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Introduction

Elevated baseline heart rate (HR) could be a reflection of activated
sympathetic nervous system, a negative force-frequency response
of failing myocardium and worsening myocardial ischaemia.'™?
Furthermore, increased heart rate was associated with increased
systemic inflammation and endothelial dysfunction.* Thus, it is

widely considered to be a predictor of poor prognosis in patients
with heart failure (HF). Indeed, unfavourable prognostic impact
of elevated baseline HR has been repeatedly noted in patients
with HF with reduced ejection fraction (HFrEF).>~® For instance,
in addition to f-blocker; HR reduction with ivabradine has been
reported as effective for patients with HFrEF’ In the European
Society of Cardiology guidelines, ivabradine is recommended to

*Corresponding author. Department of Cardiovascular Medicine, Tohoku University Graduate School of Medicine, 1-1 Seiryo-machi, Aoba-ku, Sendai 980-8574, Japan. Tel: +81-
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reduce the risk of HF hospitalization in symptomatic (NYHA class
lI-1V) patients in sinus rhythm with an EF<35% and a heart
rate remaining > 70 bpm despite treatment with an evidence-based
dose of f-blocker (or maximum tolerated dose below that), ACE
inhibitor (or ARB), and an MRA (or ARB)."® However, it is still
controversial whether elevated baseline HR is associated with poor
prognosis in patients with HF with preserved ejection fraction
(HFpEF)."'~"3 This is possibly because these previous findings
regarding the association between baseline HR and prognosis of
HFpEF were derived from post hoc analysis of randomized control
trials'""® or from an observational study with a relatively small
sample size,"? and thus likely involved selection bias. Furthermore,
even in the positive studies,””? it has not been elucidated which
modes of deaths or cardiac events were particularly associated with
elevated HR in HFpEF. Thus, it has been awaited to address the
prognostic impacts of elevated HR in patients with HFpEF in more
detail, using a large-scale prospective observational cohort.

In the present study, we thus examined the prognostic impact of
baseline HR in HFpEF in our prospective observational multicentre
cohort study, named the Chronic Heart Failure Analysis and
Registry in the Tohoku District 2 (CHART-2) Study, where we
successfully enrolled consecutive 10 219 patients in Stage B, C,
and D HE'71¢ The aim of the present study was to compare the
impact of elevated HR on clinical outcomes between HFpEF and
HFrEF, especially on cardiovascular (CV) death and HF death.

Methods
Design of the present study

The CHART-2 Study is a prospective observational multicenter cohort
study, as previously reported in detail (NCT00418041)."* Among
4735 stage C/D patients in the CHART-2 Study (n=10 219),'4¢
2863 in sinus rhythm without history of paroxysmal atrial fibrillation
or implantable cardiac device were enrolled in the present study.
They were divided into the two groups according to the baseline
left ventricular ejection fraction (LVEF) of <50% (HFrEF) or>50%
(HFPEF) in the present study.' The prognostic impact of elevated
baseline HR was examined by calculating relative risks in the highest
and second highest tertiles of baseline HR compared with the lowest
tertile. We also examined whether f-blocker therapy could affect the
relationship between HR increase and prognostic endpoints between
the HFrEF and the HFpEF groups. Furthermore, we explored optimal
cut-off points of HR to split risk of mortality endpoints using the
classification and regression tree (CART) method.’®"?

Statistical analysis

The outcomes of all-cause death, CV death and non-CV death were
estimated by Kaplan—Meier curve and log-rank test in both groups.
The impact of each tertile defined by baseline HR for the endpoints
was examined using the univariate and multivariate Cox proportional
hazard model. The covariates for the multivariate analysis included
gender, age, body mass index, systolic blood pressure (SBP), LV dias-
tolic diameter (LVDd), LVEF, haemoglobin level, estimated glomerular
filtration ratio, malignant diseases, f-blocker, RASI, enrolment loca-
tion (inpatient or outpatient) and HR categories. The association
between f-blockers and outcomes was assessed using univariate and

multivariate Cox proportional hazard models with the same covariates
except f-blocker use. Statistical analysis was performed using IBM SPSS
Statistics 19 software (IBM, Armonk, NY, USA) and R software (ver-
sion 2.5). To determine the optimal cut-off points of HR to split CV and
non-CV mortality for overall, HFrEF and HFpEF patients, respectively,
an open-source adaptation of the CART algorithm from R software
was used.

Methods are mentioned in more detail in the Supplementary mate-
rial online, Appendix S1.

Results

Baseline characteristics

Among the 2863 Stage-C/D HF patients in sinus rhythm enrolled
in the present study, we finally analysed 2688 (93.9%) patients
in whom both HR and LVEF data were available (mean age
67.5 +13.0years, male 70%, and median follow-up period of
3.13 years). Table 7 shows baseline characteristics of the patients
in the HFrEF and HFpEF groups. The number of patients in the
HFpEF group was twice that in the HFrEF group. The HFpEF group
was characterized by more females, older age, higher SBP, lower
HR and NYHA functional class, higher prevalence of hyperten-
sion and valvular heart disease, and lower serum brain natriuretic
peptide levels. The prevalence of f-blocker use was significantly
lower in the HFpEF group than in the HFrEF group (40% vs. 65%,
P<0.001). Supplementary material online, Table S1, shows the
baseline characteristics of tertiles of baseline HR for both groups.
Although almost all backgrounds except f-blocker use were com-
parable among the tertiles in the HFrEF group, the tertiles in the
HFpEF group showed statistically significant trends in LVDd, LVEF
value, ischaemic heart disease, prevalence of female sex and loop
diuretics use, in addition to f-blocker use.

