
Vol:.(1234567890)

Heart and Vessels (2019) 34:698–710
https://doi.org/10.1007/s00380-018-1286-2

1 3

ORIGINAL ARTICLE

Randomized trial of an increased dose of calcium channel 
blocker or angiotensin II type 1 receptor blocker as an add‑on 
intensive depressor therapy in type 2 diabetes mellitus patients 
with uncontrolled essential hypertension: the ACADEMIE Study

Satoshi Imaizumi1,2   · Yuhei Shiga1 · Masahiro Ogawa1 · Hideto Sako1 · Yoshihisa Nagata1 · Akira Matsunaga3 · 
Tetsuro Shirotani4 · Fumihiro Hoshino5 · Eiji Yahiro6 · Yuko Uehara7 · Natsumi Morito1 · Hiroyuki Tanigawa8 · 
Dai Shimono9 · Mikio Fukushima10 · Hidekazu Sugihara11 · Kenji Norimatsu12 · Takaaki Kusumoto12 · Keijiro Saku1,13 · 
Shin‑ichiro Miura1,13 · ACADEMIE Study Investigators

Received: 6 June 2018 / Accepted: 26 October 2018 / Published online: 8 November 2018 
© Springer Japan KK, part of Springer Nature 2018

Abstract
There is a lack of data on how to treat hypertensive patients with diabetes when treatment with medium doses of calcium 
channel blocker and angiotensin II type 1 receptor blocker (ARB) is insufficient to achieve the target blood pressure (BP). A 
total of 121 participants with type 2 diabetes and uncontrolled essential hypertension, who were receiving medium doses of 
amlodipine (5 mg/day) and ARB, were enrolled. Participants were randomized to receive either a high dose of amlodipine 
(10 mg/day) plus a medium dose of ARB (high-AML) or a medium dose of amlodipine (5 mg/day) plus a high dose of ARB 
(high-ARB). The depressor effects of these two regimens were monitored using a telemonitoring home BP-measuring system. 
Fifty-four patients were excluded after an observation period, and the remaining 67 eligible participants were randomized 
into the two groups; 42 which had a record of their home BP for analysis. The change in morning home systolic and diastolic 
BP was greater in the high-AML than in the high-ARB (systolic BP; − 7.9 mmHg vs. + 2.7 mmHg; p = 0.0002, diastolic BP; 
− 3.9 mmHg vs. + 0.6 mmHg; p = 0.0007). In addition, the home systolic and diastolic BP before going to bed and office 
systolic BP were significantly reduced from week 0 only in the high-AML. An increased dose of amlodipine, but not ARB, 
reduced home morning BP in hypertensive patients with type 2 diabetes who were already receiving combination therapy 
with medium doses of amlodipine and ARB.
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Introduction

Major cardiovascular risk factors include diabetes and 
hypertension. A vast majority of diabetes patients have a 
10-year atherosclerotic cardiovascular disease (ASCVD) 
risk of more than 10%. The coexistence of diabetes and 
hypertension remarkably increases the likelihood of macro-
vascular and microvascular disease [1,2]. Among the partici-
pants in the Framingham study, patients with diabetes and 
hypertension exhibited higher rates of all-cause mortality 
and cardiovascular events than normotensive subjects with 
diabetes [3]. On the other hand, patients with diabetes often 
develop hypertension. In fact, the prevalence of hyperten-
sion in diabetic patients is higher than that in patients with-
out diabetes; 50–80% of diabetic patients have hyperten-
sion [3–5].Several guidelines discuss the treatment strategy 
for hypertension with diabetes, including those that were 
recently released by the ACC/AHA [6]. The ACC/AHA 
guidelines recommended the use of antihypertensive drug 
treatment in patients with hypertension and diabetes at a 
blood pressure (BP) of 130/80 mmHg or higher with a treat-
ment goal of less than 130/80 mmHg.

The renin-angiotensin system (RAS) is a key regulatory 
system of cardiovascular function and BP. Blockade of the 
RAS exerts protective effects on the cardiovascular system 
and renal function. Inhibitors of RAS, including angioten-
sin-converting enzyme (ACE) inhibitors and angiotensin 
II type 1 receptor blockers (ARBs), are first-line drugs for 
the treatment of hypertension. Although all major antihy-
pertensive drug classes can be used to treat hypertension 
in diabetic patients, ACE inhibitors and ARBs are recom-
mended as first-line drugs in many guidelines, especially 
in the presence of proteinuria and microalbuminuria [7,8]. 
Many clinical studies have demonstrated a significant 
reduction in the progression of albuminuria with the use 
of ACE inhibitors or ARBs [9,10].

Calcium channel blockers (CCBs) can also be used as 
first-line drugs in hypertension with diabetes, particularly 
in older patients [11]. The Anglo-Scandinavian Cardiac 
Outcomes Trial (ASCOT-BPLA) showed that amlodipine-
based treatment reduced the incidence of cardiovascular 
events compared to an atenolol-based regimen in patients 
with diabetes [12].

Thus, lowering BP in diabetic patients with hyperten-
sion is especially important. However, BP control is more 
difficult in patients with diabetes than in those without dia-
betes. It was reported that BP targets are achieved in only 
about 11% of diabetic patients, which is significantly lower 
than the rate in non-diabetic patients [13]. Therefore, we 
need to treat hypertension in diabetic patients more inten-
sively than in non-diabetic patients, and proper therapeutic 
strategies need to be developed to treat these patients.

