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Sex differences in response to angiotensin II
receptor blocker-based therapy in elderly, high-risk,
hypertensive Japanese patients: a subanalysis of the
OSCAR study
Kunihiko Matsui1, Shokei Kim-Mitsuyama2, Hisao Ogawa3, Tomio Jinnouchi4, Hideaki Jinnouchi4 and
Kikuo Arakawa5 for the OlmeSartan Calcium Antagonists Randomized (OSCAR) Study Group
The OlmeSartan Calcium Antagonists Randomized (OSCAR) study is a multicenter, prospective, randomized, open-label,
blinded, end point study of elderly hypertensive Japanese patients that compared the efficacy of a high-dose angiotensin II
receptor blocker (ARB) treatment to an ARB plus calcium channel blocker (CCB) combination. In this pre-specified subgroup
analysis, we compared the response to such therapy according to sex. A total of 1164 patients (515 (44%) men and 649
(56%) women) were included, and each gender was split into two nearly equal treatment groups. The primary end point was a
composite of cardiovascular events and non-cardiovascular death. The baseline characteristics between the two treatment
groups in each sex were similar, except for some variables. Male patients had lower systolic and higher diastolic blood pressure
than female patients (156.8/85.7 vs. 158.5/84.2 mm Hg). At the end of the study, the mean systolic pressure was higher in
the ARB group (134.4 mm Hg) than in the ARB plus CCB group (131.5 mm Hg; P ¼ 0.03) for men but not for women (135.4
vs. 133.4 mm Hg; P ¼ 0.12). For men, the primary outcome events tended to be higher in the ARB group than in the ARB plus
CCB group (hazard ratio (HR) ¼ 1.66; P ¼ 0.055) but not for women (HR ¼ 0.97; P ¼ 0.92). This difference in men was due to
cardiovascular events (HR ¼ 1.86; P ¼ 0.03). The interaction between sex and treatment group was not significant (P ¼ 0.17).
These findings suggest that, in addition to blood pressure control, appropriate patient risk assessment is important for the
treatment of hypertension, especially in male patients, as opposed to possible sex differences in treatment effects.
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INTRODUCTION
Essential hypertension is a common comorbid condition and risk
factor for cardiovascular events; in addition to lifestyle modification,
drug therapy is the main treatment strategy. Although there are
indications for specific classes of antihypertensive drugs for
particular patients, such as diuretics for hypertensive African
Americans,1 there is no uniform agreement on the type of drug(s)
that should be used when physicians choose an antihypertensive drug
for newly diagnosed patients without specific indications for those
drugs.
Recently, many evidence-based clinical practice guidelines from
various clinical fields have been published to improve the quality of
patient care. For the care of hypertension patients, ‘The Seventh
Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure’ (the JNC-7) was
1Department

published to provide evidence-based recommendations for patients
with specific situations and backgrounds. However, in this guideline,
there is no mention of the selection of antihypertensive drugs based
on sex, with the exception of pregnancy-related situations.2 In
comparison, a relatively recent, large and well-designed randomized
controlled trial described possible sex differences in the efficacy of
antihypertensive drugs.3 However, only a few cardiovascular trials
have provided sex-specific data, and sex differences remain poorly
understood. Therefore, this deficiency limits our ability to optimize
medical care for both sexes.4,5
On the basis of the above background, we performed a prespecified analysis of the OlmeSartan Calcium Antagonists Randomized (OSCAR) study to examine the effect of sex on drug efficacy in
patients with hypertension, specifically among Japanese patients at
high risk for cardiovascular disease.6
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METHODS
Study design and participants
The rationale and design for the OSCAR study have been reported elsewhere.6
To summarize, OSCAR was a PROBE (prospective, randomized, open-label,
blinded end point) method undertaken at Japanese ambulatory settings.
All enrolled patients had a systolic blood pressure (BP) X140 mm Hg or
diastolic pressure X90 mm Hg, in addition to having type 2 diabetes and/or
cardiovascular disease (cerebrovascular disease, cardiac disease, vascular disease
or renal dysfunction). Before enrollment, all patients provided written
informed consent. The study protocol was approved by the institutional
review boards of the trial centers and the study was conducted with strict
adherence to the Declaration of Helsinki.
The baseline characteristics of the randomized patients have been described
in the report of the OSCAR study’s main findings.7