Impact of HR increase on clinical
outcomes

During the follow-up period of median 3.13 years, 133 (15.0%) and
176 (9.8%) all-cause deaths, 79 (8.9%) and 76 (4.2%) CV deaths,
42 (4.7%) and 32 (1.8%) deaths for heart failure, 164 (18.5%)
and 122 (6.8%) admission for heart failure, 42 (4.7%) and 86
(4.8%) non-CV deaths were noted in the HFrEF and HFpEF groups,
respectively. There were 26 deaths due to unknown origins. The
actual number of events and event rate in tertiles are shown in
Supplementary material online, Table S2. The Kaplan—Meier curves
and multivariate Cox regression analyses revealed that the higher
HR tertile had more increased risk of all-cause death in both the
HFrEF and HFpEF groups (Figures 7A,B and 2). As for CV and HF
death, a significant relationship between HR and mortality was
noted in the HFpEF group (hazard ratios of the highest HR tertile
2.17, 95% Cl 1.19-3.99, P=0.012 for CV death and 3.79, 95%
Cl 1.24-11.62, P=0.020 for HF death). In contrast, in the HFrEF
group, elevated HR was not significantly associated with increased
risk of CV mortality and HF mortality (hazard ratios of the highest
HR tertile 1.49, 95% Cl 0.87-2.54, P=0.143 for CV death; and
1.07, 95% CI 0.50~2.27, P=0.864 for HF death) (Figures 7C,D and
2). Furthermore, a significant relationship between HR and non-CV

© 2013 The Authors
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oups defined by baseline LVEF

Total
n=2688
(100%)
Patients’ characteristics
- Male sex 1874 (70%)
Age (years) 67.5+13
BMI 24.0+3.9
Systolic BP (mmHg) 1279+19.0
Heart rate (bpm) 71.1+135
LVDd (mm) 520492
LVEF (%) 572+15.6
NYHA
[ 702 (26%)
1l 1701 (64%)
il 254 (9%)
v 18 (1%)

Medical history

Hypertension 2109 (78%)

Diabetes mellitus 758 (28%)
Dyslipidaemia 2079 (77%)
Stroke 420 (16%)
Malignant disease 280 (10%)
Ischaemic heart disease 1594 (59%)

Cardiomyopathy
Valvular heart disease
- Laboratory data

469 (17%)
472 (18%)

Haemoglobin (g/dL) 13220

Albumin (mg/dL) 41205

LDL-C (mg/dL) 105.4+30.7

eGFR (mL/min/1.73 m?) 62.8+25.3

BNP [pg/mL, median (IQR)] 71 (29-186)
Medication

p-Blockers 1292 (48%)

RASI 1966 (73%)
Loop diuretics 1073 (40%)
Aldosterone antagonists 548 (20%)

Statins 1240 (46%)

HFpEF

HFrEF P-value
n=885 n=1803
(32%) (67%)
654 (74%) 1220 (68%) 0.001
66.6+13.0 67.9+13.0 0.020
23.5+4.0 243+38 < 0.001
123.3+19.8 130.2 +18.2 < 0.001
72.9+13.7 702+13.3 < 0.001
58.6+9.1 487+73 < 0.001
388+88 66.2+8.9 < 0.001
< 0.001
154 (17%) 548 (31%)
605 (69%) 1096 (61%)
111 (13%) 143 (8%)
11 (1%) 7 (0%)
637 (72%) 1472 (82%) < 0.001
258 (29%) 500 (28%) 0.466
695 (79%) 1384 (77%) 0.327
122 (14%) 298 (17%) 0.070
92 (10%) 188 (10%) 1.000
517 (58%) 1077 (60%) 0.531
267 (30%) 202 (11%) 0.000
89 (10%) 383 (21%) < 0.001
13.2+20 132+19 0.667
41+05 41+05 0.005
1056 +31.3 105.3 +304 0.840
60.7 +£22.6 63.8+26.5 0.002
135 (53-316) 53 (22-131) < 0.001
575 (65%) 717 (40%) < 0.001
706 (80%) 1260 (70%) < 0.001
506 (57%) 567 (31%) < 0.001
303 (34%) 245 (14%) < 0.001
833 (46%) 0.934

mortality was noted in the HFrEF group (hazard ratio of the highest
HR tertile 2.33, 95% Cl 1.09-4.97, P =0.029), but not in the HFpEF
group (Figure 2). Hazard ratio for HF admission tended to increase
according to HR increment in the HFpEF group but not in the
HFrEF group (Figure 2). The prognostic impact of baseline HR on
CV and HF mortality were more evident in the HFpEF than in the
HFrEF group, whereas such an impact on non-CV death was noted
only in the HFrEF group (Figure 2).

p-Blocker use and prognostic impact of
HR
When the baseline characteristics were examined according to

LVEF and use of f-blockers, the patients treated with f-blockers
were younger and had lower HR compared with those treated

© 2013 The Authors
European Journal of Heart Failure © 2013 European Saciety of Cardiology

407 (46%)

without f-blockers in both the HFrEF and the HFpEF groups (Sup-
plementary material online, Table S3). SBP was lower in the patients
with f-blockers compared with those without f-blockers in the
HFrEF group (121.4+19.6 vs. 126.8 + 19.7 mmHg), but not in the
HFpEF group (130.3 +18.4 vs. 130.1 + 18.1 mmHg). Importantly,
both univariate and multivariate Cox regression analyses revealed
that use of f-blockers was significantly associated with a reduction
in HF death in the HFrEF but not in the HFpEF group (Table 2).
Risk reduction by f-blockers for all-cause death, CV death and HF
death were observed in the HFrEF patients but not in the HFpEF
patients (Table 2). In contrast, use of f-blockers was not associated
with reduced risk of admission for HF in either group. The associa-
tion of mortality with HR categories was notable for all-cause death
and CV death only in patients with HFpEF and treated without §-
blockers.
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Figure 1 Kaplan—Meier curves for outcomes in HFrEF and HFpEF. Kaplan—Meier curves for all-cause death of HFrEF (A) and HFpEF (B), CV
death of HFrEF (C) and HFpEF (D), and non-CV death of HFrEF (E) and HFpEF (F).

