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ANALYSIS OF GLYCEMIC VARIABILITY AND INSULIN RESISTANCE
IN PATIENTS WITH PANCREATIC DIABETES USING A CONTINUOUS
GLUCOSE MONITORING SYSTEM

Akihito Kon”, Yusuke Tando", Miyuki Yanagimachi”, Hikaru Tanaka",
Yuki Matsuhashi”, Atsufumi Matsumoto”, Eri Sato”, Shinji Chikazawa",
Toshihiro Suda” and Teruo Nakamura”

Abstract The purpose of this study was to analyze glycemic variability and insulin resistance of different types of
diabetes, emphasizing mainly pancreatic diabetes, using Continuous Glucose Monitoring System (CGMS). The study
involved a total of 59 patients receiving care at our department: 11 with pancreatic diabetes, 37 with type 2 diabetes,
and 11 with type 1 diabetes. The CGMS data and several markers of insulin resistance were compared among the
3 groups and correlations were analyzed statistically. Standard deviation (SD¢gys) measured with CGMS and high
molecular weight (HMW) adiponectin (Ad) as parameters of insulin resistance were identified as factors strongly
affecting glycemic variability and insulin resistance. The magnitude of glycemic variability in patients with pancreatic
diabetes was as large as that in patients with type 1 diabetes. Insulin resistance in patients with pancreatic diabetes
was comparable to that in patients with type 1 diabetes. Our results suggest that CGMS data allow evaluation of both
glycemic variability and insulin resistance in patients with pancreatic diabetes. HMW-Ad also appears to be a useful
parameter of insulin resistance in patients with pancreatic diabetes.
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1. Introduction

Pancreatic diabetes is defined as diabetes
associated with other pancreatic disorders like
pancreatitis, pancreatic trauma, pancreatectomy,
pancreatic tumor, pancreatic hemochromatosis,
autoimmune pancreatitis, and pancreatic
hypoplasia”. Its pathophysiology is considered
to be mainly due to loss of pancreatic endocrine
function evoked by morphological alterations of
pancreas ; however, its clinical manifestation is
not well clarified. Diabetes represents a group
of metabolic disease characterized by chronic
hyperglycemia due to deficiency of insulin
effect. The deficiency of insulin effect involves a
combination of decreased insulin secretion and
increased insulin resistance (insulin sensitivity)®”.
In cases with pancreatic diabetes, patients
show not only decreased insulin secretion but
also increased insulin resistance to a greater or
lesser degree. There is no consensus on insulin
resistance in patients with pancreatic diabetes,
with some investigators reporting higher insulin
sensitivity them in to healthy controls” and
others reporting lower insulin sensitivity”.
However, to achieve stable glycemic control, it
1S necessary to evaluate both insulin secretion
and insulin resistance. The glucose clamp
method based on the glucose insulin infusion
rate (GIR)® is the gold standard for evaluation
of insulin resistance. This technique is rarely
used in clinical practice, as it is costly and
complex. As simple parameters for evaluation of
insulin resistance, quantitative insulin sensitivity
check index (QUICKI = (1/[log (insulin) + log
(glucose) 1)® and homeostatic model assessment
of insulin resistance (HOMA-R)” are used
in routine clinical practice, and a report is
also available on use of the estimated glucose
infusion rate (EGIR) which correlates closely
with GIRY.

Glucagon, one of the counterregulatory
hormones, promotes hepatic glucogenesis and

glycogenolysis to elevate blood glucose levels
under hypoglycemic conditions. In patients with
pancreatic diabetes, due to loss of glucagon
producing cells “a-cells”, hypoglycemia easily
occurs before meals or at night with insulin
therapy. Blood glucose level also easily changes
because of underlying disorders of digestion
and malabsorption due to exocrine pancreatic
insufﬁciency9>.