To achieve adequate BP control, most diabetic patients 
require combination therapy, and the combination of RAS 
blockers and CCBs has been recommended [14]. However, 
there is a lack of data for how to treat these patients when 
medium doses of ARBs and CCB are insufficient to achieve 
a target BP. In this study, to determine which anti-hyper-
tensive therapy should be increased in these uncontrolled 
patients, we enrolled patients with type 2 diabetes who had 
not reached a target BP even though they were receiving 
combination therapy with medium doses of CCB (amlodi-
pine) and ARB. These patients received an increased dose of 
CCB or ARB as an add-on intensive depressor therapy, and 
the depressor effects of these two therapies were monitored 
using an automated telemonitoring home BP-measuring sys-
tem. In addition, the renal-protective and anti-inflammatory 
effects in the two groups were also examined.

Methods

Study design and population

ACADEMIE (An increased dose of CCB or ARB as an add-
on intensive DEpressor therapy in type 2 diabetes MellItus 
patients with uncontrolled Essential hypertension) was a 
randomized controlled, multicenter clinical trial. The trial 
was undertaken in 16 centers in Japan, and was sponsored 
by Sumitomo Dainippon Pharma Co., Ltd. Participants 
were required to meet all the following criteria: diabetes 
according to the Japan Diabetes Society guidelines, essen-
tial hypertension with systolic BP ≥ 130 mmHg and/or dias-
tolic BP ≥ 80 mmHg in an office setting, had been receiving 
a medium dose of amlodipine (5 mg/day) plus a medium 
dose of ARB for at least 4 weeks, and age 20 years or older. 
Exclusion criteria were as follows: secondary hypertension, 
systolic BP < 130 mmHg and diastolic BP < 80 mmHg in 
an office setting before allocation, severe liver dysfunction 
(AST or ALT, ≥ 2 times the upper limit of normal), severe 
renal dysfunction (serum creatinine ≥ 2.0 mg/dL), pregnancy 
or possibility of pregnancy in women, a history of allergy to 
any component of the study medications, contraindication 
for the study medications, participation in other clinical tri-
als or within 3 months after retirement from a prior clinical 
trial, and ineligible based on the judgment of the physician. 
Written informed consent was obtained from all participants. 
The study was approved by the institutional review board 
at Fukuoka University School of Medicine (No. 15-11-06). 
The study is registered with the University Hospital Medical 
Information Network (UMIN) (UMIN000021594).
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Randomization and interventions

The study algorithms are shown in Fig. 1. Patients with 
hypertension and diabetes under treatment with amlodi-
pine (5  mg/day) plus a medium dose of ARB were 
enrolled. Patients began to measure their home BP during 
the observation period before allocation. After a 4-week 
observation period, eligible participants were randomized 
to receive either amlodipine (10 mg/day) plus a medium 
dose of ARB (high-AML group) or a medium dose of 
amlodipine (5 mg/day) plus a high dose of ARB (high-
ARB group) for 12 weeks. Treatment was open-label and 
participants continued to use the same kind of ARB after 
randomization. Randomization was stratified according to 
systolic BP in an office setting (systolic BP ≥ 140 mmHg, 
or systolic BP < 140 mmHg) and type of ARB. After ran-
domization, the baseline antihypertensive regimens were 
changed on the basis of the study group assignment. All 
ARBs that can be prescribed in Japan were included (i.e., 
valsartan, candesartan, irbesartan, losartan, telmisartan, 
azilsartan, olmesartan). The ACADEMIE investigators 
could not change the antihypertensive drugs except for 
the increase in ARB or amlodipine at the time of allo-
cation. After assignment, participants were seen every 
4 weeks for 12 weeks. Adherence to treatment and con-
current drugs, including antiplatelet drugs and drugs for 
diabetes and dyslipidemia, were monitored prospectively 
throughout the trial.

Study measurements

Patient characteristics were collected at baseline. Clinical 
data including concurrent drugs, BP in an office setting, lab-
oratory data, and adverse events were obtained at baseline 
and every 4 weeks for 12 weeks. Office BP was measured 
twice and the average measurement was used. We used home 
BP monitoring to obtain a record of out-of-office BP. Daily 
measurement of home BP (morning BP, BP before going 
to bed) started after informed consent was obtained. Home 
BP was measured one to three times at each measurement 
session. Average home BP of the five days before each office 
visit was used for the analysis. BP while sleeping (BP two to 
three hours after going to bed) was measured two times daily 
(arbitrarily). BP measurements were obtained by using an 
automated measurement system (Model HEM-7252G-HP, 
Omron Healthcare). We used a telemonitoring system (i.e., 
automated data-transfer system) for home BP measurement, 
with which BP readings were automatically relayed to the 
study server. Serious adverse events were defined as events 
that resulted in death, were life-threatening, required inpa-
tient hospitalization or prolongation of existing hospitaliza-
tion, or which resulted in persistent or significant disability 
or incapacity, or a congenital anomaly or birth defect in 
offspring.

Study outcomes

The primary outcome measure was the change in morn-
ing home systolic BP from week 0 to week 12. Secondary 

Fig. 1   Study algorithms. BP blood pressure, AML amlodipine, ARB angiotensin II type 1 receptor blocker
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outcomes included adverse events and changes in the fol-
lowing items from week 0 to week 12: morning home dias-
tolic BP, BP in an office setting, home BP before going to 
bed, nighttime BP while asleep, achievement rate of target 
BP (< 130/80 mmHg in office BP and < 125/75 mmHg in 
morning home BP), variation of BP (standard deviation, SD) 
and variability index of BP (coefficient of variation, CV:SD/
mean value), brachial-ankle pulse wave velocity (baPWV), 
plasma levels of pentraxin 3 and brain natriuretic peptide 
(BNP), serum levels of high sensitive C-reactive protein 
(hs-CRP) and adiponectin, urinary albumin, cystatin C, and 
L-type fatty acid binding protein (L-FABP). A prespecified 
subgroup analysis was performed based on baseline systolic 
BP in an office setting (systolic BP ≥ 140 mmHg, or sys-
tolic BP < 140 mmHg) and type of ARB. Adverse events 
were analyzed with a safety analysis population comprised 
of participants who had received the increased amount of 
amlodipine or ARB at least once.

