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Abstract: Objective: Increased low-density lipoprotein (LDL) glycation in diabetics could facilitate LDL oxidation, which
is proatherogenic. I studied plasma oxidized LDL (OxLDL) levels in diabetics and non-diabetics, their relation to glycemic
control, and their circadian variations. Methods: OXLDL in diabetics (n=32) and in non-diabetics without coronary artery
diseases (n=20) were compared. OXLDL in diabetics (n=24) was measured on Days 2, 3, 4, 8 and the last day of
hospitalization. Circadian variation in OxLDL in diabetics (n=18) was also examined. Glycemic control was implemented
during hospitalization. Patients: The diabetics were divided into two groups; moderately-controlled (MC) group (HbAlc <
9.0% at admission, n = 15) and poorly-controlled (PC) group (HbAlc = 9.0% at admission, n = 9). Results: In the MC
group, OXxLDL decreased by 20.8% after glycemic control (p = 0.0139), but not in the PC group. OxLDL is correlated with
LDL on Days 3, 4, 8 (r=0.837, 0.864, 0.801, respectively), TG on Day 8(r = 0.932), and Lp(a) at discharge (r=0.871). In the
PC group, OXLDL was 15.8% higher on the average in the daytime than at night (p = 0.0024). Conclusion: Plasma OxLDL
is decreased by glycemic control, particularly in moderately glycemic controlled patients. OxLDL has a circadian variation,
particularly in poorly glycemic controlled patients. Long-term glycemic control could reduce the progression of
atherosclerosis, by reducing OxLDL levels.
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control during hospitalization and (c) whether there was
1. Introduction circadian variation in plasma OxLDL levels. This study was
conducted to compare plasma OxXLDL in diabetic and
There is a well-established association of diabetes  non-diabetic patients, to determine effects of temporary
mellitus with the development of atherosclerosis. Recent  glycemic control during hospitalization on OxLDL levels,
prospective data have clearly established a link between a  and to examine circadian rhythm in OxLDL levels.
marker for chronic average glucose levels, hemoglobin Alc
(HbAlf:) and cardiO\./asculellr morbid-ity and rr.lortality (1,2, 2. Materials and Methods
3]. Diabetes mellitus is associated with enhanced
low-density lipoprotein (LDL) glycosylation [4] and  2.1. Study Patients
glycated LDL is considered to be oxidized more easily than . ) L )
intact LDL [5, 6, 7, 8]. Oxidized low-density lipoprotein The study included 32 consecutl.ve diabetic patients [type
(OxLDL) is a powerful natural prooxidant derived in vivo ! dlabet§s (n = 2). and-type 2 dlabeFes (n = 30)] and 20
from native LDL by cell-mediated oxidation [9]. OxLDL s a consecutive non-diabetic patients with normal coronary

key proatherogenic agent [10] that induces an increase in ang.iogra.tms. T}_le diabeti.c patients e.ntered Hi.roshima
Reactive Oxygen Species (ROS) formation, specific University Medical Hospital and affiliated hospitals for

alterations in gene/protein expression, and apoptosis of  eMmporary glycemic contr.ol bc?tweep November 1997 a.nd
vascular smooth muscle cells [11, 12, 13, 14]. It was unclear T coruary 1998. The non-diabetic patients underwent cardiac
(a) whether plasma oxidized LDL levels in diabetics were catheterlzatlon in -leoshlma University Medical Hospital
improved with temporary glycemic control, (b) whether and affiliated hospitals between October 1997 and February

these changes occurred subsequent to temporary glycemic 1998 because of suspicious angina pectoris.
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OxLDL in diabetics on Day 2 was compared to OxLDL in
non-diabetics without coronary artery disease on the day of
cardiac catheterization. Of the 32 diabetic patients, 24 were
observed for more than eight days in Hiroshima University
Medical Hospital and their OXLDL was measured on Days 2,
3, 4, 8 and the last day of hospitalization (median day 15,
mean day 20.8). HbAlc values were used by the Japan
Diabetes Society (JDS) HbAlc numbers. The 24 diabetics
were divided into two groups; (a) moderately-controlled
(MC) group (HbA1lc <9.0% (JDS) at admission, n=15) and
(b) poorly-controlled (PC) group (HbAlc = 9.0% (JDS) at
admission, n = 9). Their medication was not changed except
for glycemic control during hospitalization.