Procedures
In the run-in period, all eligible patients received olmesartan (an angiotensin II
receptor blocker (ARB)) monotherapy at a dose of 20 mg per day (a standard
dose). If the target BP (o140/90 mm Hg) was not achieved and the treatment
was well tolerated, the patients were randomized to receive either (1) a doubled
dose (40 mg per day) of olmesartan (high-dose ARB monotherapy) or (2) a
calcium channel blocker (CCB) (amlodipine or azelnipidine) combined with
20 mg per day olmesartan (ARB plus CCB combination therapy). If further
additional antihypertensive treatment was required to achieve the target BP,
other antihypertensive drugs could be added, excluding angiotensin-converting
enzyme inhibitors, ARBs and CCBs. The follow-up period was 3 years.

Study outcomes and end points
The primary end point of the main OSCAR study was the time to the first
event. The primary end point events were a composite of fatal and non-fatal
cardiovascular events, including the following: cerebrovascular disease (cerebral
infarction, cerebral hemorrhage, subarachnoid hemorrhage, unspecified stroke
and transient ischemic attack); coronary artery disease (sudden death,
myocardial infarction, angina pectoris and asymptomatic cardiac ischemia);
heart failure; other arteriosclerotic disease (aortic aneurysm, aortic dissection
and atherosclerotic disease); diabetic complications (diabetic neuropathy,
retinopathy and nephropathy); deterioration of renal function (doubling of
serum creatinine, end-stage renal disease as defined by initiation of hemodialysis of renal transplantation); and non-cardiovascular death. The secondary
end points were the incidence of each cardiovascular event, change in BP
during the follow-up period and serious adverse events other than the primary
end points. The end point committee adjudicated all cases of cardiovascular
events and deaths without knowledge of the treatment assignment.

Statistical analysis
The subgroup analysis according to sex was pre-specified and described
elsewhere, and the rationale of sample size and power calculation for the
original study was also previously described.6 Analyses were performed in
compliance with the intention-to-treat principle.
Descriptive statistics were summarized with the means and s.d. for
continuous variables and frequencies and percentages for categorical variables,
and two-sample t-tests were used to compare two continuous variables. w2 or
Fisher’s exact tests were used to evaluate categorical variables, as appropriate.
For the primary end points for each sex group, we examined differences
between the treatment groups using the log-rank test stratified by age and risk
factors. The hazard ratio (HR) and 95% confidence interval (95% CI) were
calculated for each treatment group with a stratified Cox proportional hazard
model. Time-to-first event curves were estimated by the Kaplan–Meier
method. A repeated measures of analysis of variance was used to compare
BP during the follow-up period between the groups, and the least square
method was used to estimate the mean difference in BP between the treatment
groups. In addition, to determine the relationship between prognostic factors
and the incidence of primary outcome event, a multivariate Cox proportional
hazard analysis was performed for different population models (overall, male
and female patients) after adjusting for the following covariates: age, treatment
group, baseline cardiovascular disease, baseline diabetes and systolic BP as

time-dependent covariates. Moreover, to estimate the heterogeneity of HR for
sex, the interaction between the treatment group and sex group was assessed
using the interaction terms in a stratified Cox proportional hazard model.
For all the analyses, the overall significant level was determined as 5%, and
two-sided tests were used.

