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Relationships Among Hyperuricemia, Metabolic
Syndrome, and Endothelial Function

HirofumiTomiyama’, Yukihito Higashi?, BonpeiTakase?, Kohichi Node?, Masataka Sata’, Teruo Inoue®,
Yutaka Ishibashi’, Shinichiro Ueda8, Kenei Shimada® and Akira Yamashina'

BACKGROUND

We evaluated the relationship of the severity of hyperuricemia and
the flow-mediated vasodilatation of the brachial artery (FMD)in
patients with and without the metabolic syndrome (MetS),

METHODS

In a cross-sectional study, FMD was obtained in 2,732 Japanese
healthy men (49 + 8 years) who had no cardiovascular (CV) disease
and were not on any medication for CV risk factors. MetS was defined
according to Japanese criteria, and serum uric acid (UA) levels in the
upper half of the fifth (highest) quintile range were defined as severe
hyperuricemia, whereas those in the lower half of this quintile range
were defined as mild hyperuricemia,

RESULTS

Overall, the adjusted values of FMD were lowet in the subjects with
MetS (5.6 + 0.19%; n =413) than in those without MetS (6.2 + 0.1%;
n=2,319)(P<0.01). Among the subjects without MetS, the

Recent studies have suggested that hyperuricemia is an inde-
pendent risk factor for cardiovascular (CV) disease.!™ The
endothelium is a direct, sensitive target for the injurious effects
of CV risk factors,” and endothelial dysfunction, assessed by
flow-mediated vasodilatation of the brachial artery caused by
reactive hyperemia (FMD), is a marker of the early stages of
atherosclerotic vascular damage.%” Some studies have indi-
cated that the FMD is impaired in subjects with hyperuri-
cemia.%® However, it still remains to be clarified whether not
only severe hyperuricemia, but also mild hyperuricemia might
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adjusted values of FMD were lower in both the subgroups with mild
hyperuricemia and severe hyperuricemia than in the subgroup
without hyperuricemia. On the contrary, among the subjects with
MetS, the adjusted value of FMD was lower only in the subgroup with
severe hyperuricemia (4.8 + 0.3%) as compared with that in the group
without hyperuricemia (5.7 + 0.2%) (P < 0.05).

CONCLUSIONS

In middle-aged healthy Japanese men without MetS, not only severe,
butalso mild hyperuricemia may be a significant independent risk
factor for endothelial dysfunction in subjects without MetS, whereas
only severe hyperuricemia (but not mild hyperuricemia) appeared to
exacerbate endothelial dysfunction in similar subjects with MetsS,

Keywords: blood pressure; endotheliaf function; hypertension;
hyperuricemia; metabolic syndrome; risk factors; uric acid
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impair FMD. On the other hand, the metabolic syndrome
{MetS), represents a clustering of risk factors of metabolic ori-
gin, is associated with an elevated risk of CV diseases,'®!! and
EMD is also impaired in subjects with MetS.!2 Although hype-
ruricemia is common in subjects with MetS,*? it still remains
to be. clarified whether MetS and hyperuricemia might inde-
pendently impair endothelial dysfunction.

The present cross-sectional study was conducted in a large
cohort of middle-aged Japanese men who had no CV disease
and were not on any medication for CV risk factors, including
hyperuricemia, to evaluate the relationship between the sever-
ity of hyperuricemia and FMD in patients with and without
MeiS.

METHODS
Design and subjects. This cross-sectional study was conducted
with the participation of three health care centers of compa-
ies and three health care clinics. All the participants were
inférmed about the measurement of the FMD to examine its
potential relationship with CV events. After providing writ-
ten informed consent, the subjects underwent FMD measure-
ment in addition to the routine annual health checkup, which
included evaluation of atherosclerotic risk factors, between
May and December 2008. A part of the data was reported
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elsewhere.” The study protocol conformed to the principles
of the Declaration of Helsinki (1964), and the study was con-
ducted with the approval of the ethical guidelines committee of
each of the participating institutions.

Assessment of FMD. The subjects were instructed to fast for at
least 4h, and to abstain from alcohol, smoking, caffeine and
antioxidant vitamins for at least 12h prior to the measure-
ments. They were asked to rest in the sitting position in a quiet,
dark, air-conditioned room (22-25°C) for 5min, followed by
blood pressure measurement by the oscillometric method (UA
767; A&D Co. Ltd, Saitama, Japan). Then, after the subjects
had rested again for atleast 15 min in the supine position in the
same room, the FMD measurement was conducted. We per-
formed ultrasound measurements according to the guidelines
for ultrasound assessment of EMD.4

Using high-resolution ultrasound with a 10-MHz linear array
transducer, longitudinal images of the right brachial artery were
recorded at the bascline and then continuously from 30 s before
to 2min or more after the cufl deflation following suprasystolic
compression (50mm Hg over the systolic blood pressure) of the
right forearm for 5min. The diastolic diameter of the brachial
artery was determined semi-automatically using an instrument
equipped with software for monitoring the brachial artery
diameter (Unex Co. Ltd, Nagoya, Japan). In brief, continu-
ous recordings of the two-dimensional gray-scale images and
A-mode waves of the brachial artery in the longitudinal plane
were conducted with a novel stereotactic probe-holding device.
A segment with clear anterior {media-adventitia) and posterior
(intima-media) interfaces was manually determined. These
border interfaces were identified automatically on the A-mode
waves as a signal of the intima-media complex, and the diasto-
lic diameter of the brachial artery beat was synchronized with
the electrocardiographic R-waves and tracked automatically.
Changes in the diastolic diameter were continuously recorded.
Then, FMD was estimated as the percent change of the diam-
eter of the brachial artery over the baseline value at maximal
dilatation during reactive hyperemia.

The reproducibility of the FMD measurements at each insti-
tute was determined from the measurements conducted at the
three company health care centers and the health care clinic
supervised by the Tokyo Medical University (Tokyo, Japan)
(Pearson’s correlation coefficient of the FMD between visits 1
and 2 was 0.86, P < 0.01, and the coefficient of variation was
11.2%; n = 39); it was also confirmed in the health care clinic
supervised by the Hiroshima University (Hiroshima, Japan)
(Pearson’s correlation coefficient of the FMD between visit 1
and visit 2 was 0.89, P < 0.01, where the coefficient of variation
was determined to be 10.1%; N = 20).

Laboratory measuremnents. We collected blood samples from
fasting subjects after an interval of atleast 1 h following assess-
ment of the arterial endothelial function. The serum trigly-
ceride, high-density lipoprotein cholesterol, total cholesterol,
creatinine and uric acid (UA) levels, and the fasting blood
glucose were measured using enzymatic methods.
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Definition of metabolic syndrome, mild hyperuricemia and
severe hyperuricemia. We adopted the criteria of the Japanese
Expert Committee on the Diagnosis and Classification of
Metabolic Syndrome for the clinical diagnosis of MetS;!
namely, central obesity (waist circumference >85cm for men},
plus at least two of the following three criteria; dyslipidemia
(hypertriglyceridemia (triglyceride >1.70 mmol/l) and/or low
high-density lipoprotein cholesterol (high-density lipopro-
tein cholesterol <1.03 mmol/l), elevated blood pressure (blood
pressure 2130/85mmHg), and elevated plasma glucose (fast-
ing blood glucose 26.11 mmol/l).

Serum UA levels in the upper half of the fifth (highest) quin-
tile range were defined as severe hyperuricemia, whereas those
in the lower half of this quintile range were defined as mild
hyperuricemia.

