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Abstract

Objective To investigate the relationship between patient characteristics and morning glycemic variability.
Methods We retrospectively evaluated 106 patients with type 2 diabetes who underwent continuous glucose
monitoring during admission. The highest postprandial glucose level (within 3 hours after breakfast; ‘highest
level’), the time from the start of breakfast to the highest postprandial glucose level (‘highest time’), the dif-
ference between the pre-breakfast and highest postprandial breakfast glucose level (‘increase’), the area under
the curve (AUC; 2180 mg/dL) for the glycemic variability within 3 hours after breakfast (‘morning AUC’),
and the post-breakfast glucose gradient (‘gradient’) were calculated. We analyzed the associations between
these factors and nocturnal hypoglycemia and the patients’ characteristics by using a regression analysis.
Results After stepwise multivariate adjustment, significant independent associations were found between
‘highest level’ and high age, low BMI, and high HbAlc; ‘highest time’ and high HbAlc, low C-peptide im-
munoreactivity (CPR), and low fasting plasma glucose (FPG); the ‘increase’ and high age, low BMI, high
HbAlc, low FPG and hypoglycemia; ‘morning AUC’ and high age, high HbAlc and hypoglycemia; and ‘gra-
dient’ and long duration of diabetes and low BMI.

Conclusion Higher age and lower BMI are associated with higher ‘highest’ and ‘increase’ levels. Higher
HbAlc levels were linked to a longer ‘highest time’, and longer durations of the diabetes, while lower BMI

values were related to a higher ‘gradient’.
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Introduction

The post-breakfast glucose levels are often increased to a
greater extent than post-lunch or post-supper glucose levels,
and may cause increased glycemic variability over 24
hours (1). The glucose level after the first meal (break-
fast) (2), and sometimes the Somogyi phenomenon (3) and
the dawn phenomenon (4) are the main causes of increased
morning glucose levels. In the case of the Somogyi phe-
nomenon, the cause is nocturnal hypoglycemia. Thus, (i) ad-

justing treatment to avoid nocturnal hypoglycemia when
nocturnal hypoglycemia causes increased morning glucose
levels and (ii) decreasing the post-breakfast glucose levels
directly by adjusting treatment, are necessary in order to im-
prove increased post-breakfast glucose levels.

Large clinical studies have shown that hypoglycemia is
strongly associated with mortality in diabetes mellitus pa-
tients (5-7). It has been suggested that nocturnal hypoglyce-
mia is associated with not only major hyperglycemia during
the daytime (8, 9), but also increased morning glucose lev-
els (10). We have reported the relationship of major in-
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creases between the pre- and post-breakfast glucose levels
and nocturnal hypoglycemia in patients with type 2 diabe-
tes (11). We can reduce increases between the pre- and post-
breakfast glucose levels and improve the increased glycemic
variability over 24 hours by adjusting a patient’s treatment
to avoid nocturnal hypoglycemia.

Knowledge of a patient’s morning glycemic variability
status is important for improving increased glycemic vari-
ability over 24 hours. The measurement of pre- and post-
breakfast blood glucose levels is often complicated for pa-
tients who do not use injections. Thus, it is desirable to pre-
dict morning glycemic variability using an easier method.
We focused on using patient characteristics to predict morn-
ing glycemic variability (12). We investigated the relation-
ship between patient characteristics and morning glycemic
variability in type 2 diabetes patients using continuous glu-
cose monitoring (CGM) data.

the post-breakfast glucose gradient (‘increase’/‘highest
time’) (‘gradient’) (11, 13). We analyzed the association be-
tween these indices of glycemic variability (response vari-
able) and nocturnal hypoglycemia and the patient character-
istics [age, sex, duration of diabetes, body mass index
(BMI), glycosylated hemoglobin (HbAlc) concentration, C-
peptide immunoreactivity (CPR), fasting plasma glucose
(FPG), the C-peptide index (= fasting C-peptide immunore-
activity/FPG x100] (CPI) and the presence of antidiabetic
agents) (explanatory variable) using univariate and stepwise
(method of increasing and decreasing the variables) multi-
variate regression analyses.

p values of <0.05 were considered to indicate statistical
significance. The data are shown as the mean and standard
deviation (SD). The data were analyzed using the BellCurve
for Excel software program (Social Survey Research Infor-
mation, Japan).