Cut-off value of HR for CV death

We attempted to search cut-off values of HR to split both HFrEF
and HFpEF patients for CV death based on CART analysis (Table 3).
CART analysis suggested that the primary cut-off value in baseline
HR to discern a high-risk population for CV death were 63.5, 69.5,
and 63.5bpm in the overall, HFrEF, and HFpEF patients, respec-
tively, and that those for non-CV death were all 71.5 bpm (Table 3).
A total of 1683 (62.6%), 511 (57.7%), and 1172 (65.0%) patients
had HR equal to or more than the cut-off values with hazard ratios
of 1.85 (95% CI 1.26—-2.73, P=0.002), 1.60 (1.00-2.55, P=0.051),

and 2.04 (1.17-3.53, P=0.012) for CV death in the overall, HFrEF,
and HFpEF patients, respectively (Table 3).

Discussion

In the present study, we examined the difference in the prognostic
impact of HR status between the HFpEF and HFrEF groups in the
CHART-2 study, the largest-scale prospective observational study
for patients in Stage B, C, and D HF in Japan."*~ "¢ The present
study is the first to report an association in detail between elevated
HR and modes of death in HFpEF in comparison with those

© 2013 The Authors
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Figure 2 Association between baseline HR and outcomes in HFrEF and HFpEF. Adjusted hazard ratio for all-cause death, CV death, HF

death, HF admission, and non-CV death in HFrEF and HFpEF.

Table 2 Unadjusted and adjusted hazard ratios of f-blocker for all-cause death, CV death, HF death, and HF

admission in HFrEF and HFpEF

Unadjusted Adjusted?®

HFrEF HFpEF HFrEF HFpEF

Hazard ratio P-value  Hazard ratio P-value  Hazard ratio P-value  Hazard ratio P-value

(95% ClI) (95% ClI) (95% CI) (95% CI)
All-cause death  0.70 (0.50-0.99) 0.042 0.81 (0.59-1.10) 0.174 0.71 (0.49-1.03)  0.075 1.11 (0.79-1.54)  0.553
CV death 0.68 (0.43—1.06)  0.088 0.79 (0.49-1.27) 0.326 0.68 (0.42-1.11)  0.123 0.96 (0.58-1.59) 0.874
HF death 0.51 (0.28-0.94)  0.030 0.51 (0.23-1.13)  0.096 0.49 (0.25-0.96) 0.038 0.64 (0.26—1.55) 0.321
HF admission 1.16 (0.84-1.63)  0.351 0.98 (0.68—1.41)  0.926 1.05 (0.74-1.49)  0.797 0.97 (0.66—1.43) 0.887

2Adjusted by age, sex, BMI, systolic blood pressure, LVEF, LVDDd, Hb, eGFR, RASI, and HR catgories.

CV, cardiovascular; HF, heart failure.

in HFrEF. The results demonstrated that the impact of elevated
baseline HR on CV mortality was notable in the HFpEF group
compared with the HFrEF group, particularly on HF mortality.

Elevated baseline HR and all-cause
mortality in HF

The present study demonstrated the impacts of HR status on
all-cause mortality in both HFrEF and HFpEF patients, where the
increased risk of all-cause deaths in patients with higher HR was
noted even after adjustment for patient background, medication,
and possible other confounders for mortality and morbidity.
This relationship between elevated baseline HR and increased
mortality appears to be reasonable in the clinical setting, because
elevated HR could be a reflection of neurohumcral activation of

© 2013 The Authors
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the sympathetic nervous system, an excessive compensation for
reduced cardiac output and myocardial ischaemia. However, it is
still controversial whether elevated baseline HR is associated with
increased all-cause mortality in HFpEF as in HFrEF For example,
in the subanalysis of the CHARM programmes, the correlation of
baseline HR and risks for all-cause death was noted in both the
HFrEF and HFpEF groups," whereas the subanalysis of the DIG
study revealed that elevated HR was associated with all-cause
death in HFrEF but not in HFpEF patients.’® Thus, our results
regarding prognostic impacts of elevated HR on all-cause mortality
are consistent with those of the CHARM programmes, but not
with those of the DIG study, providing additional evidence for the
relationship between baseline HR and clinical outcomes in a large
cohort of patients receiving contemporary management for Stage
C/D HF in the real-world setting.
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Table 3 Split point of HR for outcomes in overall patients, HFrEF and HFpEF

First split

point of HR
CV death All 63.5 bpm
HFrEF 69.5 bpm
HFpEF 63.5 bpm
Non-CV death All 71.5 bpm
HFrEF 71.5 bpm
HFpEF 71.5 bpm

95% ClI

Hazard ratio of P-value
higher HR group?
1.85 (> 64 bpm) 1.26-2.73 0.002
1.60 (> 67 bpm) 1.00-2.55 0.051
2.04 (> 64 bpm) 1.17-3.53 0.012
1.68 (> 72 bpm) 1.19-2.38 0.004
1.34 (> 72 bpm) 1.22-4.50 0.011
0.95-2.22 0.082

2Unadjusted ha'zard‘r‘ai:iqs §f ﬁécients with ‘HR'hﬁléré“;hahjq'pﬁma"l split point indicva‘t'ed,,b)"r‘f’c A| :
-HR group). The minimum HRs of the higher HR group are shown in parentheses next to the hazard ratios.