RESULTS
Study patients
The study involved 1164 patients, including 515 (44%) men and 649
(56%) women. Of the male patients, 254 (49%) were assigned to the
high-dose ARB group and 261 (51%) were assigned to the ARB plus
CCB group. Of the female patients, 324 (50%) were assigned to the
high-dose ARB group and 325 (50%) to the ARB plus CCB group. All
patients were followed for a median period of 3 years, with a total of
3115.2 patient-years of observation.
Baseline characteristics
Several differences in clinical background were detected between the
male and female patients (Table 1). The male patients were younger
than the female patients (72.7±5.3 vs. 74.3±5.4; Po0.0001). With
regard to comorbid conditions, the male patients were more likely to
have both diabetes (58.3 vs. 50.5%; Po0.01) and arteriosclerotic
peripheral arterial occlusive disease (3.3 vs. 1.2%; P ¼ 0.02) compared
with the female patients, but similar rates of history of cardiovascular
disease (69.5 vs. 70.0%; P ¼ 0.87) existed in the sex groups.
Hyperlipidemia was significantly more common in women who used
lipid-lowering agents more frequently than the male patients. However, the two treatment groups were similar at baseline within each
sex group, although body mass index, diastolic BP and casual plasma
glucose were statistically significantly different between the two male
groups (Table 1).
BP during follow-up
At enrollment, systolic BP was lower in men (156.8±12.1 mm Hg)
than in women (158.5±11.8 mm Hg; P ¼ 0.02), whereas diastolic
pressure was higher in men (85.7±10.2 mm Hg) than in women
(84.2±9.7; P ¼ 0.01) (Figure 1). Significant and clinically relevant
reductions in BP relative to the baseline values were noted in both
treatment groups and the pattern of BP reduction was similar in men
and women. For the male patients, the systolic and diastolic BPs
tended to be higher throughout the observation period in the highdose ARB group than in the ARB plus CCB group, but the differences
were not statistically significant at all follow-up points. The mean
differences in systolic and diastolic BPs were 2.6 mm Hg (Po0.01)
and 2.0 mm Hg (Po0.01), respectively, in the male high-dose ARB
and ARB plus CCB groups.
Similarly, for the female patients, both the systolic and diastolic
BPs were higher in the high-dose ARB group than in the ARB plus
CCB group, and the mean difference in systolic BP in the
two treatment groups was 2.8 mm Hg (Po0.01) and 1.4 mm Hg
(P ¼ 0.01), respectively.
At the end of the study period, the mean systolic pressure
was 134.4 mm Hg in the male high-dose ARB treatment group and
131.5 mm Hg in the male ARB plus CCB treatment group (P ¼ 0.03).
For the female patients, the respective values in both groups were
135.4 mm Hg and 133.4 mm Hg (P ¼ 0.12).
The percentage of patients who achieved the target BP of
o140/90 mm Hg was significantly lower in the high-dose ARB
treatment group than in the ARB plus CCB group for men (61.4
vs. 73.6%; Po0.01) but not for women (62.3 vs. 68.0%; P ¼ 0.15).
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Table 1 Baseline characteristics of study group
Overall

Age (years)
75–84 year, n (%)
Height (cm)
Weight (kg)
BMI (kg m 2)
BMI X25 kg m 2, n (%)

Men

Women

Men

Women

High-dose ARB

ARB plus CCB

High-dose ARB

ARB plus CCB

(n ¼ 515)

(n ¼ 649)

P-value

(n ¼ 254)

(n ¼ 261)

(n ¼ 324)

(n ¼ 325)

72.7±5.3
197 (38.3)
162.2±6.3

74.3±5.4
312 (48.1)
149.2±5.9

o0.0001
o0.001

72.3±5.1
90 (35.4)
161.9±6.6

73.1±5.5
107 (41.0)
162.4±6.1

74.7±5.3
164 (50.6)
149.1±5.7

74.0±5.5
148 (45.5)
149.3±6.2

63.5±10.2
24.1±3.3

53.4±9.2
24.0±3.9

64.3±10.5
24.5±3.3

62.7±9.9
23.8±3.2a
83 (31.8)a
156.6±11.1

53.7±9.4
24.1±4.0
119 (36.7)
159.2±12.1

53.2±9.1
23.8±3.7
119 (36.6)
157.7±11.3

84 8±9.2a
72.2±9.4

84.0±9.2
74.4±9.7

84.4±10.2
73.8±10.1

104 (40.9)
0.92±0.27
4.3±0.4
190.5±32.5

93 (35.6)
0.92±0.27
4.4±0.4
190.7±34.1

161 (49.7)
0.71±0.21
4.3±0.4
203.0±35.3

166 (51.1)
0.68±0.20
4.3±0.5
207.3±35.6

0.12

52.9±14.4
125.5±53.6

54.9±15.6
115.1±38.0

58.5±15.8
115.4±41.2

58.7±14.2
114.2±42.4

o0.0001
o0.0001
0.50
0.88

191 (37.1)
Systolic blood pressure (mm Hg) 156.8±12.1
Diastolic blood pressure (mm Hg) 85.7±10.2
Heart rate (b.p.m.)
72.7±9.7

