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Abstract
To investigate whether anemia is an independent risk factor for cardiovascular and renal events in hypertensive outpatients,
we performed a subgroup analysis of the ATTEMPT-CVD study based on baseline hemoglobin. The ATTEMPT-CVD
study was a multicenter, prospective, randomized study of hypertensive outpatients that compared the efficacy of angiotensin
receptor blocker (ARB)-based antihypertensive treatment with non-ARB antihypertensive treatment over 3 years. In the
present subanalysis, ATTEMPT-CVD study participants (n= 1213) were categorized into the anemic group and nonanemic
group according to their baseline hemoglobin. We compared the anemic and nonanemic groups mainly in regard to the
incidence of cardiovascular and renal events and blood pressure. We also performed a multivariable Cox proportional
hazards analysis to determine the prognostic factors that were independently associated with cardiovascular and renal events.
Of the 1213 patients enrolled in the ATTEMPT-CVD, 194 patients had anemia (mostly mild anemia) and 1019 patients did
not. Blood pressure was well-controlled during the 3 years of antihypertensive therapy in both the anemic and nonanemic
groups. However, the incidence of cardiovascular and renal events was significantly greater in the anemic group than in the
nonanemic group (HR= 1.945: 95%CI 1.208–3.130; P= 0.0062). Even after adjustment, anemia was independently
associated with cardiovascular and renal events (HR= 1.816: 95%CI 1.116–2.955; P= 0.0163) in overall hypertensive
patients with well-controlled blood pressure. Anemia, even mild anemia, is an independent risk factor for cardiovascular and
renal events in hypertensive outpatients whose blood pressure is well-controlled. Thus, anemia may be a novel therapeutic
target for cardiovascular and renal diseases in hypertensive outpatients with anemia.
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Introduction

High blood pressure is the worldwide leading cause of death
and disability-adjusted life years [1–3]. Hypertension is
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more responsible for cardiovascular deaths than any other
modifiable risk factors [4] and is one of the most important
risk factors for end-stage renal disease [5]. Lowering blood
pressure is known to considerably reduce cardiovascular or
renal morbidity and mortality in hypertensive patients [3].
However, it is important to note that an antihypertensive
treatment cannot completely prevent cardiovascular or renal
events in hypertensive patients and that residual cardio-
vascular risk exists even in hypertensive patients with
intensive blood pressure control [3]. Little is known
about the specifics of the residual cardiovascular risk in
hypertensive patients with well-controlled blood pressure.
A trial of telmisartan prevention of cardiovascular
disease (ATTEMPT-CVD) was a multicenter, prospective,
randomized, active-controlled trial that compared the
effects of angiotensin II receptor blocker (ARB)-based
antihypertensive therapy and those of non-ARB
antihypertensive therapy on biomarker level changes and
the incidence of cardiovascular and renal events in Japanese
hypertensive outpatients who had at least one of several
specified cardiovascular risk factors [6, 7]. The ATTEMPT-
CVD study found that despite similar reductions in blood
pressure, ARB-based antihypertensive therapy reduced
urinary albumin excretion more than non-ARB therapy and
was more effective at preventing an increase in plasma brain
natriuretic peptide (BNP) than non-ARB therapy [6].
However, the incidence of cardiovascular and renal events
did not differ between ARB-based antihypertensive therapy
and non-ARB antihypertensive therapy [6]. These findings
showed that the favorable reduction in urinary albumin
excretion or plasma BNP by ARB-based therapy was not
associated with cardiovascular and renal events in hyper-
tensive outpatients [6]. Therefore, unknown cardiovascular
risk factors other than urinary albumin or plasma BNP
seem to be responsible for the cardiovascular and renal
outcomes in the cohort of participants in the ATTEMPT-
CVD study.