Statistical analysis

Based on the Amlodipine Versus Angiotensin II Recep-
tor Blocker, Control of Blood Pressure Evaluation Trial 
in Diabetics (ADVANCED-J) study [15] and PRINCE10 
study [16], we assumed that the change in systolic BP 
from week 0 to week 12 between two groups would be 
about − 9.5 mmHg and the standard deviation would be 
16.7 mmHg. Since we anticipated losing 20% of the par-
ticipants to follow-up, with an enrollment target of 120 
participants, this trial would have 80% power to detect a 
significant difference in the primary outcome. Data are 

presented as the mean ± SD. Changes were calculated 
as the value at week 12 – value at week 0. Change in 
BP at week 12 was compared between the two groups 
using Analysis of Variance (ANOVA). Repeated meas-
urement data were analyzed using Mixed-Effect Model 
for Repeated Measurement (MMRM). Multiplicity was 
adjusted by Dunnett’s method and the Bonferroni method 
case by case. The level of statistical significance was 
0.05. Analyses were performed using SAS software, ver-
sion 9.3 (SAS Institute).

Results

Characteristics of the study participants.

A total of 121 participants were enrolled. Fifty-four patients 
were excluded due to the exclusion criteria after the obser-
vation period, and the remaining 67 eligible participants 
were randomized to receive either a high dose of amlodi-
pine (10 mg/day) plus a medium dose of ARB (high-AML 
group) or a medium dose of amlodipine (5 mg/day) plus a 
high dose of ARB (high-ARB group) (Figs. 1, 2). Forty-
two of these 67 participants had a record of home BP for 
analysis. The baseline characteristics of the study partici-
pants are presented in Table 1. There were no differences in 
the baseline characteristics between the two groups except 
for age and the usage of thiazide and a loop diuretic. The 
mean age of the participants was 69.8 years, 71.4% were 
male and 45.2% had a smoking history. Average systolic BP 

Fig. 2   Eligibility, randomiza-
tion, and follow-up. *Systolic 
BP < 130 mmHg and diastolic 
BP < 80 mmHg in an office 
setting
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Table 1.   Characteristics of the 
participants at baseline

Overall (n = 42) High-AML (n = 21) High-ARB (n = 21) p value

Age-years 69.8 ± 11.14 73.2 ± 9.17 66.4 ± 12.09 0.046
 20 <= < 60 11 (26.2) 4 (19.0) 7 (33.3) 0.390
 60 <= < 75 15 (35.7) 7 (33.3) 8 (38.1)
 75<= 16 (38.1) 10 (47.6) 6 (28.6)

Male sex-no. (%) 30 (71.4) 14 (66.7) 16 (76.2) 0.495
 BMI (kg/m2)
 < 25 16(38.1) 5(23.8) 11(52.4) 0.157
 25<= < 30 19(45.2) 12(57.1) 7(33.3)
 30 <= 7(16.7) 4(19.0) 3(14.3)

Smoking status-no. (%)
 Never smoked 23 (54.8) 14 (66.7) 9 (42.9) 0.297
 Current smoker 5 (11.9) 2 (9.5) 3 (14.3)
 Former smoker 14 (33.3) 5 (23.8) 9 (42.9)
 Unkown 0 (0.0) 0 (0.0) 0 (0.0)

Drinking history-no. (%)
 No 21 (50.0) 10 (47.6) 11 (52.4) 0.758
 Yes 21 (50.0) 11 (52.4) 10 (47.6)
 Unknown 0 (0.0) 0 (0.0) 0 (0.0)

Previous medical history-no. (%)
 None 31 (73.8) 16 (76.2) 15 (71.4) 0.726
 Missing data 0 (0.0) 0 (0.0) 0 (0.0)
 Yes 11 (26.2) 5 (23.8) 6 (28.6)
 Dyslipidemia 28 (66.7) 15 (71.4) 13 (61.9) 0.513
 Cardiovascular disease 10 (23.8) 4 (19.0) 6 (28.6) 0.469
 Chronic kidney disease 3 (7.1) 1 (4.8) 2 (9.5) 0.549

ARB at baseline-no. (%)
 Valsartan 4(9.5) 3(14.3) 1(4.8) 0.747
 Candesartan 5(11.9) 3(14.3) 2(9.5)
 Irbesartan 3(7.1) 2(9.5) 1(4.8)
 Losartan 7(16.7) 4(19.0) 3(14.3)
 Telmisartan 13(31.0) 5(23.8) 8(38.1)
 Azilsartan 9(21.4) 4(19.0) 5(23.8)
 Olmesartan 1(2.3) 0(0.0) 1(4.8)

Medication at baseline-no. (%)
 No 0 (0.0) 0 (0.0) 0 (0.0)
 Yes 42 (100.0) 21 (100.0) 21 (100.0)

Antidiabetic drug-no. (%) 32 (76.2) 15 (71.4) 17 (81.0) 0.469
 Biguanide 7 (16.7) 3 (14.3) 4 (19.0) 0.679
 Thiazolidinedione 2 (4.8) 1 (4.8) 1 (4.8) 1.000
 Sulfonylurea 8 (19.0) 3 (14.3) 5 (23.8) 0.432
 Glinide 2 (4.8) 0 (0.0) 2 (9.5) 0.147
 DPP-4 inhibitor 30 (71.4) 14 (66.7) 16 (76.2) 0.495
 α-glucosidase inhibitor 7 (16.7) 3 (14.3) 4 (19.0) 0.679
 SGLT2 inhibitor 3 (7.1) 1 (4.8) 2 (9.5) 0.549
 Insulin 4 (9.5) 2 (9.5) 2 (9.5) 1.000

