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1 BEEER

Number (Men / Women) 13 (10/3)
Age (y) 61.3+11.9
Systolic blood pressure (mmHg) 122.4+16.9
Diastolic blood pressure (mmHg) 71.2+1.0
Fasting blood glucose (mg/dl) 158.1+64.4
HbA1c (mmol/mol) 53.7+11.2
HbAlc (%) 7.06::1.04
Serum Creatinin (mg/dl) 0.82+0.18
Estimated GFR (ml/min/1.73m?) 70.1£19.2
Urinary albumin (pg/g Cre) 28.6+21.4
Uric acid (mg/dl) 5.4+£1.6
LDL-C (mg/dl) 97.5421.9
HDL-C (mg/dl) 51.5+12.1
TG (mg/dl) 169.2+73.4
ARBs (%) 46.2
Sulfonylurea (%) 38.5

o GI (%) 46.1
Metofolmin (%) 61.5
Thiazolidine (%) 38.5
DPPIV-I (%) 38.6
Insulin (%) 30.7




£2 T IMNRREF UERERI%R DGR T A —&—DELL

Before After 6 months p value

Urinary podocytes (cells/ml) 0.3£0.2 0.07+0.16 0.002
Estimated GFR (ml/min /1.73m?) 70.1£19.2 69.51+20.2 0.94
Urinary albumin (ug/g Cre) 28.621.4 30£29.2 0.89
LDL-C (mg/dl) 97.5+21.9 95.47%29.0 0.84
HDL-C (mg/dl) 51.2£10.2 51.5*=12.1 0.94
Triglyceride (mg/dl) 169.2+73.4 153.2+55.1 0.53
F(2)-isoprostane (pg/ml) 44911758 408.5+117.8 0.53
FBS (mg/dl) 158.1+64.5 136.6-44.3 0.33
HbA1c (mmol/mol) 53.7+11.2 51.0x£7.7 0.24
HbAlc (%) 7.06+1.04 6.4£0.71 0.5
Systolic blood pressure (mmHg) 122.4%16.9 126.2+18.4 0.59
Diastolic blood pressure (mmHg) 71.2%14.0 70.0£13.5 0.83
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Abstract

Background: High LDL-cholesterol (LDL-C) and glucose levels are risk factors for ischemic heart disease (IHD) in
middle-aged diabetic individuals; however, the risk among the elderly, especially the very elderly, is not well known.
The aim of this study was to identify factors that predict IHD and cerebrovascular attack (CVA) in the elderly and to
investigate their differences by age.

Methods: We performed a prospective cohort study (Japan Cholesterol and Diabetes Mellitus Study) with 5.5 years
of follow-up. A total of 4,014 patients with type 2 diabetes and without previous IHD or CVA (1,936 women; age
674+ 95 years, median 70 years; <65 years old, n=1,261; 65 to 74 years old, n=1,731; and 2 75 years old,
n=1,016) were recruited cn a consecutive outpatient basis from 40 hospitals throughout Japan. Lipids, glucose,
and other factors related to IHD or CVA risk, such as blood pressure (BP), were investigated using the multivariate
Cox hazard model.

Results: One hundred fifty-three cases of IHD and 104 CVAs (7.8 and 5.7/1,000 peonle per vear, respectively)
occurred over 5.5 years. Lower HDL-cholesterol (HDL-C) and female gender were correlated with IHD in patients
275 years old (hazard ratio (HR)}0.629, P <001 and 1.132, P < 0.05, respectively). In contrast, systolic BP (SBF), HbA1C,
LDL-C and non-HDL-C were correlated with IHD in subjects <65 years old (P < 0.05), and the LDL-C/HDL-C ratio was
correlated with tHD in all subjects. HDL-C was correlated with CVA in patients 275 years old (HR: 0.536, P < 0.01).
Kaplan-Meier estimator curves showed that IHD occurred more frequently in patients <65 years old in the highest
quartile of the LDL-C/HDL-C ratio. In patients 275 years old, IHD and CVA were both the most frequent among
those with the lowest HDL-C levels.

Conclusions: IHD and CVA in late elderly diabetic patients were predicted by HDL-C. LDL-C, HbATC, SBP and
non-HDL-C are risk factors for IHD in the non-elderly. The LDL-C/HDL-C ratio may represent the effects of both
LDL-C and HDL-C. These age-dependent differences in risk are important for developing individualized strategies to
prevent atherosclerotic disease.