Anemia is common among patients with advanced
chronic kidney disease (CKD) [8–11] and those with heart
failure [12–16], and anemia is significantly associated with
cardiovascular or renal events in these patients, although the
benefit of interventions targeting anemia in these patients is
controversial [17–22]. In contrast with the abundant evi-
dence that anemia poses a significant risk for cardiovascular
and renal outcomes in advanced CKD or heart failure, the
clinical significance of anemia in hypertension is still
unknown. In the present study, to explore the significance
of anemia as a residual cardiovascular and renal risk in
hypertensive outpatients with well-controlled blood pres-
sure, we performed a subgroup analysis of the patients
enrolled in the ATTEMPT-CVD study according to their
anemia status (based on baseline hemoglobin levels).
We obtained novel evidence to support that anemia, even

mild anemia, is an independent risk factor for cardiovas-
cular and renal events in hypertensive outpatients with well-
controlled blood pressure.

Methods

Inclusion and exclusion criterion and study protocol
of ATTEMPT-CVD

The method used in ATTEMPT-CVD has been described
[7]. This trial was registered with ClinicalTrials.gov under
number NCT01075698. The major findings of the
ATTEMPT-CVD study have already been reported [6]. In
brief, ATTEMPT-CVD was a multicenter, prospective,
randomized, open-label, controlled trial with a blinded
endpoint assessment. Patient enrollment started in July
2009 and was completed in April 2011. Participants were
followed up for 3 years at 168 institutions throughout
Japan. The inclusion criteria were: outpatients, 40–79
years old, patients with a systolic blood pressure ≥140
mmHg or diastolic blood pressure ≥90 mmHg based on
the latest two blood pressure measurements taken in the
sitting position or patients who still required treatment for
high blood pressure even with a systolic blood pressure
<140 mmHg and diastolic blood pressure <90 mmHg,
patients with the ability to provide informed consent, and
patients who had at least one of several listed cardiovas-
cular risks [7]. The exclusion criteria were: type 1 dia-
betes, severe renal disorder (serum creatinine level ≥2.0
mg/dL), heart failure (New York Heart Association
(NYHA) Classification III or IV), myocardial infarction,
percutaneous revascularization and bypass graft of cor-
onary artery/lower-extremity blood vessel, cerebral
infarction, cerebral hemorrhage, subarachnoid hemor-
rhage and transient cerebral ischemic attack within
6 months before the observation period, malignant
hypertension, secondary hypertension, pregnant women,
clinically relevant allergic disease or past history of
hypersensitivity to drugs, past history of significant
adverse drug reactions, extremely poor biliary secretion or
serious hepatic disorder, patients requiring treatment for a
malignant tumor, and patients otherwise judged by the
physicians to be unsuitable for the study. The study pro-
tocol for the current subanalysis satisfied the guidelines of
the ethics committees at our institutions and the study
complied with the Declaration of Helsinki. The
ATTEMPT-CVD patients were randomly allocated to
either the ARB group or the non-ARB group. Stratified
randomization was performed according to the following
prognostic variables: age ≥65 or age <65, men or women,
past history of cardiovascular events, past history of dia-
betes mellitus, and usage of an ACE inhibitor. Patients
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allocated to the ARB group were treated with telmisartan.
By contrast, patients allocated to the non-ARB group were
treated with standard therapy other than ARB. The study
physicians obtained relevant survey measurements at the
start of the study (at registration), at 3, 6, 12, 24, and
36 months from the start of the study, at any dis-
continuation/dropout, at the occurrence of any cardio-
vascular or renal event, and at the occurrence of any
adverse event.

Endpoints of ATTEMPT-CVD and the current
subanalysis

In ATTEMPT-CVD, the primary endpoints were changes
in urinary albumin/creatinine ratio (UACR) and plasma
BNP levels from baseline, as described [7]. The pre-
specified secondary endpoints were time until occurrence
of composite cardiovascular and renal events, including
cerebral events (cerebral infarction, cerebral hemorrhage,
subarachnoid hemorrhage, unknown type of stroke,
transient ischemic attack), cardiac events (sudden death,
myocardial infarction, angina pectoris, asymptomatic
myocardial ischemia, heart failure), aortic/peripheral
arterial events (aortic aneurysm, aortic dissection, arterio-
sclerotic disease), newly occurred or aggravated diabetic
complications (diabetic nephropathy, diabetic retinopathy,
diabetic neuropathy), and aggravation of renal function
(doubling of serum creatinine level, initiation of dialysis,
renal transplantation) [7]. The changes in plasma hsCRP
(high sensitivity C-reactive protein), urinary 8-OHdG,
serum adiponectin, serum high-molecular-weight adipo-
nectin, and estimated glomerular filtration rate (eGFR)
were also specified as secondary endpoints.