Statistical analysis. The normality of the distribution of the
variables was assessed by the Kolmogorov-Smirnov test. The
Kolmogorov-Smirnov test demonstrated that nonc of the con-
tinuous variables showed normal distribution. The linearity
between the serum UA levels and FMD was assessed by the
calculation of Pearson's correlation coefficient, and the relation-
ship between the two variables was found to be weak, although
significant (r = 0.07, P < 0.01). Therefore, linear model analyses
were not applied for assessment of the relationship between
the two variables. The continuous variables are represented as
median values (25th~75th percentile). The Mann-Whitney
test was applied to evaluate the differences in EMD between
subjects with and without MetS. For assessment of the dif-
ferences in the status of each variable among the groups, the
Kruskal-Wallis test for continuous variables and Pearsors v
test for categorical variables were applied. Furthermore, for
assessment of the differences in the adjusted values of EMD
among the groups, a general linear model analysis-post hoc
pairwise comparison model with adjustments by the simple
contrast method was applied. In the assessment of the differ-
ences in FMD between the subjects with and without MetS, the
covariates used for the adjustments included the age, smoking
status, total cholesterol, and creatinine. In the assessment of
the differences in FMD among the three subgroups of subjects
classified based on the presence/absence of mild/severe hyper-
uricemia, the covariates used for the adjustments included the
age, waist circumference, smoking status, mean blood pressure,
total cholesterol, high-density lipoprotein cholesterol, trigly-
ceride, fasting blood glucose, and creatinine. All the analyses
were conducted using the SPSS software for Windows, version
11.0] (SPSS, Chicago, IL); P values <0.05 were considered to
denote statistical significance.

RESULTS

In total, 4,447 subjects were successfully enrolled for the FMD
measurement in the aforementioned six institutes. Among
them, the following subjects were excluded from the study:
324 who failed to provide blood samples for measurement of
the conventional CV risk factors or serum UA levels, 80 who
were under medication for CV diseases, 513 who were under

AMERICAN JOURNAL OF HYPERTENSION



Uric Acid and Endotheliat Function

Table 1| Clinical characteristics of all the study subjects

Variable

Number 2,732

Age (years) 49 (43-54)
WC{cm) 83 (78-88)
BMI 23.2(21.5-25.1)
Smoking (%) 1038(38.0)

SBP (mmHg) 125(115-136)
DBP (mmHg) 78(70-86)

HR (beats/min) 62 (56-68)
TC(my/dl) 206 (185-228)
HDL(mg/dl) 57 (48~67)

TG (mg/dl) 116 (83-162)
FBS (mg/dl) 97 (91-104)
UA (mg/dl) 6.1(5.4-6.9)
Crnn (mg/di) 0.86(0.79~0.93)
mildHUA (%) 305(11.2)
sevHUA (%) 291(10.7)
MetS (%) 413(15.1)
FMD (%) 5.9(4,1-7.8)

BMI, body mass index; Crnin, serum creatinine; D8P diastolic blood pressure; FBS, fasting
blood sugar: FMD, flow-mediated vasodilatation of the brachial artery caused by
reactive hyperemia; HDL, serurn high-density lipoprotein cholesterol: MR, heart rate;
MetS, number of subjects with metabolic syndrome alone; mildHUA, number of subjects
with mild hypeturicemia (UA levels 2425-<461 pmol/l); sevHUA, number of subjects
with severe hyperunicemia (tserum UA levels 2461 pmol/; Smoking, number of current
smakers; SBP. systolic blood pressure; TC, serum total cholesterol: TG, serum triglycerides;
UA, serum uric acid; WC, walst circumference,

medication for CV risk factors, including hyperuricemia, 75
who were age <30, and 723 who were women (i.e,, a relatively
small percentage of the study subjects). Finally, the data of 2,732
subjects (age 49 + 8 years) were included for the analyses.

Table 1 shows the clinical characteristics of the entire
study population. In the entire study population, 413 sub-
jects were diagnosed as having MetS. In the serum UA levels
in the entire study population (150-712umol/l), serum UA
levels >425umol/l but <461 umol/l (in the lower half of the
fifth (highest) quintile range) were defined as mild hyperuri-
cemia, and seram UA levels >461 umol/] (in the upper half of
the fifth (highest) quintile range) were defined as severe hyper-
uricemia. Then, 305 of the subjects were classified as having
mild hyperuricemia and 291 as having severe hyperuricemia.
The prevalence of mild hyperuricemia (with MetS (number of
subjects = 70/413: 16.9%) vs. without MetS (number of sub-
jects = 235/2319: 10.1%)) and that of severe hyperuricemia
(with MetS (number of subjects = 86/413: 20.8%) vs, without
MetS (number of subjects = 205/2319: 8.8%)) were signifi-
cantly higher in the subjects with MetS than in those without
MetS (P < 0.01).

In the study population as a whole (n = 2,732), the Mann—
Whitney test demonstrated that the crude value of FMD
was different between the subjects with and without MetS,
The general linear model analysis demonstrated that the

AMERICAN JOURNAL OF HYPERTENSION

Table 2| Clinical characteristics of the study subjects with and
without metabolic syndrome

Variable Non mildHUA sevHUA  Pvalue
Insubjects without MetS (n=2,319)
Number 1,879 235 205
Age (years) 49 (43-54) 49 (42-52) 49 (43-53) 0.17
WC (cm) 82 (77-86) 83 (80-87) 84 (80-89) <0.01
BMI 226 234 23.7 <0.01
(21.0-24.3) (22.0-25.0) (22.1-25.8)
Smoking (%) 699 (37.2) 76(32.3) 85 (41.5) 0.14

SBP (mmHg)  122(113-133) 124(116-133) 125(115-136) <0.05
DBP (mmHg) 76 (68-84) 77 (72-85) 77{71-87)  <0.01
HR (beats/min) 61 (55-67) 62 (57-68) 62 (56-68) 0.06
TC(mg/dl) 203(182-225) 209(189-231) 210(191-230) <0.01
HDL {mg/di) 59 (49~69) 56 (48-67) 57 (49-66) 0.07
TG (mg/dl) 106(77~139)  116(87-165)  126(93-168) <0.01
FBS (mg/dl) 96 (90-101) 97 (91-102) 97(92-104) <0.01
UA (mg/dt) 58(5.2-64) 73(72-74) 8.1{(7.9-86) <0.01

Crrn (mg/dl) 0.85 0.90 0.92 <0.01
(0.78-0.91) (0.81-0.99) (0.83~1.00)

FMD (%) 6.2(43-80) 57(39-74) 56(4.0-7.7) <005

Insubjects with MetS (n=413)

Number 257 70 86

Age (years) 50 (47--56) 50 (49-58) 49 (41-54) <0.05

WC (cm) 90 (87-93) 89 (86-92) 91(87-95)  <0.05

BMI 255 25.8 264 <0.05
(24.1-27.3) (24.1-27.0) (25.0-28.3)

Smoking (%) 111 (43.1) 33(47.1) 34(39.5) 0.63

SBP(mmHg) 136(129-142) 137(130-145) 136(130-145) 0.56
DBP (mmHg)  85(79-91) 87 (80-93) 87 (82-94) 0.16
HR (beats/min) 65 (59-73) 65 {60-72) 65 (59-74) 0.83
TC{mg/dl) 214(190-239) 226(203-245) 227(213-246) <0.01
HDL (mg/di) 49 (42-58) 51 (44-57) 49(41-57) 0.71
TG (mg/dl) 182(145-242) 183(155-237) 216(172-270) <0.01
FBS (mg/dl) 110(99-119)  105(96-115)  105(96-116) <0.05
UA (mg/dl) 6.0(5.4-65) 7.3(7.2-7.5) 8.1(7.9-8.7) <0.01

Crnn (mg/dl) 0.83 0.87 0.90 <0.01
(0.76-0.91) (0.80-0.93) (0.82-1.00)
FMD (%) 54(36-74) 52(36-7.2) 4.9(3.2-7.0) <005

