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Effects of dapagliflozin on renin-angiotensin-aldosterone
system under renin-angiotensin system inhibitor
administration
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Abstract. Sodium—glucose cotransporter-2 inhibitors (SGLT2Is) are reported to prevent cardiovascular events by a
mechanism possibly including diuresis and sodium excretion. In this respect, diuresis-induced compensatory upregulation of
the renin-angiotensin-aldosterone (RAA) system should be clarified and we performed a randomized controlled trial using
dapagliflozin, an SGLT2I. Hypertensive diabetic patients taking angiotensin-converting enzyme inhibitors or angiotensin II
receptor blockers were randomly assigned to a dapagliflozin group (DAPA) or a control group (CTRL) with the difference in
the changes in plasma renin activity (PRA) after 24 weeks of the treatment as the primary outcome. PRA, plasma aldosterone
concentration (PAC), age, sex, BMI, blood pressure, pulse rate, eGFRcys, and HbAlc were not different between the groups
at baseline. After 24 weeks, the changes in the PRA from the baseline of the DAPA (n = 44) and CTRL (n = 39) groups were
6.30 £ 15.55 and 1.42 £ 11.43 ng/mL/h, respectively (p = 0.11) although the power of detection was too small. However, post
hoc nonparametric analyses revealed that there was a definite increase in the PRA and PAC in the DAPA group (p < 0.0001
and p = 0.00025, respectively) but not in the CTRL group. The PRA in the DAPA group after 24 weeks treatment was
significantly elevated compared to the CTRL group (p = 0.013) but not for the PAC. Accordingly, it would be suggested that
dapagliflozin may not induce a profound increase, if any, in PAC after 24 weeks of treatment in hypertensive type 2 diabetic
patients under RAA suppression.
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SODIUM-GLUCOSE COTRANSPORTER-2 INHIBI-
TORS (SGLT2IS), which have been recently developed
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as antidiabetic agents, suppress the absorption of sodium
and glucose in the S1 segment of the proximal tubule.
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This class of drugs improves not only blood glucose con-
trol, but also other metabolic and non-metabolic factors
including body weight, blood pressure, lipid profile, uric
acid concentration, and erythropoiesis as well as the reg-
ulation of steatosis and ketone handling. Clinical trials
have revealed that empagliflozin [1] and canagliflozin [2,
3] reduce the incidence of major adverse cardiovascular
events, such as heart failure, all-cause mortality, and
renal events in cardiovascular outcomes trials. Those
benefits were more than generally anticipated. Recent
guidelines [4] reflect these results and recommend the
use of SGLT2Is for type 2 diabetic patients with athero-
sclerotic cardiovascular risk factors. Several mechanisms
for the favorable effects of SGLT2Is on cardiovascular
and renal outcomes have been advocated. Among them,
hemodynamic and volume-related effects by osmotic
diuresis and sodium excretion, rather than effects on vas-
cular or myocardial remodeling, are assumed to be criti-
cal factors contributing to cardio-renal protection, since
the manifestation of their benefits occurred as early as 3
months after the start of treatment in the EMPA-REG
trial [1]. Similarly, the ALLHAT study [5] revealed that
chlorthalidone, a thiazide-like diuretic, prevented heart
failure from the very early stage of the trial, compared
with amlodipine and lisinopril.

The renin-angiotensin-aldosterone (RAA) system
(RAS) is profoundly associated with the development of
cardiovascular complications. The effects of medications
on the RAA system are well established for the preven-
tion of heart failure or the progression of diabetic renal
diseases. The status of the systemic RAA system can
usually be assessed by measuring the plasma renin activ-
ity (PRA) and the plasma aldosterone concentration
(PAC), which can be affected by salt intake, sympathetic
nervous activity, or many antihypertensive medications

including diuretics and RAA system inhibitors (RAIs),
such as angiotensin-converting enzyme (ACE) inhibitors
and angiotensin II receptor blockers (ARBs). PRA and
PAC are usually suppressed by a high salt intake, while
they are enhanced by sympathetic activity. RAIs can
increase PRA and decrease PAC by decreasing angioten-
sin II-mediated intracellular Ca’*" concentrations in
juxtaglomerular cells and in adrenal glomerulosa cells,
respectively. Thus, the diuretic effect of SGLT2Is in
patients taking an RAI may further upregulate the RAA
system, which could in turn lead to possible adverse
effects on cardiovascular organs. Because many patients
with diabetes are often treated with a combination of an
RAI and an SGLT?2I, evaluations of the RAA status in
such situation are all the more clinically important. How-
ever, how SGLT2Is affect the RAA system remains
unclear. In this study, we examined the effect of the
SGLT2I dapagliflozin on the systemic RAA status in
patients with type 2 diabetes and hypertension who were
taking RAITs.