As described above, the incidence of composite cardio-
vascular and renal events was a prespecified secondary
endpoint of ATTEMPT-CVD [6, 7]. In our subgroup ana-
lysis, the incidence of cardiovascular and renal events was
compared between anemic and nonanemic groups of the
patients enrolled in ATTEMPT-CVD. In addition, the sig-
nificance of anemia as a cardiovascular or renal risk factor
was evaluated.

Categorization of the patients enrolled in the
ATTEMPT-CVD study according to baseline
hemoglobin

In the present study, anemia was defined according to
hemoglobin concentration, which is a standard indicator for
anemia. According to the World Health Organization (WHO)
definition, anemia exists when hemoglobin <13 g/dL in men
and <12 g/dL in women. The patients enrolled in ATTEMPT-
CVD were categorized into anemic group and nonanemic
group based on this definition.

Statistical analyses

The sample size and power of ATTEMPT-CVD were
established as described by Soejima et al. [7]. All analyses
were performed on the intention-to-treat population. With
respect to cardiovascular and renal events, time to first
event curves was estimated using the Kaplan–Meier
method and the log-rank test was used to show the differ-
ences between anemic and nonanemic patients. Using the
Cox proportional hazards model, the hazard ratio (HR) of
the anemic group to the nonanemic group and its 95%
confidence interval (CI) were calculated. To estimate the
heterogeneity of the HR for the subgroup by sex, the
interaction between anemia and sex was assessed using
the interaction terms in a stratified Cox proportional
hazards model. Repeated measures analysis of variance
was used to compare anemic and nonanemic groups on the
time course of systolic and diastolic blood pressure during
the follow-up period. Multivariable Cox proportional
hazards analysis in combination with the backward selec-
tion method was performed to determine the independent
association of each prognostic factor with the incidence of
cardiovascular and renal events. The original model
included the following 10 covariates: the presence of ane-
mia, sex, age, presence of baseline cardiovascular diseases,
presence of baseline diabetes, eGFR, plasma BNP, UACR,
current smoking status, and allocation to ARB-based anti-
hypertensive treatment. Each baseline parameter of the
patients was compared between anemic and nonanemic
groups using the t-test or Mann–Whitney test for con-
tinuous variables and χ2 tests for categorical variables. The
software used for the statistical analysis was Windows SAS
version 9.2 and subsequent versions (SAS Institute Japan
Ltd., Tokyo, Japan). P-values of less than 0.05 were con-
sidered statistically significant.

Results

Baseline characteristics of patients with anemia and
those without

After excluding 15 of the 1228 patients enrolled in the
ATTEMPT-CVD study because of unavailability of base-
line hemoglobin levels, 1213 patients were included in the
present subanalysis. As shown by the baseline hemoglobin
distribution in Fig. 1, most anemic patients had mild ane-
mia, regardless of sex. Only 7 (3.6%) of the 194 anemic
patients had hemoglobin levels of less than 10 g/dL. No
patient was treated with an erythropoiesis-stimulating agent.
Table 1 shows the comparison between the baseline char-
acteristics of patients with anemia (n= 194) and those
without (n= 1019). Although MCV, MCH, and MCHC
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Fig. 1 Distribution of the
baseline hemoglobin
concentrations across the entire
cohort of male and female
patients. Closed bars indicate the
number of anemic patients,
while open bars indicate the
number of nonanemic patients

Table 1 Baseline characteristics
of patients with anemia and
without anemia at baseline

Anemia (+)
(n= 194)

Anemia (−)
(n= 1019)

