed that blood glucose profile at discharge might
be useful in predicting HbAlc level after discharge for
patients who received diabetes education during hospitaliza-
tion. We consider that early treatment to improve blood glu-
cose fluctuation and prevent postprandial hyperglycemia, in
addition to lower mean blood glucose, is essential for
achieving strict glycemic control.
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SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article:

Table S1 | Correlation coefficients between HbAlc after 12 weeks and CGM parametes at discharge.
Table S2 | Correlation coefficients between change in HbAlc level at 12 weeks after discharge and change in CGM parametes dur-
ing hospitalization.
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