Lipid-lowering drug-no. (%) 30 (71.4) 15 (71.4) 15 (71.4) 1.000
 Statin 28 (66.7) 15 (71.4) 13 (61.9) 0.513
 Fibrate 0 (0.0) 0 (0.0) 0 (0.0)
 EPA, EPA/DHA 8 (19.0) 3 (14.3) 5 (23.8) 0.432
 Ezetimibe 1 (2.4) 1 (4.8) 0 (0.0) 0.312
 Others 0 (0.0) 0 (0.0) 0 (0.0)
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in an office setting at baseline, when the participants were 
randomized, was 145 ± 12 mmHg in the high-AML group 
and 143 ± 10 mmHg in the high-ARB group.

Changes in home and office BP

Changes in BP are shown in Table 2. Although both groups 
received an increased amount of antihypertensive drug, 
only the high-AML group showed a rapid reduction of sys-
tolic BP. The change in morning home systolic BP from 
week 0 to week 12 was -7.9 ± 8.9 mmHg in the high-AML 
group (p = 0.0004 vs. week 0) and +2.7 ± 9.9 mmHg in the 
high-ARB group (p = 0.303 vs. week 0) (high-AML vs. 
high-ARB, p = 0.0002) (Fig. 3). The difference between the 
high-AML and high-ARB groups was significant beginning 
8 weeks after randomization (p = 0.005). We performed 
the same analysis with a Per Protocol Set (PPS), in which 
participants who used loop diuretics or a sodium-glucose 
cotransporter 2 (SGLT2) inhibitor after enrollment were 
excluded, and reached a similar result; i.e., there was a sig-
nificant difference in the change in morning home systolic 
BP between the groups (high-AML group − 7.9 ± 9.4 mmHg 
vs. high-ARB group +3.5 ± 10 mmHg, p = 0.0003).

The change in morning home diastolic BP was 
− 3.9 ± 4.5  mmHg in the high-AML group (p = 0.001 
vs. week 0) and +0.6 ± 3.9  mmHg in the high-ARB 
group (p = 0.738 vs. week 0) (high-AML vs. high-ARB, 
p = 0.0007). Although the changes in home systolic and dias-
tolic BP before going to bed were also significantly reduced 
in the high-AML group (systolic BP − 4.9 ± 9.8 mmHg, 
p = 0.025 vs. week 0, diastolic BP − 3.0 ± 5.9  mmHg, 
p = 0.034 vs. week 0), but not in the high-ARB group (sys-
tolic BP − 0.5 ± 9.1 mmHg, p = 0.964 vs. week 0, diastolic 
BP − 1.6 ± 4.7 mmHg, p = 0.399 vs. week 0), there were 
no significant differences between the two groups. The 
change in office systolic BP from week 0 to week 12 was 
− 13.9 ± 11.8 mmHg in the high-AML group (p < 0.0001 

vs. week 0) and − 5.6 ± 13.0 mmHg in the high-ARB group 
(p = 0.101 vs. week 0) (high-AML vs. high-ARB, p = 0.013) 
(Fig. 4).

The target morning home systolicss BP (systolic 
BP < 125 mmHg and diastolic BP < 75 mmHg) was achieved 
at week 12 in 22.2% of the patients in the high-AML group 
(p = 0.023 vs. week 0) and in 10.0% of those in the high-ARB 
group (p = 0.959 vs. week 0) (high-AML vs. high-ARB, 
p = 0.302). The target office BP (systolic BP <130 mmHg 
and diastolic BP <80 mmHg) was achieved at week 12 in 
36.8% of the patients in the high-AML group (p = 0.002 
vs. week 0) and in 20.0% of those in the high-ARB group 
(p = 0.031 vs. week 0) (high-AML vs. high-ARB, p = 0.243).

Other outcomes

Except for the above-mentioned BP data, there were no dif-
ferences in secondary outcomes related to BP between the 
high-AML and the high-ARB groups, including the varia-
tion of BP (SD) and an index of the variability of BP (CV) 
(data not shown). We didn’t have enough data regarding 
nighttime BP while sleeping, baPWV or urinary cystatin 
C for a statistical analysis. As shown in Table 3, there were 
no differences in markers of kidney damage, i.e., urinary 
albumin and L-FABP. There were also no differences in 
inflammatory markers, such as hs-CRP and pentraxin 3. 
However, serum adiponectin levels were significantly 
increased only in the high-ARB group: +0.37 ± 1.45 μg/
mL in the high-AML group (p = 0.262 vs. week 0) and 
+0.58 ± 1.26  μg/mL in the high-ARB group (p = 0.026 
vs. week 0). There was no difference in the change in the 
serum level of adiponectin between the two groups (high-
AML vs. high-ARB, p = 0.404). As shown in Table 4, there 
were no differences in glucose or lipid profiles except for 
hemoglobin A1c (HbA1c) and LDL cholesterol (LDL-C). 
The change in HbA1c was + 0.03 ± 0.36% in the high-
AML group and − 0.25 ± 0.80% in the high-ARB group 

Data are mean (SD) or number (%).
BMI body mass index, ARB Angiotensin II type 1 receptor blocker, DPP-4 inhibitor dipeptidyl peptidase-4 
inhibitor, SGLT2 inhibitor sodium-glucose cotransporter 2 inhibitor, EPA eicosapentaenoic acid, DHA doc-
osahexaenoic acid, ACE inhibitor angiotensin-converting enzyme (ACE) inhibitor.