Statistical significance

Hemoglobin (g/dL) 11.5 ± 0.8 14.4 ± 1.3 P < 0.01

Male 12.0 ± 0.8 15.0 ± 1.1 P < 0.01

Female 11.2 ± 0.6 13.5 ± 1.0 P < 0.01

Red blood cell (104/μL) 385.8 ± 39.9 459.6 ± 41.8 P < 0.01

Hematocrit (%) 34.9 ± 2.8 42.7 ± 3.8 P < 0.01

MCV (fL) 90.9 ± 6.9 93.1 ± 5.0 P < 0.01

MCH (pg) 30.1 ± 2.6 31.4 ± 1.8 P < 0.01

MCHC (%) 33.1 ± 1.7 33.7 ± 1.6 P < 0.01

Age (years) 70.5 ± 8.5 65.5 ± 9.3 P < 0.01

Male, n (%) 84 (43%) 621 (61%) P < 0.01

Diabetes mellitus, n (%) 129 (66%) 682 (67%) NS

Hyperlipidemia, n (%) 117 (60%) 582 (57%) NS

Current smoker, n (%) 17 (8.8%) 198 (19.4%) P < 0.01

Previous cardiovascular disease, n (%) 122 (63%) 566 (56%) NS

Systolic blood pressure (mmHg) 149.0 ± 15.5 150.7 ± 15.8 NS

Diastolic blood pressure (mmHg) 80.3 ± 11.6 84.8 ± 11.7 P < 0.01

Body mass index (kg/m2) 24.4 ± 3.8 25.4 ± 3.8 P < 0.01

Allocation to ARB therapy, n (%) 103 (53%) 505 (50%) NS

eGFR (mL/min per 1.73 m2)a 62.7 (51.2–74.2) 72.5 (61.6–86.2) P < 0.01

eGFR ≥ 60 mL/min per 1.73 m2, n (%) 117 (60.3%) 794 (77.9%) P < 0.01

UACR (mg/g creatinine)a 21.6 (8.8–88.2) 26.9 (11.6–89.1) NS

Plasma BNP (pg/mL)a 29.7 (15.4–58.7) 16.9 (8.4–32.8) P < 0.01

Serum hsCRP (ng/mL) 432 (186–1043) 623 (314–1320) P < 0.01

Serum or plasma values

Creatinine (mg/dL) 0.9 ± 0.3 0.8 ± 0.2 P < 0.01

Potassium (mEq/L) 4.4 ± 0.5 4.3 ± 0.5 NS

Total cholesterol (mg/dL) 183 ± 31.4 199 ± 36.2 P < 0.01

LDL cholesterol (mg/dL) 101 ± 25.9 114 ± 29.8 P < 0.01

HDL cholesterol (mg/dL) 55 ± 13.4 56 ± 14.0 NS

Blood sugar (mg/dL) 131 ± 56.2 136 ± 56.2 NS

Uric acid (mg/dL) 5.4 ± 1.3 5.3 ± 1.3 NS

MCV mean cell volume, MCH mean corpuscular hemoglobin, MCHC mean cell hemoglobin concentration,
ARB angiotensin receptor blocker, eGFR estimated glomerular filtration rate, UACR urinary albumin/
creatinine ratio, BNP brain natriuretic peptide, hsCRP high sensitive C-reactive protein, LDL low-density
lipoprotein, HDL high-density lipoprotein
aeGFR, UACR, and plasma BNP are expressed as median with interquartile range. Other data are mean ± s.d.
for continuous values and number (%) for categorical variables. P-value was calculated using t-test or
Mann–Whitney test for continuous variables and χ2 tests for categorical variables
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values were slightly lower in the anemic group than in the
nonanemic group, the absolute difference in these values
between the groups was very small. Compared with the
nonanemic group, the anemic group was older and had a
lower proportion of males, lower proportion of current
smokers, lower diastolic blood pressure, a slightly smaller
body mass index, lower eGFR, higher plasma BNP, slightly
lower total cholesterol, and slightly lower LDL cholesterol
(Table 1). Approximately 60% of the anemic patients had
eGFR of 60 mL/min/1.73 m2 or more. Only 8 anemic
patients (4.1%) had eGFR of 15–29 mL/min/1.73 m2 (G4),
and no anemic patient had eGFR of <15 mL/min/1.73 m2

(G5). On the other hand, there was no significant difference
between the anemic and nonanemic groups with respect to
the percentage of previous cardiovascular disease, previous
diabetes, previous hyperlipidemia, or allocation to ARB-
based treatment, baseline systolic blood pressure, and
UACR (Table 1). Serum hsCRP levels were significantly
lower in the anemic group than in the nonanemic group
(P < 0.01) (Table 1).