Of the 24 diabetic patients in Hiroshima University
Medical Hospital, 18 agreed to participate in the study of
circadian variation in OxLDL. Their blood samples were
taken at 8:00 am, 10:00 am, 11:30 am, 5:30 pm, midnight
and 5:00 am. The 18 diabetics were also divided into two
groups and examined; (a) moderately-controlled (MC)
group (HbAlc < 9.0% (JDS) at admission, n = 10), (b)
poorly-controlled (PC) group (HbAlc = 9.0% (JDS) at
admission, n = 8).

Exclusion criteria were: (a) patients receiving antioxidant
drugs or who smoked and (b) patients with variant angina,
previous myocardial infarction, congestive heart failure,
cardiomyopathy, valvular heart disease, stroke, cancer, or
other debilitating disease. Informed consent was obtained
from all patients before the study. The study conformed to
the principles outlined in the Declaration of Helsinki [15]
and the protocol was approved by the ethics committee of
the department of Internal Medicine II in Hiroshima
University Medical Hospital.

2.2. Blood Samples

Venous blood was taken from all of the study patients
after an overnight fast except when samples were obtained
for study of circadian variation. Blood samples,
anticoagulated with EDTA, were immediately centrifuged at
3000 rpm at 4 degrees Celsius for 10 min and stored at 4
degrees Celsius. The OxLDL levels of plasma samples were
assessed within 14 days after blood drawing as reported
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previously [16]. Plasma OxLDL level was measured by
sandwich ELISA wusing DLH3, an anti-oxidized
phosphatidylcholine  monoclonal antibody and an
anti-apolipoprotein B antibody as previously described [17].
One unit was defined as equivalent to 250 ng of
copper-oxidized LDL [18]. We also examined the followings:
(a) on Day 2 and the last hospital day; Total cholesterol
(T-cho), Triglyceride (TG), High-density lipoprotein (HDL)
cholesterol, Low-density lipoprotein (LDL) cholesterol,
Creatine phosphokinase (CPK), Creatine kinase isoenzyme
2 or Creatine kinase isoenzyme MB (CK-MB), Complete
blood cell count (CBC), apolipoprotein A-1 (apo-Al),
apolipoprotein B (apo-B), Lipoprotein (a) (Lp(a)), fasting
blood sugar (FBS), HbAlc, glycated albumin, and
1,5-anhydroglucitol (1,5-AG), and (b) on Days 3, 4 and 8;
T-cho, TG, HDL cholesterol, LDL cholesterol, and FBS.

2.3. Statistical Analysis

Values are expressed as percentages, means + SD or
means + SE. In case the data were normally distributed, the
two groups were compared with an unpaired t test;
otherwise, a Mann-Whitney U test was used. Statistical
comparisons between more than three groups like data
relating to circadian variation of OxLDL were performed
by 1-way ANOVA and post hoc multiple comparison with
Scheffé's test. P values of less than 0.05 were considered to
indicate statistical significance.

3. Results

3.1. Patient Characteristics between Diabetics and
Non-Diabetics

Clinical characteristics are shown in Table 1. The diabetic
group was well matched for age and sex with the
non-diabetic group. The patients with diabetes had
significantly elevated levels of fasting blood glucose and
HbAlc. OxLDL was higher in the diabetic (8.90 £ 5.07
U/ml) than non-diabetic group (6.93 &+ 2.12 U/ml), but it did
not reach statistical significance (p=0.1048).

Table 1. Patient characteristics

Unit Diabetic subjects (n = 32) Non-diabetic subjects (n = 20) P value

Age (yr.) 585+ 15.1 59.5+10.9 NS
Males (%) 59 50 NS
Total cholesterol (mg/dl) 239.2+129.6 202.6 +41.3 NS
Triglyceride (mg/dl) 169.1 £114.2 120.4 +52.6 0.08
HDL cholesterol (mg/dl) 50.5+14.4 543+17.3 NS
LDL cholesterol (mg/dl) 153.4+£114.7 128.7 £ 34.5 NS
OxLDL (Unit/ml) 89+5.1 6.9+2.1 0.10
Lp(a) (mg/dl) 42.7+61.9 20.4+13.1 NS
Apo A-1 (mg/dl) 130.8 £28.3 138.8 £25.3 NS
Apo B (mg/dl) 129.3+£93.0 96.4 +30.2 NS
FBS (mg/dl) 153.3£50.8 949+ 11.8 0.0001
HbAlc (JDS) (%) 8.6 5.1 0.0001

Values are percentages or means + SD.
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3.2. Plasma OxLDL Levels in 24 Diabetic Patients OxLDL levels of the MC group and the PC group, separately.
The mean duration from admission to discharge was 21

As shown in Figure 1, OXLDL decreased by 13.1% from days.

