Hypertension Research (2010), 1-6
© 2010 The Japanese Society of Hypertension Al rights reserved 0916-9636/10 $32.00

www.nature.com/hr

ORIGINAL ARTICLE

The combined impact of blood pressure category and
glucose abnormality on the incidence of cardiovascular
diseases in a Japanese urban cohort: the Suita Study

Yoshihiro Kokubo!, Tomonori Okamura!, Makoto Watanabe!, Aya Higashiyama!, Yuu Ono!,
Yoshihiro Miyamotoz, Yoko Furukawa!?, Kei Kamide*>, Katsuyuki Kawanishi®, Akira Okayama7
and Yasunao Yoshimasa?

Few prospective studies have examined the combined impact of blood pressure (BP) categories and glucose abnormalities on
the incidence of cardiovascular disease (CVD) in the general Asian population. This study aimed to examine the effect of the
combined risks of these factors on the incidence of CVD in a general Japanese population. We studied 5321 Japanese
individuals (aged 30-79 years), without CVD at baseline, who received follow-up for an average of 11.7 years. Serum fasting
glucose categories were defined according to the 2003 American Diabetes Association recommendations. BP categories were
defined by the 2009 Japanese Society of Hypertension Guidelines for the Management of Hypertension. The Cox proportional
hazard ratios (HRs) for CVD according to the serum glucose and BP categories were calculated. In 62 036 person-years of
follow-up, we documented 364 CVD events (198 stroke and 166 coronary heart disease (CHD)). Compared with normoglycemic
subjects, the multivariable HRs (95% confidence intervals (Cls)) for CVD, CHD and stroke were 1.25 (1.00-1.58), 1.46
(1.04-2.04) and 1.11 (0.81-1.52), respectively, in individuals with impaired fasting glucose (IFG), whereas these values were
2.13 (1.50-3.03), 2.28 (1.34-3.88) and 2.08 (1.29-3.35), respectively, in individuals with diabetes mellitus (DM). Compared
with normoglycemic and optimal blood pressure (BP) subjects, increased risks of CVD were observed in the normoglycemic
subjects with high-normal BP or hypertension, the IFG subjects with normal or higher BP, and the DM subjects regardless of BP

category (P-value for interaction=0.046). In conclusion, the high-normal BP subjects in all glucose categories and the normal
BP subjects with IFG showed increased risk of CVD in this Japanese population. Further investigation of larger cohorts of DM
subjects should be conducted to better understand this phenomenon.
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INTRODUCTION

Hypertension is one of the strongest risk factors for increased
incidence of cardiovascular disease (CVD) worldwide.!"> Recently,
high-normal blood pressure (BP)? and prehypertension® have also
been recognized as risk factors for CVD.*® Increased BP is the most
likely precipitator of CVD and stroke.>”# Furthermore, the prevalence
of glucose intolerance and obesity has increased greatly in recent
years.>!1? Diabetes mellitus (DM) has become a major public health
problem'"'? as well as a risk factor for all-cause mortality!'
and CVD.!%13-15 Recently, prediabetic hyperglycemia has been recog-
nized to confer an increased risk for CVD.!® However, a few popula-
tion studies!” have reported a positive association between CVD
and impaired fasting glucose (defined as blood glucose of

5.6-6.9mmoll~! according to the 2003 American Diabetes Associa-
tion definition).'8

Evaluation of the combined impact of these two major borderline
risk factors is essential in preventing CVD because elevated BP is the
highest population attributable fraction (PAF) of CVD incidence, and
the incidence of hyperglycemia is increasing in Asian and Western
countries. There have been a few population studies on the association
between the occurrence of hypertension together with DM and the
risk of stroke'®2! and coronary heart disease (CHD).22 However, few
population cohort studies have evaluated the impact of the combina-
tion of BP categories (optimal BP, normal BP, high-normal BP (or
prehypertension) and hypertension) and fasting glucose categories
(normoglycemia, impaired fasting glucose (IFG) and DM) on the risk
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of CVD. Thus, the aim of this study was to examine the combined
impact of BP categories and blood glucose abnormalities on the
incidence of CVD in a general urban Japanese population.

METHODS

Study subjects

The Suita Study, a cohort study for CVD in urban residents, was established in
1989. The details of this study have been described elsewhere>*-* Briefly,
6485 individuals (aged 30 to 79 years) underwent regular health checkups
between September 1989 and March 1994. Some cohort members were
excluded for the following reasons: past or present history of CVD at baseline
(#=208); missing data (n=170}; nonfasting blood collections (n=173); or lost
from follow-up (n=613). After applying these exclusions, a total of 5321
subjects (aged 30 to 79 years) participated in the baseline examination.
Informed consent was obtained from all participants. This study was approved
by the institutional review board of the National Cardiovascular Center.

Measurement of BP and fasting glucose

Measurement of BP has been described elsewhere.” In brief, well-trained
physicians measured the BP of each individual three times in a seated position
using a mercury column sphygmomanometer, an appropriately sized cuff and a
standard protocol. Before the initial BP reading was obtained, participants were
seated at rest for at least 5min. Systolic (SBP) and diastolic (DBP) blood
pressures were recorded as the average of the second and third measurements,
which were taken more than 1 min apart.

At the time of the baseline examination, subjects were classified into one of
the following BP categories based on the 2009 Japanese Society of Hypertension
Guidelines for the Management of Hypertension:® optimal BP (SBP,
<120mmHg and DBP, <80mm Hg); normal BP (SBP, 120 to 129 mmHg
and DBP, 80 to 84 mm Hg); high-normal BP (SBP, 130 to 139 mm Hg and DBP,
85 to 89 mm Hg); and hypertension (SBP, > 140 mm Hg or DBP, > 90 mm Hg
or antihypertensive drug use). If the SBP and DBP readings for a subject were in
different categories, then the subject was categorized into the higher of the two
categories.

We performed routine fasting blood collection and immediately measured
serum glucose and total cholesterol levels using the same autoanalyzer (Toshiba
TBA-80). Fasting serum glicose categories were defined as follows:'® DM
(fasting serum glucose >7.0 mmoll~' (126 mg per 100 ml) or medications for
DM); IFG (fasting serum glucose levels 5.6 to 6.9 mmol ™! (100 to 125 mg per
100ml)); and normoglycemia (fasting serum glucose levels < 5.6 mmoll~!
(<100mg per 100ml)). Hypercholesterolemia was defined as total serum
cholesterol levels >57mmoll™! (220mg per 100ml) or current use of
antihyperlipidemic medications. Physicians or nurses administered question-
naires addressing personal habits and present illness at the baseline examina-
tion. Body mass index was calculated as weight (kg) divided by height (m)
squared.

Confirmation of stroke and coronary heart disease and end point
determination

Medical records were reviewed by registered hospital physicians or research
physicians who were blinded to the baseline data. Strokes were defined
according to the US National Survey of Stroke criteria.™® For each stroke
subtype (that is, cerebral infarction (thrombotic or embolic infarction),
intracerebral hemorrhage and subarachnoid hemorrhage), a definite diagnosis
was established based on examination of computed tomographic scans,
magnetic resonance images or autopsies. Definite and probable myocardial
infarctions were defined according to the criteria set out by the MONICA
project.’! The criteria for a diagnosis of CHD included first ever acute
myocardial infarction, sudden cardiac death within 24h after the onset of
acute illness or corcnary artery disease followed by coronary artery bypass
surgery or angioplasty. In this study, CVD was defined as stroke or CHD.