238 (36.7)
158.5±11.8
84.2±9.7
74.1±9.9

Hyperlipidemia

197 (38.5)
0.92±0.27
4.3±0.4
190.6±33.3

327 (50.4)
0.69±0.20
4.3±0.5
205.2±35.5

53.9±15.0
120.4±46.8

58.6±15.0
114.7±41.8

Casual plasma glucose (mg dl 1) 156.5±57.8

139.2±57.7

o0.001

147.4±48.7

164.8±64.1a

140.6±58.4

137.6±57.2

19 (2.9)
58 (9.0)

o0.0001
o0.0001

51 (20.1)
151 (59.5)

45 (17.2)
162 (62.3)

11 (3.4)
27 (8.4)

8 (2.5)
31 (9.6)

0.91

70 (27.6)
113 (44.5)

82 (31.4)
110 (42.2)

103 (31.8)
136 (42.0)

87 (26.8)
150 (46.2)

58 (22.8)
13 (5.1)

56 (21.5)
13 (5.0)

68 (21.0)
17 (5.3)

78 (24.0)
10 (3.1)

102 (40.2)
9 (3.5)

99 (37.9)
19 (7.3)

122 (37.7)
23 (7.1)

113 (34.8)
18 (5.5)

75 (29.5)
81 (31.9)

65 (24.9)
92 (35.3)

138 (42.6)
95 (29.3)

146 (44.9)
91 (28.0)

Creatinine (mg dl 1)
Potassium (mmol l 1)
Total cholesterol (mg dl 1)
HDL cholesterol (mg dl 1)
Fasting plasma glucose
(mg dl 1)
Current smoke, n (%)
Current alcohol drink, n (%)

96 (18.6)
313 (60.9)

0.02
0.01
0.02
o0.0001
o0.0001
0.23
o0.0001
o0.0001

108 (42.5)
157.0±13.1
86.6±11.1
73.3±10.1

No. of drugs used previously for HT
0
1

152 (29.5)
223 (43.3)

190 (29.3)
286 (44.1)

2
X3

114 (22.1)
26 (5.1)

146 (22.5)
27 (4.2)

Oral glucose-lowering drugs
Insulin

201 (39.0)
28 (5.4)

235 (36.2)
41 (6.3)

0.32
0.53

Lipid-lowering agents
Antiplatelet agents

140 (27.2)
173 (33.6)

284 (43.8)
186 (28.7)

o0.0001
0.07

Diabetes
Cardiovascular disease

300 (58.3)
358 (69.5)

328 (50.5)
454 (70.0)

o0.01
0.87

146 (57.5)
178 (70.1)

154 (59.0)
180 (69.0)

163 (50.3)
227 (70.1)

165 (50.8)
227 (69.9)

Stroke
Transient ischemic attack

94 (18.3)
22 (4.3)

113 (17.4)
32 (4.9)

0.71
0.60

53 (20.9)
10 (3.9)

41 (15.7)
12 (4.6)

58 (17.9)
16 (4.9)

55 (16.9)
16 (4.9)

Asymptomatic cerebrovascular
disease

92 (17.9)

113 (17.4)

0.84

48 (18.9)

44 (16.9)

58 (17.9)

55 (16.9)

Myocardial infarction
Stable angina

17 (3.3)
45 (8.7)

20 (3.1)
85 (13.1)

0.83
0.02

6 (2.4)
20 (7.9)

11 (4.2)
25 (9.6)

10 (3.1)
46 (14.2)

10 (3.1)
39 (12.0)

Heart failure
LV hypertrophy

34 (6.6)
88 (17.1)

55 (8.5)
107 (16.5)

0.23
0.79

19 (7.5)
41 (16.1)

15 (5.8)
47 (18.0)

22 (6.8)
56 (17.3)

33 (10.2)
51 (15.7)

Aortic aneurysm
Arteriosclerotic POD

3 (0.6)
17 (3.3)

0.48
0.02

0 (0)
8 (3.2)

3 (1.2)
9 (3.5)

1 (0.3)
2 (0.6)

1 (0.3)
6 (1.9)

2 (0.3)
8 (1.2)

Abbreviations: ARB, angiotensin II receptor blocker; BMI, body mass index; CCB, calcium channel blocker; HDL, high-density lipoprotein; HT, hypertension; LV, left ventricular; POD, peripheral
occlusive disease.
Data are mean±s.d. or number (percentage) of patients.
aPo0.05 compared with the high-dose ARB group.