Day 2 to the last hospital day (p = 0.192). I also investigated

14

O DL levels [LU/ml]

Day-2 Day-3 Day-4 Day-& the last hospital day
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Figure 1. Shows plasma OxLDL changes in diabetic subjects during hospitalization.
* Plasma OxLDL levels on Day 2 versus the last hospital day in overall (p = 0.192).
tPlasma OxLDL levels on the last hospital day showed 20.8% reduction compared with those on Day 2 in moderately-controlled group (p = 0.0139).

tPlasma OxLDL levels on the last hospital day showed 2.2% increase compared with those on Day 2 in poorly-controlled group (p=NS).
Data are expressed as mean + SE.

3.3. Diabetic Patient Characteristics on Day 2 and the Last Hospital Day

Table 2. Patient characteristics between the moderately-controlled group and the poorly-controlled group

Unit Modelately-controlled (n = 15) Poorly-controlled (n=9) P value
Age (yr.) 62.5+14.3 50.1£17.3 NS
Males (%) 66.7 53.3 NS
Mean duration (days) 24.7 18.4 NS
Antihyperlipidemic agents (%) 333 222 NS
on Day 2
Total cholesterol (mg/dl) 207.8 £47.1 2323 +£62.2 NS
Triglyceride (mg/dl) 135.9 +87.1 169.0 £ 117.0 NS
HDL cholesterol (mg/dl) 51.5+11.2 482+ 18.5 NS
LDL cholesterol (mg/dl) 116.1 £36.3 146.8 £ 53.2 NS
FBS (mg/dl) 122.7+27.5 162.2 +£33.2 0.06
HbAlc (JDS) (%) 7.32 10.7 0.0001
1,5-AG (mg/dl) 6.77+6.8 1.4+0.5 0.02
glycated albumin (mg/dl) 23.1+29 346+72 0.0001
Lp(a) (mg/dl) 40.5+43.8 28.8 +£29.8 NS
Apo A-1 (mg/dl) 128.9 +£22.0 119.7 £20.0 NS
Apo B (mg/dl) 110.8 £33.9 125.8 £34.3 NS
on the last hospital day
Total cholesterol (mg/dl) 195.9 + 38.0 202.1 £42.8 NS
Triglyceride (mg/dl) 127.9+81.3 118.7+62.2 NS
HDL cholesterol (mg/dl) 51.5+11.2 482+ 18.5 NS
LDL cholesterol (mg/dl) 116.1 +36.3 127.7+£29.2 NS
FBS (mg/dl) 101.2+9.4 117.3£28.3 NS
HbAlc (JDS) (%) 7.13 9.37 0.0001
1,5-AG (mg/dl) 7.47+£6.22 3.94+1.57 NS
glycated albumin (mg/dl) 222+4.0 28.3+4.7 0.0025
Lp(a) (mg/dl) 40.5 +48.1 24.8 +15.0 NS
Apo A-1 (mg/dl) 123.1+12.1 115.7 £28.2 NS
Apo B (mg/dl) 102.0+31.1 106.1 +25.2 NS

Values are percentages or means + SD.
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Clinical characteristics are shown in Table 2. On Day 2, the
PC group had significantly elevated levels of HbAlc (1.46
fold higher than MC) and glycated albumin (1.50 fold higher
than MC) and had decreased levels of 1,5-AG (4.8 fold lower
than MC). On the last hospital day, the PC group had
significantly elevated levels of HbAlc (1.31 fold higher than
MC) and glycated albumin (1.27 fold higher than MC).
Although there was a statistically significant difference in
plasma fasting blood sugar at the beginning of hospitalization
(1.51 fold higher in PC compared with MC on Day 2), these
differences were lost in one week after [134.2 + 34.5 mg/dl
(MC) versus 152.7 + 38.7 mg/dl (PC), p =NS], and at the time
of leaving hospital.

3.4. Plasma OxLDL Levels in Moderately-Controlled and
Poorly-Controlled Patients

Figure 1 shows that in the MC group there was a 20.8%
reduction in OxLDL after glycemic control (p = 0.0139) in
spite of no significant change in total cholesterol levels (Table
2). In contrast, there was no significant decrease in OXxLDL
during the hospitalization in the PC group in spite of a
significant 27.4% decrease in total cholesterol levels (p =
0.034).
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3.5. Correlation with Plasma OxLDL Levels and other
Indexes

OxLDL is strongly correlated with LDL cholesterol on
Day 3, 4, 8 (r = 0.837, 0.864, 0.801, respectively), TG on
Day 8 (r=0.932), and Lp(a) at discharge (r = 0.871).