Different impact of baseline HR between
HFrEF and HFpEF

Bui et al. demonstrated that HFpEF was associated with a higher
risk of in-hospital mortality with increasing admission HR com-
pared with HFrEF among patients hospitalized for HF, suggesting
that higher HR might have imparted increased in-hospital mortal-
ity in HFpEF patients.2® As for the impacts of elevated baseline HR
on long-term CV mortality, the present study may provide the first
evidence that such impacts on CV death, particularly on HF death,
are rather significant in HFpEF compared with HFrEF (Figure 2).
The relationship between elevated HR and increased CV mortality
in HFpEF appears reasonable, since HFpEF is generally complicated
by diastolic dysfunction and thus could be further worsened by
shortening of the diastolic period according to an increase in HR 2!
In the present study, there was no association between HR and
hospitalization for HF in HFrEF or HFpEF (Figure 2). In addition,
the present study may provide the first evidence for the associ-
ation between baseline HR and non-CV death in HFrEF patients,
following an association between HR and non-CV mortality being
observed in the general population.?”%* Although the precise
mechanisms remain to be elucidated, low physical activity, elevated
adrenergic activity and smoking might be possible explanations
for the association between elevated HR and increased non-CV
mortality. 2?2

Cut-off value of HR for CV death
in HFrEF and HFpEF

In order to determine the cut-off point for HR to partition Stage
C/D patients according to the mortality rates, we performed CART
analysis, demonstrating that 63.5, 69.5, and 63.5 bpm could be the
primary splitting points for CV death among the overall, HFrEF, and
HFpEF patients, respectively (Table 3). The univariate Cox regres-
sion analysis revealed that HFpEF patients with HR > 63.5 bpm had
an increased risk for CV death with a statistical significance (hazard
ratio 2.04, P=0.012 for patients with HR > 64bpm), and HFrEF
patients with HR > 69.5 bpm with a tendency (hazard ratio 1.60,
P=0.051 for patients with HR >67 bpm). These results may sug-
gest that the therapeutic range of HR to reduce CV mortality
could be lower in HFpEF compared with HFrEF patients (63.5 vs.

1.45 (> 72 bpm)

gher HR group) over those with HR not more than indicated (lower

69.5 bpm). This was likely because a longer duration of the dias-
tolic period is necessary to reduce CV mortality in patients with
diastolic dysfunction compared with systolic dysfunction. In this
context, HR reduction therapy could be an option to reduce CV
mortality in HFpEF patients. Indeed, it has been reported that
selective HR reduction by ivabradin improves vascular stiffness and
left ventricular systolic and diastolic function in mice.> A sub-
analysis of the SHIFT trial, which enrolled patients with HF and
EF < 35%, revealed that the prognostic impact of HR reduction
by ivabradine was greater in patients who had baseline HR >75
and had achieved < 60bpm or heart rate reductions > 10bpm.?
Although the cut-off point of HR to discern CV mortality may vary
according to the baseline ejection fraction, further reduction of HR
with ivabradine could be effective in patients with HFpEF. However,
further investigations are required to elucidate whether HR reduc-
tion is effective in the management of HFpEF patients in real-worid
practice.

B-Blocker therapy in HFpEF

It is widely accepted that f-blocker therapy improves LVEF
and reduces mortality in HFrEF patients through inhibition of
sympathetic nervous activity and reduction in HR and oxygen
consumption.”-® The present study suggested different prognos-
tic impacts of f-blockers between HFrEF and HFpEF, as f-blocker
therapy was associated with decreased HF mortality in patients
with HFrEF but not in those with HFpEF. g-Blockers could theoret-
ically be beneficial in patients with HFpEF because shortening of the
diastolic period could exacerbate diastolic dysfunction, a common
feature of the disorder.?' However, it was previously reported that
p-blockers may not be so useful in HFpEF patients,?? a consistent
finding of the present study. However, there remains a possibil-
ity that standard doses of f-blockers (for Japanese patients) in
the present study was not sufficient to reduce CV mortality for
HFpEF patients. In fact, Yamamoto et al. recently reported that
a higher dose of carvedilol was associated with lower incidence
of a composite of cardiovascular death and unplanned hospital-
ization for any cardiovascular cause in patients with HFpEF in
the Japanese population.’® Thus, further studies are warranted to
examine whether higher doses of §-blockers could improve the
mortality of HFpEF patients.

© 2013 The Authors
European Journal of Heart Failure © 2013 European Society of Cardiology
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Study limitations

Several limitations should be mentioned for the present study. First,
the number of HFrEF patients was smaller than that of HFpEF
patients, and therefore the power might not be enough to detect
a statistical significance in HFrEF patients; thus, interpretation
should be made with caution. Second, the CHART-2 Study is
a prospective, observational study that reflects the real-world
practice of HF, as consecutive HF patients were enrolled with a
minimal selection bias; however, we have to consider influences
on the results by unknown confounders. Third, in the present
study, we only used the data at the entry and did not take
into consideration the possible changes in LVEF HR, episodes
of arrhythmia, particularly those of atrial fibrillation, medication,
and other covariates during the follow-up period. In addition,
no data were available for f-blocker therapy, such as timing of
initiation, daily doses, adherence, discontinuation, and reasons for
the presence or absence of prescription. Thus, it was difficult to
elucidate the prognostic impact of f-blocker therapy in the present
study. Fourth, in the present study, according to European Society
of Cardiology guidelines,’> we chose the cut-off value of LVEF 50%
to define HFpEF. However, caution is needed in interpreting the
present results when comparing other cohorts with different cut-
off values to discriminate between HFrEF and HFpEF, such as 35%
or 40%.3° Finally, all subjects in the CHART-2 Study were Japanese
people, which may limit generalization of the present results to
patients in other countries.