Research Design and Methods

Study design and participants

This study was a multi-centered, randomized, parallel-
group trial of patients with Japanese type 2 diabetes and
hypertension who had been taking an RAI(s) for at least
8 weeks at the time of screening. After obtaining
informed consent, screening was performed 1 to 8 weeks
before randomization. The treatment period was 24
weeks, and physiological as well as biochemical parame-
ters were measured during outpatient visits occurring at
0, 4, and 24 weeks (Fig. 1).

The study protocol has been approved by the Certified
Review Board “Clinical Research Review Board
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Fig. 2 Flow of patients through the study

(CRRB) of Saitama Medical University” (Certification
Number of the Board: CRB3180022) and registered in
the jJRCT with the registration number JRCTs031180272
(formerly in the UMIN system with the identification
number UMINO00002117). All the patients provided
written informed consent for participation in the trial.
The study was performed according to the ethical princi-
ples of the Declaration of Helsinki and was overseen by
an independent data monitoring committee.

The trial enrolled individuals aged 20-74 years with
type 2 diabetes, with HbAlc levels of 6.5%—7.5% within
a 1% fluctuation during the last 3 months, a body-mass
index (BMI) of >22.0 kg/m?, an eGFRcys >45 mL/min/
1.73 m?, and no past administration of SGLT2Is during
the last 4 months. The exclusion criteria included type 1
diabetes; a blood pressure >160/100 mmHg; a history of
hypersensitivity to SGLT2Is; severe ketosis; diabetic
coma or precoma; severe infection; a perioperative
period; severe trauma; severe renal dysfunction or end-
stage renal disease requiring hemodialysis; pulmonary
embolism or severe lung diseases; dysfunction of the
pituitary or adrenal glands; malnutrition or starvation;
alcoholism; history of severe liver disease; dehydrated
state caused by diarrhea, nausea, gastrointestinal dys-

function or malignancy; malignant tumor; and the possi-
bility of pregnancy or present breast feeding. Individuals
were also excluded if they had taken direct renin inhibi-
tors or B- or af-blockers during the last 4 months or diu-
retics during the last 2 months or if they had received
dual treatment with ACE inhibitors and ARBs.

Randomization

Patients were randomly assigned in a 1:1 ratio to
either a dapagliflozin treatment group (DAPA) or a
control group (CTRL) using a computer program. The
numbers of subjects enrolled at each facility were 51 at
Saitama Medical University Hospital, 22 at Cares
Sapporo Hokko Memorial Clinic, 19 at Japanese Red
Cross Ogawa Hospital, and less than 10 at the other
facilities. Among the 114 subjects in total who provided
informed consent, 10 patients with unclear eligibility
criteria (i.e., lacking required data) and 9 disqualified
patients were excluded. Accordingly, 95 patients were
randomly assigned into two groups. Among the 50
patients assigned to the DAPA group, 44 completed the
study protocol, while among the 45 patients assigned to
the CTRL group, 39 completed the study protocol (Fig.
2).
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Procedures

The study registration period was from May 2, 2016,
to April 30, 2018, while the follow-up period was from
May 2, 2016, to December 31, 2019. Informed consent
for registration was acquired within 0—56 days before the
start of the study. Randomization was performed 7-56
days after screening. During the study period, patients in
the DAPA group received 5 mg of dapagliflozin once a
day and were instructed to drink another 100 mL of
water or tea after every meal and at bedtime (total 400
mL), in addition to their usual daily water intake. Medi-
cations for patients in the control group were continued
without modification. At 12 weeks (2 weeks) after the
start of the study protocol, the dose of dapagliflozin
could be increased to 10 mg in the DAPA group and the
medications in the CTRL group could be modified if the
HbAlc level was greater than 7.5% (Fig. 1). No other
adjustments were allowed during the study period.

Outcomes

The primary outcome measure was the change in PRA
from the baseline at randomization until the last visit at
24 weeks after the start of dapagliflozin administration in
the full analysis set. The secondary endpoints were
changes in body weight; BMI; systolic and diastolic
blood pressure; pulse rate; WBC, RBC, and platelet
counts; hemoglobin concentration; hematocrit; biochemi-
cal parameters including serum total cholesterol, HDL-
cholesterol, triglyceride, cystatin-C, eGFRcys, creatinine,
BUN, uric acid, Na, K, Cl, and HbAlc; fasting plasma
glucose; PAC, AVP, and BNP; and general urinalysis
findings as well as urinary concentration of Na and K. A
safety assessment was performed based on adverse event
reports and ECG changes.