Recently, Continuous glucose monitoring
system (CGMS"), capable of serially measuring
glycemic profile, is available for clinical use in
Japan'”. In this system, a sensor inserted into
subcutaneous tissue measure the glucose level in
interstitial fluid by reaction with glucose oxidase
(GOD) in the sensor, followed by conversion
to electrical signals. Measurement is conducted
every ten seconds and the average for each
five-minute period is recorded. Two hundred
eighty eight measurements are conducted and
recorded daily, providing sufficient information
to understand circadian glycemic patterns. In
cases showing a pattern of intense glycemic
variability, the reason involved in such changes
can be explored using this systemm. CGMS"®
measures the glucose level in interstitial fluid,
not blood glucose. However, since CGMS®
data are corrected by self-monitoring of blood
glucose (SMBG) data, the CGMS" data usually
correspond to blood glucose values. We report
the glycemic profile in pancreatic diabetes
(chronic pancreatitis with decompensated stage
or diabetes after pancreatectomy) comparing
with the features of type 1 or 2 diabetes
using CGMS" and analyzed their features.
Furthermore, we sought to determine whether
CGMS" data could provide a parameter for
evaluation of insulin resistance.

I1. Subjects and Methods

Subjects
Glycemic profiles were serially recorded
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Fig 1 Figure showing temporal profiles of CGMS in a case of patient with Pancreatic diabetes, Type 2

diabetes and Type 1 diabetes.

for 3 days using CGMS" in 59 patients at
our department, including 11 with pancreatic
diabetes (Group A), 37 with type 2 diabetes
(Group B) and 11 with type 1 diabetes (Group
C). The glycemic variability of the patients with
Pancreatic diabetes, Type 2 diabetes and Type
1 diabetes are shown in Fig 1.

Each patient gave an informed consent
before the start of the study which was
approved in advance by our institution’s ethics
committee.

Apparatus and Evaluation Methods

Glycemic variability were measured with
CGMS” System Gold™ (Medtronic, Japan).
The CGM device approved in Japan is CGMS®
System Gold™ which was first marketed in 1999
in Europe/USA by Medtronic. For SMBG, One
Touch Ultra™ (Johnson & Johnson, Japan) was
used. The followings were analyzed as CGMS”

parameters: (1) mean glucose concentration
(MGC), (2) standard deviation (SD¢gys) in
blood glucose values, (3) mean amplitude of
glycemic excursions (MAGEys), an parameter
of variation in blood glucose'*', and (4) the
slope of glycemic variability per 5 minutes, an
parameter of the magnitude of elevation or
reduction in blood glucose per unit time. For the
fourth parameter, blood glucose was measured
with CGMS" for 72 hours at maximum, and the
data during the intermediate 48-hour period
were adopted to avoid influences of unstable
monitoring immediately after the start of
CGMS" measurement. In addition, the data
during the intermediate 48-hour was divided
by 24-hour. Average of the slope of glycemic
variability per 5 minutes at first and second
24-hour was calculated. This parameter was
calculated using the following equation: positive
glucose slope (PGS) or negative glucose slope
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(NGS) = [(pre-value - post-value) / 5 (min) -
(first blood glucose reading - last blood glucose
reading) / 1440 (min)].

The following were analyzed as parameters
of insulin resistance: body mass index (BMI),
waist circumference (WC), serum C-peptide
(S-CPR), total-adiponectin (Total-Ad), high
molecular weight adiponectin (HMW-Ad),
the ratio of HMW-Ad to Total-Ad (HMWR),
and EGIR. We did not adopt HOMA-R as an
parameter of insulin resistance since it does not
correlate with GIR under the limitation in cases
with low BMI, compromised pancreaticp-cell
function, high fasting blood glucose levels, and/
or pancreatic diabetes or type 1 or 2 diabetes
receiving insulin replacement because of

insufficient insulin secretion'”.

Measurements

S-CPR was measured with electrochemilu-
minescence immunoassay (ECLIA). HbAlc
level was measured by high performance liquid
chromatography (HPLC) using ADAMS™
Alc HA 8180. JDS results were converted into
National Glycohemoglobin Standardization
Program (NGSP) values by adding 04% based
on the equation : NGSP value (%)=]DS value
(%) +0.4%. Capillary blood glucose level was
measured with One-Touch Ultra™ (Johnson &
Johnson). Total cholesterol (TC), triglyceride
(TG), high density lipoprotein cholesterol
(HDL-C), and low density lipoprotein cholesterol
(LDL-C) levels were measured by enzymatic
methods, using BioMajesty JCA-BM 6070
(JEOL).

T-Ad and HMW-Ad were measured with
a human multimeric adiponectin fractional
measurement kit (SEKISUI MEDICAL CO.,
LTD, Japan).