BMI, body mass index; Crnn, serum creatinine; DRP, diastolic blood pressure; FBS,
tasting blood sugar; FMD, tlow-mediated vasodilatation of the brachial artery caused
by reactive hyperemia; DL, serum high-density lipoprotein cholesterol HR, heart rate:
MetS, metabolic syndrome; mildHUA, subjects with mild hyperuricemia (serum UA fevels
2425 o/t but <461 pmol); non, subjects without hyperuricemia; SBPR. systolic blood
pressure; sevHUA, subjects with severe hyperuricemia {setum UA levels 2461 famol/l);
Smoking, number of current smakers; TC, serum total cholesterol TG, serum triglycerides;
UA, serum uric aCid; WC, waisi Uicumfetence,

Palie was assessed by Kiuskal-Wallis test for continuous vartables and Pearson's ¥ test
for categorical variables.

adjusted values of FMD were lower in the subjects with MetS
(5.6 £ 0.1%; n = 413) than in those without MetS (6.2 + 0.1%:
7 =2,319). Then, the differences of the FMD among three sub-
groups of subjects classified based on the presence/absence of
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Figure 1 | The adjusted values of low-mediated vasodilatation of the brachial
artery (FMD} in the three groups of subjects classified based on the presence/
absence of mild hyperuricemia/severe hyperuricemia in subjects with and
without metabolic syndrome. MetS (+}, with metabolic syndroime; MetS (<),
without metabolic syndrome; mildHUA, subjects with mild hyperuricermia;
o, subjects with neither mild hyperuricemia nor severe hyperuricemis;
sevHUA, subjects with severe hyperuricemia. *7 < 0.05 vs. the subjects with
neither mild hyperuricemia nor severe hyperuricemia.

mild/severe hyperuricemia were examined separately in the
subjects with and without MetS.

Table 2 shows the clinical characteristics of the three sub-
groups of subjects with/without MetS classified based on the
presence/absence of mild/severe hyperuricemia. In both sub-
jects with and without MetS, in addition to the FMD value,
the waist circumference, total cholesterol, triglyceride, fasting
blood glucose and creatinine also differed significantly among
the three subgroups of subjects classified based on the pres-
ence/absence of mild/severe hyperuricemia.

The Kruskal-Wallis test demonstrated that the crude value
of FMD was diflerent among the subgroups with mild hyper-
uricemia, severe hyperuricemia and without hyperuricemia,
not only in the subject population without MetS but also in
that with MetS. As shown in Figure 1, the general linear model
analysis with the simple contrast method demonstrated that in
subjects without MetS (n = 2,319), the adjusted values of FMD
in both the subgroups with mild hyperuricemia and severe
hyperuricemia were lower than those in the subgroup without
hyperuricemia. On the contrary, in the subjects with MetS (1 =
413), the adjusted value of FMD was lower only in the sub-
group with severe hyperuricemia (and not in the group with
mild hyperuricemia) as compared with that in the subgroup
without hyperuricemia.

DiSCUSSION

Several studies have indicated that the conventional risk fac-
tors for CV disease are predictive of impaired FMD.67 Several
studies have suggested that hyperuricemia is a causal factor for
vascular damage.!5!7 An experimental study demonstrated
that UA impairs endothelial function via reduction of nitric
oxide synthase.’® Although allopurinol has been shown to
improve the FMD, it has not been clarified whether this effect
is mediated by the reduction of the serum UA levels by the
drug or reduction of xanthine oxidase activity by the drug,19:20
In addition, only studies with a relatively small number of sub-
jects have reported the existence of a significant relationship
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between the serum UA levels and the FMD.3% The present
study, conducted on a large number of middle-aged healthy
Japanese men, confirmed that not only severe hyperuricemia
(serum UA levels 2 461 ymol/1) but also mild hyperuricemia
(serum UA levels > 425 umol/l but <461 umol/1) impairs FMD,
independent of the risk factors for CV disease, including the
components of MetS.

Existence of a significant relationship between MetS and
hyperuricemia has been reported.>* In this connection, the
hyperinsulinemia associated with MetS has been shown to
increase UA reabsorption from the proximal renal tubules,
and the microvascular damage associated with elevated blood
pressure has been shown to enhance UA generation.* The
present study demonstrated a higher prevalence of mild/
severe hyperuricemia in the subjects with MetS than in those
without MetS. Thus, clarification of the effects of hyperuri-
cemia on the atherogenic abnormalities associated with MetS.
is crucial. It is noteworthy that the clustering of CV risk fac-
tors in MctS is associated with a greater risk for CV discases
than that reflecled by the sum of the risks associated with the
individual risk factors.’%!! The Framingham Offspring study
demonstrated that the clustering of the CV risk factors in MetS
is associated with progressive impairment of the EMD.12 In the
present study, different from the subjects without MetS, severe
byperuricemia, but not mild hyperuricemia, significantly
impaired FMD. Thus, severe hyperuricemia may make a sig-
nificant additional contribution to the progressive impairment’
of endothelial function associated with the clustering of CV
risk factors in subjects with MetS.

Some prospective studies have demonstrated that hyperuri-
cemia is a risk factor for CV events independent of the pres-
ence of MetS.4!* On the other hand, hyperuricemia has also
been reported to be a risk factor for increased carotid intima-
media thickness, a morphological marker of atherosclerosis, as
assessed by intravascular ultrasound examination.?! However,
in two recent studies, hyperuricemia was not demonstrated as
a potent risk factor for increased carotid intima-media thick-
ness in subjects with MetS.?%?3 As compared to the carotid
intima-media thickness, impaired FMD is considered to be an
earlier marker of atherosclerosis, preceding the appearance of
ultrasonic evidence of atherosclerosis.24 Several factors, such
as conventional risk factors for CV disease, inflammation,
oxidative stress, nitric oxide and so on, contribute to the ini-
tiation/progression of atherosclerosis.2426 FMD is a marker
related to endothelial nitric oxide bioavailability;?>26 and
therefore, hyperuricemia may affect atherogenic abnormalities
related to nitric oxide bicavailability in MetS.

This study had some limitations: (i) The linearity between
the serum UA levels and the FMD was weal, although signifi-
cant and therefore, the significance of the interaction of the
effects of hyperuricemia and MetS on EMD was not assessed.
(i) The present study had some technical limitations related
to the measurement of FMD;¥ (ii-A) Although FMD shows
diurnal variations,2’ it was measured in the morning in some
of the study subjects, but around ncontime in others; (ii-B)

Purthermore, the results of FMD measurement are operator
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dependent. The reproducibility of FMD measurement at the
participating study institations is described in the Methods
section, and for the present study, the FMD measurements
were conducted using the same protocol and the same instru-
ment. Even so, the consistency of FMD measurements among
institutions was not examined in the present study. (iii) In the
present study, abnormal glucose metabolism, 2 well-known risk
factor for endothelial dysfunction, was not significantly related
to the impairment of FMD. A plausible mechanisms to explain
this unexpected result are that the status of abnormal glucose
metabolism was not severe enough to impair FMD. (iv) The
present study could not clarify the mechanisms underlying the
impairment of endothelial function induced by hyperuricemia.
(v) Gender-related differences in serum UA levels are widely
recognized,"'%13and some studies have suggested that the rela-
tionship between hyperuricemia and MetS is relatively weak in
males.?>?3 Thus, any gender-related differences in the relation-
ships among hyperuricemia, endothelial function, and MetS
should be clarified in the future study. (vi Although endothe-
lium-independent vasodilatation is also a marker of vascular
damage,”* we did not evaluate the effect of hyperuricemia on
endothelium-independent vasodilatation in the present study.
(vii) In this multicenter study, although the FMD was assessed
using the same protocol and the same instrument, the biochem-
ical assays were not calibrated. Notwithstanding, however, the
serum uric acid levels were similar among the clinics (data not
shown). (viii) In the present study, the lipid profile was entered
as a covariale for the analyses, and the National Cholesterol
Education Program has recommended a fasting period of at
feast 8-h duration prior to its assessment.?® However, in the
present study, the lipid profile was determined after 5-h f; asting
in the subjects.