Laboratory measurements

Blood sampling was performed before 10 a.m. after an
overnight fast with water intake to prevent dehydration.
After the patients had spent 15 min in a quiet rest in a
recumbent or supine position, blood samples were with-
drawn to determine the laboratory parameters using rou-
tine methods. Participants were advised to avoid excess
salt restriction or overload for at least 3 days before the
blood sampling.

Statistical analysis

Using a previously published paper [6] reporting the
data of PRA in Japanese subjects with RAI administra-
tion, we adopted a value of 2.4 ng/mL/h, the baseline
characteristics (i.e., before the administration of other
anti-hypertensives) as the presumed PRA value for the
CTRL group, although the study subjects of this paper
[6] were on other antihypertensives such as B-blockers
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(24%) that will lower PRA; and thiazide (24%) and loop
(11%) diuretics that will raise PRA. To verify its 20%
difference (0.5 ng/mL/h) between the CTRL and DAPA
groups, which we regarded as being a clinically signifi-
cant difference, the necessary number of participants was
estimated to be 64 with an 80% power and a two-sided
significance level of 5%, assuming a standard deviation
of 1.0 ng/mL/h based on a previous article [7] describing
a general population of Japanese subjects. Thus, we did
not use the data of the above-mentioned paper [6] for the
estimate of the standard deviation because it was deemed
to be inappropriate due to the concomitant blood pres-
sure lowering medications, although this substitution
might have underestimated the sample size. Hence, we
set the planned sample size to 140, which would account
for a possible drop-out rate of 10%.

All the data were analyzed using SAS® software ver-
sion 9.2 for Windows® (SAS Institute, Cary, North Caro-
lina, USA) and Microsoft Excel 2016® for Windows®
(Microsoft Corporation, Redmond, Washington, USA).
Categorical variables were presented as frequencies and
percentages. Continuous variables were presented as the
mean + SD value or median and interquartile range (in
the square brackets). Welch’s ¢-test and ANCOVA, y? test
and Fisher’s exact test were used for continuous and cat-
egorical variables, respectively. In addition, Wilcoxon
rank-sum and signed-rank test was performed for PRA
and PAC data because of their distribution. A two-sided
p value of less than 0.05 was deemed significant.

Role of the funding source

This trial was an investigator-initiated study. The
study’s funding sources had no role in the study design,
data collection, data analysis, data interpretation, or writ-
ing of the report. All the study data were collected and
retained by the investigators and were not made available
to the funding sources. The corresponding author had
full access to all the data in the study and had final
responsibility for the decision to submit the manuscript
for publication.

Results

Participants and background characteristics

Among the 50 patients assigned to the DAPA group,
one patient withdrew consent and two patients did not
receive dapagliflozin; these 3 patients were excluded.
Among the 45 patients assigned to the CTRL group, 3
patients were excluded because of protocol violations.
As a result, we enrolled 47 patients in the DAPA group
and 42 patients in the CTRL group; after the exclusion of
dropouts, 44 and 39 patients were analyzed in the DAPA
and CTRL groups, respectively (Fig. 2). Consequently,
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the power to detect a difference in the PRA change
between the two groups decreased to 66.9%.

The background characteristics of the DAPA group are
shown in Table 1. Patient age (64.7 £ 6.3 years), sex
(male, 53.2%), complications other than hypertension
(89.4%), body weight (68.9 = 11.8 kg), BMI (26.4 + 3.7
kg/m?), blood pressure (138.7 + 16.7/75.2 = 11.7
mmHg), pulse rate (77.0 = 13.7 bpm), eGFRcys (87.7
+ 22.3 mL/min/m?), and HbAlc (7.33% = 0.53%) as
well as the Na and K levels in serum and urine were not
statistically different between the DAPA and CTRL
groups at the start of the study. The RAIs used in this
study are shown in Table 2. Most of the patients, except
for 5 ACE inhibitor-treated patients in the DAPA group,
had been receiving ARBs. The PRA (4.69 + 6.45
ng/mL/h vs. 5.33 + 9.01 ng/mL/h; DAPA vs. CTRL) and
PAC (89.2 + 35.5 pg/mL vs. 101.5 + 44.3 pg/mL; ditto)
values at baseline were also comparable.