Blood pressure of anemic and nonanemic groups
during antihypertensive treatment

As shown in Fig. 2, systolic or diastolic blood pressure was
well controlled during the 3 years of antihypertensive
therapy in both the anemic group and the nonanemic group.
Systolic blood pressure (P= 0.0437) and diastolic blood
pressure (P < 0.0001) were slightly lower in anemic patients
than in nonanemic patients during antihypertensive

treatment, although the absolute difference between the
groups was very small.

Incidence of cardiovascular and renal events in
anemic and nonanemic groups during
antihypertensive treatment

As shown by Kaplan–Meier curves in Fig. 3a, the incidence
of cardiovascular and renal events was significantly higher
in the anemic group than in the nonanemic group (HR=
1.945: 95%CI 1.208–3.130; P= 0.0062). Among the males,
anemic patients had a higher incidence of cardiovascular
and renal events than nonanemic patients (HR= 2.246:
95%CI 1.213–4.159; P= 0.0101) (Fig. 3b). Among the
females, the incidence of cardiovascular and renal events
was also higher in the anemic group than in the nonanemic
group, although the difference did not reach statistical sig-
nificance (P= 0.0749) (Fig. 3c). The interaction between
anemia and sex was not significant (P= 0.7875). The
details of the cardiovascular and renal events are shown in
Table 2.

Association of prognostic factors with
cardiovascular and renal events

Table 3 shows the results of the multivariable Cox regression
analysis with the backward selection method starting with the
10 covariates, namely, anemia, sex, age, baseline cardiovas-
cular diseases, baseline diabetes, eGFR, plasma BNP,
UACR, current smoking status, and allocation to ARB-based
antihypertensive treatment. Of these 10 covariates, age
(P=0.8796), eGFR (P= 0.0990), current smoking status
(P= 0.4704), and allocation to ARB-based antihypertensive
treatment (P= 0.1850) had no significant association with
cardiovascular and renal events in total patients, and these
covariates were eliminated. On the other hand, anemia was
independently associated with cardiovascular and renal events
(HR= 1.816: 95%CI 1.116–2.955; P= 0.0163) in total
patients. The male sex (P= 0.0242), presence of previous
cardiovascular disease (P= 0.0004), presence of previous
diabetes (P= 0.0001), plasma BNP ≥19mg/mL (P=
0.0021), and UACR ≥30mg/g creatinine (P= 0.0003) were
also independently associated with cardiovascular and renal
events.

Discussion

Although appropriate blood pressure control significantly
reduces cardiovascular and renal morbidity and mortality in
hypertensive patients, even strict blood pressure-lowering
therapy cannot completely prevent cardiovascular and renal
diseases in hypertensive patients, which indicates that

0 3 6 12 24 36
Time (months)

(mmHg)

Systolic BP

Diastolic BP

B
lo

od
 p

re
ss

ur
e

149

Anemia (-)

0

20

40

60

80

100

120

140

160

180

P<0.0001

P=0.0437

Anemia (+)

151

134 133

132134 133 131

132133 133

128

80

85
77 77 76 75 74

72 73 73 72
69

Fig. 2 Time course of systolic and diastolic blood pressure of anemic
and nonanemic groups during antihypertensive treatment. Anemia (+)
represents patients with anemia at baseline; anemia (−) represents
patients without anemia at baseline. Values are mean ± SD. The mean
values of systolic and diastolic blood pressure at each time point are
shown in red for the nonanemic group and in black for the anemic
group

Anemia is an independent risk factor for cardiovascular and renal events in hypertensive outpatients. . . 887



HR=1.945 (95%CI 1.208-3.130);
P=0.0062

(%)

Time (days)

C
ar

di
ov

as
cu

la
r e

ve
nt

s

0 500 1000
0

10

20

30

HR=2.246 (95%CI 1.213-4.159);
P=0.0101

C
ar

di
ov

as
cu

la
r e

ve
nt

s

Male

HR=2.008 (95%CI:0.932-4.325);
P=0.0749

C
ar

di
ov

as
cu

la
r e

ve
nt

s

Female

(A)