Materials and Methods

Results

Study design and patient selection

We retrospectively analyzed 106 type 2 diabetes patients
who underwent CGM during admission over a 2-year period
from 2013 to 2015. A CGM (Medtronic ipro2; Medtronic
MiniMed, Northridge, USA) device was attached to each pa-
tient for 4 days, and we evaluated the CGM data measured
on the third day. The patients were given 3 meals per day,
each with 1,440 kcal, 1,600 kcal, or 1,840 kcal (determined
according to their physique) (13). Identical test meals were
given to each patient based on the recommendation of the
Japan Diabetes Society (carbohydrates, 60%; proteins, 18%;
and lipids, 22%) (breakfast, 30%; lunch, 35%; supper, 35%),
irrespective of differences in their physique. The inclusion
criteria were: 1) patients who were from 20 to 90 years of
age, 2) patients who took the whole quantity of every meal
while undergoing CGM. The exclusion criteria were: 1) pa-
tients who were aware of their hypoglycemia and who took
glucose tablets, 2) patients who had been taking o-
glucosidase inhibitors (because o-glucosidase inhibitors af-
fect the glucose gradient). Nocturnal hypoglycemia was de-
fined as a blood glucose level of <70 mg/dL occurring from
0 AM to 8 AM.

The present study was approved by the institutional re-
view board of Ichinomiyanishi Hospital, Japan. All of the
extracted patient data were anonymized.

The outcomes and statistical analyses

The parameters used as the indices of morning glycemic
variability included the highest postprandial glucose level
within 3 hours after breakfast (‘highest level’), the time
from the start of breakfast to the highest postprandial glu-
cose level (‘highest time’), the difference between pre-
breakfast and the highest postprandial breakfast glucose
level (‘increase’), the area under the glucose curve (2180
mg/dL) within 3 hours after breakfast (‘morning AUC’), and

Patient characteristics

Figure shows the glycemic variability over 24 hours of
CGM in all of the patients. Table 1 shows the patients’ char-
acteristics. The study included 56 men and 50 women. The
baseline characteristics were as follows: mean age, 66.6+
11.0 years; BMI, 23.7+£3.9 kg/mz; HbAlc level, 8.7+1.4%
(71.2+15.6 mmol/moL); duration of diabetes, 14.7+10.7
years; CPR, 1.4+1.0 ng/mL; FPG, 144.6+64.9 mg/dL; and
CPI, 1.0+0.8. The indices of morning glycemic variability
were as follows: pre-breakfast glucose level [7:00], 128.7+
33.8 mg/dL; ‘highest level’, 226.4+62.7 mg/dL; ‘highest
time’, 100.8+42.2 minutes; ‘increase’, 97.7+56.3 mg/dL;
‘morning AUC’, 7,027.4+9,268.6 mg-min/dL; and ‘gradi-
ent’, 1.1£1.2 mg/dL - min. Twenty-eight patients (26.4%) had
hypoglycemia.

Primary outcomes

According to a univariate analysis, high age, long dura-
tion of diabetes, low BMI, high HbAlc, low CPR and hypo-
glycemia were significantly associated with the ‘highest
level’ (8=0.38, p=<0.0001; B=0.36, p=0.0002; B=-0.36, p=
0.0001; B=0.25, p=0.008; B=-0.21, p=0.03; B=0.25, p=0.01,
respectively). High HbAlc, low CPR, low FPG, low CPI
and hypoglycemia were significantly associated with the
‘highest time’ (8=0.2, p=0.045; B=0.22, p=0.02; B=-0.47, p<
0.0001; B=-0.25, p=0.009; $=-0.38, p<0.0001; B=0.19, p=
0.046, respectively). High age, long duration of diabetes,
low BMI, high HbAlc, low CPR, low FPG and hypoglyce-
mia were significantly associated with the ‘increase’ (B=
0.39, p=<0.0001; B=0.38, p=<0.0001; B=-0.39; p=<0.0001;
$=0.25, p=0.009; B=-0.24, p=0.01; B=-0.29, p=0.003; B=
0.41, p=<0.0001, respectively). High age, long duration of
diabetes, high HbAlc and hypoglycemia were significantly
associated with ‘morning AUC” (3=0.33, p=0.0005; $=0.27,
p=0.005; B=0.28, p=0.003; B=0.27, p=0.004, respectively).
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The graph shows the glucose variability over 24 hours during continuous glucose monitor-

ing in all of the patients. The data are shown as the mean (thick lines) and standard deviation (thin

lines).

