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Background: Recent studies suggested that the association of acute glucose variability and diabetic complications was not con-
sistent, and that Alc variability representing long term glucose fluctuation may be related to coronary atherosclerosis in patients
with type 1 diabetes. In this study, we attempt to determine whether or not Alc variability can predict coronary artery disease
(CAD) in patients with type 2 diabetes.

Methods: We reviewed data of patients with type 2 diabetes who had undergone coronary angiography (CAG) and had been fol-
lowed up with for 5 years. The intrapersonal standard deviation (SD) of serially-measured Alc levels adjusted by the different
number of assessments among patients (adj-Alc-SD) was considered to be a measure of the variability of Alc.

Results: Among the 269 patients, 121 of them had type 2 diabetes with CAD. In patients with Alc =7%, the mean Alc levels
and Alc levels at the time of CAG among the three groups were significantly different. The ratio of patients with CAD was the
highest in the high adj-Alc-SD group and the lowest in the low adj-Alc-SD group (P=0.017). In multiple regression analysis,
adj-Alc-SD was an independent predictor for CAD in subjects with Alc =7% (odds ratio, 2.140; P=0.036).

Conclusion: Patients with higher Alc variability for several years showed higher mean Alc levels. Alc variability can be an in-
dependent predictor for CAD as seen in angiographs of patients with type 2 diabetes with mean Alc levels over 7%.
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INTRODUCTION

It is well known that type 2 diabetes has an association between
the degree of hyperglycemia and increased risk of microvas-
cular complications, myocardial infarction, and macrovascular
mortality through previously well-designed prospective stud-

ies [1-6]. Although many studies have investigated and com-
pared the roles of the multiple risk factors involved in diabetic
vascular complications, an accurate assessment of their respec-
tive contributions remains difficult [7-9]. However, as demon-
strated by many trials, microvascular and macrovascular com-
plications are mainly or partly [1,5,10] dependent on dysglyce-
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mia. Recently, it was suggested that hemoglobin Alc (HbAlc)
is not the only component of dysglycemia as a risk factor for
diabetic complications [11]. Dysglycemia may be composed
of fasting glucose levels, postprandial glucose levels, mean
glucose levels, and glucose variability.

In terms of glucose variability, patients may show various de-
grees of glycemic excursions even when they have identical
Alc values [12]. More harmful effects of variable glucose con-
centrations than stable high glucose was observed on high-glu-
cose-induced reactive oxygen species (ROS) generation and
cellular apoptosis in several in vitro studies [13-15]. We also re-
ported the effect of intermittent high glucose on pancreatic beta
cell apoptosis [16]. Those studies have suggested that glycemic
variability may play a role in the pathogenesis of atherosclerosis
and may be an independent risk factor for diabetic complica-
tions. However, there have been no sufficient studies presented
so far that specifically evaluated the relationship between glyce-
mic variability, atherosclerosis, and complications in diabetic
patients, especially for cardiovascular complications. One recent
study showed that glucose variability for 72 hours measured by
a continuous glucose monitoring system was associated with
coronary atherosclerosis in patients with type 2 diabetes [17].

Most of the previous studies reported that the relationships
between glucose variability and oxidative stress or diabetic
complications dealt acute glucose fluctuation for several days.
However, atherosclerosis is a long term processed condition,
which may occur from very young age and progress through a
person’s lifetime [18]. In the Diabetes Control and Complica-
tions Trial (DCCT), variation in the 7-point laboratory-mea-
sured glucose profiles for several days did not predict diabetic
complications [19]. Other recent reports showed that variations
in long-term glycemia, defined as Alc variability, were power-
ful independent predictors for diabetic microvascular compli-
cations and even for cardiovascular disease (CVD) events in
patients with type 1 diabetes [12,20]. Therefore, we analyzed
the effect of long term A1C variability for the prediction of
coronary atherosclerosis in patients with type 2 diabetes.

Study subjects and biochemical measurement

The inclusion criteria for this study was patients with type 2
diabetes who had undergone coronary angiography (CAG)
due to chest pain and had been followed up in our institute for
at least 5 years prior to the CAG. We selected patients who had
HbA 1c measurements at least five times during the follow-up
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period. Their systolic blood pressure (SBP) and diastolic pres-
sures (DBP) were checked at every clinic visit. Fasting blood
tests were performed on the patients including routine com-
plete blood count, liver function test, kidney function, and lip-
id profile at least once a year based on the institute’s own fol-
low-up plan. We excluded subjects with a previous history of
stroke and peripheral vascular disease.