Table 1.   (continued) Overall (n = 42) High-AML (n = 21) High-ARB (n = 21) p value

Antihypertensive drug-no. (%) 20 (47.6) 13 (61.9) 7 (33.3) 0.064
 Loop diuretic 7 (16.7) 6 (28.6) 1 (4.8) 0.038
 Aldosterone antagonist 3 (7.1) 1 (4.8) 2 (9.5) 0.549
 Thiazide 5 (11.9) 5 (23.8) 0 (0.0) 0.017
 β blocker (αβ blocker) 15 (35.7) 8 (38.1) 7 (33.3) 0.747
 α blocker 0 (0.0) 0 (0.0) 0 (0.0)
 ACE inhibitor 0 (0.0) 0 (0.0) 0 (0.0)
 Others 0 (0.0) 0 (0.0) 0 (0.0)
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(high-AML vs. high-ARB, p = 0.048). Serum LDL-C levels 
were significantly decreased only in the high-AML group: 
− 10.1 ± 14.70 mg/dL in the high-AML group (p = 0.011 vs. 

week 0) and − 1.3 ± 24.57 mg/dL in the high-ARB group 
(p = 0.973 vs. week 0) (high-AML vs. high-ARB, p = 0.089).

Table 2.   Change in BP

Week 0 Week 4 Week 8 Week 12 Week 0 vs. week 12 CCV vs. ARB
Mean ± SD (n) Mean ± SD (n) Mean ± SD (n) Mean ± SD (n)

Morning home systolic BP 
(mmHg)

 High-AML 144 ± 13 (21) 139 ± 13 (21) 136 ± 10 (19) 135 ± 13 (18)
 High-ARB 136 ± 11 (21) 136 ± 11 (21) 137 ± 13 (19) 138 ± 14 (20)

Change in morning home 
systolic BP (mmHg)

 High-AML − 4.3 ± 7.8 (21) − 7.8 ± 10.1 (19) − 7.9 ± 8.9 (18) 0.0004 0.0002
 High-ARB 0.6 ± 6.5 (21) 1.9 ± 10.1 (19) 2.7 ± 9.9 (20) 0.3033

Morning home diastolic BP 
(mmHg)

 High-AML 82 ± 8 (21) 79 ± 6 (21) 77 ± 6 (19) 78 ± 8 (18)
 High-ARB 79 ± 10 (21) 80 ± 10 (21) 79 ± 10 (19) 80 ± 10 (20)

Change in morning home 
diastolic BP (mmHg)

 High-AML − 3.1 ± 4.9 (21) − 5.2 ± 4.9 (19) − 3.9 ± 4.5 (18) 0.0013 0.0007
 High-ARB 1.0 ± 4.2 (21) 0.4 ± 4.5 (19) 0.6 ± 3.9 (20) 0.7377

Home systolic BP before 
going to bed (mmHg)

 High-AML 133 ± 12 (21) 130 ± 11 (20) 129 ± 13 (18) 129 ± 15 (18)
 High-ARB 130 ± 12 (21) 130 ± 12 (21) 127 ± 15 (19) 129 ± 12 (20)

Change in home systolic BP before going to 
bed (mmHg)

 High-AML − 3.8 ± 6.7 (20) − 4.7 ± 8.0 (18) − 4.9 ± 9.8 (18) 0.0247 0.1519
 High-ARB 0.6 ± 10.3 (21) − 2.7 ± 11.7 (19) − 0.5 ± 9.1 (20) 0.9641

Home diastolic BP before 
going to bed (mmHg)

 High-AML 75 ± 8 (21) 74 ± 7 (20) 73 ± 7 (18) 73 ± 7 (18)
 High-ARB 75 ± 10 (21) 75 ± 10 (21) 72 ± 11 (19) 73 ± 9 (20)

Change in home diastolic BP before going to 
bed (mmHg)

 High-AML − 2.6 ± 5.4 (20) − 2.9 ± 5.0 (18) − 3.0 ± 5.9 (18) 0.0343 0.4352
 High-ARB 0.6 ± 6.5 (21) − 2.2 ± 5.9 (19) − 1.6 ± 4.7 (20) 0.3989

Office systolic BP (mmHg)
 High-AML 145 ± 12 (21) 132 ± 14 (20) 129 ± 13 (19) 131 ± 13 (19)
 High-ARB 143 ± 10 (21) 135 ± 13 (21) 142 ± 14 (19) 138 ± 15 (20)

Change in office systolic BP 
(mmHg)

 High-AML − 12.4 ± 11.5 (20) − 15.6 ± 11.3 (19) − 13.9 ± 11.8 (19) <0.0001 0.013
 High-ARB − 8.1 ± 11.7 (21) − 2.3 ± 12.6 (19) − 5.6 ± 13.0 (20) 0.1014

Office diastolic BP (mmHg)
 High-AML 74 ± 9 (21) 72 ± 7(20) 67 ± 9 (19) 70 ± 8 (19)
 High-ARB 79 ± 12 (21) 73 ± 12 (21) 76 ± 12 (19) 76 ± 11 (20)

Change in office diastolic BP 
(mmHg)

 High-AML − 1.9 ± 6.7 (20) − 6.5 ± 7.0 (19) − 4.0 ± 9.1 (19) 0.0559 0.2745
 High-ARB − 5.7 ± 7.9 (21) − 2.6 ± 8.0 (19) − 3.1 ± 8.0 (20) 0.1809
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Adverse events

There were no serious adverse events related to the treat-
ment in either group. Although several non-serious adverse 
events related to treatment were noted (edema, erythema 

and impairment of renal function), there were no significant 
differences between the groups, and there was also no dif-
ference in symptoms potentially related to BP management 
(data not shown).