Primary and secondary outcomes
Among the male patients, the overall rate of primary composite
outcome events, including cardiovascular events and all-cause
deaths, was better in the ARB plus CCB group than in the highdose ARB group, although the difference was not statistically
significant (HR ¼ 1.66, 95% CI ¼ 0.99–2.79; P ¼ 0.055). Among the
female patients, there were no differences in the two parameters
between the two treatment groups (HR ¼ 0.97, 95% CI ¼ 0.55–1.72;
P ¼ 0.92) (Figure 2). With regard to fatal and non-fatal cardiovascular events, the rate of composite cardiac events (excluding
Hypertension Research

non-cardiovascular deaths) was significantly lower in the ARB plus
CCB group than in the high-dose ARB group in men (HR ¼ 1.86,
95% CI ¼ 1.05–3.30; P ¼ 0.03) but not in women (HR ¼ 1.02,
95% CI ¼ 0.53–1.97; P ¼ 0.95). However, for each outcome event,
there were no statistically significant differences between the two
treatment groups in both sexes, except that cerebrovascular disease
and heart failure showed borderline significance in the male patients
(Table 2). The interaction between sex and treatment group for the
primary composite end points was not statistically significant
(P ¼ 0.17).
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Males

Females

SBP
Mean difference = 2.6 mmHg
P < 0.01

180
160

180
160

140

140

120

(mmHg)

(mmHg)

SBP
Mean difference =2.8 mmHg
P < 0.01

DBP
Mean difference = 2.0 mmHg
P < 0.01

100
80

120
DBP
Mean difference = 1.4 mmHg
P = 0.01

100
80
60

60
ARB plus CCB

0

0
0

6

12

18

24

30

36

0

6

Time (months)
High-dose ARB

12

18

24

30

36

Time (months)
ARB plus CCB

Figure 1 Serial changes in systolic and diastolic blood pressures (SBP and DBP) in male and female patients and in the high-dose angiotensin II receptor
blocker (ARB) and ARB plus calcium channel blocker (CCB) groups.

Figure 2 Kaplan–Meier curves for primary composite end points during the follow-up period in male and female patients and between the high-dose
angiotensin II receptor blocker (ARB) and ARB plus calcium channel blocker (CCB) groups. HR, hazard ratio; CI, confidence interval.

Clinical background and primary outcome events
After adjusting for important prognostic factors such as age,
comorbid conditions (previous cardiovascular diseases and/or
diabetes) and systolic BP as time-dependent covariates, the rate of
primary outcome events was lower in the ARB plus CCB group than
in the high-dose ARB group only for men, although only borderline
significance was found (HR ¼ 1.64, 95% CI ¼ 0.97–2.76; P ¼ 0.06).
The rate of secondary outcome events was significantly lower in the
ARB plus CCB group than in the high-dose ARB group (HR ¼ 1.81,
95% CI ¼ 1.02–3.22; P ¼ 0.04) (Table 3).
Adverse events
There were no differences in serious adverse events between the two
treatment groups (high-dose ARB and ARB plus CCB) in both men
(31 (12.2%), 33 (12.6%); P ¼ 0.90) and women (25 (7.7%), 23

(7.1%); P ¼ 0.78), respectively. Moreover, the incidence of cancer was
also not different in men (5 (2.0%) vs. 12 (4.8%); P ¼ 0.14) and
women (5 (1.6%) vs. 9 (2.8%); P ¼ 0.42).
DISCUSSION
The main finding of the present study was that the treatment of male
elderly hypertensive Japanese at high-risk for cardiovascular diseases
with ARB plus CCB might result in a better outcome, as defined by
cardiovascular events, compared with the treatment with high-dose
ARB, albeit no statistical significance was found. No such benefit was
found in women.
Our findings are similar and add more information to those
reported in previous studies. Although various antihypertensive drugs
have similar effects with regard to the lowering of BP, several studies
have examined the differences in their efficacies with regard to
Hypertension Research
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Table 2 HRs for the primary and secondary end points for men and women
Number of patients with events
High-dose ARB