Conclusions

We demonstrated the different impacts of elevated baseline HR
on CV and non-CV mortality between HFrEF and HFpEF in the
CHART-2 Study. Although the influence of elevated baseline HR on
all-cause mortality was comparable, elevated HR was significantly
associated with CV death in HFpEF, but insignificantly in HFrEF,
particularly for HF death. Further studies are needed to elucidate
the relationship between elevated baseline HR and mortality in
order to improve the survival of HF patients.
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OBJECTIVE —Associations between HbA,. and cardiovascular diseases (CVD) have been
reported mainly in Western countries. It is not clear whether HbA;. measurements are useful
for assessing CVD mortality risk in East Asian populations.

RESEARCH DESIGN AND METHODS —The risk for cardiovascular death was evalu-
ated in a large cohort of participants selected randomly from the overall Japanese population.
Atotal of 7,120 participants (2,962 men and 4,158 women, mean age 52.3 years) free of previous
CVD were followed for 15 years. Adjusted hazard ratios (HRs) and 95% Cls among categories of
HbA;.(<5.0%, 5.0-5.4%, 5.5-5.9%, 6.0~6.4%, and =6.5%) for participants without treatment
for diabetes and HRs for participants with diabetes were calculated using a Cox proportional
hazards model.

RESULTS—During the study, there were 1,104 deaths, including 304 from CVD, 61 from
coronary heart disease, and 127 from stroke (78 from cerebral infarction, 25 from cerebral
hemorrhage, and 24 from unclassified stroke). Relations to HbA, . with all-cause mortality and
CVD death were graded and continuous, and multivariate-adjusted HRs for CVD death in par-
ticipants with HbA;. 6.0-6.4% and =6.5% were 2.18 (95% CI1 1.22-3.87) and 2.75 (1.43-5.28),
respectively, compared with participants with HbA ;. <5.0%. Similar associations were observed
between HbA;. and death from coronary heart disease and death from cerebral infarction.

CONCLUSIONS—High HbA, . levels were associated with increased risk for all-cause mor-
tality and death from CVD, coronary heart disease, and cerebral infarction in general East Asian
populations, as in Western populations.
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ince the association between HbA,

and microangiopathy was estab-

lished in patients with diabetes,
HbA | has been used for not only the de-
termination of glucose control among pa-
tients with diabetes but also the diagnosis
of diabetes (1). Measurement of HbA, .
is also recommended for cardiovascular
risk assessment in asymptomatic adults
without a diagnosis of diabetes (2) be-
cause the association between HbA,,
and the risk for cardiovascular disease
(CVD) in general populations has been
reported, mainly from Western countries
(3-10).

There have been only a few studies
regarding the associations between HbA
and CVD in Asian populations (11-13).
Furthermore, these studies were from
Japan, and HbA ). measurements were ex-
pressed mainly using Japan Diabetes So-
clety (JDS) values rather than National
Glycohemoglobin Standardization Pro-
gram (NGSP) values; thus, we cannot com-
pare these results with those from Western
countries. Recently, the JDS provided an
equation for the conversion from HbA,,
(JDS) to HbA. (NGSP) units (14), which
allows a comparison of the results from
Japanese studies and previous studies
from Western countries.

CVD in East Asian people is charac-
terized by a higher rate of stroke and lower
rate of coronary heart disease compared
with CVD in Western populations (15). In
one previous study evaluating the associ-
ation between HbA,. and incidence of
stroke in Japan, ischemic stroke, but not
hemorrhagic stroke, was associated with
HbA,. in Asian populations (12). Other
studies from Japan (11,13) showed a sig-
nificant association between HbA,;. and
CVD; however, the number of participants
and CVD events were too small to calcu-
late the risk by subtype of CVD, such as
coronary heart disease, stroke, cerebral in-
farction, and cerebral hemorrhage.

The current study was performed to
examine the association between HbA,.
using NGSP values and the risks for death
from all causes and from CVD (coronary
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heart disease, cerebral infarction, and ce-
rebral hemorrhage) in a 15-year cohort
study of representative Japanese men
and women randomly selected from the
overall Japanese population.

RESEARCH DESIGN AND
METHODS —NIPPON DATA (Na-
tional Integrated Project for Prospective
Observation of Noncommunicable Dis-
ease And its Trends in the Aged) is a cohort
study of participants in the National Sur-
vey on Circulatory Disorders of Japan,
which has been conducted by the Ministry
of Health, Labor and Welfare of Japan.
NIPPON DATA includes two cohort stud-
ies in which the baseline data were sur-
veyed in 1980 (NIPPON DATAS0) and in
1990 (NIPPON DATA9O0); the details of
the studies have previously been described
(16-21). Here, we investigated the data
from NIPPON DATA90 because HbA;.
was not measured in the NIPPON DATA80
baseline survey.

A total of 8,383 residents (3,503 men
and 4,880 women, aged =30 years) from
300 randomly selected districts from all
over Japan participated in the baseline
survey and were followed until November
2005. The participation rate in this survey
was 76.5%. Of the 8,383 participants,
1,263 were excluded because of a history
of coronary heart disease or stroke (n =
358), missing information in the baseline
survey (n = 649), or incomplete residen-
tial access information (n = 256). The re-
maining 7,120 participants (2,962 men
and 4,158 women) were analyzed in the
current study. The institutional review
board of Shiga University of Medical Sci-
ence (no. 12-18, 2000) approved this
study.