Serial Alc measurements

HbAlc at CAG is serum HbAlc levels measured at the time
CAG was performed. During a mean follow-up of 5.9 years,
the mean number of A1C measurements per patient was 10
(range, 5 to 18), and there were on average 2.1 measurements
per patient per year. For each patient, the intrapersonal mean
and standard deviations (SDs) of all the recorded Alc mea-
surements were calculated. The intrapersonal SD of the serial-
ly-measured Alc levels adjusted by the different number of
assessments among patients (adj-Alc-SD=SD/N[n/(n—1)])
was considered a measure of variability of Alc.

CAG

Coronary artery angiography was performed using standard
Judkins techniques or a radial approach. During cardiac cathe-
terization, nitroglycerine was administrated routinely in all the
cases suspected of having coronary spasm. Angiographic anal-
ysis was carried out by three experienced interventional cardi-
ologists. Coronary artery disease (CAD) was defined as the
presence of one or more lesions with greater than 50% luminal
narrowing in the coronary artery. Otherwise, patients were
classified as angina with insignificant coronary artery stenosis.

Statistical analyses

We analyzed our data with SPSS version 18 (IBM Co., Armonk,
NY, USA). A comparison of multiple factors between the groups
divided by CAD was performed by Student ¢ test analysis. Lo-
gistic regression analysis of CAD with the variables was per-
formed. The proportion of patients with CAD among the groups
divided by the mean Alc was analyzed by the chi-square test. A
P value less than 0.05 was considered statistically significant.

Comparison of characteristics of subjects divided into
tertiles of intrapersonal SD of serially-measured Alc levels
(adj-Alc-SD)

Our study subjects that were chosen by the inclusion criteria
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described above totaled 269 patients. Among them, 121 pa-
tients had type 2 diabetes with CAD and their mean age was
64.3 years old.

The range of mean Alc levels was 6.75 to 11.67 and the
range of SD of Alc levels was 0.06 to 4.54. The range of adj-
Alc-SD was 0.049 to 4.127.

We divided the patients into tertiles of intrapersonal SD of
serially-measured Alc levels (Table 1). Patients in the lowest,
the middle, and the highest tertile were referred to as the low
SD group, the middle SD group, and the high SD group, re-
spectively. They did not exhibit any differences in age, body
mass index (BMI), smoking status, medication, systolic blood
pressure (SBP), and DBP at the time of CAG. Subjects of the
three groups had similar total cholesterol, low density lipopro-
tein cholesterol (LDL-C), high density lipoprotein cholesterol
(HDL-C), and triglyceride levels at the time of CAG. The
mean Alc levels of the low, middle, and high SD groups were
6.90%10.95%, 7.51%+1.14%, and 8.22%+1.32%, respec-
tively. The mean Alc levels of the three groups were signifi-
cantly different (P<0.05). The ratio of patients with CAD was

not significantly different in the three groups (P=0.352).

The distribution of SD of Alc according to the mean Alc
level

To assess the relationship of SD of Alc and the mean Alc lev-
el, we compared the distribution of the SD of Alc according
to the mean Alc level (Fig. 1). We divided the subjects into
two groups depending on the mean Alc levels: Alc <7% and
=7%. The percentages of patients with Alc <7% and =7% in
the low SD group were 53.33% and 46.66%, respectively. In
the middle SD group, the percentage of type 2 diabetics with
Alc =7% was twice the amount of subjects with <7% Alc.
The patients with a mean Alc =7% were nearly four times
greater in number than Alc <7% patients in the high SD

group.

Comparison of characteristics of subjects divided by mean
Alc level and tertiles of intrapersonal SD of serially-
measured Alc levels (adj-Alc-SD)

The patients with Alc <7% did not show any significant dif-

Table 1. Characteristics of Patients Divided into Tertiles of Intrapersonal Standard Deviation of Serially-Measured Alc Levels

Adjusted SD of serial Alc

Characteristic P value
Low Middle High

Number 90 92 94

Male sex, % 44.44 47.82 48.93 0.544
Age, yr 63.88t11.16 64.23+8.71 63.041£10.42 0.711
BMI, kg/m? 24.95+4.19 24.75+£3.33 25.00+3.82 0.893
Diabetic duration, yr 12.79+£7.98 14.57+8.52 12.21£8.994 0.210
ACE;i or ARB use, % 51.11 48.91 55.31 0.563
CCB use, % 40 54.34 56.38 0.055
SBP, mm Hg 124.67£21.16 129.43+£23.04 129.90+£24.95 0.243
DBP, mm Hg 73.06+10.86 74.83+£11.68 73.35+£16.60 0.571
Total cholesterol, mg/dL 156.01+£42.42 151.57+£37.92 156.51+£35.68 0.636
LDL-C, mg/dL 86.971+35.61 82.601+30.12 90.43+£28.67 0.279
Triglyceride, mg/dL 141.24+£94.91 139.10+£82.21 154.62+£80.66 0.439
HDL-C, mg/dL 47.21+£28.99 41.68+16.03 41.31£12.00 0.118
Alcat CAG, % 7.10+0.97 7.70+£1.20° 8.14+1.98° <0.001
Mean Alc, % 6.901+0.95 7.51+£1.14° 8.22+1.32%° <0.001
Adjusted SD of Alc 0.3040.09 0.56+0.06* 1.2240.62*° <0.001
CAG (+), % 41.86 42.39 48.86 0.352