Planned analysis

We were unable to obtain conclusive evidence regard-
ing the primary outcome, i.e., the difference in the PRA
change between the two groups, because of the
decreased power (66.9%) for the detection of such a dif-
ference (Fig. 3A). Among the secondary outcomes, the
PAC after 24 weeks was similar and the difference
between the two groups was not significant (DAPA,
103.0 + 38.7 pg/mL; CTRL, 108.1 £ 65.1 pg/mL); at this
time point, the difference from the CTRL group to the
DAPA group was —5.1 pg/mL (95% confidence interval:
-29.0-18.8 pg/mL; p = 0.67) (for the changes after 24
weeks from the baseline were 13.3 +£27.5 and 8.1 +41.2
pg/mL, for the DAPA and CTRL groups, respectively; p
= 0.51). After treatment with dapagliflozin for 24 weeks,
the fasting plasma glucose level (-14.5 + 31.6 mg/dL),
HbAlc (-0.38%), body weight (-2.05 + 2.49 kg), BMI
(-0.79 + 0.96 kg/m?), serum uric acid concentration (-
0.5 + 0.86 mg/dL), K level (-0.06 + 0.26 mEq/L), and
BNP (-3.37 £ 9.89 pg/mL) were significantly decreased,
while the Ht (2.25% + 1.86%), Hb (0.64 + 0.54 g/dL),
and AVP (0.51 + 1.27 pg/mL) were significantly higher
in the DAPA group than in the CTRL group (Table 3).
After 24 weeks of dapagliflozin administration, the PRA
increased up to 10.75 = 18.19 ng/mL/h, but this value
was not significantly different from that seen in the
CTRL group (6.44 + 11.56 ng/mL/h, p = 0.20). The dif-
ference from the baseline was 6.30 = 15.55 and 1.42
+ 11.43 ng/mL/h, for the DAPA and CTRL groups,
respectively (p = 0.11 between the groups). The PAC
after 24 weeks was also slightly increased to 103.0
+ 38.7 pg/mL, but this value was not significantly differ-
ent from that seen in the CTRL group (108.1 £ 65.1
pg/mL, p =0.67).
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Post hoc nonparametric analysis

Because the obtained data for the PRA and PAC did
not fit normal distribution, we added post hoc analysis
using nonparametric statistics retroactively. Although the
absolute values of the PRA as well as PAC did not statis-
tically different at each time point including the baseline
(PRA: 1.90 [0.90-5.60] ng/mL/h vs. 2.25 [1.00-4.50]
ng/mL/h; DAPA vs. CTRL and PAC: 86.0 [65.0-103.0]
pg/mL vs. 90.0 [75.3-117.0] pg/mL; ditto) (Table 1), the
increase in the PRA was significant both at 4- and 24-
week visits (p < 0.0001 for each) in the DAPA group but
not in the CTRL group (p = 0.38 and 0.58 for 4 and 24
weeks, respectively) (Fig. 3A). Similarly for the PAC,
significant increase was observed in the DAPA group (p
= 0.016 and 0.00025 for 4 and 24 weeks, respectively)
whereas there was no temporal difference in the CTRL
group (p = 0.19 and 0.30 for 4 and 24 weeks, respec-
tively) (Fig. 3B).

However, regarding the changes from the baseline,
i.e., with the baseline data subtracted, it is noteworthy
that there observed no difference for the PAC between
the two groups (p = 0.17 at 24 weeks) (Fig. 3B) despite
that there was significant elevation of the PRA in the
DAPA over the CTRL group (p = 0.013 at 24 weeks)
(Fig. 3A).

Salt status of participants

The urinary sodium excretion estimated using spot
analyses was 192.9 + 109.4 mEq/gCr in the DAPA group
and 174.6 £ 99.8 mEq/gCr in the CTRL group; the dif-
ference between the two groups was not significant, and
no changes relative to the baseline values were observed
at 4 and 24 weeks in either group (Table 4). The ratio of
Na/K, another parameter for salt status, was also compa-
rable between the two groups, and no changes from base-
line were seen in either group (Table 4).