Baseline examination

BMI was calculated as weight in kilograms
divided by the square of height in meters.
Trained observers measured baseline
blood pressure using a standard mercury
sphygmomanometer on the right arm of
seated participants. Nonfasting blood sam-
ples were obtained at the baseline survey.
Serum was separated by centrifugation
soon after blood coagulation. Plasma sam-
ples were collected into siliconized tubes
containing sodium fluoride and shipped
to a central laboratory (SRL, Tokyo, Japan)
for blood measurements. HbA ;. was mea-
sured using the high-performance liquid
chromatography method. The range of co-
efficient of variance of HbA;. measure-
ment in this laboratory was 1.19-1.79%
intra-assay and 0.24-0.45% interassay in

the 1990s. HbA ;. (JDS) values were con-
verted to HbA;. (NGSP) values using the
conversion formula provided by JDS:
HbA;. NGSP value (%) = 1.02 X JDS
value (%) +0.25 (14). All present analyses
adopted the HbA,. values of the NGSP
method. Serum total cholesterol (milli-
grams per deciliter) was measured using
an enzymatic method, and HDL choles-
terol was measured after heparin-calcium
precipitation (22). Public health nurses
collected the information about smoking,
alcohol consumption, habitual exercise,
and medical history. Treatment for diabe-
tes was self-reported, which included diet,
exercise, and medication with regular vis-
its to hospitals.

End points

We reported previously that participants
who had died in each area were confirmed
by computer matching with data from the
National Vital Statistics database, using
area, sex, date of birth, and death as key
codes (16,23). The underlying causes of
death in the National Vital Statistics were
coded according to the ICD-9 until 1994
and according to the ICD-10 from 1995.
Details of these classifications have previ-
ously been described (16,17,20,23).
Deaths coded were defined as follows:
CVD, from 393 to 459 (ICD-9) and from
100 to 199 (ICD-10); coronary heart dis-
ease, from 410 to 414 (ICD-9) and from
120 to 125 (ICD-10); stroke, from 430 to
438 (ICD-9) and from 160 to 169 (ICD-10);
cerebral infarction, 433, 434, 437 .8a, and
437.8b (ICD-9) and 163 and 169-3 (ICD-
10); cerebral hemorrhage, from 431 to
432 (ICD-9) and 161 and 169.1 (ICD-10).

Statistical analysis

Participants were divided into six groups;
five groups of participants without treat-
ment for diabetes according to HbA,.
level, <5.0% (31 mmol/mol), 5.0-5.4%
(31-36 mmol/mol), 5.5-5.9% (37-41
mmol/mol), 6.0-6.4% (42—47 mmol/mol),
and =6.5% (48 mmol/mol), and one group
for participants with treatment for diabetes.
One-way ANOVA or the x* test was used to
compare characteristics of participants at
baseline according to HbA;. categories.
We calculated crude mortality and hazard
ratios (HRs) for death due to all causes, CVD,
coronary heart disease, stroke, cerebral in-
farction, and cerebral hemorrhage according
to the six categories. The Cox proportional
hazards model was used to calculate ad-
justed HRs. Adjustment for possible con-
founders was performed sequentially: for
age and sex (age- and sex-adjusted model),

then plus BMI, smoking habit (non-, ex-, or
current smoker), drinking habit (non-, ex-,
or daily drinker), habitual exercise (yes or
no), systolic blood pressure, total choles-
terol, HDL cholesterol, and medical treat-
ment for hypertension and dyslipidemia
(multivariate-adjusted model). HRs for
death associated with a 1% increment in
HbA,. were calculated for participants
without treatment for diabetes. HRs were
also calculated separately for each sex, and
the interaction between sex and HbA,. on
the mortality from each cause of death was
calculated. As HbA, . was affected by anemia
(24), we evaluated the HRs for participants
without anemia (n = 5,978) for sensitivity
analyses. Anemia was defined as hemo-
globin concentration <13.5 g/dL for men
and <<12.0 g/dL for women. The statistical
analysis package SPSS 17.0 for Windows
(SPSS, Chicago, IL) was used for all statis-
tical analyses. All probability values were
two tailed, and the significance level was
setat P < 0.05.

RESULTS—The baseline characteristics
of study participants are shown in Table 1.
The mean age at baseline was 52.3 years,
and the mean BMI was 22.9 kg/m”. The
mean HbA, . level was 5.3% (34 mmol/mol).
Participants with higher HbA, . levels were
older and had higher values for BMI, sys-
tolic and diastolic blood pressure, and serum
total cholesterol; lower HDL cholesterol lev-
els; and higher smoking rates.

There were 99,605 person-years of
follow-up for the 7,120 participants.
Among all of the participants, there were
1,104 deaths, including 304 deaths from
CVD, 61 from coronary heart disease, and
127 from stroke (78 from cerebral in-
farction, 25 from cerebral hemorrhage,
and 24 from unclassified stroke).

Mortality and adjusted HRs accord-
ing to HbA,. categories are shown in
Table 2. The multivariate-adjusted HR
for CVD death associated with a 1% in-
crement in HbA. was 1.32. Relations
to HbA,. with CVD death were graded
and continuous, and the multivariate-
adjusted HR for CVD death in participants
with HbA;. 6.0-6.4% (42—47 mmol/mol)
was 2.18 (95% CI 1.22-3.87), and that
in participants with HbA;. =6.5% (48
mmol/mol) was 2.75 (1.43-5.28); both HRs
were significantly higher than that in parti-
cipants with HbA ;. <5.0% (31 mmol/mol).
Similarly, HR for CVD death in participants
with treatment for diabetes was 2.04 (1.19—
3.50) and was significantly higher than
that in participants with HbA;. <5.0%
(31 mmol/mol). Similar associations were

3760

DiaBETES CARE, VOLUME 36, NovemBER 2013

care.diabetesjournals.org



"Sa[qELIEA [EDU05211D 10] 1591 X puE S|qELIEA SNONUnU0d 10] YAONY Aem-auQ, sa8eiueoiad 10 (S F Sugaw 21e eleq

10] Juaumieal] TedIpaN

ID[ULIP 12A9N]

INfouwrs jualIny)