In middle-aged healthy Japanese men without MetS, not
only severe, but also mild hyperuricemia may be a significant
independent risk factor for endothelial dysfunction, whereas
only severe hyperuricemia (but not mild hyperuricemia)
appeared to exacerbate endothelial dysfunction in similar sub-
jects with MetS.
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Implications for Re-Endothelialization, Restenosis, and Stent Thrombosis

The celfular and molecular processes that control vascular injury responses after percutaneous coronary intervention in-
volve a complex interplay among vascular cells and progenitor cells that control arterial remodeling, neointimal prolifera-
tion, and re-endothelialization. Drug-eluting stents (DES) improve the efficacy of percutaneous coronary intervention by
modulating vascular inflammation and preventing neointimal proliferation and restenosis, Although positive effects of
DES reduce inflammation and restenosis, negative effects delay re-endothelialization and impair endothelial function. De-
layed re-endothelialization and impaired endothelial function are linked to stent thrombosis and adverse clinical out-
comes after DES use. Compared with bare-metal stents, DES also differentially modulate mobilization, homing, and differ-
entiation of vascular progenitor cells involved in re-endothelialization and neointimal proliferation. The effects of DES on
vascular inflammation and repair directly impact clinical outcomes with these devices and dictate requirements for ex-
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tended-duration dual antiplatelet therapy.
Cardiology Foundation

(J Am Coll Cardiol Intv 2011;4:1057-66) © 2011 by the American College of

Drug-cluting stents (DES) substantially reduce angio-
graphic and clinical restenosis by 70% across broad patient
and lesion subsets and decrease repeat target lesion inter-
ventions. The prototypical antiproliferative DES agents
sirolimus (CYPHER stent, Cordis, Miami Lakes, Florida),
paclitaxel (Taxus stent, Boston Scientific, Natick, Massa-
chusetts), zotarolimus (Endeavor stent, Medtronic, Minne-
apolis, Minnesota), and everolimus (Xience stent, Abbott
and Boston Scientific) have potent antimitotic actions that
strongly inhibit smooth muscle proliferation and matrix
production (1-3) and thus reduce neointimal formation and
restenosis. Despite efficacy in reducing neointimal prolifer-
ation and restenosis, DES failure and restenosis still occurs
and is more frequent in the settings of diabetes mellitus and
during treatment of restenotic lesions, bypass grafts, and
bifurcations (4—6). In addition to restenosis, concern has
arisen about the potential for late thromboses or very late
thromboses after DES implantation, and this concern has.
led to extended-duration dual antiplatelet therapy (7-9).
Mechanisms of stent thrombosis might vary, depending on
the timing of the event (10). Acute stent thrombosis (within
24 h of implantation) and early stent thrombosis (within 30
days) are likely related to mechanical issues with the stent,
inadequate platelet inhibition, or pro-thrombotic patient

risk factors. In contrast, late stent thrombosis (up to 1 year)
and very late stent thrombosis (after 1 year) have been
attributed to delayed re-endothelialization and inhibition of
vascular repair. The potential for delayed re-endothelialization
and inhibition of vascular repair is particularly important after
implantation of DES, because the antiproliferative agents used
to prevent smooth muscle cell proliferation also delay re-
endothelialization in the stented segment (11,12). Angioscopic
(13) and pathological (11,12,14,15) evidence suggests that
there is delayed arterial healing with DES, compared with
bare-metal stents (BMS), because DES-treated arteries have
more histological evidence of incomplete re-endothelialization,
chronic inflammatory cell infiltration, fibrin deposition, and
platelet activation. It is important to recognize that inflamma-
tory and thrombotic pathways share common signaling path-
ways. and that inflammatory responses promote activation of
the clotting cascade and stimulate platelet activation (reviewed
in Croce and Libby [16]). Experimental studies also suggest
that delayed arterial healing and DES-associated inflammation
Is greatest at sites of overlapping DES with placement of
multiple stents (17). The finding of increased inflammation in
areas of stent overlap suggests a possible molecular mechanism
to explain higher stent thrombosis rates that are associated with
overlapping stents.
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In addition to antiproliferative drug-associated delayed
healing with DES, stent-induced or polymer-induced in-
flammation has also been identified as a possible contributor
to stent thrombosis, especially because late and very late
stent thrombosis occurs long after antiproliferative dugs
have been eluted from the polymer (18-20). Inflammatory
responses to drug, stent, or polymer might result from
nonspecific innate immune responses, which have a pre-
dominance of monocyte/macrophage infiltrates, or might be
related to antigen-specific adaptive immune hypersensitivity
responses typified by infiltration of eosinophils, B-cells, and
T-cells (reviewed in Byrne et al. [21]). Several studies have
also implicated DES-polymer-induced inflammation in the
pathobiology of restenosis and stent thrombosis (18,19).
Currently, the 4 stent platforms approved for use by the
U.S. Food and Drug Administration use different nonerod-
ible polymeric coatings for drug delivery, and experimental
animal studies suggest that biological compatibility, immu-
nogenicity, and thrombogenicity might vary among specific
polymeric compounds (22). The next generations of DES
represent an attempt to reduce the possibility of polymer-
induced inflammation, delayed arterial healing, restenosis,
and stent thrombosis through use of polymers that have
better biocompatibility and/or are biodegradable.

Emerging evidence indicates that compared to BMS,
DES impair endothelial function in arterial segments distal
to the stented site (23,24). Even 6 months after implanta-
tion of DES, artery segments distal to the DES show
abnormal vasoreactivity (25-27). DES-associated abnor-
malities in endothelial function could be related to delayed
vascular repair and not the DES drug itself, because the
kinetics of DES are such that the drugs are completely
eluted within months after implantation (28-31). It is
possible, however, that in certain circumstances drug accu-
mulation in the arterial wall (32) and the lipophilic core of
stented atheroma results in prolonged drug retention/release
and ongoing vascular dysfunction. The mechanism of DES-
associated endothelial dysfunction is not established, and
recent studies have demonstrated that there is variability in
the severity of DES-associated endothelial dysfunction
among specific DES agents (33-35). It is unclear whether
DES-associated vascular dysfunction influences clinical out-
comes after DES implantation. One small study demon-
strated impaired endothelial function in patients presenting
with in-stent restenosis, compared with matched control
subjects (36); however, this association will require valida-
tion in larger prospective investigations.

Because of the potential for delayed re-endothelialization
and repair with DES, concern was raised about possible
increased mortality and late stent thrombosis following
DES implantation (reviewed in Garg and Mauri [7)).
Because of the insufficient power of individual trials to assess
the low-incidence events of late and very late stent throm-
bosis, multiple meta-analyses were performed to evaluate
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the risk of stent thrombosis in patients treated with DES
versus BMS (37-41). These meta-analyses and subse-
quent analyses of stent registry data (42-45) demon-
strated nearly equivalent risk of stent thrombosis (ap-
proximately 0.5%) in patients treated with DES or BMS.
A small increase in the risk of late and very late stent
thrombosis on the order of 1% to 2% cannot be excluded,
however, because available data have insufficient power to
evaluate this very rare event.

Analyses of stent thrombosis and outcomes with DES are
further complicated by significant differences in stent struc-
ture, drug delivery polymers, and antiproliferative drugs
among the rapidly expanding panel of DES. In addition,
complex biology controls vascular repair after percutaneous
coronary intervention (PCI). Understanding the common
and differential molecular pathways that regulate re-
endothelialization versus restenosis will provide a biological
context for rational use of DES and will enable development
of new DES technologies that can inhibit neointimal
proliferation and preserve or
even promote endothelial repair. | Abbreviations
In the following sections, we | and Acronyms
will highlight key cellular and
molecular pathways that regu-
late vascular injury and repair
in the setting of percutaneous
coronary revascularization, and
we will discuss the role of DES
in modulating vascular repair
processes.