Statistical Analysis
Unpaired analysis of variance (ANOVA) was
used for statistical comparison of parametric data

among the 3 groups. If this analysis revealed
significant differences, the Tukey-Kramer test
was employed for multiple comparisons. The
Chi-square test was used for non-parametric
data. Canonical correlation analysis was used
for analysis of correlations between CGMS®
parameters and parameters of insulin resistance.
Canonical correlation extracts principal
components (i.e. canonical variates) from sets
of variables in a manner that maximizes shared
variance between the sets. The canonical variate
explaining the greatest proportion of variance is
selected first, and additional orthogonal variates
are selected in descending order of importance
(i.e., amount of shared variance explained).
Standardized canonical coefficients (SC)
indicate how the canonical variable is calculated
by weighting individual variables, whereas
correlations between individual and canonical
variables provide a description of the nature of
the canonical variables. The ratio of canonical
weights (R) is the ratio of the contribution of
the variable to the given canonical correlation,
controlling for other variables in the equation.
The results of canonical correlation analysis
were subjected to multivariate analysis using
stepwise regression analysis, to calculate
standardized partial regression coefficients and
to test the significance of differences. Values
were expressed as means * SD. All analyses
were conducted using Statcel version 2 (OMS,
Japan). P < 0.05 was regarded statistically
significant.

II1. Results

Characteristics of Each Subject Group
Background variables of patients are sum-
marized in Table 1. Age was significantly lower
in Group C than in Groups A and B. There
was no significant difference in illness duration
between any 2 of the 3 groups. HbAlc (Japan
Diabetes Society level: JDS) was significantly
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Table 1 Clinical and biological characteristics of subjects and Indices obtained from CGMS and Indices of insulin

resistance
Pancreatic Type 2 Type 1 D
Group A (n=11) Group B(n=37) Group C(n=11)
Men/Women 6/5 20/17 4/7 0.29
Age (year) 715105 581=119 474+132° <0.05
Duration (year) 132+78 10376 96+88 05
Family history +/- 3/8 9/28 2/9 0.33
HbAlc(JDS) (%) 74+09° 91+20 84+20 <0.05
LDL (mg/dl) 936+314 1032+35.1 107.7=31.0 0.6
HDL (mg/dl) 579+233 51.2+279 69.1+134 0.11
TG (mg/dl) 1004 +68.1 119.2 +56.0 76.5+26.6 0.07
Total daily insulin dose (U) 258 £14.4° 29.7+14.8 484+16.8" <0.05
(Bfter CGM)
Total daily insulin dose (U) 240=*122° 278+130 465+17.6 <0.05
(After CGM)
Diabetic neuropathy +/- 7/4 18/19 1/10 0.29
Diabetic retinopathy 4/4/0/3 19/10/1/7 9/1/0/1 0.23
NDR/SDR/PPDR/PDR
Diabetic nephropathy Stage 5/6/0/0/0/0 26/5/1/3/2/0 10/1/0/0/0/0 043
1/2/3A/3B/4/5
Indices obtained from CGMS
MGC (mg/dl) 1754 +31.2° 1434+249 1746 +37.9° p<0.05
SD (mg/dl) 545+194° 304+11.8 638+120° p<0.05
MAGE (mg/dl) 935+321° 60.1+274 985 +220" p<0.05
PGS (mg/dl/5min) 092027 0.69 +0.28 0.87+0.24 p<0.05
NGS (mg/dl/5min) 0.77+0.24 0.63=0.25 0.80+0.23 0.07
Indices of insulin resistance
BMI (kg/m?) 219+37 272+62 220+34" p<0.05
WC(cm) 795+130° 94.7+14.3 832+98" p<0.05
S-CPR (ng/ml) 08+05° 2121 0.02=0.06 p<0.05
HMW-Ad (ng/ml) 49+43° 2520 49+33° p<0.05
HMWR (HMW-Ad/Total-Ad) 0.54+0.19 049+0.17 059+0.15 0.22
EGIR 71+30° 46+24 78+18" p<0.05

Values are means = SD
" compared to the group A.
compared to the group B.
compared to the group C.