(Tp/3w) 0121891012 [eldi

907 ¥ T'SEl

661 + €671

00T * +'6€1

—
g
S
~
I+ |
N
©
N

ToT * €6H1

ST * L'o¥1

TOL * 691

1000>

(8Hurur) 21nssa1d pooyq d1[01sAg

SONSLIRILIELD)

Auy

(Jouyjowt gy=) ([ouyjowwt /H—74) (Jouy/[owt [4—/¢) (Jouyjowwt 9e—1¢) (Jouyjomut [¢>)

SI12qeIp JI0] Tuauileall

#d

%0°6>

%% 9-09 %6 6-G'¢ %t G606
SaT2qeIp 10§ JUaUIIEan) IOy siuedonied ut lyqy

%G 9=

P siuedonreg

06VILVA NOJJIN :2u1]2spq 1v sjaa3] *Iyqy 03 Suip.10ov syupdionapd Kpnis fo sonsuapvinyp aunaspg—7i 2qeL

Sakurai and Associates

observed between HbA,. and death from
coronary heart disease and death from ce-
rebral infarction. On the other hand, cere-
bral hemorrhage was not significantly
associated with HbA, .

When the association was evaluated
separately by sex (Table 3), the results
were similar between men and women,
and no interaction was observed between
sex and HbA;. with regard to the associ-
ation with all-cause death or death from
any CVD (P for interactions: 0.283 for all-
cause death, 0.405 for CVD death, 0.119
for death from coronary heart disease,
0.709 for death from stroke, 0.880 for
death from cerebral infarction, and 0.390
for death from cerebral hemorrhage). The
results were similar when the associations
were evaluated after excluding those with
anemia (Table 3).

CONCLUSIONS —In the present pro-
spective, community-based study in Japan,
the HbA;. level in individuals without
treatment for diabetes was significantly
and positively associated with an increased
risk for all-cause mortality and death from
CVD. Among CVDs, coronary heart disease
and cerebral infarction were associated with
HbA, levels. The multivariate-adjusted HR
for death from CVD was significantly higher
for the participants with HbA ;. >6.0%
(42 mmol/mol) compared with HbA,
<5.0% (31 mmol/mol), even though they
were not diagnosed as having diabetes
based on HbA ;. levels.

Since the association between HbA, .
and microangiopathy in patients with di-
abetes was established, HbA,. has been
used for not only the determination of
glucose control among patients with di-
abetes but also the diagnosis of diabetes
(1). Macrovascular complications are not
specific to diabetes, and the association
between HbA ;. and the risk for CVD has
been reported in the general population
(3-13) as well as patients with diabetes
(25-28). Recent American College of Car-
diology Foundation and American Heart
Association guidelines indicate that mea-
surement of HbA,. may be reasonable for
cardiovascular risk assessment in asymp-
tomatic adults without a diagnosis of di-
abetes (2). However, the association
between HbA, . and the risk for CVD has
been reported mainly from Western coun-
tries. A recent study in Japan found a sig-
nificant association between HbA,. and
the incidence of CVD (13), although the
number of participants was small (n =
1,607) and no association between HbA, .
and the incidence of myocardial infarction
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Table 2—Risk of death according to the baseline HbA; levels in 7,120 participants: NIPPON DATA90, 1990-2005

HbA, in participants without treatment for diabetes

<5.0% 5.0~5.4% 5.5-5.9% 6.0-6.4% =6.5% Participants with HbA;. 1%
(<31 mmol/mol) (31-36 mmol/mol) (37-41 mmol/mol) (42—-47 mmol/mol) (=48 mmol/mol) treatment for diabetes increment

64 13,1 2,372

Person-

Death from CVD

Mortality (per 1,000 person-years) 14 3.0 4.9 7.2 6.9 8.6

Age- and sex-adjusted HR (95% CI) 1.00 (ref) 1.20 (0.57-2.56) 1.55 (0.67-3.59) 1.23(0.27-5.69) 3.45(0.93-12.7) 3.10 (1.10-8.77) 1.38(1.01-1.87)

1ty
Age- and sex-adjusted HR (95% CI) 1.00 (ref.) 1.98 (0.93-4.22) 1.58 (0.67-3.74)  3.72(1.21-114) 2.78(0.59-13.1) 3.26(1.13-9.41) 131 (0.93—1.85}

Death from cerebral hemorrhage

290.

-1.74)

)

*Adjusted for age, sex, BMI, smoking status, alcohol consumption, habitual exercise, systolic blood pressure, total cholesterol, HDL cholesterol, and medical treatment for hypertension and dyslipidemia. fParticipants
with treatment for diabetes were excluded from the analyses.
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Table 3—Multivariate-adjusted HR* of death according to the baseline HbA,, levels in men, women, and participants without anemia:
sensitivity analyses, NIPPON DATA90, 1990-2005

HbA,, in participants without treatment for diabetes

Participants with

<5.0%

5.0-5.4% 5.5-5.9%

6.0-6.4%
(<31 mmol/mol) (31-36 mmol/mol) (37—41 mmol/mol) (42—-47 mmol/mol) (=48 mmol/mol)

=6.5% treatment for

diabetes

1.00 (ref.)

103 (0.81-1.31)

0.92 (0.68-1.24)

1.94 (1.24-3.05)

Women n=4 158) 1.00 (ref )

1.46 (0.89-2.39)

1.51 (0.86-2.67)

2.78 (1.22-6.32)

Death from coronary
heart disease

Wbmen (n=4,158)

1.00 (ref.)

0.83 (0.29-2.40)

0.32 (0.06-1.73)

0.99 (0.10-9.26)

Death from stroke

Death from cerebral
infarction

100 (ref)
Death'from cerebral
hemorrhage

Women (n = 4,158) 1.00 (ref.)