BMS = bare-motal stent(s)
DES = drug-eluting stent(s)"

EPC = endothelial progenitor
cell

G-CSF = granulocyte colony-
stimulating factor

POl = percutaneous
coronary intervention

8DF = stromal cell-derived
factor

Role of Inflammation
in Restenosis and i

Vascular Repair f

SMPC = smooth muscle
progenitor cell

Stent placement leads to mechanical injury that induces
substantial local inflamimation, which stimulates vascular
smooth muscle cell proliferation and extracellular matrix
deposition, resulting in neointimal thickening and resteno-
sis (46,47). Vascular inflammation after PCI involves com-
plex interactions between multiple vascular cell types, and
under normal circumstances, the cellular and molecular
processes that control vascular injury responses direct repair
and vascular healing. In pathological conditions, dysregula-
tion of vascular repair results in persistent vascular inflam-
mation, neointimal proliferation, and restenotic obstruction
of the stent lumen.

Immediately after PCI, platelets, neutrophils, and mono-
cytes play a central role in the initial inflammatory response
(47,48). Platelets and fibrin deposit on the de-endothelialized
vessel wall and recruit leukocytes to the injured vessel
segment through a cascade of cell adhesion molecules that
direct leukocyte attachment and transmigration across
surface-adherent platelets (49). The initial tethering and
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At the site of stent implantation after percutaneous coronaty intervention, endothelial cells are denuded, and the subendothelial matrix is exposed to flowing
blood. Platelets and fibrinogen immediately adhere to the surface of the injured vessel. A multistep cascade of platelet and leukocyte adhesion molecules direct
apture.” Leukocyte capture and rolling are mediated by interaction between plate-
firm adhesion are mediated by platelet glycoprotein (GP) ib-alpha and leukocyte

leukocyte adhesion to the adherent platelets in a process termed “secondary ¢

rolling of leukocytes on platelets is mediated through
binding of the leukocyte receptor P-selectin glycoprotein
ligand-1 to platelet P-selectin (50-52). Rolling leukocytes
stop and firmly attach to adherent platelets when the
leukocyte integrin Mac-1 (CD11b/CD18) binds to platelet
glycoprotein Ib-alpha (53) or to fibrinogen bound to the
platelet glycoprotein IIb/IITa (Fig. 1) (54). A direct role for
Mac-1 in leukocyte adhesion after mechanical injury has
been demonstrated in several experimental studies where
Mac-1 targeting reduces neointimal thickening after exper-
imental angioplasty (55,56). Clinical studies of patients
undergoing PCI further support the premise that Mac-1
and platelet-mediated leukocyte adhesion (also termed
“secondary capture”) plays an important role in vascular
inflammation and restenosis after coronary stenting. We
have previously shown that, compared with circulating
neutrophils, Mac-1 surface expression is significantly
increased in the neutrophils obtained from the coronary
sinus of patients who underwent PCI within the preced-
ing 48 h and that high levels of Mac-1 expression are
associated with angiographic late lumen loss and in-
creased risk of restenosis (57-60). Increased Mac-1
expression also correlates with increased expression of
P-selectin on the surface of platelets obtained from the
coronary sinus after PCI (57-60).

Role of Bone Marrow-Detived Stem Cells
in Restenosis and Vascular Repair

Emerging research is demonstrating that bone marrow-
derived progenitor cells play an important role in vascular
inflammation responses and in vascular repair. Endothelial
progenitor cells (EPCs) mobilized from bone marrow into
peripheral blood promote endothelial regeneration and post-
natal neovascularization (61,62). In contrast to the potential
protective effects of EPCs, it has been hypothesized that
smooth muscle progenitor cells (SMPCs), which are also
mobilized from bone marrow, migrate to the sites of
vascular injury where they contribute to smooth muscle cell
expansion and neointimal proliferation (63-65).

The precise function of EPCs and SMPCs once they
home to sites of vascular inflammation is controversial.
Previously, CD34-positive cells were believed to be com-
mitted to develop into EPCs; however, further study dem-
onstrated that the CD34 surface antigen actually identifies
undifferentiated bone marrow-derived stem cells that have
the ability to differentiate into EPC and SMPCs. Transdif-
ferentiation of CD34-positive cells into EPC or SMPC
lineages depends on the local environment; ischemic con-
ditions signal differentiation toward EPC phenotypes to
promote re-endothelialization (61,66), and inflammatory
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Previously, CD34-positive cells were believed to be committed to develop
into EPCs; however, further study demonstrated that the CD34 surface anti-
gen actually identifies undifferentiated bone marrow-derived stem cells
that have the ability to differentiate into EPC and SMPCs. Ischemic condi-
tions signal differentiation toward EPC phenotypes to promote re-endothe-
lialization. Inflammatory conditions signal differentiation toward SMPC
phenotypes that promote neointimal proliferation,

conditions signal differentiation toward SMPC phenotypes
that promote neointimal proliferation (63) (Fig. 2).

Several studies have implicated CD34-positive progeni-
tor cells in vascular injury responses after PCI. Circulating
CD34-positive cells are increased in the days after acute
myocardial infarction, and characterization of these circu-
lating cells suggests that they have an EPC-like phenotype,
raising the possibility that CD34-positive EPC-like cells are
mobilized to promote angiogenesis in the ischemic myocar-
dium. In contrast to ischemia-mediated mobilization,
SMPC-like CD34-positive cells increase after PCI in pa-
tients with chronic coronary artery disease, presumably in
response to inflammatory mediators produced at sites of
stent implantation (67). In this setting, elevated levels of
circulating CD34-positive cells are associated with in-
creased rates of restenosis, suggesting possible involvement
in neointimal formation (68).

We have also demonstrated that molecular signals gen-
erated at sites of local arterial inflammation promote the
mobilization of CD34-positive stem cells (69). In our study,
the number of CD34-positive cells in the peripheral blood
increased Day 7 to 14 after PCI, and patients who received
BMS had significantly more CD34-positive cells than those
who received DES (Fig. 3A) (69,70). Granulocyte colony-
stimulating factor (G-CSF) and Mac-1 levels were signifi-
cantly reduced in patients who underwent implantation of
DES, compared with those who received BMS, suggesting
that the antiproliferative stent drug attenuated inflamma-
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tory cell activation (Fig. 3B) (69). This observation is
consistent with our hypothesis that inflammatory signals
generated at sites of coronary injury mobilize bone marrow-
derived progenitor cells involved in vascular repair. To
further elucidate the role of CD34-positive cells in vascular
injury and repair after PCI, we isolated circulating CD34-
positive progenitor cells from patients who received DES
and BMS and performed in vitro differentiation assays
(Fig. 4) (69). In most patients, a proportion of the cultured
CD34-positive cells differentiated into both CD31-positive
endothelial-like cells and into alpha-actin-positive cells with
features suggestive of smooth muscle cell lineage. Several
other observations were made. First, the number of differ-
entiated colonies that formed from the CD34-positive cells
correlated with the extent of restenosis during angiographic
follow-up. Second, patients with more angiographic reste-
nosis had more CD34-positive cells that differentiated into
alpha-actin containing SMPC-like cells. Third, implanta-
tion of sirolimus-eluting stents resulted in reduced differ-
entiation of CD34-positive cells into CD31-positive cells
and reduced differentiation into alpha-actin-positive cells
with smooth muscle cell features. This finding is consistent
with in vitro data demonstrating that sirolimus inhibits
differentiation of human bone marrow-derived stem cells
into endothelial or smooth muscle cells (71,72).