bP <005
& <005

Data are means * SD. One-way ANOVA or v2-test was used for statistical analysis. Significant difference (P <0.05).
MGC, the mean glucose concentrations in CGM equaled; SD, standard deviation; MAGE, the mean amplitude of
glycemic excursions; PGS, positive glucose slope; NGS, negative glucose slope; BMI, Body mass index; WC, Waist
Circumference; S-CPR, SerumC-peptide; Total-Ad, Total-adiponectin, HMW-Ad, High molecular weight adiponectin;
HMWR, Ratio of high molecular weight adiponectin to total adiponectin; EGIR, Estimated glucose infusion rate;

higher in Group B than in Group A. There
were no significant inter-group differences in
LDL, HDL or TG levels. Insulin doses before
and after CGMS" were significantly higher in
Group C than in Groups A and B. Only patients
from the type 2 diabetes group were using
oral hypoglycemic agents (metformin in 9
cases, sulfonylurea in 2, thiazolidinedione in 2,
a-glucosidase inhibitors in 5, glinide in 1, and a
DDP-4 inhibitor in 1). There were no significant
inter-group differences in microvascular

complications of diabetes.

CGMS" parameters

Table 1 shows the data on CGMS" parameters
and parameters of insulin resistance. MGC (mg/
dL) was 1754 = 31.2 in Group A, 1434 + 249 in
Group B, and 1746 = 379 in Group C, differing
significantly between Group B and Groups A
or Group C. SDceys (mg/dL) was 545 + 194 in
Group A, 304 = 11.8 in Group B, and 638 + 12.0
in Group C, differing significantly low in Group
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Table 2 Standardized Canonical Coefficients and Correlations With Canonical Variables from
the Canonical Correlation Analyses of the Association Between the indices obtained
from CGMS and indices of insulin resistance resistance

subjects (n=59)
First Variate

Variable SC R

Indices obtained from CGM
Mean glucose concentration (MGC) 007 0.61
Mean amplitude of glycemic excursions (MAGE) 0.05 0.64
Standard deviation (SD¢gys) 1.29 0.90
Positive glucose slope (PGS) -0.39 0.17
Negative glucose slope (NGS) 0.16 012

Indices of insulin resistance
Body mass index (BMI) 0.10 -0.60
Waist circumference (WC) 0.29 -0.56
Estimated glucose infusion rate (EGIR) 041 0.78
Serum C-peptide (S-CPR) 041 0.72
High molecular weight adiponectin (HMW-Ad) 0.68 0.86
The ratio of HMW-Ad to Total-Ad (HMWR) 0.17 0.61

B and Groups A or Group C. MAGE ¢ (mg/
dL) was 935 = 32.1 in Group A, 60.1 + 274 in
Group B, and 985 + 220 in Group C, differing
significantly low in Group B and Groups A or
Group C. PGS (mg/dL/5 min) was 092 = 0.27 in
Group A, 069 = 0.28 in Group B, and 087 = 0.24
in Group C, differing significantly between Group
A and Group B. NGS (mg/dL/5 min) was not
statistically significant -0.77 £ 0.24 in Group A,
0.63 = 0.25 in Group B, and -0.80 = 0.23 in Group C.

Parameters of insulin resistance

Table 1 also shows the data on parameters
of insulin resistance. BMI (kg/m?® was 21.9 =
3.7 in Group A, 272 = 6.2 in Group B, and 22.0
+ 34 in Group C, differing significantly between
Group B and Groups A or Group C. WC was
significantly larger in Group B than in Groups A
and C. S-CPR (ng/mL) was 0.8 = 05 in Group
A, 21 = 2.1 in Group B, and 0.02 + 0.06 in Group
C, differing significantly between Group B and
Groups A or Group C. HMW-Ad (ug/mL) was
49 = 4.3 in Group A, 25 = 20 in Group B, and 4.9
+ 3.3 in Group C, differing significantly between
Group B and Groups A or Group C. HMWR
(HMW-Ad/Total-Ad) was 054 * 0.19 in Group

SC=Standardized canonical coefficient.
R=Canonical weights

A, 049 = 0.17 in Group B, and 059 = 0.15 in
Group C. EGIR was 7.1 = 3.0 in Group A, 46 *
24 in Group B, and 7.8 = 1.8 in Group C, thus
indicating significantly higher insulin resistance
in Group B.