*Adjusted for age, sex, BMI, smoking status, alcohol consumption, habitual exercise, systolic blood pressure, total cholesterol, HDL cholesterol, and medical
treatment for hypertension and dyslipidemia.

was shown owing to the small number of
cases. Our results demonstrate that HbA,
was significantly associated with not only
all-cause mortality and death from CVD
but also death from coronary heart disease
in a Japanese population. The Atheroscle-
rosis Risk in Communities Study showed
that multivariate-adjusted HRs in partici-
pants with HbA,. 6.0-6.4% and =6.5%
were 1.88 (95% CI 1.55-2.28) and 2.46
(1.84-3.28) for the incidence of coronary
heart disease and 2.19 (1.58-3.05) and
2.96 (1.87-4.67) for ischemic stroke, re-
spectively, compared with participants
with HbA, . 5.0-5.5% (10). The European
Prospective Investigation into Cancer
(EPIC)-Norfolk study also evaluated the
HbA,. categories and CVD death, and

relative risk of the participants with
HbA, 5.5-6.9% was ~2.5 compared
with the participants with HbA;. <5.0%
(3). Thus, the relative strength of the asso-
ciation of HbA,. with CVD risk in Japa-
nese people was similar to that in Western
individuals.

Previous studies in Western countries
indicated increased cardiovascular risk
with an increase in HbA; . within the non-
diabetic range (3-8,10,29). In the current
study, participants with HbA,. 6.0-6.4%
(4247 mmol/mol) had a significantly in-
creased risk of death from CVD and cere-
bral infarction. HbA,. values were more
closely related to postprandial hypergly-
cemia than to fasting glucose levels (30).
High-normal HbA, levels, even within

the nondiabetic range, may reflect the
presence of impaired glucose tolerance
and postprandial hyperglycemia, which
are important risk factors for CVD (31).
Individuals with an HbA,. level of 6.0—
6.4% (42—47 mmol/mol) are at high risk
for progression to diabetes (1) as well as
high risk for CVD. Future public health
campaigns targeting CVD and type 2 di-
abetes should focus on lifestyle and other
risk factors in these high-risk individuals.

Significant linear associations be-
tween HbA;. and all-cause death and
death from CVD were observed in our
study. Recently, a J-shape relationship be-
tween HbA,. and all-cause mortality was
reported in a study of the New Zealand
general population (8). Participants with

care.diabetesjournals.org
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HbA;. and CVD mortality

HbA;. <4.0% (20 mmol/mol) had the
highest mortality rates of those without
diabetes, and the HR was 2.90 compared
with participants with an HbA,. of 4.0—
4.9% (20-30 mmol/mol). As discussed by
the authors, it was difficult to determine
whether the increased risk of mortality for
participants with very low HbA;. levels
was causal or merely a result of reserve
causation due to preexisting disease. In
our study, the number of participants
with HbA;. <4.0% (20 mmol/mol) was
too small (n = 15) to evaluate the risk of
death.

The association between the inci-
dence of hemorrhagic stroke and diabetes
is controversial. Studies have indicated an
increased risk for hemorrhagic stroke in
individuals with diabetes diagnosed by
fasting glucose levels (32); a decreased
risk in individuals with overt diabetes
(33); or no association in individuals with
overt diabetes (34) or with diabetes defined
by fasting (35), 1-h (36), or 2-h post—glucose
load measurements (35). Similar to our re-
sults, those of one previous study showed
no association between hemorrhagic stroke
and HbA,, level (12). The etiology and
pathophysiology of ischemic and hemor-
rhagic stroke are different (37), which
may also indicate different risk factors for
the two stroke subtypes.

The strength of the current study was
that these data were from a large, nation-
ally representative cohort, and thus our
findings can be generalized to the whole
Japanese population. Another strength
lies in the large sample size and long-
term follow-up period compared with
those in other Asian studies. Therefore,
we could evaluate the associations sepa-
rately for subtypes of CVD. Third, most
previous studies in Asian countries were
from Japan and used JDS values for
HbA, ., whereas our analyses used NGSP
values for HbA;, allowing our data to be
compared with those from Western coun-
tries. The main limitation of this study
was that because fasting glucose was not
measured in all participants, analyses on
fasting glucose could not performed. It is
difficult to obtain fasting blood samples
at a mass health check-up. However, fast-
ing is not necessary for assessment of
HbA;., and our data suggested that
HbA,. would facilitate assessment of
CVD risk associated with glucose metab-
olism at mass health check-ups, even if a
fasting blood sample is not obtained. An-
other limitation was that deaths from
stroke, especially hemorrhagic stroke,
were too few to detect any significant

relationship. Similarly, the number of
participants with very low HbA,. levels
was too few to allow evaluation of the
mortality risk in these individuals. An-
other limitation was that we did not
have data for some CVD risk factors asso-
ciated with glucose metabolism, such as
waist circumference and fasting triglycer-
ides levels. A further limitation was that
we used a single measurement of HbA;.
at baseline, which might have underesti-
mated the relationship owing to regres-
sion dilution bias (38), and changes in
HbA . during the 15-year follow-up pe-
riod were not taken into account.

In conclusion, HbA;. was signifi-
cantly and positively associated with an
increased risk for all-cause mortality and
mortality from CVD and coronary heart
disease in this long-term cohort from a
representative Japanese population. A
higher risk of CVD was observed even in
participants with HbA;, levels of 6.0—
6.4% (42-47 mmol/mol), which are be-
low the threshold for diabetes. HbA, is a
useful marker of glucose metabolism for
mass screening because fasting is not re-
quired for its assessment. Our results
showed that HbA,. was associated with
CVD death in general East Asian popula-
tions, as in Western populations. Further
study is needed to establish whether the
measurement of HbA,. is useful for car-
diovascular risk assessment in general
East Asian populations.
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