To detect CHD and stroke occurrences, each participant’s health status
was checked during clinical visits to the National Cardiovascular Center
every 2 years. Yearly questionnaires by mail or telephone were also completed
by all participants. In addition, to complete our surveillance for fatal strokes
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and CHD, we conducted a systematic search for death certificates. All data
were checked against medical records to confirm the incidence of CVD. When
informed consent could not be obtained for a medical records survey (19.5%),
we identified possible strokes or CHD using information from (1) question-
naires for present illness of stroke and CHD at the health examination
and/or (2) death certificates bearing a diagnosis of probable stroke or CHD.,
The end point of the follow-up period for each participant was, whichever of
the following options occurred first: (1) date of the first diagnosis of CHD
or stroke event; (2) date of death; (3) date of leaving Suita; or (4) 31 December,
2005.

Statistical analysis
Analyses of variance and y’-tests were used to compare mean values and
frequencies. The Cox proportional hazard ratios (HRs) and 95% confidence
intervals (95% Cls) were fitted to each glucose category (normoglycemia, IFG
and DM) after adjusting for sex and age in 5-year increments as stratified
variables and other potential confounding factors at baseline, including BP
category (optimal, normal, and high-normal BP and hypertension), hyperch-
olesterolemia (positive or negative), body mass index (continuous variable),
smoking status (never, ex-smoker and current smoker) and drinking status
(never, ex-drinker and current drinker). Test for effect modification by glucose
category was conducted with an interaction term generated by multiplying BP
category by glucose category. We conducted tests for trend across the BP
categories and tested the significance of this variable.

To express the combined impact of glucose and BP categories on the
incidence of CVD in these participants, we estimated the PAF as follows:

PAF = Pex{HR — 1)/HR,
where Pe is the proportion of incident cases in the combination of glucose and
BP categories, and HR is the multivariable-adjusted hazard ratio.*? All
statistical analyses were conducted using the SAS statistical software package
(release version 8.2; SAS Institute, Cary, NC, USA).

RESULTS

The frequencies of IFG and DM increased with age in both men and
women (Figure 1). Table 1 shows the distribution of CVD risk factors
at baseline according to fasting glucose categories at baseline, Both
men and women with DM were older and had a higher body mass
index as well as a higher prevalence of hypertension, hypercholester-
olemia and medication for hypertension than those without DM. Men
with DM had a lower frequency of never drinking than men without DM.

In 62036 person-years of follow-up (an average of 11.7 years of
follow-up), we documented 364 CVD (198 strokes and 166 CHD}
events. Table 2 shows the age- and sex-adjusted HRs and multi-
variable-adjusted HRs for incidence of CVD according to glucose
categories in men and women. Compared with normoglycemic
subjects, the multivariable HRs (95% Cls) for CVD, CHD and stroke
were 1.25 (1.00-1.58), 1.46 (1.04-2.04) and 1.11 (0.81-1.52), respec-
tively in IFG subjects, whereas these values were 2.13 (1.50-3.03), 2.28
(1.34-3.88) and 2.08 (1.29-3.35), respectively in DM subjects. Com-
pared with normoglycemic subjects, [FG and DM were risk factors for
CVD and CHD in women, and DM was a risk factor for CVD and
stroke in men.

Figure 2 shows the multivariable HRs of CVD for the combined
impact of the fasting glucose and BP categories. Compared with
normoglycemic subjects with optimal BP, the following groups
showed increased risk of CVD: the normoglycemic subjects with
high-normal BP or hypertension (P-value for trend of BP cate-
gory<0.001); the IFG subjects with normal or higher BP (P-value
for trend of BP category=0.001); and the DM subjects in any BP
category (P-value for trend of BP category=0.41). After excluding
subjects taking diabetic medication, the P-value for the BP category
trend was not statistically significant in the DM subjects.
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Figure 1 Frequency of type 2 diabetes mellitus according to sex and age.
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Table 1 Baseline characteristics of study subjects according to fasting glucose categories at baseline

Men Women
Normoglycemia IFG oM P-value Normoglycemia IFG DM P-vaiue

Number of subjects, n 1458 874 154 — 2126 611 98 —
Age, in years 54+ 14 57112 60+10 <0.001 52+13 50+11 6010 <0.001
Body mass index, kgm 2 225428 233129 23.3+3.2 <0,001 21.8+3.0 23.1+3.4 245+4.2 <0.001
Blood pressure category, % <0.001 <0.001

Optimal blood pressure 37 24 20 49 23 17

Normal blood pressure 19 19 17 16 16 17

High-normal blood pressure 16 19 14 13 18 15

Hypertension 28 39 49 21 43 51
Hypercholesterolemia, %° 26 33 36 <0.001 38 54 59 <0.001
Medication, %

Hypertension 10 12 18 0.002 8 16 22 <0.001
Diabetes — — 36 — — — 38 —
Smoking status, % 0.156 0.325

Current 55 51 50 13 10 11
Quit 25 29 32 3 3 4
Never 19 20 18 84 87 85
Drinking status, % <0.001 0.330
Current 76 77 76 34 32 24
Quit 2 2 9 1 1 2
Never 22 20 15 65 67 74

Abbreviations: DM, diabetes mellitus; DBP, diastolic blood pressure; IFG, impaired fasting glucose; SBP, systolic blood pressure.

Normoglycemia: fasting glucose levels <5.6 mmol 1=, IFG: fasting glucose levels 5.6 to 6.9 mmol I=1; DM: fasting giucose levels 2 7.0 mmol 1=1 or medication for diabetes.

aBlood pressure category was based on the ESH-ESC 2007 guidelines: optimal (SBP <120 mm Hg and DBP <80 mm Hg), normal blood pressure (SBP 120-129 mm Hg and DBP 80-84 mmHg),
high-normal blood pressure (SBP 130-139 mm Hg and DBP 85-89 mm Hg) and hypertension (SBP > 140 mmHg or DBP >90mm Hg or antihypertensive drug use).

bHypercholesterolemia: antilipidemic drug user or total cholesterol >5.7mmol1=! 2 values are the means+s.d.'s.

The significant interaction terms between fasting blood glucose and
BP categories were observed in CVD (P=0.046); however, the inter-
action term was not significant after exclusion of DM subjects.
Using the HRs, we estimated the PAF of CVD to exposure to the
combined impact of fasting glucose and BP categories at baseline
(Figure 3). The population-attributable risk percentage for CVD
incidence was estimated at 3.7% for subjects with normoglycemia
and high-normal BP, 5.7% for subjects with IFG and normal or high-

normal BP group and 8.2% for subjects with DM and any BP category
group, when comparing these groups with the normoglycemic and
optimal BP group.

DISCUSSION

In this population cohort study, we found that DM was a risk factor
for CVD, stroke and CHD, whereas an IFG of 5.6 to 6.9 mmol1~! was
a risk factor for CVD and CHD only. A combined effect of IFG

w
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Table 2 Age- and multivariable-adjusted hazard ratios (95% confidential intervals) for cardiovascular disease according to blood glucose