Long duration of diabetes and low BMI were significantly
associated with the ‘gradient’ (3=0.3, p=0.002; $=-0.34, p=
0.0003, respectively). The use of antidiabetic agents was not
associated with the indices of morning glycemic variability
(Table 2).

After stepwise multivariate adjustment, high age, low
BMI, and high HbAlc were significantly and independently
associated with the ‘highest level’ (8=0.29, p=0.002; B=
-0.26, p=0.004; B=0.26, p=0.003, respectively). High
HbAlc, low CPR, and low FPG were significantly and inde-
pendently associated with the ‘highest time’ (8=0.21, p=
0.03; B=-0.34, p=0.0009; B=-0.23, p=0.02, respectively).
High age, low BMI, high HbAlc, low FPG and hypoglyce-
mia were significantly and independently associated with the
‘increase’ (3=0.23, p=0.009; B=-0.23, p=0.01; 6=0.36, p<
0.0001; B=-0.28, p=0.003; B=0.2, p=0.01, respectively).
High age, high HbAlc and hypoglycemia were significantly
and independently associated with ‘morning AUC’ (3=0.33,
p=0.0003; B=0.29, p=0.002; B=0.2, p=0.03, respectively).
Long duration of diabetes and low BMI were significantly
and independently associated with the ‘gradient’ (3=0.21, p=
0.03; $=-0.28, p=0.005, respectively) (Table 3).

The relationship between the highest postprandial
glucose level within 3 hours (‘the highest’) and the
patient characteristics

According to a univariate analysis, high age, long dura-
tion of diabetes, low BMI, high HbAlc, low CPR, low FPG,
low CPI and hypoglycemia were significantly associated
with the ‘the highest’ after lunch (8=0.34, p=0.0004; B=
0.41, p=<0.0001; B=-0.23, p=0.02; B=0.27, p=0.005; B=
-0.37, p=0.0001; B=-0.32, p=0.001, B=-0.32, p=0.0007, B=
0.24, p=0.01, respectively). High age, long duration of dia-
betes, low BMI, low CPR and low FPG were significantly
associated with the ‘the highest’ after supper (8=0.28, p=
0.004; $=0.40, p=<0.0001; B=-0.20, p=0.04; B=-0.22, p=
0.02; 8=-0.27, p=0.005, respectively) (Table 4).

After stepwise multivariate adjustment, high age, high
HbAlc low FPG and low CPI were significantly and inde-
pendently associated with ‘the highest’ after lunch (8=0.20,
p=0.03; B=0.28, p=0.003; B=-0.35, p=0.0003, B=-0.24, p=
0.008, respectively). A long duration of diabetes was signifi-
cantly and independently associated with ‘the highest’ after
supper (3=0.35, p=0.0003) (Table 5).
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Table 1. The Baseline Characteristics.

Characteristics

N (Male / Female) 106 (56 / 50)
Age, years 66.6 +11.0
Duration of diabetes, years 14.7 £ 10.7
BMI, kg/m? 23.7+3.9
HbAlc (NGSP), % 87+1.4
HbAlc (IFCC), mmol/moL 712 +15.6
CPR, ng/mL 14x1.0
FPG, mg/dL 144.6 + 64.9
CPI 1.0+£0.8
Pre-breakfast glucose level, mg/dL 128.7 +33.8
Highest glucose level, mg/dL 226.4 +62.7
Highest glucose time, minutes 100.8 £42.2
Increase glucose level, mg/dL 97.7+56.3
AUC (2180 mg/dL), mg-min/dL. 7,027.4 £ 9,268.6
Glucose gradient, mg/dL-min 1.1+x1.2
Highest during 24 hours, n

Post-breakfast 46
Post-lunch 24
Post-supper 34
Hypoglycemia, n (%) 28 (26.4)
Sulfonylurea agent, n (%) 10 (9.4)
Metformin, n (%) 68 (64.2)
Thiazolidinediones, n (%) 17 (16.0)

a- glucosidase inhibitor, n (%) 0(0)
Insulin, n (%) 70 (66.0)
DPP-4 inhibitors, n (%) 58 (54.7)
GLP-1 receptor agonists, n (%) 13 (12.3)
Rapid-acting insulin secretagogue, n (%) 11 (10.4)
SGLT 2 inhibitor, n (%) 19 (17.9)

The data are shown as the mean and standard deviation (SD).