Values are expressed as mean=+SD.

SD, standard deviation; BMI, body mass index; ACEji, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium chan-
nel blocker; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein
cholesterol; CAG, coronary angiography.

2P<0.05 vs. low SD group; *P<0.05 vs. middle SD group.
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ferences in age, BMI, smoking status, medication, SBP, and
DBP among the three groups (Table 2). They had similar total
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Fig. 1. The percentage of patients with Alc <7% and =7% in
groups divided by tertile of adjusted standard deviation (SD) of
serial Alc levels (chi-square, P<0.001).

cholesterol, LDL-C, triglyceride, and HDL-C levels. The mean
Alc levels of the three groups were significantly different
(P<0.001). However, the ratio of patients with CAG was not
significantly different in the three groups (P=0.058) (Table 2).

In the subjects with a mean Alc =7%, the mean Alc levels
and Alc at CAG among the three groups were significantly
different (P<0.001). The ratio of patients with CAD was the
highest in the high Alc SD group and the lowest in the low
Alc SD group (P=0.017) (Table 3). The use of calcium chan-
nel blocker was significantly different, but other parameters
including age, BMI, smoking status, angiotensin converting
enzyme inhibitor or angiotensin receptor blocker use, SBP,
DBBP, and lipid profiles did not exhibit any differences among
the three groups in patients with Alc =7%.

Predictors of CAD in type 2 diabetics

To evaluate the independent predictors for the existence of
CAD, we performed a multiple regression analysis. SBP was
an independent predictor for CAD in patients with Alc <7%

Table 2. Characteristics of Patients with Mean Alc <7% Divided into Tertiles of Intrapersonal Standard Deviation of Serially-Measured

Alc Levels

Adjusted SD of serial Alc

Characteristic P value
Low Middle High

Number 33 32 32

Male sex, % 48.48 50 53.12 0.710
Age, yr 61.571£10.53 66.59+10.17 64.31£8.02 0.116
BMI, kg/m? 24.60t£4.07 25.15+3.57 25.33+3.52 0.715
Smoking status, % 30.30 28.12 28.12 0.846
Diabetic duration, yr 10.67£7.09 9.50+7.07 8.96+1.59 0.690
ACE;i or ARB use, % 45.45 50 53.12 0.538
CCB use, % 51.51 50 56.25 0.872
SBP, mm Hg 119.30£19.99 126.25+£23.32 130.31£23.62 0.138
DBP, mm Hg 72.03+£12.60 77.25+£10.30 73.43+13.10 0.204
Total cholesterol, mg/dL 160.42+£50.46 143.56+£34.01 165.50+36.77° 0.088
LDL-C, mg/dL 95.40+42.86 76.61+£28.27 94.13+£32.38 0.097
Triglyceride, mg/dL 177.88+£124.10 139.61£71.08 153.63+£82.93 0.338
HDL-C, mg/dL 42.59+11.11 39.23+8.02 41.83+11.44 0.845
Alcat CAG, % 6.30+0.56 6.481+0.69 6.82+1.09° 0.060
Mean Alc, % 6.12+0.54 6.31£0.36° 6.52+0.28" 0.007
Adjusted SD of Alc 0.241+0.78 0.4940.09° 1.0540.58* <0.001
CAG (+), % 51.61 37.5 27.58 0.058

Values are expressed as mean=+SD.