category

Blood glucose category

Normoglycemia IFG Diabetes P-value for trend
Men and women, number 3584 1485 252
Person-years, in years 42701 16741 2594
Cardiovascular disease
Case 184 139 41
Age and sex-adjusted 1 1.34 (1.07-1.68) 2.45(1.73-3.45) <0.001
Multivariable-adjusted 1 1.25(1.00-1.58) 2.13 (1.50-3.03) <0.001
Coronary artery disease
Case 78 7¢ 18
Age and sex-adjusted 1 1.54(1.10-2.13) 2.53 (1.51-4.25) <0.001
Multivariable-adjusted 1 1.46 (1.04-2.04) 2.28(1.34-3.88) 0.001
Stroke
Case 106 69 23
Age and sex-adjusted 1 1.21 (0.89-1.65) 2.51 (1.58-3.96) <0.001
Multivariable-adjusted 1 1.11(0.81-1.52) 2.08 (1.29-3.35) 0.016
Men, number 1,458 874 154
Person-years, years 16,901 9844 1560
Cardiovascular disease
Case 107 91 25
Age-adjusted 1 1.19 (0.90-1.58) 1.93 (1.25-2.99) 0.007
Multivariable-adjusted 1 1.13(0.85-1.51) 1.75(1.12-2.73) 0.032
Coronary artery disease
Case 50 50 11
Age-adjusted 1 1.39 (0.93-2.06) 1.89 (0.98-3.64) 0.027
Multivariable-adjusted 1 1.31 (0.87-1.96) 1.69 (0.86-3.31) 0.077
Stroke
Case 57 41 14
Age-adjusted 1 1.01 (0.68-1.52) 2.00(1.11-3.61) 0.103
Multivariable-adjusted 1 0.97 (0.64-1.46) 1.78 (1.00-3.12) 0.216
Women, number 2,126 611 o8
Person-years, in years 25,800 6897 1033
Cardiovascular disease
Case 77 48 16
Age-adjusted 1 1.62(1.12-2.33) 3.70(2.14-6.40) <0.001
Multivariable-adjusted 1 1.49(1.02-2.16) 3.07 (1.73-5.45) <0.001
Coronary artery disease
Case 28 20 7
Age-adjusted 1 1.86 (1.04-3.25) 4.62 (1.99-10.72) <0.001
Multivariable-adjusted 1 1.83(1.01-3.32) 4.32 (1.81-10.31) <0.001
Stroke
Case 49 28 9
Age-adjusted 1.53 (0.96-2.45) 3.54(1.71-7.29) <0.001
Multivariable-adjusted 1 1.36 (0.84-2.19) 2.66 (1.22-5.80) 0.018

Abbreviations: DM, diabetes mellitus; IFG, impaired fasting glucose.

Multivariate analyses were adjusted for age, body mass index, hypertension, hyperlipidernia and smoking and drinking status.
Blood glucese categories: Normal, fasting glucose levels <5.6 mmol I=1; IFG, fasting glucose levels 5.6-6.9mmol I=1; DM, fasting glucose levels > 7.0mmol 1= or medication for diabetes.

and prehypertension on the incidence of CVD was observed. The
high-normal BP subjects in any glucose category and the normal BP
subjects with IFG in the Japanese population showed increased risks of
CVD. To our knowledge, this study is the first on the combined
impact of these borderline risk factors, IFG and prehypertension on
the incidence of CVD in a general Asian population.

Previous cohort studies have shown that DM is a risk factor for
CVD, stroke'*!'> and CHD.!? The results of our study are also
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essentially compatible with the previous cohort studies in Japan.
The Hisayama Study demonstrated that glucose intolerance for 2421
participants was a risk factor for increased incidence of stroke and
CHD." Iso et al.?® reported that glucose abnormalities were a risk
factor for ischemic stroke in a Japanese population by using nonfast-
ing glucose levels. The NIPPON DATA 80 Study indicated that DM,
defined by nonfasting blood glucose levels, was a risk factor for CVD
mortality.>® In the Funagata Diabetes Study, IFG was not a risk factor
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Figure 2 The influence of fasting glucose and BP categories on
multivariable-adjusted hazard ratios and 95% confidence intervals for the
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Figure 3 The hazard ratios and positive fractions attributable to exposure to
the combined impact of glucose (normoglycemia, impaired fasting glucose
and diabetes) and blood pressure categories (optimal, normal, and high-
normal blood pressures and hypertension) at baseline for CVD were
estimated. The gray and black areas represent excessive incidence of CVD in
the high blood glucose and high blood pressure categories compared with
the subjects with normoglycemia and optimal blood pressure as a reference.

for CVD mortality, although impaired glucose tolerance was a risk
factor for CVD.

Compared with previous studies, our study has several methodo-
logical strengths. First, our cohort population was relatively large and
was selected at random from an urban population in contrast to most
other cohort populations in Asia, which were selected from rural
populations.!>2034 Second, all of our cohort participants were exam-
ined at one place and measured using the same autoanalyzer at one
laboratory. Finally, our study examined the risk of CVD incidence, not
CVD mortality.

In our study, we used the definitions of IFG and CVD/CHD set
forth by the 2003 American Diabetes Association recommendations.
In the Framingham Heart Study, the 2003 IFG definition was
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predictive of CHD in women but not in men,'” a finding which was
similar to our results. However, fewer studies have examined the
association of the 2003 IFG definitions for CHD and stroke. Kanaya
et al3® showed that the 2003 defination for IFG was not associated
with increased risk of CHD or stroke among postmenopausal women
with coronary artery disease.Kim et al. reported that one-third of the
population has IFG according to the 2003 definition. However, many
of these individuals do not have increased prevalence of CHD.

Hu et al.'® reported that hypertension and DM increased stroke risk
independently and that their combination additively increased stroke
risk. In our study, the risks of CVD in the normoglycemic and [FG
groups were linearly related to the BP category (P-value for
trend < 0.001). However, the risks of CVD in the DM group did not
change with BP category (P-value for trend=0.4), which was compa-
tible with a previous result for trends between glucose category and
hypertension status.’’ Recently, the ACCORD BP Study has shown
that targeting an SBP <120mmHg, as opposed to an SBP
<140 mmHg, did not reduce the rate of a composite outcome of
fatal and nonfatal major cardiovascular events in patients with type 2
diabetes.>” Although present studies suggest that decreasing BP may be
an effective way to prevent CVD in normoglycemic or IFG subjects,
further investigations are required to clarify the interaction between
the BP categories of DM subjects at risk for CVD in other large
cohorts.

The percentage of the PAF for CVD incidence in normoglycemic
subjects with high-normal BP or IFG subjects with normal or high-
normal BP (PAF=12.6%) was 1.5 times higher than that in the DM
subjects in any BP category (PAF=8.2%). Also, the PAF suggested that
12.6% of CVD cases would be preventable if the borderline glucose
and blood pressure levels were controlled to within normoglycemic
and optimal BP ranges.

Our results showed that hyperglycemia conferred a slightly higher
risk of CVD incidence in women than in men, although men had
greater absolute event rates for CVD. Previous studies have shown that
the impact of DM on the risk of CVD is significantly greater in women
than in men.'>'73 Lee et al. reported that the HRs of coronary heart
disease for DM were 2.6 for women and 1.9 for men. In the
Framingham Heart Study, 7 IFG was associated with increased
CHD risk only in women (HR=1.7; 95% CI, 1.0-3.0). The reason
for these sex differences in the association between DM and CVD
remains unclear.

Our study has several limitations. The primary limitation is the
regression dilution bias; this study was based on a single day
measurement of serum glucose and BP levels.*® That is, the fasting
serum glucose and BP levels might have been misclassified. Second, as
we did not perform glucose tolerance tests, we may have missed
subjects with impaired glucose tolerance. Finally, we did not examine
the combined effect of BP categories and glucose abnormalities after
stratification by CVD subtypes, such as stroke and CHD because of
the small sample size.

In conclusion, DM is a risk factor for CVD, stroke, and CHD,
whereas an IFG of 5.6 to 6.9 mmoll~! is a risk factor for CVD and
CHD in women. The risks of CVD in the normoglycemic and IFG
groups were linearly related to the BP category. The high-normal BP
subjects in any glucose categories and the normal BP subjects with IFG
showed increased risks of CVD in this Japanese population. Further
investigations of larger cohorts of DM subjects are needed.
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Aim: Familial hypercholesterolemia (FH) patients are at particular risk for premature coronary artery
disease (CAD) caused by high levels of low density lipoprotein (LDL). Administration of statins en-
abled us to reduce LDL-C levels in heterozygous FH patients. To evaluate the impact of statins on
the clinical fate of heterozygous FH, a retrospective study was performed.