Trial registration: UMIN-CTR, UMINOOOO0S 16
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Introduction

Type 2 diabetes mellitus, dyslipidemia and aging are in-
dependent risk factors for cardiovascular diseases, such
as ischemic heart disease (IHD). Within diabetic indivi-
duals, lipids, especially LDL-cholesterol (LDL-C), blood
pressure (BP), and diabetic control are risk factors for
THD [1-4]. For example, the United Kingdom Prospect-
ive Diabetes Study (UKPDS) showed the importance of
BP, lipids, and diabetic control in the prevention of IHD
in newly diagnosed diabetic individuals(mean age 53 years,
range 25-65 years), and subsequent studies have con-
firmed these findings [1,2]. However, the risk factors for
THD or cerebrovascular attack (CVA) in elderly diabetic
individuals (older than 65 years), particularly in late elderly
diabetic individuals (older than 75 years), have not been
identified.

In Western countries, the evidence suggests that mid-
dle-aged diabetic individuals have an IHD risk similar
to that of non-diabetic patients who have experienced a
myocardial infarction, and the guidelines for diabetes
treatment recommend that the LDL-C level should be
less than 100 mg/dl, which is similar to the recommen-
dation for the secondary prevention of myocardial in-
farction [5,6]. However, it is unknown whether the same
risk exists for elderly diabetic individuals. Additionally,
many guidelines recommend strict control of LDL-C levels
to prevent atherothrombotic diseases, especially in diabe-
tic patients, yet recommend the same HDL-cholesterol
(HDL-C; 40 mg/dl) and triglyceride (TG; 150 mg/di) levels
as for non-diabetic individuals {5-7], There are few reports
on the absolute risk conferred by HDL-C and TG in
elderly diabetic patients.

Additionally, diabetes can either develop in the elderly
aor continue through old age after an earlier onset. Even
in elderly individuals without diabetes, postprandial hy-
perglycemia occurs because of a delay in insulin secre-
tion in response to feeding and may contribute to an
increase in the number of elderly diabetic patients [8].
The International Diabetes Federation (IDF) reports that
the number of diabetic patients increased from 30 mil-
lion in 1987 to 246 million in 2007 {7% of adults) and
speculates that it will increase to 380 million by 2027
[9]. In Japan, 30% of diabetic individuals were elderly in
1997 (13% of the elderly suffered from diabetes mellitus),
which increased to 40% in 2007 (17% of the elderly).
Furthermore, individuals older than 75 (13 million) com-
prise over 10% of the total population. However, no
large-scale investigations have focused on type 2 diabetes
mellitus in the elderly, especially in the late elderly, or
those older than 75 [10]. Thus, evaluating the metabolic
predictors of atherosclerotic diseases, such as IHD and
CVA, in elderly diabetic individuals is important. For
these reasons, we organized the Japan Cholesterol and
Diabetes Mellitus Study (JCDM) to evaluate which factors
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can predict IHD or CVA in diabetic patients, includ-
ing the elderly. Our elderly sample population inclu-
ded 1,016 late elderly, who were older than 75 and
performed independent daily life activities at outpatient
clinics [11],

Materials and methods

Subjects

The JCDM is a prospective, cohort study that consists
of 4,014 Japanese diabetic individuals from 40 hospitals
throughout Japan who were recruited on a consecutive
outpatient basis between September 2004 and March
2005 (1,936 women; mean age 67.4+9.5 years, median
age 70 years; Figure 1) {11]. The JCDM protocol, which
is in accordance with the provisions of the Declaration
of Helsinki, received ethical approval from the institu-
tional review boards of all the participating institutes.
Written informed consent was obtained from all pa-
tients. The criteria from the American Diabetes Associ-
ation for type 2 diabetes mellitus diagnosis were used
[6]. Patients with previous IHD {myocardial infarction,
unstable angina pectoris, angioplasty, or bypass grafting)
or CVA (recent stroke with admission within the past
24 months) were excluded, as were patients whose med-
ical records concerning plasma lipids (TG, HDL-C and
total cholesterol or LDL-C) were not provided. The other
exclusion criteria were a history or complication of serious
heart disease (e.g., severe arrhythmia, heart failure, cardio-
myopathy, valvular disease, or congenital disease), serious
hepatic or renal disease with admission within the past
24 months, malignant disease, intention to undergo sw-
gery, any illness with a poor prognosis of less than one
year, and judgment by the physician in charge that the pa-
tient was not suitable for the study.