Discussion

This ACADEMIE study shows that increasing the dose 
of amlodipine, but not ARB, significantly reduced home 
morning systolic BP in patients with type 2 diabetes who 
were already receiving combination therapy with medium 
doses of amlodipine and ARB. Home morning diastolic 
BP, home systolic and diastolic BP before going to bed, 
and office systolic BP were also reduced after increas-
ing the dose of amlodipine, but not ARB. Although there 
were significant differences in home morning systolic BP 
between the two groups, there were no significant differ-
ences in adverse events related to BP management. We 
also performed a prespecified subgroup analysis and con-
firmed that for both systolic BP ≥ 140 mmHg and systolic 
BP < 140 mmHg, home morning systolic BP was signifi-
cantly lower in the high-AML group than in the high-ARB 
group (p = 0.0035 for systolic BP ≥ 140 mmHg, p = 0.0309 
for systolic BP < 140 mmHg). Thus, there were no interac-
tions between baseline office systolic BP and the difference 
between the groups.

It is important, but difficult, to adequately control BP in 
diabetic patients with hypertension. The important result 
of this ACADEMIE study is that we identified which drug 
should be increased to achieve a stronger antihypertensive 
effect in diabetic patients with hypertension. These results 
were consistent with the previous ADVANCED-J study, 
which showed that an amlodipine combination regimen 
(medium doses of ARB and amlodipine) was superior to an 
increased ARB regimen (high dose of ARB without amlodi-
pine) in type 2 diabetes patients with hypertension [15]. In 
that previous study, the reduction of morning home systolic 
BP was − 15.5 mmHg after amlodipine was added to the 
medium dose of ARB, and − 2.3 mmHg after an increase 
in ARB. Although the reductions in morning home systolic 
BP in both groups in our study were smaller than those in 
the previous study, i.e., − 7.9 mmHg in the high-AML group 
and + 2.7 mmHg in the high-ARB group, this was probably 
because the participants in our study had already been tak-
ing medium doses of amlodipine in addition to a medium 
dose of ARB.

The Systolic BP Intervention Trial (SPRINT) showed 
that a target systolic BP < 120 mmHg resulted in lower rates 
of major cardiovascular events and death from any cause 
compared to a target of < 140 mmHg in non-diabetic partici-
pants who were at high risk for cardiovascular events [17]. 

Fig. 3   Changes in morning home systolic BP (mmHg). BP, blood 
pressure. The changes in morning home systolic BP from week 0 
were evaluated by Mixed-Effect Model Repeated Measure (MMRM) 
and compared using the Bonferroni correction

Fig. 4   Changes in office systolic BP (mmHg). BP blood pressure. The 
changes in morning home systolic BP from week 0 were evaluated 
by Mixed-Effect Model Repeated Measure (MMRM) and compared 
using the Bonferroni correction
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In the Action to Control Cardiovascular Risk in Diabetes 
(ACCORD) trial, which investigated whether therapy with 
a target systolic BP < 120 mmHg reduced major cardiovas-
cular events in patients with type 2 diabetes who were at 
high risk for cardiovascular events, showed that a lower BP 
target (< 120 mmHg) was associated with a lower incidence 
of stroke (hazard ratio, 0.59) [18]. A meta-analysis of 19 
trials including 44,989 participants suggested that intensive 
blood-pressure treatment reduced major cardiovascular 
events, myocardial infarction, stroke, albuminuria, and retin-
opathy progression, and these beneficial effects were consist-
ent across patient subgroups including diabetes [19]. Thus, 
lowering BP in diabetic patients with hypertension should 
be especially important in addition to the fact that diabetic 
patients have a 10-year ASCVD risk ≥ 10% [6]. However, 
the results of the ADVANCED-J study showed that it may 

be difficult to control hypertension in diabetic patients even 
with CCB plus a standard dose of ARB in a relatively short 
period, since the morning home BP achieved with a combi-
nation regimen was 142.7/76.3 mmHg at 8 weeks [15]. BP 
control was also difficult in all of the participants in both 
groups in our study; i.e., even though all of the participants 
were already being treated with medium doses of amlodipine 
and ARB at baseline, BP was higher than recommended in 
the ACC/AHA guidelines.

The results of a meta-analysis of 29 randomized tri-
als (total number of patients = 162,341) suggested that 
treatment with any regimen reduces the risk of total major 
cardiovascular events, and BP reduction was a more 
important determinant of risk reduction than the choice 
of antihypertensive drug [20]. However, the results of 
the present ACADEMIE study showed that the choice 

Table 3.   Change in biomarkers

L-FABP L-type fatty acid binding protein, Hs-CRP high sensitive C-reactive protein.

Week 0 Week 4 Week 12 Week 0 vs. 
week 12

CCV vs. ARB
Mean ± SD (n) Mean ± SD (n) Mean ± SD (n)

Urinary albumin (mg/g Cr)
 High-AML 130.9 ± 229.52 (19) 121.8 ± 171.47 (20) 157.4 ± 225.76 (19)
 High-ARB 446.7 ± 676.97 (20) 390.5 ± 744.94 (21) 366.3 ± 525.08 (20)

Change in urinary albumin
 High-AML − 11.5 ± 95.65 (18) 24.1 ± 163.84 (17) 0.6318 0.8397
 High-ARB − 40.1 ± 339.54 (20) 23.3 ± 335.65 (19) 0.8876

L-FABP (ug/g Cr)
 High-AML 5.72 ± 6.197 (16) 7.16 ± 7.353 (17) 5.76 ± 6.469 (18)
 High-ARB 14.64 ± 26.115 (20) 10.44 ± 15.076 (20) 17.58 ± 22.325 (19)

Change in L-FABP
 High-AML 0.54 ± 2.165 (15) 0.53 ± 7.568 (15) 0.9126 0.1606
 High-ARB − 4.68 ± 19.754 (19) 2.39 ± 20.248 (18) 0.7415