Methods: We analyzed the clinical influence of statins on age at the first clinical onset of CAD in 329
consecutive FH paticnts referred to the lipid cdinic of the National Cardiovascular Center. Among
329 heterozygous FH patients, the onset of CAD was identified in 101.

Results: The age at onset of CAD was 58.8% 12.5 years in the 25 patients on statins at onset, signifi-
cantly higher than that in the 76 patients not on statins (47.6  10.5 years) (»<0.001). The average
age at CAD onsct was significantly higher after widespread use of statins (54.2 % 13.2 years in 48 pa-
tients; Group 1) compared to before October 1989 when statins were approved in Japan (46.9 9.6
years in 33 patients; Group 2, p=0.002). A significant difference was scen between Groups 1 and 2
in the variables, including sex, prevalence of smoking habit, LDL-C, and the use of statins, aspirin
and probucol. After adjusting for these variables, only statin use was independently associated with

the difference in age at CAD onset by multivariable analysis.
Conclusion: Statins have improved the clinical course of patients with heterozygous FH.

J Atheroscler Thromb, 2010; 17:667-674.
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Introduction

Familial hypercholesterolemia (FH) is a heritable
disease of high prevalence with an autosomal-domi-
nant mode of transmission and is linked to mutations
in the low-density lipoprotein (LDL) recepror or its
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related gene. It is characterized by phenotypes of the
elevation of plasma LDL, cutaneous and tendenous
xanthomas, arcus corneae, and coronary artery disease
(CAD) due to premature atherosclerosis . The earliest
clinical sign of heterozygous FH is an elevation of
plasma LDL cholesterol (LDL-C), noted as early as at
birch”. All other clinical manifestations secem due
an tncrease of LDL-C in plasma. CAD is the most se-
rious clinical manifestation and determines the prog-
nosis of FH. According to a previous report, Japanese
FH heterozygotes generally develop the first CAD
event in their 40s or later for men and 50s or later for
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women”'.

To reduce plasma LDL-C in FH heterozygotes,
bile acid-sequestering resins have been used since the
1970s to upregulate the LDL receptor, but their effect
is limited to a 10 to 20% decline because of the con-
comitant induction of hepartic cholesterol synthesis''.
Statins, competitive inhibitors of a rate-limiting en-
zyme of cholesterol biosynthesis, 3-hydroxy-3-mcthyl-
glutaryl (HMG) CoA reductase. were introduced onto
the market in the late 1980s. Pravastacin, the first ap-
proved statin in Japan, became commercially available
at the beginning of October 1989 and simvastacin one
year later”. Synchetic analogues became available in
the late 1990s, including several “strong” statins, which
lower the level of LDL-C by more than 40%®. Many
large-scale clinical trials of statins worldwide, includ-
ing Japan, showed that they reduced the risk of cardi-
ac events or stroke in hypercholesterolemic popula-
tions . Effective reduction of LDL-C by statins was
also shown in FH heterozygotes'™ 't however, their
clinical benefits in FH patients have not been clearly
demonstrated with fixed clinical endpoines. This is
partly because of the extremely high risk for CAD in
FH patients, thus making controlled clinical crials of
sufficient size to vield significant outcomes unethical.

Aim

Substantial numbers of FH patienes have been
referred to and regularly treated at the lipid clinic of
the National Cardiovascular Center (NCVC) since it
was founded in 1977, We therefore retrospectively an-
alyzed the clinical records of these patients o assess
the impact of the introduction of statins on the clini-
cal prognosis of FH heterozygous patients, using pa-
tient age at the development of CAD. This parameter
is specific and solid for cach paticnc and the analysis is
less influenced or biased by other factors. In addition,
Mabuchi and colleagues used the same parameter in
their study of Japanese FH reported before starin
availabilicy '™,

Methods

Subjects

Of the patients referred to the lipid clinic ac
NCVC from 1977 to 2007, 329 consecutive patients
(139 men, 190 women) were diagnnscd as FH herero-
zygotes using the criteria previously described ', Most
of the FH parients analvzed in the present paper were
referred to our lipid clinic by their general practitioner
because of hypercholesterolemia. The medical records
of patients were examined according to the analysis

—arada-Shiba et af

protocol approved by our institutional ethics commit-
tee (ID#M20-25-2). Of the 329 FH patients, 101
were identitied as having CAD, specifically, coronary
artery stenosis (more than 75%) on angiography, in-
cluding 53 patients who had CAD at the first clinic
visit. The other 228 paticnis did not have clinical or
angiographic evidence of CAD. For cach patient, the
age at onser of CAD was determined by the first sign,
ascertained by a standardized questionnaire, which in-
cluded fixed clinical endpoints of CAD, administered
by attending physicians at the clinic. The compliance
with statins was cvaluated from che medical records.

Clinical Risk Factors

Body mass index (BMI) was calculated as weight
(kg) divided by height (m) squared (kg/m?). Hyper-
tension was defined as the use of antihypertensive
drugs or a blood pressure level higher than 140 mmHg
systolic or 90 mmHg diastolic or both at the first clin-
ic visit {the criteria for hypertension of the Japanese
Society of Hypertension Guidelines) . Diabetes mel-
litus was defined according to the 2002 Guideline for
the Treatment of Diabetes Mellitus of the Japan Dia-
betes Society'. A family history of CAD was identi-
tied by the standardized questionnaire. Smoking was
identified trom patients’ self-reporting. Achilles ten-
don thickness was measured as previously described' ',

Analysis of Serum Lipids

Fasting plasma lipid concentration was measured
before any lipid-lowering treatment. Total cholesterol
(TC), wriglycerides (TG), and HDL cholesterol (HDL-
C) levels were measured enzymatically using an aurto-
mated system in the clinical laboratory of the NCVC.
LDL-C level was calculated by the Friedewald formula
when the TG level was less than 400 mg/dL; three pa-
tients with TG level more than 400 mg/dL were omic-
ted from this particular analysis. TG values were ex-
pressed as the median, (range), and logarithmically
transformed before analysis.

Statistical Analysis

Statistical analysis was performed using the SPSS
15.0 (SPSS Inc.. Chicago. IL) program. Parametric
values are expressed as the mean *standard deviation
(SD). The stadistical significance of differences in con-
tinuous vartables was evaluated by Student’s ¢ test for
anpaired data or ANOVA. The Pearsons % test was
used to assess differences in the distribution of cate-
gorical traits,
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Table 1. Clinical characteristics of heterozygous FH patients with or without coronary artery discase

(CAIY) at first visit ©o our ceneer.