BMI: body mass index, HbAc: glycosylated hemoglobin, CPR: C-pep-
tide immunoreactivity, FPG: fasting plasma glucose, CPI: C-peptide in-
dex, Highest glucose level: highest postprandial glucose level within 3
hours after breakfast, Highest glucose time: time from start of breakfast
to the highest postprandial glucose level, Increase glucose level: differ-
ence between pre-breakfast and highest postprandial breakfast glucose
levels, AUC (2180 mg/dL): area under the glucose curve (2180 mg/dL)
within 3 hours after breakfast, Glucose gradient: post-breakfast glucose
gradient, Highest during 24 hours: highest glucose levels during 24
hours Hypoglycemia, nocturnal hypoglycemia (<70 mg/dL from 0:00
to 8:00), DPP: dipeptidyl-peptidase, GLP: glucagon-like peptide,
SGLT: Sodium glucose co-transporter

Discussion

Overall, the results of our study suggest that: Higher age
and lower BMI are associated with higher ‘highest’ and ‘in-
crease levels’. Higher HbAlc levels are linked to longer
‘highest time’, and longer durations of diabetes and lower
BMI are related to higher ‘gradient’.

Regarding the observation that higher age is associated
with a higher ‘increase’, it has been suggested that elderly
patients with diabetes characteristically have lower pre-
breakfast glucose levels, but higher post-breakfast glucose
levels (14). The results of our study are in agreement with

previous reports (14). Regarding the observation that a lower
BMI was associated with a higher ‘increase’, we believe the
reason for this is that patients can be diagnosed with diabe-
tes despite having a low BMI; the insulin sensitivity of such
patients increases, while their endogenous insulin secretion
decreases. We therefore believe that the post-breakfast glu-
cose levels can easily increase. Regarding the association
between a higher ‘gradient’ and a longer duration of diabe-
tes and lower BMI, the longer duration of diabetes and
lower BMI generally leads to a decrease in endogenous in-
sulin secretion. Decreasing endogenous insulin secretion
mainly causes a higher ‘gradient’. Based on the aforemen-
tioned observations, we believe that treatments that decrease
the post-breakfast glucose levels in elderly diabetes patients
as well as delay or reduce the increase in the post-breakfast
glucose levels of diabetes patients with low BMI values
should be considered.

The observation that higher HbAlc levels correspond with
a longer ‘highest time’, that lower HbAlc levels are related
to an earlier ‘highest time’ in patients with diabetes, and
that the ‘highest time’ occurs early in the oral glucose toler-
ance test of early impaired glucose tolerance can possibly be
explained by a decrease in early endogenous insulin secre-
tion and a later recovery in endogenous insulin secretion.
Thus, the ‘highest time’ occurs earlier. In addition, higher
HbAlc is associated with a greater decrease in not only
early but also late endogenous insulin secretion (15). As a
result, the ‘highest time’ occurs later. Thus, we should also
consider treatments that decrease the ‘highest levels’ in the
later time zones from 1 hour to 2 hours after breakfast to
decrease the post-breakfast glucose levels in patients with
high HbAlc levels.

In the present study, the post-supper or post-lunch glucose
levels may have been the highest over 24 hours because the
study subjects took various medications. Thus, we also stud-
ied the relationships between the highest glucose levels and
the clinical characteristics at post-supper and post-lunch. As
a result, the post-lunch glucose level was associated with the
patients’ clinical characteristics (to the same extent as the
post-breakfast glucose level), but the relationship between
the post-supper glucose level and the clinical characteristics
was not stronger than that observed with the post-breakfast
glucose level. In this study, the number of patients who had
their highest glucose levels (over a 24-hour period) at the
post-breakfast measurement was greater than the number of
patients whose highest glucose levels were recorded in the
post-lunch measurement (46 vs. 24). We were therefore of
the opinion that the present study, which aimed to predict
glycemic variability based on the clinical characteristics,
should focus on the post-breakfast glucose levels.