Hs-CRP (mg/dL)
 High-AML 0.515 ± 1.6613 (20) 0.292 ± 0.8251 (20) 0.496 ± 0.9810 (19)
 High-ARB 0.144 ± 0.1384 (20) 0.277 ± 0.5377 (21) 0.197 ± 0.3469 (20)

Change in hs-CRP
 High-AML − 0.195 ± 0.8636 (19) − 0.011 ± 1.1344 (18) 0.9993 0.6977
 High-ARB 0.137 ± 0.5534 (20) 0.063 ± 0.2637 (19) 0.8042

Pentraxin 3 (ng/mL)
 High-AML 1.67 ± 0.531 (20) 1.67 ± 0.553 (20) 1.76 ± 0.901 (19)
 High-ARB 1.94 ± 1.642 (20) 1.72 ± 0.892 (21) 1.89 ± 0.982 (20)

Change in pentraxin 3
 High-AML − 0.03 ± 0.420 (19) 0.05 ± 0.516 (18) 0.9045 0.7968
 High-ARB − 0.23 ± 0.900 (20) − 0.09 ± 0.950 (19) 0.8763

Adiponectin (ug/mL)
 High-AML 9.43 ± 3.637 (20) 9.88 ± 3.646 (20) 9.62 ± 4.001 (19)
 High-ARB 8.23 ± 4.096 (20) 8.42 ± 4.114 (21) 8.87 ± 4.661 (20)

Change in adiponectin
 High-AML 0.42 ± 0.700 (19) 0.37 ± 1.446 (18) 0.2620 0.4044
 High-ARB 0.10 ± 0.729 (20) 0.58 ± 1.260 (19) 0.0257
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of antihypertensive drug is important and related to the 
degree of BP reduction in diabetic patients with hyper-
tension. The results of the Valsartan Antihypertensive 
Long-term Use Evaluation (VALUE) study underscore this 
notion. The VALUE study reported that the most consist-
ent and significant difference between a valsartan-based 
regimen and an amlodipine-based regimen in hypertensive 
patients at high cardiovascular risk was BP control [21]. 

Amlodipine-based therapy was more effective for reducing 
BP, and this effect was more pronounced during the early 
phases of the study. In addition, this difference persisted 
throughout the study period, suggesting that the early 
control of BP is important for long-lasting BP control. 
Although the study period in the ACADEMIE study was 
only 12 weeks, it is reasonable to assume that the differ-
ences in BP between the two groups would persist.

Table 4.   Change in glucose and lipid profiles.

The serum LDL-C level was calculated indirectly using the Friedewald formula.
HbA1c hemoglobin A1c, HDL-C high density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol

Week 0 Week 4 Week 12 P value

week 0 vs. 
week 12

CCV vs. ARBMean ± SD (n) Mean ± SD (n) Mean ± SD (n)

Glucose (mg/dL)
 High-AML 141.4 ± 47.99 (20) 135.1 ± 41.27 (20) 142.7 ± 44.17 (19)
 High-ARB 172.3 ± 82.39 (20) 162.2 ± 43.18 (21) 152.8 ± 48.38 (20)

Change in glucose
 High-AML − 5.6 ± 48.88 (19) 0.6 ± 73.31 (18) 0.9810 0.7465
 High-ARB − 8.6 ± 62.64 (20) − 19.8 ± 78.98 (19) 0.3395

HbA1c (%)
 High-AML 6.77 ± 0.660 (20) 6.74 ± 0.664 (20) 6.83 ± 0.647 (19)
 High-ARB 7.16 ± 1.304 (20) 7.21 ± 1.326 (21) 7.08 ± 1.156 (20)

Change in HbA1c (%)
 High-AML − 0.03 ± 0.148 (19) 0.03 ± 0.360 (18) 0.8347 0.0480
 High-ARB − 0.03 ± 0.227 (20) − 0.25 ± 0.801 (19) 0.1755

Total cholesterol (mg/dL)
 High-AML 177.4 ± 33.75 (20) 174.4 ± 35.68 (20) 170.4 ± 31.57 (19)
 High-ARB 170.1 ± 30.19 (19) 164.8 ± 31.09 (20) 163.9 ± 32.69 (19)

Change in total cholesterol
 High-AML − 0.6 ± 10.27 (19) − 3.6 ± 15.82 (18) 0.4003 0.9363
 High-ARB − 4.4 ± 23.07 (19) − 2.5 ± 22.36 (18) 0.7823

Trigryceride (mg/dL)
 High-AML 160.3 ± 79.73 (20) 158.0 ± 68.55 (20) 196.3 ± 148.02 (19)
 High-ARB 180.8 ± 90.00 (20) 152.5 ± 64.65 (21) 168.4 ± 131.77 (20)

Change in trigryceride
 High-AML − 4.1 ± 74.14 (19) 35.1 ± 124.94 (18) 0.3200 0.1587
 High-ARB − 25.2 ± 47.35 (20) − 2.7 ± 115.99 (19) 0.9818

HDL-C (mg/dL)
 High-AML 50.8 ± 13.42 (20) 50.1 ± 12.01 (20) 49.1 ± 14.79 (19)
 High-ARB 48.5 ± 11.62 (20) 49.1 ± 13.25 (21) 47.5 ± 11.91 (20)

Change in HDL-C
 High-AML 0.8 ± 5.18 (19) − 0.3 ± 6.23 (18) 0.9506 0.3926
 High-ARB 0.4 ± 4.52 (20) − 1.4 ± 4.45 (19) 0.3400

LDL-C (mg/dL)
 High-AML 94.5 ± 30.31 (20) 92.7 ± 29.59 (20) 82.1 ± 33.85 (19)
 High-ARB 85.1 ± 26.36 (19) 85.1 ± 27.81 (20) 82.6 ± 36.76 (19)