In canonical correlation analysis, the coefficient
of correlation between canonical variables
(between CGMS" parameters and parameters
of insulin resistance) was 0.67. SD¢gus was
identified as parameter of insulin resistance, and
HMW-Ad was shown to be a factor determining
CGMS" parameters (Table 2). In analysis of
canonical weights (coefficients of correlation
between canonical variables and their component
variables), the absolute SDqgys Was large for
CGMS”® parameters and was shown to be
associated with these parameters (Table 2). In
analysis of the parameters of insulin resistance,
absolute HMW-Ad was large and was shown
to be associated with the parameters of insulin
resistance (Table 2). In addition, parameters
of CGMS"” and insulin resistance showed
significantly positive correlation (Fig 2).

In stepwise regression analysis with SDcgys
serving as a dependent variable and the other
parameters of insulin resistance and CGMS®
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indices of insulin resistance

4 -
first canonical variate
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R>=0.4423 ©
canonical correlation coefficient o
A=0.67
O
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-4 .8, 4

Indices of insulin resistance =-0.10BMI+0.29WC+0.41EGIR-0.41S-CPR-0.69HMW-Ad+0.12HMWR

Indices obtained from CGMS =-0.07MGC-0.05SMAGE+1.29SD-0.39PGS+0.16NGS

Fig 2 Standardized coefficients of canonical variate between indices obtained from CGMS and indices
of insulin resistance Formula was written based on SC values calculated by canonical analysis.
SC=Standardized canonical coefficient

Table 3 Correlations among SD, and HMW-Ad data of the indices obtained from CGMS and indices of insulin resistance

objective variable Simple Steé)l Wlltsiesatreigzzlse objective variable Simple Sterll)l wlltsieztreig)zglse
SD correlation witivars HMW-Ad correlation witvars
regression regression
explanatory variable r ) B explanatory variable r D B
BMI -0.38 <0.05 BMI -0.49 <0.05
WC 0.3 <0.05 wC 044 <0.05
EGIR 045 <0.05 EGIR 0.54 <0.05
S-CPR 0.48 <0.05 0.17 S-CPR 0.38 <0.05
HMWR 0.29 <0.05 HMWR 0.72 <0.05 0.55
HMW-Ad 0.46 <0.05 MGC 0.35 <0.05
MGC 0.66 <0.05 0.26 MAGE 0.34 <0.05
MAGE 0.84 <0.05 053 SD 0.46 <0.05
PGS 0.58 <0.05 PGS 0.04 n.s
NGS 051 <0.05 NGS 0.007 n.s
R*=091 R*=0.80
parameters serving as independent variables, the other parameters of insulin resistance and
S-CPR, MGC, and MAGE_ ;s were identified as CGMS"® parameters as independent variables,
significant explanatory variables (determinants) HMWR was identified as a significant explanatory
(Table 3). In stepwise regression analysis with variable (Table 3).

HMW-Ad serving as a dependent variable and
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IV. Discussion

1. Relationship of SD ;ys to glycemic profiles
and insulin resistance.

Canonical correlation analysis revealed
SDceus to be a factor strongly determining
glycemic variability. SD¢oys was additionally
shown to serve as a factor strongly determining
insulin resistance. SD¢gys was thus shown to
determine both glycemic variability and insulin
resistance. In stepwise regression analysis
revealed MAGEgys, S-CPR, and MGC to be
determinants of SD¢gys. Some reports have
shown SDggys to be a determinant of glycemic
variability™> 7. MAGEgys reportedly correlates
closely with SD¢gys *¥. MAGEays also had a
significant positive correlation with SDgys
in this study, suggesting it to be a significant
determinant of SDqgys. However, our literature
search yielded no reports demonstrating SD¢gus
to determine insulin sensitivity or resistance.
The concept "insulin resistance" is: "a condition
characterized by reduced sensitivity to insulin
activity, requiring insulin doses higher than
usual for expression of insulin activity at the
cell, organ, and individual levels." Past evaluation
of insulin resistance used: 1) a closed-loop model
allowing free interference by insulin and blood
glucose values, 2) a mathematical model, and
3) an open-loop model involving measurement
of insulin and blood glucose values in a fixed
state '”. SD¢eys explains glycemic variability but
does not directly reflect insulin secretion. In the
present study, however, S-CPR had a significant
negative correlation with SDcgys, Suggesting
that insulin secretion explains SDggys. In cases
with sufficient insulin secretion reserves, blood
glucose is kept normal range by secreted
insulin. In normal subjects, MGC is 100 mg/dL
and SDeeys is 15 mg/dL'™*. Blood glucose
levels can elevate due to insulin resistance, but
it should be noted that there are also insulin-
resistant cases where blood glucose remains

normal through compensatory endogenous
insulin secretion. In this report, there was no
significant correlation between SDcsys and
S-CPR (r = 0.3, P = 0.08) when the insulin
secretion was preserved (fasting S-CPR > 1L0%).
When insulin secretion fails to compensate for
insulin resistance, glycemic control becomes