Total subjects

"
Age (years)
Sex

Men
BMI (kg/m")
Total cholesterol (mg/dl.)
Triglyceride (mg/dl)
HDI cholesterol (mg/dlL)
LDL chalesterol (mg/dl
Hypertension (o, %)
Diabetes Mellitus (n, %)
Family history of CAD (n, %)
Smoking habits (2, %)
Achilles tendoen chickness (mm)
CAD present at first visit (1, %)
Statin creavment ac firse clinic visio

329
43.8¢106.0

139 (42.2%)
22.0£3.2
31970

(114) 80-176

5017
24172
34 (16.4%)
13 (4%)

121 (36.8%)

127 (38.6%)
13.5£95.4
53 (16.1}
39 (1193

CAD (+) CAD (~) p value
101 228
48.9%10.2 41.6%17.6 <0.001
66 (65.3%) 73 (32.0%) <0.001]
23027 226%33 <0.001
33385 313261 0.039
(147) 96-193 (109) 76-162 0.263
42£14 S54x17 <0.001
259+ 84 23265 <0.001
33 (32.7%) 21 (9.2%) <0.001
8 (7.9%) 5(2.2%) 0.014
406 (45.5%) 75 (32.9%) 0.028
72(71.3%) 55 (24.1%) <0.001
16.2x57 121%4.6 <0001
53 (52.9) 0(0) <0.001
18 (17.8) 21 (9.2) 0.541

Values are shown as the mean = 8D excepu for wiglyeeride. For triglyceride, the median (range) is shown.
BMI, body mass index; HDL, high density lipoprowin; LDIL. low density lipoprotein: CAD, coronary artery disease

Results
Patient Background

The baseline clinical characteristics of the 329
heterozygous FH patients analyzed in this study are
shown in Table 1. Their plasma lipid and lipoprotein
profiles are similar to patients in previous reports of
Japanese FH* ™. Patients with CAD were older, had
higher levels of BMI, TC, and LDL-C, lower HDL-C,
and a higher incidence of diabetes mellitus, hyperten-
ston, a family history of CAD, and smoking habit,
compated to parients without CAD.

Onset of CAD

In the 101 patients with CAD, age by decade ac
the first onset of CAD is illustrated in Fig. 1. The av-
erage age was 45.8%10.6 years in men and 59.0%9.5
years in women, and this is consistent with a previous
report of Japanese FH patients'”. Analysis of CAD
onset in relation to the presence (+) or absence (—) of
statin treatment showed that in the 66 FH men with
CAD, 13 did and 53 did not have statin treatment,
and in the 35 FH women with CAD, 12 did and 23
did not have statin treatment. The age distribution at
the first onset of CAD in statin (+) or statin (=) pa-
tients is shown in Fig. 2. The peak was at an older age
in statin (+) men and women {Panels A and B, respec-
tively) compared to statin (=). The lipid profile at the
time of first onset of CAD in statin (+) and statn (=)

B Male
BFemale

20-28 30-38 40-45 50-50 80-68 70-79

Age (year old)
Fig. 1. Distribution of age when CAD was first identified in
101 men and women with heterozygous familial hy-

percholesterolemia (FH) and coronary artery discasc
(CAD). for the study period of 1969 to June 2007

patients is shown in Table 2. Statin (+) patients were
older when CAD was dentified and had lower TC
and LDL-C levels than statin (=) patients.

To identify the factors that may influence the age
at which CAD developed in statin (+) and statin (-)
patients, we analyzed covariates (ANCOVA; Table 3),
which included sex, smoking, BMI, hypertension, di-
abetes mellicus, family history of CAD, thickness of
Achilles tendon, LDL-C levels, and the use of aspirin,
probucol, and cholestyramine. We found that statin
(+) patients were older when CAD developed, about
10 years older for each variable compared to statin (=)
patients, which may be duc to the use of statins and
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@Statin(-)
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20-29
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Statin (<)
B Statin (+)

Fig.2. Distribution of age when CAl was first idendfied in men (Pancl A) and women (Panel By with CAID aking a statin (+) or
not (=)

Table 2. Age, lipid and lipoprotein profiles of FH at the onset of CAD in relation to statin use.

Staun (+) Statin {—) p value
” 25 76
Age of onsct of CAD 378125 47.6%105 <(.001
Lipid and lipoprowin profile at the event
Total cholesterel (mg/dl) 24255 315108 <0.001
Triglycerides {mg/dL) (127)93-171 (115) 91-153 0.922
HDL cholesterol (mg/dl) 4012 38x13 0.569
1.DI. cholesterol 167 £ 35 250= 108 <0.001

Values are shown as the mean = S0 cxcept tor wiglyceride. For triglyceride. the median {range) is shown.

Table 3. Onset age of CAD adjusted by each variable.

Variables Age (95% CI) in Statin (+) Age (95% CI) in Stann () p value
Overall 57.8 {55.3-61).3) 47.6 (46.4-48.8) <0.001
Smoking habir 58.2 (54.1 62.3) 47.3 (44.8-49.7) <0.001]
Sex 57.2(33.3-61.0) 48.1 (45.9-30.3) <0.001
BMI 58.9(54.4~-G3.3) 47.5 (45.0-50.1) <0.001
Hypertension 394 (54 8-64.4) 47.4 (44.8-49.9) < 0.001
Diabetes mellitus 58.7 {(34.3-63.1) 477 (45.2-50.3) <0.001
Family history of CAD 58.8 (54.4-03.2) 471 (44.6-49.7) <0.001
Achilles wendon dhickness 58.7 (54.3-03.2) 46.7 (44.0-49.4) <0.001
1.D1 cholesterol 38.4 (33.9-63.0) 47.6 (43.0-50.3) <0.001
Aspirin 57.2(329-61.5) 48.2 (45.7-50.7) 0.001
P’robucol 56.0 {51.0-61.0) 48.6 (46.0-51.3) 0.017
Cholestyraminc 58.2 (33.0-63.3) 47 .9 (45.2-50.6) 0.001

the reduction of LDL-C.

To determine the impact of statin treatment on
the age at which CAD developed, we analyzed che
same data for the pre- and post-statin eras. Pravastatin
was the first statin approved in Japan. Patients were
divided into two groups: Group | developed CAD be-
fore the end of September 1989 (2 =53) and Group 2

developed CAD trom October 1989 (to June 2007,
i =48). Of the 66 men with CAD, 39 were in Group
I and 27 in Group 2, and of the 35 women with
CAD, 14 were in Group 1 and 21 in Group 2. The
men and women whose CAD developed after the be-
ginning of October 1989 were older than those who
developed CAD before that date (Fig.3A, B). At the
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Fig.3. Disuibution ot age at CAD onset in men (Panel A) and women (Pancl B)
who developed CAD before the end of September 1989 from October

1989

Each insct figure shows the percent of distribution, respectively.

first clinic visit, no clinical differences were seen in
these patients in average age, BMI, plasma lipid and
lipoprotein profile, Achilles tendon thickness and the
incidence of hypertension, diabetes mellicus, and fam-
ily history of CAD (Table 4); however, significandy
more of the patients who developed CAD before the
end of September 1989 were smokers. Assessment of
clinical parameters obtained at the time CAD was
identified shows that patients who developed CAD af-
ter the beginning of October 1989 werce older (Table 5).

reflecting the influence of statins on the onset age of
CAD (Fig.3A, B), and that TC and LDL-C levels
were lower, reflecting that more of these patients were
receiving lipid-lowering treatment than patients who

developed CAD before this date.

Analysis of Factors that Affect Age at the First
Onset of CAD

Age at the development of CAD in Groups 1
and 2 was analyzed using analysis of covariance (AN-
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Table 4. Clinical charactenistics (at first visit) of FH Patients depending on the onset date of CAD

Group 1
1969-5cpr. 1989

Group 2

Oct. T98Y-June 2007

p value

n 33 48
Agc 48429 495+ 1.4 ().584
Sex

Male 39 (73%) 27 (56%) 0.0068
BMI (kg/m”) 226£28 235206 0.288
Toral cholesteral (mg/dlL) 33+ 84 321%85 0.195
Triglycerides (mg/dL) (1145 103-193 (148) 82-208 0.785
HDL cholesterol (mg/dL) 40=15 %13 0.127
LD cholesteral (mg/dl) 268+ 80) 250+ 87 0.279
Hygperiension (r, %) 21 (39.6"%) 12 (25.0%) 0118
Diabetes Mellitus (2, %0) 2 (49)) 4 (8.3%) 0.533
Family history of CAD (o, %) 23 (43.4%) 25 {52.1%) 0.317
Smoking habits (2, %) 41 (83.7%) 31 (64.6%0) 0.036
Achilles tendon thickness (mm) 16.0%5.3 16.5%6.1 0710

Values are shown as the mean £ SD except for triglyceride. For triglyceride, the median (range) is shown,

Table 5. Age. lipid and lipoprotcin profiles and medication of FH at the onset of CAD.