3.6. Circadian Rhythm of Plasma OxLDL

To examine the circadian variation in OxLDL, 18 diabetic
patients participated in plasma sample collection at the
indicated time points (Figure 2). Clinical characteristics are
shown in Table 3. As a whole, the OxLDL level increased in
the morning, but it was not statistically significant. To
determine whether the hyperglycemic status had an impact
on the circadian variation in OxLDL, I also investigated
OxLDL levels of the MC group and PC group, separately. In
the MC group, OxLDL levels were unchanged over 24 hours.
However, in the PC group, OxLDL levels were changed
from 9.26 + 1.23 U/ml at 8:00am to 6.53 £ 1.12 U/ml at
midnight and were significantly lower during the night than
during the day (p = 0.0024). The average levels of OxLDL
during the day were 15.8% higher than levels at midnight
and 5 am.

Table 3. Patient characteristics of the circadian variation participants between the moderately-controlled group and the poorly-controlled group

Unit Modelately-controlled (n = 10) Poorly-controlled (n=8) P value
Age (yr.) 61.9+14.0 47.0 £16.7 0.07
Males (%) 45.5 57.1 NS
Mean duration (days) 16.0 28.2 NS
Antihyperlipidemic agents (%) 45.5 28.6 NS
on Day 2
Total cholesterol (mg/dl) 220.2 +£40.2 246.4 +57.9 NS
Triglyceride (mg/dl) 131.3+£67.1 187.3+118.8 NS
HDL cholesterol (mg/dl) 58.0+16.0 49.7+£15.7 NS
LDL cholesterol (mg/dl) 135.6 + 38.6 154.4+£52.4 NS
FBS (mg/dl) 135.0 +£20.7 157.8+31.7 NS
HbAlc (JDS) (%) 7.55 11.0 0.0001
1,5-AG (mg/dl) 4.06+3.5 123+0.2 0.06
glycated albumin (mg/dl) 22.6+3.1 354+75 0.0002
Lp(a) (mg/dl) 45.5+479 31.0+£30.1 NS
Apo A-1 (mg/dl) 1374+17.8 119.4 +21.1 0.09
Apo B (mg/dl) 116.6 +32.1 133.9+£29.5 NS
on the last hospital day
Total cholesterol (mg/dl) 196.8 +35.5 212.1 £38.7 NS
Triglyceride (mg/dl) 118.3+51.2 126.0 £ 64.4 NS
HDL cholesterol (mg/dl) 50.9+9.0 51.1+18.7 NS
LDL cholesterol (mg/dl) 120.7 £ 36.3 131.7+£28.3 NS
FBS (mg/dl) 101.5+9.4 117.3+£23.1 NS
HbAlc (JDS) (%) 727 9.34 0.0003
1,5-AG (mg/dl) 5.85+3.8 4.01 £ 1.65 NS
glycated albumin (mg/dl) 209+25 28.1+4.7 0.0012
Lp(a) (mg/dl) 48.2+52.0 25.6+£12.3 NS
Apo A-1 (mg/dl) 123.1+12.3 120.1 £28.4 NS
Apo B (mg/dl) 104.9 +30.0 109.7 £24.8 NS

Values are percentages or means + SD.
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Figure 2. shows circadian variation in plasma OxLDL levels in diabetics

Circadian variation in the poorly-controlled group showed statistically
significant difference by ANOVA (p = 0.0024). Data are expressed as
mean + SE.

4. Discussion

This study shows that plasma OxLDL levels were 28%
higher in the diabetic group compared to the control group,
although this did not reach statistical significance, possibly
in partly due to the sample size. Toshima et al. showed
OxLDL levels were significantly higher in diabetic patients
(n = 102) than in control patients (n = 181) (p < 0.01) [16].
This finding needs to be validated in more patients. The
difference in plasma OxLDL levels between the MC and PC
groups was not significantly different.