(C)

0 500 1000
0

10

20

30

0 500 1000
0

10

20

30

(B)
(%)

Time (days)

(%)

Time (days)

Overall patients

Anemia (-)

Anemia (+)

Fig. 3 Kaplan–Meier curves for composite cardiovascular and renal
events in the anemic and nonanemic groups of total patients (a), of
males (b), and of females (c). Anemia (+) represents patients with
anemia at baseline; anemia (−) represents patients without anemia at
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Table 2 Comparison of composite cardiovascular and renal events
between patients with anemia and without anemia at baseline

Event Patients with
anemia
(n= 194)

Patients without
anemia
(n= 1019)

Total cardiovascular and
renal events, n

23 65

Stroke, n 5 14

Transient ischemic attack, n 0 3

Sudden death, n 0 4

Acute myocardial infarction, n 3 3

Angina pectoris, n 0 6

Heart failure, n 3 6

Aortic aneurysm, n 1 2

Aortic dissection, n 1 0

Peripheral artery disease, n 1 9

Diabetic nephropathy, n 0 2

Diabetic retinopathy, n 4 9

Doubling of serum creatinine, n 4 7

End-stage renal disease, n 1 0

Table 3 Adjusted hazard ratios of prognostic factor for cardiovascular
and renal events in overall patients by multivariable Cox proportional
hazards analysis combined with the backward selection method

HR (95%CI) P-value

Anemia (+) 1.816 (1.116–2.955) 0.0163

Male gender 1.681 (1.070–2.642) 0.0242

Previous cardiovascular disease 2.445 (1.492–4.007) 0.0004

Previous diabetes 2.945 (1.688–5.138) 0.0001

Plasma BNP ≥ 19 mg/mL 2.049 (1.296–3.240) 0.0021

UACR ≥ 30 mg/g creatinine 2.368 (1.486–3.774) 0.0003

The original model included the following 10 covariates: the presence
of anemia, sex, age, presence of baseline cardiovascular diseases,
presence of baseline diabetes, eGFR, plasma BNP, UACR, current
smoking, and allocation to ARB-based antihypertensive treatment. Of
the 10 covariates, age (P= 0.8796), eGFR (P= 0.0990), current
smoking (P= 0.4704), and allocation to ARB-based antihypertensive
treatment (P= 0.1850) had no significant association with cardiovas-
cular and renal events in overall patients, and these covariates were
deleted

HR hazard ratio, 95%CI 95% confidence interval, BNP brain
natriuretic peptide, UACR urinary albumin/creatinine ratio
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significant residual risk for cardiovascular and renal events
exists even in hypertensive patients with well-controlled
blood pressure [3, 23–25]. However, little is known about
the specifics of such residual cardiovascular risk in treated
hypertension. The main finding of the present study is that
anemia, even mild anemia, is an independent risk factor for
cardiovascular and renal outcomes in high-risk hypertensive
outpatients. This new finding allows us to propose the novel
hypothesis that anemia may be a potential target for pre-
vention of cardiovascular and renal diseases in high-risk
hypertensive patients with anemia.

It is well-established that high blood pressure is one of
the most important risk factors for cardiovascular and renal
diseases [1–4]. Therefore, it is possible that blood pressure
might be responsible for the significant difference in car-
diovascular and renal events between anemic and non-
anemic groups in our study. However, it is worth noting
that, in the present subanalysis, both anemic and nonanemic
groups of the ATTEMPT-CVD patients had well-controlled
blood pressure during the follow-up period, and the anemic
group had slightly lower blood pressure than the nonanemic
group, although the absolute difference in blood pressure
between the groups was very small. Therefore, it is likely
that the mechanism influencing the higher incidence of
cardiovascular and renal events in the anemic group as
compared with the nonanemic group is independent of
blood pressure.