Group 1 Group 2
1969-Sepe. 1989 Oct. 1989-June 2007 p value
n 53 48
Age of onset of CAD 46.9+£9.6 54.2x 132 0.002
Lipid and lipopratain profile at the evene
Total cholesterol (mg/dlL) 3232100 2672493 0.011
Triglyeerides (mg/dl) (119 96-162 121 "y-152 0.427
HDI cholesterol (mg/dl ) 36213 4112 ).0088
[.D1 cholesterol 257+ 100 199 £ 95 .011
Medication, # (20)
Statin 1(2.0) 240 (50.0) < (.0001
Probucol 6{11.8) 17 (35.4) 0.005
Cholestyramine 3(5.7) 11(22.9) 0.015
Aspirin 112.0) 7 (14.0) 0.021
No medication 41 (83.0) 22 (45.8) <0.001

Values are shown as Mean 2 81 exeept for riglyeeride. For teglyceride, median (range) is shown.

Table 6. Onsct age of CAD adjusted by cach variable.

Variables Age (959 CD in Group 1 Age (95% CI)in Group 2 p value
Overall 40.9 (44.2-50.0) 54.2 (50.3-58.0 0.002
Smoking habits 469 (43.7-30.00 53.4 (50.2-56.5 0.005
Sex 47 9 (45.2-50.7) 53.1(50.2-559) 0.013
1.D1 cholesterol 48.2 (44.2-52.3) 54.5 (50.8-58.2) 0.029
Statin 49.1 (45.8-48.3) 51.8 (48.3-33.4; 0.325
Aspiriil 4.9 (44.8-51.00 53.2 (500L0-56.4) (1021
'robucol 48.1 (45.0-51.2 53.0 (49.8-56.2 0.034
Cholestyramine 476 (41.4-50.8) 53.6 (50.2-56.91 0.013




COVA; Table 6). Significant differences between
groups were scen for sex, prevalence of smoking,
LDL-C, and the use of statins, aspirin and probucol.
After adjusting for these variables, statin use was inde-
pendently associated with age at the onset of CAD.

Discussion

The mortality rate for CAD is 11 times higher in
heterozygous FH paticnts than in the general popula-
tion; thus, prevention of CAD is the key therapeutic
goal for these patents'. Treatment to reduce high
levels of LDL-C in FH patients was limited before
statins became available, and a clinically meaningful
decrease in LDL-C levels was difficule to obrain.
Pravastatin was first introduced onto the Japanese
market at the beginning of October 1989 and thereaf-
ter, LDL-C reductions of 20% to 30%, ¢ven in FH
heterozygous patients, became possible’™. Recently,
the risk of myocardial infarction in heterozygous FH
was reported to be reduced by 76%, similar to the
general population of the Netherlands™. In the pres-
ent paper, we assessed the impact of statin use on the
clinical prognosis of Japanese FH patients visiting our
lipid clinic by retrospectively analyzing their clinical
records. The use of statins delayed the first CAD event
by about 7 years in FH patients whose first event oc-
curred after the introduction of statins, compared to
FH patients whosc first event occurred prior to the in-
troduction of statins.

In this study, 101 of 329 (30.6%) consecutive
heterozygotes of FH had clinical evidence of CAD.
The profile of CAD paticnts is similar to previous re-
ports, that is, more men than women™ *'**, and high-
er BMI, higher TC and LDL-C levels, lower HDL-C
levels, and a higher incidence of hypertension, diabetes
mellitus, family history of CAD, and smoking™ """+,

The time span of our study allowed us to assess
the impact on the development of CAD of the intro-
duction of statins onto the Japanese market at the be-
ginning of October 1989. Comparing clinical param-
eters at the first clinic visit in the patients whose CAD
developed before the end of September 1989 with af-
ter thar date, revealed that only smoking was different,
perhaps reflecting the social trend against smoking
(Table 4). In contrast, interesting differences between
these groups were seen 1n relation to when they devel-
oped CAD. Parients who developed CAD prior to the
introduction of statins were younger on average (46.9
years old) and had higher levels of TC and LDL-C (323
and 257 mg/dL, respectively). Two other prominent
differences were the improved lipid-lowering drug reg-
imens, including statins, cholestyramine, probucol,
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and aspirin, and a decline in the number of smokers.
Notably, statin use was independently and significant-
ly associated with age at CAD onset in the 101 FH
patients on covariate analysis of factors known to af-
fect the age of developing CAD. Besides these factors,
many other factors should be considered for the po-
tential influence on the onsecr age of CAD, such as the
widespread recognition of FH and the regimen for the
treatment of other risk factors, such as hypertension
and diabetes mellitus. Nevertheless, we should con-
clude from this analysis that the use of statins is a ma-
jor factor contributing to the improvement of the clin-
ical prognosis of FH patients in Japan.

More recently, “strong” statins have become avail-
able, making it possible to reduce LDL-C levels to
much lower levels compared to conventional statins in
FH patients™*". The possible impact of these stron-
ger statins on delaying the development of CAD in
FH patients will be of interest.

One diagnostic criterion for heterozygous FH in
the existing guidelines is a family history of premature
CAD™ ™. However, our results suggest that this crite-
rion may need to be reconsidered because of the prov-
en ability of statin treatment to delay the development
of CAD co an age similar to that in persons who do
not have heterozygous FH.

We showed in this retrospective analysis thar the
development of CAD was delayed by about 7 years in
FH patients whose CAD developed after the introduc-
tion of statins in Japan compared to those whose CAD
developed before the current statin era.
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Effect of Exercise Intervention on Endothelial Function and
Incidence of Cardiovascular Disease in Patients with Type 2 Diabetes
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Aim: The effects of exercise intervention and to assess its long-term efficacy in preventing subsequent
cardiovascular events in patients with type 2 diabetes were little known on randomized controlled trial.
Methods: Thirty-eight type 2 diaberic patients (21 men and 17 women) were assigned to either the
exercise group (n=21) or the control group without exercise training (n=17) by simple randomiza-
tion. The exercise training group was scheduled for aerobic and resistance exercise programs for 3
months. After the 3-month, we investigated endothelial function, insulin resistance, adipocytokines
and inflammatory markers. The endothelial function was evaluated by examining a flow-mediated
endothelium-dependent vasodilatation (FMD). Furthermore, we followed the incidence of cardiovas-
cular events for 24 months.

Results: After 3-month, HbAic was decreased significantly in both groups. FMD was increased from
7.324.7% to 10.9+6.2% only in the exercise group (p<0.05). Long-term follow-up data showed
that the control group developed cardiovascular events more frequently than did the exercise group
(p<0.05).

Conclusions: Exercise improves endothelial dysfunction independently of glycemic control and insu-
lin sensitivity in patients with type 2 diabetes. The beneficial effects of 3-month exercise to reduce

cardiovascular events persist for 24 months.

] Atheroscler Throméb, 2010; 17:828-833.