22 This probably accounts for the

unstable
negative correlation between SDqgys and S-CPR,
observed in the present study. As to glycemic
variability, it becomes difficult to judge from
SD¢gus data alone whether SDggys is small
because blood glucose remains high or SD¢gys
1s small when blood glucose is within the
optimum range. To make this judgment, we
need to check MGC data obtained from CGMS".
Classification into the following types is possible:
1) Both MGC and SDcgys are high (SDegys =
40)®; 2) MGC is high and SD¢ys is 15 to 40 *; 3)
MGC is within optimal range and SD¢¢s 1s high
(> 40); and 4) MGC is within optimal range and
SD¢eus 18 15 to 40. We therefore thought that
evaluation of S-CPR and MGC and checking of
SD¢eus allow explanation of insulin secretion

potential and insulin resistance in each cases.

2. Relationship of HMW-Ad to glycemic profiles
and insulin resistance

Canonical correlation analysis revealed that
among the parameters of insulin resistance,
HMW-Ad strongly determines changes in blood
glucose as well as insulin resistance. HMWR
was identified as a factor determining HMW-Ad.
Adiponectin levels have recently been reported
to correlate negatively with insulin resistance
calculated by the insulin clamp method*” and
adiponectin known to be closely involved in
insulin resistance in organs and muscles®. Tt
has been revealed that HMW-Ad such as 12-
mer (4 X 3 mer) and 18-mer (6 X 3 mer),
but not the monomer or trimer, have activities,
playing critical roles in diabetes pathogenesis
and metabolism®*’. HMWR was identified as a
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significant explanatory variable (determinant)
for HMW-Ad in the present study. HMWR
indicates the percentage of HMW-Ad relative to
Total-Ad and has been reported as an parameter
more sensitively reflecting and predicting insulin
resistance than Total-Ad®. In the present study,
HMWR correlated significantly with HMW-Ad.
HMW-Ad reportedly correlates negatively with
insulin secretion and HOMA-R® and HMW-
Ad decreases markedly in states of obesity
or insulin resistance®. Our results suggest
HMW-Ad to be useful as a parameter of insulin
resistance in patients with pancreatic diabetes.

3. Characteristics of patients with pancreatic
diabetes

The magnitude of blood glucose change
in this group was as large as that in the
type 1 diabetes group (Table 1). Patients
with pancreatic diabetes are impaired
insulin secretion in response to postprandial
glycemic elevation” as well as the type 1
diabetes .However, because malabsorption
of carbohydrates due to the diminished
secretion of amylase (arising from exocrine
pancreatic insufficiency) makes postprandial
glycemic elevation slow, severe and persistent

' could caused patients with

hypoglycemia’
pancreatic diabetes receiving insulin therapy
who were easily influenced the content of meals
and the amount of food intake on.

For these reason, glycemic profile of a
patient with pancreatic diabetes could have
been random pattern compared to a patient
with type 1 diabetes(Fig 1).

There is a report that insulin resistance,
as measured by the glucose clamp method,
was low in patients with pancreatic diabetes,
allowing glycemic control with low-dose insulin
therapy”. BMI, WC, HMW-Ad, HMWR and
EGIR, which were analyzed as parameters of
insulin resistance in the present study, differed
little between the pancreatic diabetes group and

the type 1 diabetes group. However, the total
daily insulin dose was significantly lower in the
pancreatic diabetes group.

This findings might be attributable to fewer
counterregulatory factors in the pancreatic
diabetes group where insulin resistance is low,
as suggested by the BMI, HMW-Ad and EGIR
data, glucagon secretion is low", because of
pancreatic insufﬁciency9> and so on.

In the results of SD¢gys correlating negatively
with S-CPR, as well as S-CPR secretion being
lower in the type 1 diabetes than in the
pancreatic diabetes group, we can reasonably
assume that SDgqys was larger in the former
than in the latter group.