SD, standard deviation; BMI, body mass index; ACEji, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium chan-
nel blocker; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein

cholesterol; CAG, coronary angiography.
2P<0.05 vs. middle SD group; "P<0.05 vs. low SD group.
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Table 3. Characteristics of Patients with Mean Alc =7% Divided into Tertiles of Intrapersonal Standard Deviation of Serially-Measured

Alc Levels

Adjusted SD of serial Alc

Characteristic P value
Low Middle High

Number 61 60 60

Male sex, % 45.90 4237 48.38 0.780
Age, yr 63.68+£10.71 63.35+£9.01 63.12+£11.09 0.955
BMI, kg/m? 25.15t4.12 24.42+3.16 24.99+4.09 0.557
Smoking status, % 31.14 25.42 41.93 0.202
Diabetic duration, yr 15.13+8.50 14.911+9.65 11.80£8.42° 0.074
ACE;i or ARB use, % 50.81 49.15 59.67 0.324
CCB use, % 36.06 50.84 61.29 0.007
SBP, mm Hg 125.70+£21.90 131.44+20.26 133.44+20.98" 0.112
DBP, mm Hg 72.00£10.67 76.3349.46 73.45+11.62 0.079
Total cholesterol, mg/dL 151.10+35.94 152.80+32.12 152.80+32.12 0.646
LDL-C, mg/dL 85.21+33.31 83.98+29.85 87.03+23.71 0.861
Triglyceride, mg/dL 127.77+£92.50 134.94£59.12 155.67+£84.29 0.167
HDL-C, mg/dL 49.50+33.33 42.77+£19.21 40.52+11.71° 0.110
Alcat CAG, % 7.901+0.84 8.03+1.07 8.66+2.08"" <0.001
Mean Alc, % 7.801+0.78 8.041+0.90 8.77+£1.16* 0.010
Adjusted SD of Alc 0.3710.11 0.71£0.11° 1.5040.64*° <0.001
CAG (+), % 33.89 54.23 55.93 0.017

Values are expressed as mean=+SD.

SD, standard deviation; BMI, body mass index; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium chan-
nel blocker; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein

cholesterol; CAG, coronary angiography.
1P<0.05 vs. middle SD group; °P<0.05 vs. low SD group.

(Table 4). In subjects with Alc =7%, the adjusted SD of Alc
and LDL-C was an independent predictor for CAD (adjusted
SD of Alc, odds ratio [OR], 2.140, P=0.036; LDL-C, OR,
1.045, P=0.021) (Table 5).

DISCUSSION

We focused on the relationship between Alc variability for
over 5 years and confirmed CAD using CAG. Patients with
larger Alc variability exhibited a tendency to have higher
mean Alc levels. CAD was found more frequently in patients
with a high SD of Alc in patients with mean Alc =7%. When
we analyzed these findings in detail, our results showed that
larger Alc variability with an adjusted SD of Alc was an inde-
pendent predictor for coronary atherosclerosis in patients with
mean Alc =7%.

The clinical evidence to support our results regarding the
association of Alc variability and CAD is few in number be-
cause of a lack of interest in Alc variability and a standardized

Copyright © 2013 Korean Endocrine Society

method to measure glycemic variability in a large number of
patients. One previous study reported that the long-term vari-
ability of fasting glucose was an independent predictor of mor-
tality in patients with type 2 diabetes [21]. They measured at
least two fasting plasma glucose (FPG) values every year from
1984 to 1986 and followed the patients for 10 years to assess
total and cause-specific mortality. The coefficient of variation
(CV) of FPG was an independent predictor of total, cardiovas-
cular, and cancer mortality. The mean FPG was a predictor of
total mortality only when the CV of FPG was not included in
the analyses. Another recent analysis of the DCCT data showed
that Alc variability added to the predictive power of the Alc
level alone for diabetic nephropathy and retinopathy [20]. They
assessed the variation in long-term glycemia as intrapersonal
SDs of quarterly measured Alc. The analysis from the data of
a Finnish diabetic nephropathy study also reported that Alc
variability was a predictor for incident microalbuminuria, pro-
gression of renal disease, and the incidence of CVD events in
patients with type 1 diabetes [12].
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Table 4. Predictors of the Existence of Coronary Artery Disease
in Type 2 Diabetes with Alc <7%

Table 5. Predictors of the Existence of Coronary Artery Disease
in Type 2 Diabetes with Alc =7%