At 24 months (2007), 92.3% of the enrolled patients
were followed up, and 84.1% were followed up at
66 months (2010). Patients were divided into groups
based on age at registration: younger than 65 {non-
elderly, n=1,267), 65 to 74 years old (early eldetly,
n=1,731}) and older than 75 (late elderly, n=1,016),
These age categories are used frequently in Japan for
the study of elderly patients and for health care in-
surance purposes [12].

Outcome measurements

The primary endpoints were the incidence of IHD and
CVA, specifically fatal and non-fatal myocardial in-
farction and other non-fatal events, including unstable
angina pectoris, angioplasty, stenting, coronary artery
bypass grafting and stroke. Detailed definitions of each
event are shown below. Transient ischemic attacks were
included only if definite focal lesions from the attack were
confirmed by head CT or MRL
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4349 diabetic patients

216 did not meet inclusion criteria
89 had previous IHD or CVA

L1
4014 registered l

\ 4

6 refused to give consent
30 had other reasons

30 moved to another place
14 other reasons
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3849 follow-up [
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Figure 1 Study profile. "Months" indicates months after March 2005
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THD: 3 Fatal snd 56 Non-Fatal
CVA: 1 Fatal and 27 Non-Fatal

Risk factor assessment

Metabolic factors, such as the levels of plasma lipids,
fasting plasma glucose (FPG), and HbA1C and BP, were
measured at enrollment. The serum LDL-C level was
caiculated using the Friedewald equation, except in the
case of a TG level higher than 400 mg/dl, in which case
the LDL-C data were recorded as ‘missing.” Information
about previous history of IHD and stroke and findings
from a 12-lead ECG were obtained for all patients to as-
sess cardiovascular disease at baseline. The study was
approved by the institutional review boards and by the
safety monitoring board every year. The organizing com-
mittee confirmed all cardiovascular events annually. The
guidelines of the Japan Atherosclerosis Society (2002}
state that the LDL-C level should be less than 120 mg/dl
and that the HDL-C level should be higher than 40 mg/
dl in diabetic individuals; these clinical guidelines were
likely followed by the physicians who were treating these
patients at the time of the study [12].

Statistical methods

The results are presented as the means + SD. All statis-
tical analyses were performed using JMP software (SAS
Institute, Inc,, Cary, NC). The incidences of IHD and
CVA were analyzed in relation to the aforementioned
risk factors. Cox multivariate regression analyses were

used. Because LDL-C/HDL-C interacts strongly with
LDL-C and HDL-C and because non-HDL-C interacts
with triglyceride and LDL-C, we analyzed non-HDL-C
and LDL-C/HDL-C separately. In other words, common
factors (gender, age, duration of diabetes, HbA1C, FPG,
systolic BP (SBP), and diastolic BP {DBP)),TG, LDL-C and
HDI.-C were analyzed first. Then, non-HDL-C and com-
mon factors were analyzed. Finally, LDL-C/HDL-C, com-
mon factors and TG were analyzed. Values of P <0.05
were considered statistically significant.

Definition of major events. Major events such as IHD
and CVA were defined as follows.

1. Definite fatal and nonfatal myocardial infarction
(1 or more of the following criteria must be met):

a) Diagnostic ECG at the time of the event.

b)Ischemic cardiac pain (and/or unexplained acute
left ventricular failure) and diagnostic enzyme
levels.

¢) Ischemic cardiac pain and/or unexplained acute
left ventricular failure with both equivocal enzyme
levels and equivocal ECG.

d)Diagnostic enzyme levels and equivocal ECG.

e) Angiographic evidence of major artery occlusion
with appropriate ventriculographic wall motion
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abnormality where a previous angiogram showed
no such abnormality.
f) Postmortem examination.

2. Angina pectoris (stable or unstable, both of the
following criteria must be met):

a} Ischemic cardiac pain relieved by nitrates.
b} Equivocal ECG.