Several lines of evidence support the premise that PCI
induces local inflammatory signals that mobilize bone
marrow-derived CD34-positive stem cells and that these
cells have the ability to differentiate along endothelial or
smooth muscle cell lines. In the setting of vascular injury,
there seems to be a balance between endothelial-like stem
cell responses that favor re-endothelialization and smooth
muscle-like stem cell responses that promote restenosis
(Fig. 2). Furthermore, it seems that, compared with BMS,
sirolimus-eluting stent implantation attenuates production
of local inflammatory signals that promote stem cell mobi-
lization and differentiation into smooth muscle-like cells
that contribute to neointimal proliferation. In the future,
targeted pharmacological therapies might be able to pro-
mote reparative progenitor cell responses and/or inhibit
responses that result in excess neointimal proliferation.

Local Vascular Inflammation
Signals Stem Cell Recruitment

As described in the preceding text, inflammatory and
hematopoietic cytokines produced locally at sites of
vascular inflammation direct mobilization of stem cells
from the bone marrow. Vascular-derived molecules in-
volved in stem cell mobilization include G-CSF, matrix
metalloproteinase-9, and stromal cell-derived factor
(SDF)-1.

G-CSF, a potent hematopoietic cytokine produced by
endothelium and immune cells, is expressed at sites of
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Figure 3. CD34-Positive Cell Counts and CD34-Posltive Cell Mac-1 Expression After PCI

(A} Circulating CD34-positive cells increase after percutaneous coronary intervention (PCl). The highest levels of CD34-positive cells were seen in the peripheral
blood of patients who received bare-metal stents that went on to have restenosis at 6-month (m) angiographic follow-up (Bare-Metal Stent Restenosis ).
Implantation of drug-eluting stent was associated with a significant reduction in the number of circulating CD34-positive cells. (B) Neutrophil Mac-1 expression
correlates with mobilization of CD34-positive cells. Forty-eight hours after PCl, neutrophils were harvested from the coronary sinus of patients who had coronary
stents implanted. Neutrophil Mac-1 expression was quantified by flow cytometry. Neutrophil Mac-1 expression at 48 h correlated with circulating levels of CD34-
positive cells 7 days (d) after PCl, demonst rating that higher levels of local vascular inflammation are associated with increased systemic CD34-positive progeni-
tor cell mobilization. Data are expressed as percentage change of the baseline values. Adapted, with permission, from Inoue et al. (69).

vascular injury (73). G-CSF promotes stem cell prolifera-
tion and mobilization, and it has been hypothesized that,
after PCI and/or myocardial infarction, G-CSF signals
production and homing of reparative stem cells that pro-
mote angiogenesis and myocardial repair. Clinical evalua-
tion of systemic G-CSF therapy after myocardial infarction
failed to show benefit in limiting infarct size or in improving
left ventricular function, despite its experimental effects on
stem mobilization (74,75). It is possible that the nonselec-
tive mobilization of both EPCs and SMPCs by G-CSF
might limit its therapeutic value for treating restenosis and
promoting vascular repair.

Neutrophil-derived matrix metalloproteinase-9 is an-
other inflammatory mediator that has a role in stem cell
mobilization (76). Matrix metalloproteinase-9 is secreted
locally in response to inflammatory inputs, including
ligand binding to the leukocyte integrin Mac-1 (77).
Matrix metalloproteinase-9 is required for G-CSF and
chemokine-induced mobilization of hematopoietic stem
cells from the bone marrow (78,79) and provides a
mechanism through which inflamed vascular beds gener-
ate systemic signals that promote bone marrow-derived
stem cell mobilization. :

SDF-1 is a member of the CXC group of chemokines
that plays a role in stem cell plasticity and engraftment (80).
SDF-1 is expressed by smooth muscle cells at sites of
atherosclerosis and vascular inflammation. SDF-1 signals
the bone marrow to mobilize Sca-1* lineage progenitor

)n-.&

cells that home to sites of vascular injury where the
progenitor cells adopt smooth muscle cell phenotypes. In
experimental models, SDF-1 directly regulates neointimal
smooth muscle cell content, and inhibition of SDF-1
function decreases neointimal formation (80). Therapies

targeting SDF-1 function could potentially inhibit resteno-
sis after PCI.

Modulating Vascular Injury and Repair:
New Frontiers in DES Technology

Current-generation DES agents prevent restenosis by in-
hibiting smooth muscle cell proliferation. In developing the
next generation of DES agents it might be possible to
harness differential drug effects on smooth muscle cell
proliferation versus re-endothelialization in a manner that
could accelerate repair. Vascular endothelial growth factor
has attracted attention as a DES agent that could promote
endothelial regeneration and angiogenesis (81). Proof-of-
concept investigations have demonstrated that vascular en-
dothelial growth factor gene-eluting stents accelerate re-
endothelialization and reduce in-stent neointimal area in
animal models (82). Another new strategy to promote
vascular repair after PCI involves the use of antibodies (83)
or peptides (84) that bind membrane receptors on circulat-
ing endothelial progenitor cells. This strategy promotes
capture of these cells to accelerate healing (83). CD34
antibody-coated stents have been implanted in human
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Figure 4. Differentiation of Patient-Derived CD34-Positive Stem Cells Into Endothelial-Like and Smooth Muscle-Like Cells After PCl

Circulating CD34-positive stem cells were isolated from peripheral blood of patients 7 days (d) after implantation of bare-metal stent (BMS) or sitolimus-eluting
stent (SES). Immunohistochemical staining for CD31 (A to D). (A) BMS without restenosis, (B) BMS with restenosis, (C) SES, (D) quantification of CD31-positive
cell clusters. Patients who received BMS had similar differentiation of CD34-positive stem cells into CD31-positive endothelial-like cells, regardless of whether
they went on to have restenosis at 6-month angiographic follow-up. Patients who received SES had a significant reduction in the differentiation of CD34-positive
stem cells into CD31-positive endothelial-fike cells, compared with patients that received BMS, Actin staining (E to H). (E) BMS without restenosis, (F) BMS with
restenosis, (G) SES, (H) quantification of actin positive cells. Patients who received BMS and went on to have restenosis at 6-month angiographic follow-up had
increased numbers of CD34-positive stem cells that differentiated into actin-positive smooth muscle-like cells. Patients who received SES had a significant reduc-
tion in the differentiation of CD34-positive stem cells into actin-positive smooth muscle-like cells, compared with patients that received BMS. Arrow denctes rep-

coronary arteries in the multicenter HEALING (Healthy
Endothelial Accelerated Lining Inhibits neointimal Growth)
IT pilot trial and in later follow-up studies (85,86). The
long-term safety and efficacy of this pro-healing stent
technology awaits further evaluation in randomized trials.

In addition to DES technology itself, adjunctive systemic
medications might also influence stem cell homing and the
balance between re-endothelialization and neointimal pro-
liferation. Interestingly, 3-hydroxy-3-methylglutaryl coen-
zyme A reductase inhibitors (statins) were recently shown to
promote EPC proliferation in vitro (87) and increase the
number of circulating EPCs in patients with coronary artery
disease (88). Despite initial optimism that statins might
favorably influence arterial healing after DES implantation,
enthusiasm has tempered after release of data showing that
high doses of statins started before PCI and continued
thereafter increased EPC mobilization but did not increase
circulating CD34" cells and did not improve the angio-
graphic outcome after implantation of a bioengineered
EPC-capture stent (89).