V. Conclusions

Our results suggest that CGMS” data allow
evaluation of insulin resistance and that among
CGMS" parameters, SD¢gys and MGC (an
explanatory variable for SDcgys) can serve as
parameter determining insulin resistance and
glycemic variability. Furthermore, determining
HMW-Ad and S-CPR appears to be useful for
evaluating glycemic variability and insulin
resistance. The magnitude of glycemic
variability and the intensity of insulin resistance
differed little between the pancreatic diabetes
and type 1 diabetes groups, while the insulin
dose needed was significantly lower in the
former. What seems to be essential for optimal
glycemic control of patients with pancreatic
diabetes is comprehensive evaluation of
glycemic variability and insulin resistance on
the basis of: 1) performing CGMS" in poorly
controlled patients, 2) evaluating SDcqys and the
mean blood glucose values obtained by CGMS®,
and 3) checking BMI, WC and S-CPR which
can easily be measured during routine clinical
practice.



Glycemic Variability in Pancreatic Diabetes 125

Acknowledgments

This study was partly supported by a Grant-
in-Aid for scientific Research (C) from Japan
Society for the Promotion of Science (21590869)
for Y. Tando and by the Research Committee
of Intractable Pancreatic Diseases (Principal
investigator : Toru Shimosegawa) provided by
the Ministry of Health, Labour, and Welfare of
Japan. A part of this study was reported in 54"
annual meeting of the Japan Diabetic Society,
19-21 May 2011, Sapporo, Japan. No potential
conflicts of interest relevant to this article were
reported.

References

1 ) American Diabetes Association . Diagnosis and
Classification of Diabetes Mellitus. Diabetes Care
2011;34:S62-9.

2)Kuzuya T, Nakagawa S, Satoh J, Kanazawa Y,
Iwamoto Y, Kobayashi M, Nanjo K.et al. Report of
the Committee on the classification and diagnostic
criteria of diabetes mellitus. Diabetes Res Clin
Pract 2002;55:65-85.

3)Mannell A, Adson MA, Mcllrath DC, llstrup DM.
Surgical management of chronic pancreatitis:long-
term results in 141 patients. Br ] Surg 1988;
75:467-72.

4)Koizumi M,Yoshida Y, Abe N, Shimosegawa T,
Toyota T. Pancreatic diabetes in Japan. Pancreas
1998:16:385-91.

5)DeFronzo RA, Tobin JD, Andres R. Glucose
clamp technique: a method for quantifying insulin
secretion and resistance. Am ] Physiol 1979;237:
E214-23.

6)Katz A, Nambi SS, Mather K, Baron AD, Follmann
DA, Sullivan G, Quon M]. Quantitative insulin
sensitivity check index: a simple, accurate method
for assessing insulin sensitivity in humans. ] Clin
Endocrinol Metab 2000:85:2402-10.

7)Matthews DR, Hosker JP, Rudenski AS, Naylor
BA, Treacher DF, Turner RC. Homeostasis
model assessment: insulin resistance and beta-cell

function from fasting plasma glucose and insulin
concentrations in man. Diabetologia 1985;28:412-9.

8) Tajiri Y, Sato S, Kato T, Nakayama H, Yamada K.
Surrogate index for insulin sensitivity composed
of factors not using glucose and insulin in

Japanese patients with diabetes. ] Diabetes Invest
2011:2:140-7.

9)Lades SD, Giorgiotis K, Raptis SA. Complex car-
bohydrate malabsorption in exocrine pancreatic
insufficiency. Gut 1993;34:984-7.

10) Nishimura R. Glycemic variability assessment.
Diabetes Frontier 2010;21:159-65.

11)Choleau C, Aubert C, Cahané M, Reach G.
High day-to-day glucose variability: a frequent
phenomenon in children and adolescents with

type 1 diabetes attending summer camp. Diabetes
Metab 2008;34:46-51.

12)Service FJ, Molnar GD, Rosevear JW, Ackerman
E, Gatewood LC, Taylor WF. Mean amplitude
of glycemic excursion; A measure of diabetic
instability. Diabetes 1970;19:644-55.

13)Rodbard D. Interpretation of Continuous Glucose
Monitoring Data: Glycemic Variability and Quality
of Glycemic Control. Diabetes Technol Ther 20009;
11:55-67.