ARB plus CCB

HRa

(95% CI)

P-value

(n ¼ 254)

(n ¼ 261)

Primary composite end points
Fatal and non-fatal CV event

35
31

24
19

1.66
1.86

(0.99–2.79)
(1.05–3.30)

0.055
0.03

Cerebrovascular disease
Coronary artery disease

17
3

9
4

2.13
0.85

(0.95–4.80)
(0.19–3.79)

0.06
0.83

Heart failure
Other arteriosclerotic disease

7
2

2
1

3.86
2.61

(0.80–18.65)
(0.24–28.90)

0.07
0.42

Diabetic complications
Deterioration of renal function

1
1

2
1

0.55
1.35

(0.05–6.09)
(0.08–21.76)

0.62
0.83

4

5

0.89

(0.24–3.32)

0.86

Women
Primary composite end points

(n ¼ 324)
23

(n ¼ 325)
24

0.97

(0.55–1.72)

0.92

Fatal and non-fatal CV event
Cerebrovascular disease

18
7

18
6

1.02
1.20

(0.53–1.97)
(0.40–3.58)

0.95
0.74

Coronary artery disease
Heart failure

3
5

3
6

1.02
0.83

(0.20–5.06)
(0.25–2.72)

0.98
0.76

Other arteriosclerotic disease
Diabetic complications

1
1

1
2

1.17
0.52

(0.07–18.73)
(0.05–5.80)

0.91
0.59

Deterioration of renal function
Non-CV death

1
5

0
6

0.82

(0.25–2.71)

0.34
0.75

Men

Non-CV death

Abbreviations: ARB, angiotensin II receptor blocker; CCB, calcium channel blocker; CI, confidence interval; CV, cardio vascular; HR, hazard ratio.
aThe reference was ARB plus CCB group.

cardiovascular outcome in patients with different backgrounds. For
example, a previous meta-analysis study showed that the relative
benefits of hypertension treatment were similar in men and women.8
In that study, the benefit of treatment with antihypertensives was
primarily observed for stroke in women and both coronary events and
stroke in men. Because the risk levels in untreated patients are
different, the absolute benefit as a risk reduction from the therapy
would not be the same in men and women.8
Wing et al.9 showed that treatment with ACE inhibitors correlates
with a better outcome than treatment with diuretics, whereas another
study concluded that the response to specific treatment agents appeared
to differ between men and women.10 The ACCOMPLISH trial, which
is one of the best clinical trials of combination therapy for
hypertension, revealed potential positive effects beyond BP reduction;
however, the drugs used in that trial were different from those used in
the present study.3 Intriguingly, there was no mention of drug selection
for female hypertensive patients in the JNC-7 report published before
the ACCOMPLISH trial, and drug treatment of hypertension in
women had been assumed to be similar to that in men.2
Our study in male patients showed that treatment with ARB plus
CCB resulted in a significantly higher proportion of patients who
could achieve their target BP compared with the high-dose ARB
group. However, no such benefit was found in female patients.
Although the cause for these differences in the response to therapy
according to sex are not certain, the proportion of patients who
achieved their target BP should have influenced the outcome for both
sex groups. Furthermore, the reduction in fatal and non-fatal
cardiovascular events was larger in the ARB plus CCB group than
in the high-dose ARB group for male patients (P ¼ 0.03), but no such
benefit was noted in female patients. This finding in male patients was
mainly from the differences of cerebrovascular disease (P ¼ 0.06) and
Hypertension Research