Thiazolidinediones, which are used to treat diabetes,
function by activating peroxisome proliferator activating
receptor transcription factors. Several thiazolidinedione
agents increase the number of EPCs in both circulating
blood and bone marrow and reduce EPC apoptosis in a
phosphatidylinosito] 3-kinase-dependent manner (90). Al-
though there are several potential vasculoprotective actions of
statins and thiazilidinediones, further clinical investigation will
be required to determine whether these medications will
positively influence vascular repair, resulting in reduced rates of
restenosis and enhanced re-endothelialization after PCI.

Conclusions

Percutaneous coronary intervention results in mechanical
injury that induces vascular inflammation. Vascular inflam-
mation involves complex interactions between endothelial
cells, smooth muscle cells, platelets, and inflammatory cells,
including neutrophils, monocytes, and lymphocytes. Signal-
ing molecules produced by cells at the site of vascular injury
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stimulate mobilization of bone marrow-derived EPCs and
SMPCs, which are recruited to the sites of vascular inflam-
mation. The cellular and molecular processes that control
vascular injury responses direct repair and vascular healing;
however, dysregulation of these responses can result in
adverse arterial remodeling, neointimal proliferation, and
restenosis. Drug-eluting stents effectively reduce neointimal
proliferation but they slow re-endothelialization and heal-
ing. Drug-eluting stents also seem to influence the mobili-
zation, homing, and differentiation of reparative stem cells.
Despite the potential for DES-induced delayed vascular
healing, clinical trial investigations have demonstrated sirn-
ilar safety of DES and BMS in the setting of extended dual
antiplatelet therapy. In the future, improved DES technolo-
_gies have the potential to abolish restenosis and further
improve stent safety by inhibiting maladaptive necintimal
proliferation while promoting re-endothelialization and repair.
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The effect of sex on the etiology, risk factors, comorbidities, treat-
ment and prognosis in patients with heart failure (HF) encountered
in routine clinical practice in Asian populations has not been well
described. The objective of the present study was to elucidate sex
differences with respect to the clinical characteristics, treatment, and
prognosis of HF patients treated in routine clinical practice settings
using the Japanese Cardiac Registry of Heart Failure in Cardiology
(JCARE-CARD) database, which is a nationwide registry for hospita-
lized patients with HF in Japan.

JCARE-CARD enrolled 2675 patients hospitalized for HF at 164
participating hospitals from January 2005 to June 2006. HF was
diagnosed by the simultaneous presence of at least two major criteria
or one major criterion in conjunction with two minor criteria by use of
the criteria from the Framingham Heart Study [1]. For each patient,
baseline data recorded on the form were: demography; HF causes;
comorbidities; complications; clinical status; echocardiographic find-
ings; plasma B-type natriuretic peptide (BNP); and treatments, Long-
term follow-up data could be obtained from 2305 patients after hos-
pital discharged. Mean post-discharge follow-up was 2.3 4+ 0.7 years.

To evaluate the effects of sex on the outcomes, the propensity score
which is one of the most widely employed covariate adjustment
methods was used to adjust the confounding factors between sex and

* Corresponding author at: Department of Cardiovascular Medicine, Hokkaido
University Graduate School of Medicine, Kita-15, Nishi-7, Kita-ku, Sapporo 060-8638,
Japan. Tel: +81 11706 6970; fax: 81 11 706 7874.

E-mail address: miyuki_t@cardiol.med.kyushu-u.acjp (M. Tsuchihashi-Makaya).

! For the JCARE-CARD Investigators.

2 Dr. Akira Takeshita died on 15 March 2009.

the outcomes, Multiple covariate Cox regression analyses were used to
assess the association of sex with long-term oulcomes using all
variables and individual propensity scores.

JCARE-CARD collected data from 2675 patients hospitalized with
HF, of which 1598 (60%) were male and 1077 (40%) were female.
Table 1 provides a comparison of demographic and clinical character-
istics for the entire cohort according to sex. Female patients were a
mean of 57 years older than male patients. Ischemic etiology was
more common in males than in females (36% vs 26%). Hypertensive
etiology was more common in females than in males (27% vs 23%).
Females were more likely o have hypertension, hyperlipidemia, and
anemia than males. However, renal failure, hyperuricernia, COPD, and
smoking were more frequent in males. These findings of the different
clinical characteristics between male-and female are similar to the
results of olher registries in US [2,3]. Mean LVEF was significantly
higher in females. Fernales had a significantly higher level of BNP in
serum upon hospital admission, although there was no significant
difference in New York Heart Association (NYHA) class. A lower pro-
portion of female patients received ACE inhibitors (32.1%vs 40.9%) , B~
blockers (44.5% vs 51.6%), antiarthythmics (13.6% vs 18.6%), aspirin
(44.5% vs 49.0%), and warfarin (36.0% vs 43.9%), but a higher propor-
tion received a calcium channel blocker (28.3% vs 23.1 %).

There were 282 dealhs from any cause (20.5%) in males and 192
(20.7%) in fermales (P= 0.836) The prevalence of cardiac mortality (12.5%
vs 12.9%; P=0.729), sudden cardiac deaths (3.3% vs 3.3%,P=0.729), and
hospitalization due to the worsening of HF (36.2% vs 36.4%; P=0.985)
were also comparable between males and fernales (12.5% vs 12.9%;
P=0.729). After adjustment for multiple variables predictive of mortality
after hospital discharge, there was no significant difference in all-cause
mortality between males and females (adjusted hazard ratio {HR] 0.97,
95% confidence interval (CI) 0.80-119, P= 0.774). Risk of cardiac
mortality (adjusted HR 1.06; 95% Cl 0.82-1.36: P=0.665), sudden
cardiac mortality (adjusted HR 1.04; 95% Cl 0.64-1.69: P=0.870), and
hospitalization due to the worsening of HF (adjusted HR 1.05; 95% C1
0.90-1.22; P=10.529) were also similar between males and females,

Despite the low rate of prescription of drugs to females, their
prognosis was equal to that of males, Possible explanations of this
finding might be the sex-related differences of the pathophysiology of
HF [4], psychosocial factors [5], and life circumstances (e.g., support
from the family and partner as well as social services). Consequently,
to explain sex differences in the prognoses for HE a multidimensional
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Table 1
Baseline demographic and clinical characteristics.
Characteristics All (n=2675) Male {n=1588) Female (n=1077) P
Age, years 71.0+134 68.7+£133 7444127 <0.001
Older than 65 years, % 725 66.0 822 <0.001
Body mass index, kg/m? 22.3+41 227+4.0 21.7+43 <0.001
Causes of HF, %
Ischemic 320 363 256 <0.001
Hypertensive 246 228 273 0.008
Cardiomyopathic 219 26.2 155 ) <0.001
Valvular 277 218 366 <0.001
Undetermined 15.7 14.2 179 0.010
History, %
Previous myocardial infarction 26.9 317 199 <0.001
Hypertension 529 512 554 0.036
Diabetes mellitus 299 311 282 0.116
Hyperlipidemia 2438 229 276 0.006
Renal failure 11.7 13.0 9.9 0.014
Serum creatinine, mg/dL 14412 15+13 12+10 <0.001
Hyperuricemia 46.8 518 393 <0.001
Stroke 15.0 153 145 0.594
Aneniia 208 175 256 <0.001
Hemoglobin, g/dL 12.04£32 126437 112+23 <0.001
COoPD 6.7 85 41 <0.001
Smioking 377 574 92 <0.001
Atrial fibrillation 352 36.5 334 0.103
Sustained VI/Vf 62 72 4.8 0.013
Prior hospitalization due to HF 483 50.0 45.9 0.044
PCl 17.7 210 12.8 <0.001
CABG 9.2 117 5.6 <0.001
Valve surgery 6.7 59 7.9 0.053
NYHA class on hospital admission
1 12 14 0.8
11 114 12.5 9.8 0.523
I 44.6 437 45.8 0.173
v 429 424 435 0.189
Echocardiographic data on hospital admission
LV EDD, mm 56.1+105 58.7+100 5224101 <0.001
LV ESD, mm 4414125 4694121 39.8+£117 <0.001
LVEF, % 422+176 3944171 46.5417.6 <0.001
<40% 49.7 56.5 392
40-50% 16.0 15.8 164 0.001
>50% 342 276 444 <0.001
Plasma BNP on hospital admission, pg/ml 8713 4970.2 851.44843.7 900.84 1132.5 0.003

HF, heart failure; COPD, chronic obstructive pulmonary disease; VT, ventricular tachycardia; VF, ventricular fibrillation; PCI, percutaneous coronary intervention; CABG, coronary
artery bypass grafting; NYHA, New York Heart Association; LV, left ventricular; EDD, end-diastolic dimension; ESD, end-systolic dimension; EF, ejection fraction; BNP, B-type

natriuretic peptide.

study that includes physiological and psychosocial aspects must be
conducted.