14)Kang ES, Yun YS, Park SW, Kim HJ, Ahn CW,
Song YD, Cha BS, Lim SK, Kim KR, Lee HC.
Limitation of the validity of the homeostasis model

assessment as an index of insulin resistance in
Korea. Metabolism 2005;54:206-11.

15) Clarke W, Kovatchev B. Statistical tools to analyze

continuous glucose monitor data. Diabetes Technol
Ther 2009;11:45-54.

16) Rodbard D, Bailey T, Jovanovic L, Zisser H, Kaplan
R, Garg SK. Improved quality of glycemic control
and reduced glycemic variability with use of

continuous glucose monitoring. Diabetes Technol
Ther 2009;11:717-23.

17)Bergman RN, Finegood DT, Ader M. Assessment
of insulin sensitivity in vivo. Endocr Rev 1985:6:
45-86.

18) Tsujino D, Nishimura R, Taki K, Miyashita Y,
Morimoto A, Tajima N. Daily glucose profiles in



126 A. Kon, et al.

Japanese people with normal glucose tolerance
as assessed by continuous glucose monitoring.
Diabetes Technol Ther 2009;11:457-60.

19)Zhou J, Li H, Ran X, Yang W, Li Q, Peng Y, Li Y,
Gao X, Luan X, Wang W, Jia W. Reference values
for continuous glucose monitoring in Chinese
subjects. Diabetes Care 2009;32:1188-93.

20) Juvenile Diabetes Research Foundation Continuous
Glucose Monitoring Study Group, Fox LA, Beck
RW, Xing D. Variation of interstitial glucose
measurements assessed by continuous glucose
monitors in healthy, nondiabetic individuals.
Diabetes Care 2010;33:1297-9.

21)Heding LG. Radioimmunological determination of
human C-peptide in serum. Diabetologia 1975;11:
541-8.

22)Kahn SE. The relative contributions of insulin
resistance and beta-cell dysfunction to the patho-
physiology of Type 2 diabetes. Diabetologia 2003;
46:3-19.

23) Taki K, Nishimura R, Morimoto A, Tsujino D,
Miyashita Y, Tajima N. Analysis of 24-hour
glycemic excursions in patients with type 1
diabetes by using continuous glucose monitoring.
Diabetes Technol Ther 2010;12:523-8.

24)Weyer C, Funahashi T, Tanaka S, Hotta K,
Matsuzawa Y, Pratley RE, Tataranni PA. Hypoad-
iponectinemia in obesity and type 2 diabetes: close
association with insulin resistance and hyperinsu-
linemia. ] Clin Endocrinol Metab 2001;86:1930-5.

25)Maeda N, Shimomura I, Kishida K, Nishizawa
H, Matsuda M, Nagaretani H, Furuyama N,et al.
Diet-induced insulin resistance in mice lacking
adiponectin/ACRP30. Nat Med 2002;8:731-7.

26) Kobayashi H, Ouchi N, Kihara S, Walsh K, Kumada
M, Abe Y, Funahashi T, et al. Selective suppression
of endothelial cell apoptosis by the high molecular
weight form of adiponectin. Circ Res 2004;94:27-31.

27)Pajvani UB, Hawkins M, Combs TP, Rajala MW,
Doebber T, Berger JP, Wagner JA, et al. Complex
distribution, not absolute amount of adiponectin,
correlates with thiazolidinedione-mediated
improvement in insulin sensitivity. ] Biol Chem
2004;279:12152-62.

28)Misra A, Madhavan M, Vikram NK, Pandey RM,
Dhingra V, Luthra K. Simple anthropometric
measures identify fasting hyperinsulinemia and
clustering of cardiovascular risk factors in Asian
Indian adolescents. Metabolism 2006;55:1569-73.

29) Yamamoto Y, Hirose H, Saito I, Nishikai K, Saruta
T. Adiponectin, an adipocyte-derived protein,
predicts future insulin resistance: two-year follow-
up study in Japanese population. J Clin Endocrinol
Metab 2004;89:87-90.

30)Tsuchida A, Yamauchi T, Takekawa S, Hada
Y, Ito Y, Maki T, Kadowaki T. Peroxisome
proliferator-activated receptor (PPAR) alpha
activation increases adiponectin receptors and
reduces obesity-related inflammation in adipose
tissue: comparison of activation of PPARalpha,
PPARgamma, and their combination. Diabetes
2005;54:3358-70.