OR 95% CI P value OR 95% CI P value
Male sex 1.205 0.358-4.060 0.764 Male sex 1.764 0.734-4.242 0.205
Age, yr 1.047 0.977-1.122 0.197 Age, yr 1.021 0.983-1.059 0.282
BMI, kg/m’ 1.028 0.886-1.191 0.718 BM], kg/m’ 1.062 0.959-1.175 0.247
Smoking, % 1.197 0.740-1.937 0.464 Smoking, % 0.875 0.611-1.255 0.469
Diabetic duration, yr 0.983 0.904-1.070 0.694 Diabetic duration, yr 1.023 0.977-1.071 0.326
ACE:i or ARB use, % 1.677 0.499-5.635 0.403 ACEi or ARB use, % 1.280 0.604-2.712 0.520
CCB use, % 2.010 0.614-6.582 0.248 CCB use, % 0.644 0.383-1.083 0.097
SBP, mm Hg 1.031 1.001-1.062 0.046 SBP, mm Hg 0.997 0.982-1.013 0.703
LDL-C, mg/dL 1.000 0.983-1.017 0.980 LDL-C, mg/dL 1.015 1.002-1.028 0.021
Triglyceride, mg/dL 1.003 0.997-1.009 0.409 Triglyceride, mg/dL 0.998 0.994-1.003 0.515
HDL-C, mg/dL 1.020 0.959-1.084 0.538 HDL-C, mg/dL 0.996 0.980-1.012 0.614
Alcat CAG, % 0.497 0.191-1.298 0.153 Alcat CAG, % 0.877 0.616-1.247 0.464
MeanAlc, % 3.048 0.595-15.608 0.181 MeanAlc, % 1.391 0.822-2.356 0.219
Adjusted SD of Alc 0.327 0.061-1.753 0.192 Adjusted SD of Alc 2.140 1.051-4.358 0.036

OR, odds ratio; CI, confidence interval; BMI, body mass index; ACEi,
angiotensin converting enzyme inhibitor; ARB, angiotensin receptor
blocker; CCB, calcium channel blocker; SBP, systolic blood pressure;
LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipo-
protein cholesterol; CAG, coronary angiography; SD, standard deviation.

The mechanisms by which glucose fluctuation damages
cells including vascular endothelium remain uncertain. Stud-
ies have shown that temporary or repetitive hyperglycemia in-
duces the adhesion of monocytes to endothelial cells compared
to consistent hyperglycemia in SD rats [22-24]. Hyperglyce-
mic “spikes” may play a direct and significant role in the patho-
genesis of diabetic vascular complications [25]. Hyperglyce-
mia itself may induce endothelial injury through the formation
of toxic metabolites such as ROS, advanced glycation end
product [26], increased sorbitol [27], and persistent activation
of protein kinase C [28]. Increased ROS serves as a final com-
mon pathway of hyperglycemia-induced vascular dysfunction
through a multitude of mechanisms. It has been suggested that
the wider the glucose level fluctuates, the more ROS is pro-
duced, which may induce more severe damage in endothelial
cells [13,14,29,30]. Glucose fluctuation may weaken the adap-
tion and cause much stronger toxicities [16]. Type 2 diabetes
has a linear correlation between increased free radical produc-
tion and the magnitude of glucose fluctuations, calculated as
the mean amplitude of glycemic excursion. Glycemic excur-
sions measured by continuous glucose measurement correlates
with oxidative stress in patients with type 2 diabetes [31].

The reason that the predictive power of Alc variability was
different between the groups divided by the mean Alc level in
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OR, odds ratio; CI, confidence interval; BMI, body mass index; ACEi,
angiotensin converting enzyme inhibitor; ARB, angiotensin receptor
blocker; CCB, calcium channel blocker; SBP, systolic blood pressure;
LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipo-
protein cholesterol; CAG, coronary angiography; SD, standard deviation.

our study is not clear. The treatment effect of intensive glucose
control against macrovascular complications of type 2 diabe-
tes still remains unanswered, and is a source of frustration in
recent large epidemiology studies [32-34]. One new hypothe-
sis of the glycemic threshold was recently suggested from ana-
lyzing data of one study [35]. Based on their analysis, unlike
microvascular complications of diabetes, the glycemic thresh-
old of macrovascular complications would be 7%, not 6.5%.
Moreover, patients with higher mean Alc levels had higher
Alc variability. These may be possible explanations for our
result which states that higher Alc variability in patients with
mean Alc levels =7% may predict the existence of CAD in
patients with type 2 diabetes.

There are several limitations in our study. First, our study
was a retrospective observation study. We created strict inclu-
sion criteria for the purpose of our study in order to minimize
that limitation. We collected serial Alc levels from available
medical records. Since those values were a part of a routine
clinical follow-up plan, there were various intervals between
A1C measurements for each patient. The number of measure-
ments of Alc during the study period per individual patient
also varied. Therefore, we used the SD of serially-measured
Alc levels adjusted by the different number of assessments
among patients. Medication or insulin therapy for diabetes

Copyright © 2013 Korean Endocrine Society
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may affect glucose fluctuation, but we did not analyze the dif-
ferent modalities of treatment for diabetes due to the inability
to determine the certain pattern of drug change over 5 years.

In conclusion, we found that Alc variability over the previ-
ous 5 years can be a predictor for future coronary atheroscle-
rosis in patients with type 2 diabetes with mean Alc levels
over 7%.
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