heart failure (P ¼ 0.07), although both findings were not statistically
significant. When considered with evidence from previous studies,
these findings suggest that high-dose ARB therapy is not as effective
as ARB plus CCB therapy in preventing cardiovascular events in male
patients, mainly due to differences in BP reduction and/or differences
in baseline cardiovascular risk factors and comorbid conditions that
could have influenced the clinical outcome. However, as based on a
multivariate analysis adjusted for baseline comorbid conditions and
sequence of BP, our results for the superiority of ARB plus CCB
therapy to high-dose ARB therapy in male patients were consistent
with regard to fatal and non-fatal cardiovascular events (P ¼ 0.04).
Nonetheless, our analyses focused on differences in sex groups but
the interaction between treatment and sex was not significant,11,12
similar to previous studies.13,14 Therefore, the effect of treatment
cannot be explained exclusively by sex. Thus, the differences in the
clinical outcomes between the treatment groups for each sex are likely
due to unadjusted, confounding factors and comorbid conditions,
including baseline differences of patient characteristics. Such factors
are known to affect the outcome in hypertensive patients, as opposed
to unknown biological sex effects of the drug used. On the basis of
this point of view, we believe that risk assessment at baseline and the
establishment of a treatment strategy based on clinical background
and comorbidities are important, especially for male patients, and
are also critical for the choice of antihypertensive agents and BP
reduction.
Our study has several limitations. First, the results cannot be
generalized. As mentioned above, the OSCAR study included elderly
high-risk Japanese patients who had diabetes and/or history of
cardiovascular diseases at enrollment. In addition to these conditions,
other clinical features may have influenced the outcome of antihypertensive treatment. Furthermore, one of the distinctive aspects of
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Table 3 Adjusted HRs for each population for each outcome
All patients

Men

Women

HR

95% CI

P-value

HR

95% CI

P-value

HR

95% CI

P-value

High-dose ARB
Age X75 years

1.28
1.96

0.87–1.88
1.32–2.90

0.21
o0.001

1.64
2.17

0.97–2.76
1.29–3.64

0.06
o0.01

0.96
2.02

0.54–1.71
1.10–3.70

0.90
0.02

Previous CV disease
Previous diabetes

2.00
1.40

1.16–3.44
0.91–2.16

0.01
0.13

1.77
1.38

0.89–3.55
0.77–2.47

0.11
0.28

2.16
1.23

0.89–5.25
0.63–2.40

0.09
0.55

High-dose ARB
Age X75 years

1.37
2.04

0.89–1.11
1.32–3.17

0.15
o0.01

1.81
2.34

1.02–3.22
1.33–4.14

0.04
o0.01

0.98
2.06

0.50–1.89
1.02–4.15

0.94
0.04

Previous CV disease
Previous diabetes

1.97
1.35

1.08–3.62
0.83–2.18

0.03
0.23

1.82
1.4

0.86–3.86
0.75–2.64

0.12
0.29

1.99
1.03

0.70–5.62
0.47–2.26

0.20
0.94

Primary composite end points

Fatal and non-fatal CV events

Abbreviations: ARB, angiotensin II receptor blocker; CI, confidence interval; CV, cardiovascular; HR, hazard ratio.
Systolic blood pressure was included as a time-dependent covariate in each model.

the OSCAR study was its characteristic population, both with regard
to old age and comorbidities and the inclusion of as much as 56%
female patients. In general, women are underrepresented in clinical
trials and studies, even in National Institute of Health-supported
cardiovascular randomized controlled trials.15 One report that
analyzed 56 randomized controlled trials indicated that the median
percentage of women in studies that included both sexes was as low as
37%.16 Second, it is important to consider the possible false results
due to issues related to power analysis used in our study. The OSCAR
study enrolled a rather small number of patients compared with
recent clinical trials. For example, the non-significant interaction
between treatment and sex observed in the present study might be
due to an underpowered sample size.12 However, the obtained results
should not represent an overestimation and should be interpreted
based on the best available knowledge from former studies. Finally,
the OSCAR study employed a PROBE design and only the end points
were blinded. Therefore, physician and patient bias could not be
eliminated.17 However, as we reported previously, we believe that
aggressive treatment for BP control was performed for all patients, as
there was a high percentage of patients who achieved target BP
control in both the treatment and sex groups.7 To tackle these issues
in future, large, well-designed studies and extended meta-analyses are
needed.
In conclusion, treatment with ARB plus CCB might result in a
better outcome than high-dose ARB treatment in male patients but
not in female patients. Our present findings should be interpreted as
appropriate patient risk assessment, and BP control is important
in any strategy for hypertension treatment, especially in male
patients, rather than as possible sex differences in treatment effect.
Further studies are necessary to select the best antihypertension
treatment that is amenable to the patients’ background in addition to
sex differences.
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