Key words; Exercise, Tvpe 2 diabetes, Endothelial funcrion, Cardiovascular events

Introduction

Physical exercise has been reported to reduce the
incidence of diabetes' ', and its modification has long
been recommended as one of the three main compo-
nents of diabetic treatments in addition to diet modi-
fication and medication”. 1t is well known that regu-
lar exercise produces beneficial effects on risk factors
of atherosclerosis by improving glycemic control?, in-
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sulin resistance™, and dyslipidemia and hyperten-
sion”, and contributes to reduce cardiovascular mor-
bidity and mortality not only in the general popula-
tion” ¥ but also in patients with type 2 diabetes™ '”;
however, the mechanisms by which exercise training
prevents the progression of atheroscleroric diseases in
type 2 diabetes are still unclear, and the effect of exer-
cise on the prognosis of patients with type 2 diabetes
remains uncertain.

The purpose of the present study was to investi-
gatc the cffects of excrcise intervention on endothelial
function, insulin resistance, adipocytokines and in-
flammatory markers in paticnts with type 2 diabetes
in a randomized controlled trial. To assess the long-
term efficacy of excreise intervention on the preven-
tion of atheroscleroric disorders, we examined the fol-



fow-up data of the participants after the exercise inter-
vention period.

Methods

Study subjects and intervention protocol

Thirty-eight Japanese patients (21 men and 17
women) with type 2 diabetes, who were admitred 1o
our hospital for treatment of diabetes from August
2002 to January 2004, participated in this scudy. Pa-
tients who had symptomatic coronary artery disease,
proliferative diabetic retinopathy, overt protcinuria,
autonomic disorder or orthopedic disorders were ex-
cluded from this study. The study design was ap-
proved by the ethics committee of the National Car-
diovascular Center. All participants gave written in-
formed consent.

Study participants were assigned to either the ex-
ercise traiming group (exercise group, n=21) or the
group without exercise training (control group, n=17)
by simple randomization without the permuted block
method. Patients in the exercise group were scheduled
for exercise programs 3-5 times weekly for 3 months,
supervised by physiotherapists. Each session consisted
of 10-min warming-up, 20-min aerobic dance,
20-min stationary bicycle riding, 20-min resistance
training and 5-min cool-down. The training heart rate
was determined according to Karvonen’s equation
(£=0.6)""". Patients in the control group did not take
part in the exercise programs. Both groups received
comparable dictary and medical intervention after reg-
istration for 3 months.

Clinical examination and measurement of exercise
capacity and insulin sensitivity

Clinical and metabolic parameters, including ex-
crcise capacity and insulin sensitivity, were measured
before and after the intervention period. Systolic and
diastolic blood pressures were examined after a mini-
mum of 10-min rest in a sitting position. Body mass
index (BMI) was calculated as weight in kilograms di-
vided by the square of the height in meters. Blood
samples were collected in the morning after a 12-hour
overnight fast, and fasting plasma glucose, HbAu¢, lip-
id profiles, serum adiponectin, leptin, and high-sensi-
tivity C-reactive protein (CRP) levels were analyzed.
Exercise capacity was determined by cardiopulmonary
exercisc testing, the details of which have been pub-
lished elsewhere'". Insulin sensitivity was evaluared by
the modified steady-state plasma glucose method

(SSPG)Y™,
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Assessment of endothelial function by flow-
mediated brachial artery dilatation

Endothelial function was studied by examining
the brachial artery response to flow-mediated endo-
thelium-dependent vasodilatation (FMD), according
to the method described previously'™. Briefly, partici-
pants were examined after 15-min rest in the fasting
state. After bascline diameter of the right brachial ar-
tery was measured by ultrasound images, the pneu-
matic cuff placed around the right torcarm was inflat-
ed to 220 mmHg to occlude the brachial artery. The
cuff was kepe inflated for 270 seconds, and then the
diameter of the brachial artery was measured for 120
scconds after cuff deflation. FMD was calculated from
baseline and maximum diameters of che brachial ar-
ery.

Long-term follow-up of clinical events of the diabetic
patients

As a post-hoc study, most of the participants (ex-
ercise group, n=21; conrtrol group, n=17) were fol-
lowed in our outpatient unit for 24 months after ran-
domization. We accumulated the follow-up data for
24 months and determined new-onset cardiovascular
events, including acute myocardial infarction, angina
pectoris, cerebral infarction, and cerebral hemorrhage.

Statistical analysis

Analysis was based on the intention-to-treat prin-
ciple. Data was expressed as the means=S.D. To com-
parc the two groups, we used two-tailed unpaired ¢
tests for continuous variables. The differences berween
the baseline and after 3 months were evaluated by the
wwo-tailed paired 7 test in each group. Addirionally, we
analyzed the incidence of cardiovascular events during
24 months after randomization by Kaplan-Meier anal-
ysis of the time to cardiovascular cvents according o
exercise intervention. All analysis was conducted using
JMP version 6.0 software (SAS Institute Inc., USA). p
talues below 0.05 were considered staustically signifi-
cant.

Results

The clinical backgrounds of the two groups are
shown in Table 1. The clinical and metabolic parame-
ters at baseline except for SSPG were not signiticantly
different between the two groups (Table 2), while
SSPG ac baseline in both groups indicated an insulin-
resistant state. After the 3-month intervention, HbA
and serum LDI. cholesterol levels were decreased and
secrum HDL cholesterol and serum adiponectin levels
were increased in both groups. BMI was significantly
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Table 1. Clinical backgrounds of the exercise and control groups

Excrcise group (n=211) Control group (n=17) P
Men/Women 10/11 11/6 0.290
Age (year) 1.9 8.6 (4.5%5.9 0.293
Duration of diabetes (year) 9.5£8.1 10.827.4 0.52
Previous coronary artery diseases, # (%) 9(42.9) 9(32.9) 0.536
Current smoker. o (%) G (19.0) 2(11.8) 1,536
Therapy for diaberes at baseline, » (%)
Dict only 8 (38.1) 3(17.7) 0.167
Insulin 3(14.3) 3(17.0) 0.778
Sultonylurea or Glinide 6 (28.0) 7 (41.2) .415
Biguanide 5(23.8) 7 (41.2) 0.252
Thiazolidindione 00 [{R{0)} -
a-glucosidase inhibitor 4 (191 6 (35.3) 0.258
Therapy for diabetes after 3 months, # (%)
Dicconly 12(57.1; 3(17.7) 0.013
Insulin 1(4.8) 3(17.7 0.198
Sultonylurea or Glinide 4(19.1) 7(41.2) 0.135
Biguanide 5(23.8) 6(35.3) 0.438
Thiazolidindione 0 ) 00 =
u-plucosidase inhibicor 4 (19.1) 8(47.1}) 0.065
Orther medications at bascline, # (%)
f3-blockers 5(23.8) 7(41.2) 0.252
ACE inhibitors/ARBs 9(42.9) 3(17.6) 0.096
Statins 7(33.3) 6(35.3) 0.899
Orther medicatons after 3 months, #2 (%)
B-blockers 4(19.1) 7 (41.2) 0.134
ACE inhibitors/ARBs 11 (52.4) 3017.6) 0.027
Statins 7 (33.3) 8(47.1) 0.389
Dara are the means = 5.D. ACE, angiotensin I converting enzyme; ARB, angiotensin {1 type 1 receptor blocker

Table 2. Effects of exercise training on clinical and metabolic values

Exercise group (#=21) Control group (n=17)
Baseline After 3 months Baseline Atter 3 months
BMI (kg/m ) 237%32 25.3%3.4” 24.5%29 23926