Our study results were evaluated using CGM data, which
is the most useful method for evaluating glycemic variability
in detail (16, 17). Our results suggested that we could pre-
dict morning glycemic variability before and after breakfast
based on patient characteristics and without the use of fre-
quent blood collection (including the self-measurement of
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Table 3. The Relationship between Morning Glycemic Variability and the Factors That were Significantly Associated with
Morning Glycemic Variability (adjusted).

Highest glucose Highest glucose Increase glucose AUC (>180 mg/dL) Gluc.ose
level time level gradient

Variable B P B P B p B p B p
Age, years 0.27 0.004 0.17 0.046 0.3 0.0009
Duration of diabetes, years 0.21 0.03
BMI, kg/m? -0.25 0.007 -0.19 0.02 -0.28 0.005
HbAlc (NGSP), % 0.25 0.005 0.20 0.04 0.33  <0.0001 0.26 0.003
FPG, mg/dL -0.38  <0.0001  -0.33 0.0007
CPI -0.33 0.0004
Hypoglycemia, n 0.14 0.11 0.2 0.01 0.2 0.03
a 120.36 100.86 24.03 -25,722.45 2.83
R? 0.26 0.26 0.42 0.21 0.14
Significance <0.0001 <0.0001 <0.0001 <0.0001 0.0001

The data were subjected to a stepwise multivariate regression analysis. If explanatory variables displayed multicollinearity, either one was eliminated.

Table 4. The Relationship between the Highest Postprandial Glucose Level within 3 Hours
(’the Highest’) and the Patient Characteristics.

Highest glucose level Lunch Supper

Variable a B p a B p

Age, years 85.11 0.34 0.0004  115.24 0.28 0.004
Male sex, n 227.16  -0.12 021 23023 -0.17 0.09
Duration of diabetes, years 182.20 041 <0.0001 185.53 0.40 <0.0001
BMI, kg/m? 309.88  -0.23 0.02 29220 -0.20 0.04
HbAlc (NGSP), % 110.92 0.27 0.005 152.64 0.18 0.07
CPR, ng/mL 24988  -0.37 0.0001 23736  -0.22 0.02
FPG, mg/dL 262.19  -0.32 0.001 25478  -0.27 0.005
CPI 24591  -0.32 0.0007  233.14 -0.17 0.08
Hypoglycemia, n 209.25 0.24 0.01 21520 0.12 0.23
Sulfonylurea agent, n (%) 220.59  -0.08 040 220.84 -0.06 0.52
Metformin, n (%) 221.05 -0.03 0.79 21997 -0.01 0.96
Thiazolidinediones, n (%) 217.97 0.03 0.76 22045 -0.03 0.74
Insulin, n (%) 216.16 0.03 0.77  220.04 -0.01 0.96
DPP-4 inhibitors, n (%) 213.23 0.08 042  217.26 0.03 0.73
GLP-1 receptor agonists, n (%) 220.36  -0.06 0.53  221.03 -0.06 0.52
Rapid-acting insulin secretagogue, n (%)  217.10 0.08 043  217.05 0.12 0.22
SGLT 2 inhibitor, n (%) 215.60 0.11 028 22120 -0.06 0.57

The data were subjected to a univariate regression analysis.

Table 5. The Relationship between ’the Highest’ and the Fac-
tors That were Significantly Associated with *the Highest’ (ad-

justed).

Highest glucose level Lunch Supper
Variable B p B p
Age, years 0.20 0.03

Duration of diabetes, years 0.35 0.0003
HbAlc (NGSP), % 0.28 0.003

FPG, mg/dL -0.35 0.0003 -0.16 0.08
CPI -0.24 0.008

a 95.58 211.07

R? 0.31 0.17
Significance <0.0001 <0.0001

The data were subjected to a stepwise multivariate regression analysis. If ex-

planatory variables displayed multicollinearity, either one was eliminated.
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blood glucose). This information may help to provide appro-
priate guidance and in the selection of medications. Thus,
the clinical significance of the present study is high. How-
ever, it should be noted that this study was retrospective in
nature and that patients took various medications during the
study period, including metformin, insulin, and insulin se-
creting anti-diabetic drugs. Moreover, factors that are needed
to show homeostasis model assessment of insulin resistance
(HOMA-R) or other factors showing insulin resistance were
not measured in the subjects of the present study. Thus, the
validity of these results must be confirmed in a prospective
study in which antidiabetic agents are not used.
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