3. Ischemic stroke (1 of the following conditions must
be met):

a) Rapid onset of focal neurologic deficit lasting at
least 24 h or leading to death, plus evidence from
neuroimaging (computed tomography or magnetic
resonance imaging) showing cerebral/cerebellar
infarction or no abnormality, or postrortem
examination showing cerebral and/or cerebellar
infarction.

b)Rapid onset of global neurological deficit
(e.g., coma} lasting at least 24 h or leading to
death, plus evidence from neuroimaging showing
infarction, or postmortem examination showing
infarction.

c) Focal neurological deficit {mode of onset
uncertain) lasting at least 24 h or leading to death,
plus evidence from neuroimaging showing
infarction, or postmortem examination showing
infarction.

4 Primary intracerebral hemorrhage (1 of the following
conditions must be met):

a) Rapid onset of focal neurological deficit lasting at
least 24 h or leading to death, plus neuroimaging
or postmortem examination showing primary
intracerebral and/or cerebellar hemorrhage.

b) Rapid onset of global neurologic deficit (e.g.,, coma)
lasting at least 24 h or leading to death, plus
evidence from neuroimaging or postmortem
examination showing primary intracerebral and
cerebellar hemorrhage.

¢) Focal neurologic deficit (mode of onset uncertain)
lasting at least 24 h or leading to death, plus
evidence from neuroimaging or postmortem
examination showing primary intracerebral and/or
cerebellar hemorrhage,

In this study, intracerebral hemorrhage was not in-
cluded in the variable CVA (stroke) because its pa-
thophysiology is reported to be different from other
atherosclerotic diseases, such as strolke and ischemic heart
disease.
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Results

Subject characteristics

Table 1 presents the following subject characteristics:
plasma lipid levels, including LDL-C, TG, and HDL-C;
other relevant metabolic measures, such as HbA1C level,
FPG level, and SBP and DBP; the duration of diabetes;
and the number of patients who were prescribed medi-
cations for hypertension, dyslipidemia, and diabetes, as
well as the type, upon enrollment. The levels of HbA1C
and HDL-C were not different by age group. Dyslipide-
mia was observed in 79.1% of patients, and anti-hyper-
lipidemic drugs were prescribed for 57.3% of the total
population, of which 83% were HMG-CoA reductase
inhibitors (statins). Statins and insulin were prescribed
with the same frequency for late elderly patients as for
non-elderly patients. Insulin and oral agents for dia-
betes treatment were prescribed for 23.9% and 70.5%
of the late elderly and non-elderly individuals, respectively.
Agents for hypertension and diabetes were prescribed
more often in late elderly patients than in non-elderly pa-
tients. There were also significant differences in several
other factors among the age groups.

IHD and CVA incidence

One hundred fifty-three cases of IHD and 104 CVAs
occurred during the 5.5 years of the study, which repre-
sented incidences of 7.9 and 5.6 per 1,000 patients per
year, respectively. The number of deaths was 59 (3.1/1,000
patient-years) over the 5.5 years (Table 2, Figure 1).

The relationships between IHD or CVA and the back-
ground factors, such as LDL-C level, in each age group
were analyzed by Cox proportional regression analyses
(Table 2, Figure 2).

As described in the methods, non-HDL-C and LDL-C/
HDL-C were analyzed separately from other lipids, such
as LDL-C and triglyceride or HDL-C. However, signifi-
cant factors were the same in total and in each gener-
ation group, although the HR and CI of common factors
(gender, age, duration of diabetes, HbA1C, FPG, systolic
BP (SBP), and diastolic BP (DBP)) were slightly different in
each (data not shown for the HR and CI of common fac-
tors in the analyses of non-HDL-C and LDL-C/HDL-C).

In the total patient population, the levels of HbAIC,
LDL-C, and HDL-C, and the LDL-C/HDIL-C ratio were
significantly related to IHD, and only the HDL-C level
was significantly related to a CVA. The HbAIC level,
SBP, and LDL-C levels were significantly correlated with
IHD in patients less than 65 years old, while the vari-
ables female gender, short duration of diabetes and
HDL-C level were correlated with IHD in patients older
than 75, Because the non-HDL-C level and the LDL-C/
HDL-C ratio have been proposed as markers represent-
ing all types of lipids, we included them in a separate
model (excluding LDL-C, triglyceride and HDL-C levels