SBP (mmHg) 1290216 1305%18.6 126.6x16.8 1304 16.1
DBD (mmHg) T46%11.6 TRS%11.7 73.8+11.8 76.3£13.3
Peak VOL/kg (ml fkg/min) 224%32 2441387 223%37 24.0%4.4
Basal Diameter (mm) 3.90x0.78 3.88%0.75 391+0.71 4.19£0.76
EMD (%) 73247 10.9x6.2™" 6.4%36 74£50
ND (%) 14.5%6.3 12.6%£5.1 9.8+5.6 123%£7.0
FPG (mmol/1) 7720 8124 8.2x1.6 7517
HbAwc (96) 85=1.8 70x1.3"" 7911 6.8+08™"
SSPG (mmol/1y 1.1%5.3 9.7£4.2 14.1£3.4 97246
Total cholesterol (immol/1.) 5.2820.95 4.84%0.74 S.1%1.45 4.46£0.09"
Triglyceride {mmol/1) 1.67%1.55 1.37£0.70 1.3520.67 1.34% 1 .41
HODL cholesterol (mmol/1.) 1.1720.22 1.33%0.36™" 1.23£0.26 1.35+0.28”
LDL cholesierol (mmol/L) 3.31x20.64 188%0.79%* 3.26%1.25 250+£0.74"
Leptin (pg/ml.) 5331 65%35 52%54) 6.6:4.9"
Adiponectin (ng/ml.) 6.1x33 8.0£4.3*" 3.3224 T L3 T7”

high-sensitiviey CRP (ng/ml ) 1292.6% 1843.4 11788+ 16805 841.62738.0 814.2%1257.0

Data are the means £ 8.3, *p<<0.05, Baseline vs. after 3 months in each group. **p< 0.01, Baseline vs. after 3 months in each group. BMI,
body tnass index: SBP systolic blood pressure; DBP, diastolic blood pressure; FMD, flow-mediated endothelium-dependent vasodilatation;
NI, nitroglycerin-induced vasoditatation: FPG, fasting plasma glucose; SSPG, steady state plasma glucose; CRI Cereactive protein.
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Fig. Kaplan-Mcicr analysis of the time to a cardiovascular evenr according to ex-

ercise intervention

The 38 patients were followed up until 24 months after randomization. In the conrrol
group, 1 paticnt developed angina pecroris and 3 padienes developed cerebral infarction.
On the other hand, patients in the exercise group had no cardiovascular events

(p=0.0197).

decreased and peak VO: and FMD were significantly
increased only in the exercise group. SSPG was signifi-
cantly decreased only in the control group. Serum
Icpnn levels were increased only in the control group.
There were no significant changes in high-sensitivity
CRP levels in both groups.
Thirty-two of the 38 patients (exercise group:
=16, control group: n=16) were followed up until
24 months after randomization. We could not tollow
up 5 patients in the exercise group and 1 patient in
the control group, because they went w other clinics
after che 3-month intervention pcriod In the control
group, 1 patient developed angina pectoris and 3 pa-
tients dcvcloped cerebral infarction. On the other
hand, patients in the exercise group had no cardiovas-
cular events (Fig. ).

Discussion

The present study demonstrated that exercise in-
tervention improved FMD, a surrogate marker ot en-
dorhelial function, in patients with type 2 diabetes.
Moreover, the 24-month follow-up study showed that
the 3-month excreise intervention prevented new-on-
set cardiovascular events.

This study was a randomized controlled study of
exercise treatment and was analyzed by intention-to-

treat. Medications for diabetes, hypertension and dys-
lipidernia were provided to both groups comparably.
Paticnts using insulin and sulfonylurca usage decreased
and those with diet alone increased in the exercise
group. These changes in medication might have af-
fected the results of metabolic parameters.

Patients with type 2 diabetes have a greater inci-
dence of cardiovascular diseases than non-diabetic pa-
tents'™, and they often have endochelial dysfunc-
tion"” """, Vascular endothelium plays an important
role in the control of vascular tone, and endothelial
dysfunction is considered to be an early manifestation
of the atherosclerotic process'”. Several clinical studies
have demonstrated that exercise intervention corrects
endothelial dysfunction not only in healthy individu-
als'® burt also in patients with coronary artery dis-
case'”. A recent study has shown that exercise training
improves the indices of glycemic control and endathe-
lial dysfunctlon in patients with type 2 diabetes™:
however, it is unclear whether the amelioration of en-
dothelial dysfunction is independent of glycemic con-
trol, because HbAuw is reported to inversely correlate
with FMD*". In our study, HbA:c was improved in
both groups after the 3-month intervention period re-
gardless of exercise training, and SSPG was not signif-
icantly improved by excrcise intervention. These data
suggest that alterations in HbA:c or SSPG levels may
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not account for the improvement of FMD, implying
that physical exercise has a beneficial impact on endo-
thelial function beyond glycemic control and insulin
sensitivity.

Moreover, our 24-monch follow-up study showed
that the 3-month exercise intervention prevented new-
onser cardiovascular events. Few previous studies have
investigated the effect of exercise intervention on long-
term outcomes in terms of cardiovascular events in a
randomized control trial. A previous report suggested
that endothelial dysfunction precedes atherosclerosis
and future cardiovascular events™, and our study sup-
ports the relevance of short-term exercise intervention
in the management of type 2 diabetes, albeit perhaps
only for a certain period.

We also investigated the effect of physical excr-
cise on adipocytokines: adiponectin and leptin. Adi-
ponectin plays an important rule in inducing insulin
resistance and atherosclerosis™, and several studies
concerning the effect of physical exercise on serum ad-
iponectin levels have yielded inconsistent findings™ "',
Our study showed that serum adiponectin levels were
increased in both groups. This result may imply that
serum adiponectin is increased by the improvement of
glycemic control, regardless of exercise intervention or
weight reduction. An anti-diabetic agents, thiazolidin-
edione, has been reported to increase plasma adipo-
nectin levels® *”, but no patients took thiazolidine-
diones in our study. Serum leptin levels are positively
correlated with total body adiposity™ and are report-
ed to decrease with weight reduction™, bur it is con-
troversial whether exercise training decreases serum
leptin levels without reduction of body fat mass™ ',
In our study, serum leptin levels were not changed in
the exercise group and increased in the control group,
whereas body weight was decreased only in the exer-
cise group. Patients in the control group might have
much less lean body mass than those in the exercise
group, but further investigation is needed to setde chis
issue.

Chronic inflammation is (hought 1o present as
an early sign of atherosclerosis*'". Previous studies have
demonstrated that regular physical exercise is associat-
ed with low serum CRP levels and exercise interven-
tion reduces serum CRP levels . In the present study,
serum high-sensitivity CRP levels were not altered in
either group. Since serum CRP levels are influenced
by various pro-inflammatory and inflammatory fac-
tors and the number of participants in our study was
limited, it is difficult to conclude whether exercise in-
tervention affects serum CRP levels.

Our study has several limitations. First, since we
had no information on physical activity during the

follow-up period, we could not exclude the possibility
thar the extent of physical exercise affects the preven-
tion of cardiovascular events. Second, the persistence
of the increased FMD in the exercise group was un-
clear, and the ameliorarion of endothelial dysfunction
could not be comfirmed as the major mechanism of
the prevention of cardiovascular events in this study.
Third, the improvement of endothelial function might
have been affected by the exercise group having a
higher prevalence of taking angiotensin-converting cn-
zyme inhibitors or angiotensin [I receptor blockers at
baseline and after 3 months.

In conclusion, our study demonstrates that exer-
cise intervention has beneficial effects on endothclial
function in patients with type 2 diabetes. Our find-
ings also suggest that exercise training exerts anti-ath-
erosclerotic effects independently of glycemic control
and insulin sensidvity. Finally, the favorable effects of
a 3-month exercise intervention to reduce cardiovas-
cular events may persist for up to 24 months, al-
though further study is necessary for confirm this.
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