There is convincing evidence that anemia is common
among patients with advanced CKD [8–11] or heart failure
[12–16] and is a significant risk factor for cardiovascular or
renal events in these patients. Therefore, it is critical to
understand whether there might be a close association
between our current observations and advanced CKD or
severe heart failure. Of note, the exclusion criteria of the
ATTEMPT-CVD study [6, 7] included severe renal disorder
(defined as serum creatinine level ≥2.0 mg/dL), severe heart
failure (NYHA Classification III or IV), and a malignant
tumor requiring treatment. The noninclusion of patients
with severe renal disease, severe heart failure, or a malig-
nant tumor in the ATTEMPT-CVD study can explain our
present findings that approximately 60% of anemic patients
had G1 or G2 eGFR stage and only a very small proportion
of anemic patients had severe CKD. Thus, nephrogenic
anemia was involved in only a portion of the anemic
patients in our cohort.

The triad of anemia, renal insufficiency, and heart failure
has been called cardio-renal anemia syndrome (CRS)
[26–28]. The three conditions form a vicious cycle in which
each condition exacerbates each of the others, thereby
accelerating cardiovascular and renal events or death,
although the mechanism is complex and multifactorial
[26–28]. Therefore, it is possible that the increased cardio-
vascular and renal events in hypertensive outpatients with

anemia could be specifically attributable to renal insuffi-
ciency or heart failure. However, as described above,
because of the exclusion criteria of the ATTEMPT-CVD
study, patients with severe renal dysfunction or severe heart
failure were not included in our present cohort. Further-
more, to rule out the possible contribution of renal insuffi-
ciency or heart failure to our present results, we selected not
only traditional risk factors as covariates but also useful
biomarkers of cardiorenal syndrome such as eGFR [29–33],
UACR [30–32, 34–36], and plasma BNP [34, 37–39]. After
adjustment for these covariates, we found that anemia
remained an independent factor associated with cardiovas-
cular and renal events in our cohort of hypertensive out-
patients. Therefore, it is likely that the increased
cardiovascular and renal risk in high-risk hypertensive
patients with anemia might not be sufficiently explained by
renal impairment or heart failure at baseline. Rather, anemia
seems to be an independent risk factor for cardiovascular
and renal events in high-risk hypertensive patients, although
further study is required to define our theory.

There are several limitations of this study. First, this
study was a post-hoc analysis, and the ATTEMPT-CVD
trial was not specifically designed to evaluate the impact of
anemia on cardiovascular and renal outcomes. Second, the
present study did not allow us to prove the causal rela-
tionship between anemia and cardiovascular and renal
outcomes. Third, it cannot be excluded that an unmeasured
additional confounding factor might be responsible for our
observations from the study. Fourth, this study did not
address the potential mechanism by which anemia might
increase cardiovascular and renal events in hypertensive
patients, although various potential mechanisms are pro-
posed that include tissue hypoxia, increased cardiac work-
load, increased oxidative stress, inflammation, increased
fluid retention, and increased sympathetic activity. Fifth, the
cause of anemia is multifactorial, including renal dysfunc-
tion, iron deficiency, nutritional deficiency, myeloid dis-
ease, and chronic inflammation. Only a portion of anemic
patients had nephrogenic anemia. However, the present
study did not allow us to elucidate the cause of anemia since
detailed hematological data were not available. In the pre-
sent study, anemia was defined according to the WHO
definition since that definition is used for the diagnosis of
anemia globally, including in Japan [27, 40]. However,
there are various definitions of anemia since the normal
hemoglobin distribution varies with age, sex, ethnicity, or
pathophysiological status, such as renal insufficiency [41].
Finally, the findings of this study were hypothesis-
generating because of the small sample size. A future ran-
domized intervention trial is essential to define whether
treatment of anemia can reduce the incidence of cardio-
vascular and renal events in hypertensive patients with
comorbid anemia.
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In conclusion, our present subanalysis provided evidence
to suggest that anemia, even mild anemia, is an independent
risk factor for cardiovascular and renal morbidity in high-
risk hypertensive outpatients with anemia, independently of
antihypertensive treatment or traditional cardiovascular risk
factors. It is critical to investigate whether drug treatment of
anemia can prevent cardiovascular or renal events in high-
risk hypertensive patients.
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