I found that plasma OxLDL levels in MC group (i.e. those
with HbAlc < 9% at admission) decreased after temporary
glycemic control during hospitalization, whereas plasma
OxLDL levels in the PC group were unchanged during the
hospitalization in spite of a reduction in total cholesterol
levels. The increased serum glycated LDL level in diabetic
patients correlates with their parameters of glycemic control
[19] and glycated LDL is said to be more easily oxidized
than native LDL [7]. Thus the unchanged plasma OxLDL
levels in PC group could be related to higher glycated LDL
levels. It has been shown that eight-week glycemic control
resulted in a significant reduction in serum lipid peroxidases,
as an accepted index of intravascular free radicals, when
glycated HbA1c dropped to under 7% [20]. In another study
of 21 type 2 diabetes in who require insulin therapy to
control metabolism, there was no change in lipid
peroxidation in spite of a significant decrease in HbAlc
from 10.6 £ 1.1 % to 7.9 + 0.6 % [21]. In this study, HbAlc
levels in MC group dropped from 7.32% to 7.13%, and
OxLDL levels in these patients also decreased significantly.
In PC group, OXLDL levels did not change significantly in
spite of the HbAlc improvement (10.7% to 9.37%).
However, there was no correlation between plasma OxLDL
and HbAlc levels in diabetic patients. Moreover, in diabetic
patients, there was no relationship between plasma OxLDL

levels and serum fasting and postprandial blood sugar levels.
Toshima et al. also found the same results [16].

Several factors may contribute to LDL peroxidation.
Intense, long duration aerobic exercise increases LDL
susceptibility to oxidation [22]. A 10-month exercise
program reduces oxidized LDL levels [23]. E-series
prostaglandins may significantly inhibit copper-induced
oxidation of native LDL [24]. Nicotine destabilizes the
production of hydroperoxides in LDL and increases the
formation of secondary oxidation products [25].
Hypertension and hyperlipidemia are also promoters of
oxidation [26, 27]. This study shows that controlling blood
glucose levels may reduce LDL oxidation. In the MC group,
there was a significant 13.3% reduction in OxLDL after
glycemic control, which could lower glycated LDL and
hence suppress LDL oxidation. On the other hand,
regardless of better glycemic control, plasma OxLDL level
in the PC group remained elevated. This was because of
their high levels of glycated LDL, which leads to LDL
oxidation. The results suggest that a significant lag time may
exist in the PC group before better glycemic control
decreases sufficient amount of glycated LDL and then
decreases OxLDL.

In the present study, I also documented that plasma
OxLDL levels vary in circadian fashion, particularly in
patients with poor glycemic control at admission. The
OxLDL level in both the MC and PC groups together was
more than 10% higher in the daytime than at night (p = 0.02).
In the MC group, OxLDL levels were unchanged all day. In
the PC group, OXxLDL levels were significantly higher in the
morning. There is no other report about the daily variation in
OxLDL levels of diabetics, but in five normal control
patients consuming a regular diet had a series of OxLDL
measurements, and it was reported that the OxLDL level was
unchanged all day [17]. These results show that plasma
OxLDL level did not change all day when the glycated
HbAlc level was under 9.0%. It has been reported that in six
well-trained runners who ran continuously for four hours,
LDL susceptibility to oxidation was increased significantly
after running [22]. Changes in LDL susceptibility to
oxidation could help explain why there is circadian variation
and why the highest OXLDL level of the day occurred in the
morning in patients with poor glycemic control at admission.
Increased activity after getting up in the morning may be
related to a morning rise of oxidized LDL. The presence of a
morning peak in OxXLDL may be associated with an increase
in rates of acute myocardial infarction [28] and ischemic
stroke [29].

My data also indicates that plasma OxLDL in diabetic
patients is higher than that in non-diabetic patients, although
this did not reach statistical significance, partly because of
the sample size. My results are consistent with the report of
Toshima et al. indicating a significant increase in plasma
OxLDL in diabetics [16]. Yoshida et al. have shown
increased susceptibility of LDL to in vitro oxidation in
diabetics [30] and this is consistent with the demonstration
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of increased susceptibility to oxidation of glycated LDL [8].
However, there were two reports indicating no increase in
OxLDL in diabetics [31, 32]. A potential explanation for
these discrepant results lies in my demonstration that
moderate glycemic control clearly reduces OxLDL levels in
diabetics.

My results suggest that levels of glycated LDL may be an
important agent of proatherogeneric stimuli in the diabetic
group, since in the PC group better glycemic control during
a mean hospital stay of 19 days was not sufficiently long to
be reflected in a reduction of OxLDL.

I conclude that plasma OXLDL in diabetic patients is
higher than that in non-diabetic patients and has a circadian

variation in patients with poor glycemic control at admission.

Plasma OxLDL is decreased by glycemic control,
particularly in patients with moderate glycemic control at
admission. Long-term glycemic control could reduce the
progression of atherosclerosis by reducing OxLDL levels.
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