In conclusions, there were several differences with respect to clinical
characteristics and treatment between males and females with HE.
However, the effect of sex on outcomes was not found during long-term
follow-up. Further investigation is needed to reveal novel mechanisms,
therapeutic strategies, and effective management in males and females,

The authors of this manuscript have certified that they comply
with the Principles of Ethical Publishing in the International Journal of
Cardiology [6].
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KEYWORDS Summary

Heart failure; Background: Although many studies have demonstrated the efficacy of disease management
Disease management; programs on mortality, morbidity, quality of life (QOL), and medical cost in patients with heart
Psychologicat status; failure (HF), no study has focused on psychological status as an outcome of disease management.
Prognosis; In addition, very little information is available on the effectiveness of disease management
Quality of life programs in other areas than the USA and Europe.

Methods: The Japanese Heart Failure Outpatients Disease Management and Cardiac Evaluation
(J-HOMECARE) is a randomized controlled trial in which 156 patients hospitalized with HF will be
randomized into usual care or a home-based disease management arm receiving comprehensive
advice and counseling by visiting nurses during the initial 2 months and telephone follow-up for
the following 4 months after discharge. This study evaluates depression and anxiety {(Hospital
Anxiety and Depression Scale), mortality, readmission due to HF, and QOL (Short Form-8). Data
are collected during index hospitalization and then 2, 6, and 12 months after discharge. This
study started in December 2007, and the final results are expected in 2011.

Conclusion: The J-HOMECARE will provide important information on the efficacy of disease man-
agement for psychological status as well as the effective components of disease management
for patients with HF. (ClinicalTrials.gov number, NCTO01284400).

© 2011 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction

Heart failure (HF) is one of the leading causes of death and
hospitalization in developed countries. It is often associated
with multiple co-morbidities and complications, as well as
impaired quality of life (QOL). Although many therapeutic
options have reduced mortality and morbidity in patients
with HF [1—4], frequent re-hospitalization due to worsening
HF, low QOL [5], and psychological probtems remain a crit-
ical issue [6]. Our previous studies demonstrated that poor
follow-up as well as psychosocial distress such as anxiety
was an independent predictor associated with hospitaliza-
tion due to worsening HF [7,8].

To improve outcomes of HF patients, a variety of disease
management programs have been developed and tested
over the past 25 years [9—11]. These programs include HF
clinics, home-based intervention, and tele-monitoring. The
key components of all of these interventions were edu-
cation and counseling, symptom monitoring by a nurse,
accessibility of healthcare provider in case of problems,
optimization of medication, and social support service after
discharge. They have been reported to decrease rehos-
pitalization due to worsening HF, increase time to first
major event, decrease medical costs, and improve QOL [12].
However, some studies have failed to support these posi-
tive findings, by reporting negative or inconclusive results
[13,14]. In addition, the differences in national healthcare
systems raise questions about the suitability and compara-
bility of these programs in different countries. To the best
of our knowledge, no trials have been conducted to eval-
uate the effect of disease management programs in other
countries other than the USA, Europe, and Australia. More-
over, almost all previous studies have evaluated the effects
of disease management on mortality, readmission due to HF,
QOL, and medical costs. Even though psychosocial distress,
including depression and anxiety, is common among patients
with HF and is a high risk for mortality and morbidity in
HF [8,15], there is no trial to assess the efficacy of dis-
ease management programs for the psychosocial status of HF
patients.

The Japanese Heart Failure Outpatients Disease Manage-
ment and Cardiac Evaluation (J-HOMECARE) is a randomized
controlled trial to evaluate the efficacy of home-based dis-
ease management programs compared with usual care in
improving psychosocial status, mortality, HF hospitalization,
and QOL in Japanese HF patients.

Study design
Overview

J-HOMECARE is a multicenter, randomized, efficacy trial
designed to evaluate the efficacy of home-based disease
management programs on psychosocial status and QOL as
well as mortality and morbidity as compared to usual care in
Japanese HF patients. This study has been approved by the
Ethics Committee of Hokkaido University Graduate Schoot
of Medicine. Recruited patients with HF were randomized
into usual care and home-based disease management groups
between December 2007 and March 2010. Patients undergo
their respective J-HOMECARE treatment for 6 months and
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are then followed up for an additional 6 months. All data
collection was scheduled to end in March 2011.

Study objectives

The primary objective of J-HOMECARE is to determine the
effectiveness of interventions, as compared to that of usual
care, on psychological status, including depression and anx-
iety, in HF patients. The secondary objective is to determine
the effectiveness of interventions, compared to that of usual
care, on all-cause death, cardiac death, sudden cardiac
death, readmission due to decompensated HF, and QOL.

Study patients and baseline assessment

The process of the trial is shown in Fig. 1. All study candi-
dates are required to have had a hospital admission for HE
with symptoms and signs of HF and a pre-existing history
of chronic HF [New York Heart Association (NYHA) H=IV].
Eligible patients must be at least 18 years of age. Reasons
for exclusion from the study are as follows: end-stage HF
defined as requiring mechanical support or continuous intra-
Venous inotropic support; a serious life-threatening illness
with a life-expectancy of <6 months; stroke within the last
3 months; cognitive dysfunction; substance abuse or psy-
chotic disorder; patients whose physician or nurses refused
access.

After informed consent has been obtained from eligible
patients, they are randomized on a 1:1 basis, to either usual
care or a home-based disease management program.

Baseline and all annual examinations consist of: (1) clin-
ical characteristics including height, body weight, pulse,
and blood pressure; (2) etiology of HF; (3) risk fac-
tors such as hypertension, diabetes mellitus, dyslipidemia,
smoking habits, and/or alcohol drinking habits; (4) comor-
bidities such as prior myocardial infarction (M1), atrial
fibrillation, ventricular arrhythmias, hyperuricemia, chronic
kidney disease, anemia, stroke, chronic obstructive pul-
monary disease, locomotor disability, prior percutaneous
coronary intervention (PCl) or coronary artery bypass graft
(CABG); (5) severity of HF [NYHA functional class, brain
natriuretic peptide (BNP)], and echocardiography; (6) treat-
ment at hospital discharge; and (7) a questionnaire assessing
depression, anxiety, QOL, and physical activity (Table 1).

Intervention protocol

Enrolled patients receive comprehensive discharge educa-
tion using a booklet provided by a cardiologist, nurse, dieti-
tian, or pharmacist. This booklet provides knowledge and
information” on pathophysiology, medical treatment, diet,
physical activity, lifestyle modification, self-measurement
of body weight, self-monitoring of worsening HF, and emer-
gency contact methods (Fig. 2). Follow-up assessments were
performed 1, 2, 6, and 12 months after discharge.

A home-based disease management program consists of
home visit by nurse to provide symptom monitoring, edu-
cation, and counseling and telephone follow-up by nurse
in addition to routine follow-up by cardiologist (Table 2).
A home visit is made within 14 days after discharge from
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