Change in LDL-C
 High-AML − 0.1 ± 12.14 (20) − 10.1 ± 14.70 (19) 0.0107 0.0890
 High-ARB − 0.4 ± 20.39 (20) − 1.3 ± 24.57 (19) 0.9728
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Since proteinuria predicts a poor renal outcome in dia-
betic patients with hypertension, we also studied the effect 
of the treatment strategy on proteinuria. As a result, there 
were no significant effects on urinary albumin, cystatin C, or 
L-FABP. There were also no differences in the inflammatory 
markers high sensitive CRP and pentraxin 3. Since ARB 
has been reported to have anti-inflammatory effects [22,23], 
and to reduce proteinuria and microalbuminuria [24–26], 
these results were presumably due to the small sample size 
and short study period, and because all of the participants 
were already receiving a medium dose of ARB at baseline. 
Serum adiponectin levels were significantly increased only 
in the high-ARB group, but the effects of these changes on 
cardiovascular outcomes are uncertain. Previous reports 
showed that antihypertensive drugs, and especially RAS 
blockers, increased adiponectin levels [27]. Furuhashi et al. 
reported that a low level of adiponectin is related to insulin 
resistance in hypertension, and RAS blockade with ARB or 
an ACE inhibitor increased adiponectin levels in patients 
with essential hypertension [28]. Nomura et al. reported 
that the plasma adiponectin level was significantly lower 
in hypertensive patients with diabetes than in those without 
diabetes. Treatment with the ARB valsartan increased the 
adiponectin level in patients with type 2 diabetes, but not 
in those with non-type 2 diabetes [29]. Our study showed 
that ARBs increase adiponectin levels, consistent with these 
previous studies. Adiponectin has been shown to affect the 
insulin-sensitivity of skeletal muscle, and the plasma con-
centration of adiponectin is inversely correlated with insulin 
resistance in type 2 diabetic patients [30]. The difference in 
the change in HbA1c between the two groups may bedue 
to the increased adiponectin levels in the high-ARB group. 
In addition, the results of a meta-analysis of prospective, 
randomized, placebo-controlled or active-controlled trials 
suggested that inhibition of the renin-angiotensin system 
could prevent the new onset of diabetes [31].

LDL-C levels were significantly decreased only in the 
high-AML group, as in previous studies [32,33], but the 
mechanisms of these changes are unclear.

We used morning BP obtained by home BP monitoring 
with an automated measurement system as a primary end-
point since it is more useful for the detection of inadequate 
BP control than clinical BP measurement [11,34]. Ambula-
tory BP monitoring (ABPM) is better for predicting long-
term CVD outcomes than office BP since elevated ABPM 
has been associated with an increased risk for fatal and non-
fatal stroke and cardiovascular events independent of office 
BP [35]. It has also been reported that elevated home BP is 
associated with an increased risk for ASCVD and is a strong 
predictor of ASCVD [35,36].

In this ACADEMIE study, 42 of the original 121 patients 
were excluded due to the exclusion criteria of BP (systolic 
BP < 130 mmHg and diastolic BP < 80 mmHg) after the 

observation period, and thus only 67 eligible participants 
were randomized into the two groups. There are several pos-
sible reasons for this unexpectedly high rate of exclusion. 
First, there is evidence that participants in a study modify 
their behavior, which may be lead to improvements in par-
ticipant performance and affect the result of the study (Haw-
thorne Effect) [37,38]. Accordingly, mere enrollment in the 
ACADEMIE study may affected the BP of the participants 
before any change in the doses of antihypertensive drugs. 
Second, compared with usual care, the self-monitoring of 
BP on its own can result in reduced systolic BP and diastolic 
BP, as reported in a previous study [39]. Our study par-
ticipants started to self-monitor BP during the observation 
period before allocation (the study algorithms are shown in 
Fig. 1). Third, it was reported that the proportion of patients 
with adequately controlled BP was lower in winter than in 
summer [13]. Since our study was conducted in both win-
ter and summer, some patients were enrolled in a relatively 
cold season. When these patients were allocated after the 
4-week observation period, it was warmer, which could 
have caused reduced BP in these patients. Therefore, these 
changes in BP might be the result of seasonal variation. This 
seasonal variation may have also affected the BP change 
after allocation and may have caused an increased BP in 
the high-ARB group or reduced the reduction in BP in the 
high-AML group.

This study has several limitations. First, the number of 
participants was small, especially those who were eventually 
allocated into the two groups. In addition, the percentage of 
participants who persisted with continuous home BP meas-
urement was much lower than anticipated. Second, 12 weeks 
is too short a time to observe cardiovascular benefits from 
the reduction of BP. Although the results of our study sug-
gest that reduction of morning home BP with an increase in 
the dose of amlodipine would probably lead to a reduction in 
cardiovascular events, further studies are warranted. Third, 
this study had an open-label design, in that the kind of anti-
hypertensive drug that was increased was not masked, which 
could have potentially caused a bias. However, this was not 
likely to have affected the measurement of home BP since 
BP was measured with an automated telemonitoring system.

Conclusions

In conclusion, this ACADEMIE study evaluated which anti-
hypertensive drug, amlodipine or ARB, should be increased 
as an add-on therapy to treat patients with type 2 diabetes 
who do not reach their target BP under combination therapy 
with medium doses of amlodipine (CCB) and ARB. Our 
results clearly showed that an increase in the dose of amlodi-
pine is superior to an increase in the dose of ARB for the 
reduction of home morning systolic BP in patients with type 
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2 diabetes. To our knowledge, this is the first study to dem-
onstrate which drug should be increased in these patients.
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