Safety assessment

Adverse events were reported in 27.7% of the DAPA
participants and 15.6% of the CTRL participants, respec-
tively (Table 5). Among them, probable side effects of
dapagliflozin were observed in 17% of the subjects.
Except for one patient who was hospitalized because of
an alcohol-induced transient consciousness disturbance,
the other adverse effects were not severe, and the safety
of dapagliflozin was confirmed in the present study
(Table 6). Other side effects included one case of genital
itchiness, one case of progressive liver dysfunction, one
case of hypoglycemia, 2 cases of hypoglycemic symp-
toms, one case of skin itchiness, and one case of polla-
kiuria. No pathological changes in the electrocardiogram
findings were observed in either group at the end of the
study (data not shown).
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Table 1 Baseline characteristics and parameters
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Parameter DAPA (n=47) CTRL (n =42) p value
<65 18 (38.3%) 15 (35.7%) 0.83
Age (years old) >65 29 (61.7%) 27 (64.3%)
mean + SD 64.7+6.3 63.0+9.4 0.33
Sex male 25 (53.2%) 23 (54.8%) 100
female 22 (46.8%) 19 (45.2%)
. = 22 (46.8%) 19 (45.2%)
Past illness N 25 (53.2%) 23 (54.8%) 1.00
. . - 0 (0%) 0 (0%)
With hypertension + 47 (100%) 42 (100%) o
Complications other than hypertension ; 452((180§i;)$3) 33 Egos?;i) 1.00
mean = SD 4.69 +6.45 5.33+£9.01 0.70
PRA (ng/mL/h) median [interquartile range] 1.9 [0.9-5.6] 2.25 [1.00-4.50] 0.83
mean + SD 89.2+35.5 101.5+44.3 0.15
PAC (pg/mL) median [interquartile range] 86.0 [65.0-103.0] 90.0 [75.3-117.0] 0.16
Body weight (kg) 689+ 11.8 689+ 11.5 0.98
BMI (kg/m?) 264 +3.7 26.2+3.9 0.80
Systolic BP (mmHg) 138.7+16.7 134.7 +13.1 0.21
Diastolic BP (mmHg) 752+ 11.7 74.8 +£10.6 0.87
Pulse rate 77.0+13.7 76.5+13.7 0.86
WBC (/uL) 6,310 £ 1,609 6,031 £2,071 0.48
RBC (10%uL) 457 £ 57 450 £42 0.50
Hb (g/dL) 13.8+1.6 135+1.2 0.25
Ht (%) 413 +4.7 40.2+3.5 0.21
PLT (10%uL) 21.5+4.8 22.8+6.9 0.32
TC (mg/dL) 172.5+32.0 170.9 + 34.1 0.82
HDLC (mg/dL) 553+13.5 52.1+£13.5 0.26
TG (mg/dL) 139.2+84.5 134.6 +£70.0 0.78
Cys-C (mg/L) 0.85+0.19 0.82+0.16 0.35
eGFRcys (mL/min/1.73 m?) 87.7+22.3 91.6 +19.0 0.38
Cr (mg/dL) 0.73 £0.20 0.75+0.23 0.55
BUN (mg/dL) 152+5.0 150+5.5 0.90
UA (mg/dL) 5.47+1.25 5.05+1.34 0.14
Na (mEq/L) 140.5+ 1.6 139.8 +2.0 0.06
K (mEq/L) 4.29+0.35 4.21 +£0.40 0.35
Cl (mEq/L) 103.9+1.9 103.5+32.4 0.30
HbAlc (%) 7.33+0.53 7.26 £ 0.46 0.50
fasting BG (mg/dL) 148.0 £29.4 152.6 +30.9 0.48
AVP (pg/mL) 1.89 +1.02 2.49+£2.10 0.10
BNP (pg/mL) 125+12.5 11.1£12.1 0.59
urine specific gravity 1.014 £ 0.007 1.015 £ 0.006 0.58
urine Na (mEq/L) 108.4 £ 53.8 113.5+52.6 0.65
urine K (mEq/L) 40.9 +20.1 439+22.1 0.50
urine Cr (mg/dL) 68.9+43.4 82.0 £46.2 0.17
- 31 (66.0%) 24 (57.1%)
e 8 (17.0%) 10 (23.8%)
. . + 3 (6.4%) 2 (4.8%)
urine protein 2+ 4 (8.5%) 6 (14.3%) 0.72
3+ 0 (0.0%) 0 (0.0%)
4+ 1 (2.1%) 0 (0.0%)
- 41 (87.2%) 31 (73.8%)
+ 0 (0.0%) 4 (9.5%)
. + 1(2.1%) 2 (4.8%)
urine sugar ot N §4.3%) ] 52.4%) 0.20
3+ 3 (6.4%) 3(7.1%)
4+ 0 (0.0%) 1(2.4%)

DAPA, patients treated by dapagliflozin; CTRL, control patients
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Fig.3 Time course of PRA and PAC

Blue or orange circles and lines indicate time course of PRA (A) and PAC (B) in dapagliflozin-administered or control patients,
respectively. Nonparametric p values for the diffrence from the baseline are indicated in colored letters and intra-groups difference
in black letters for each timepoint. The figure in the parenthesis indicates each number of patients analyzed at the timepoint.

DAPA, dapagliflozin; CTRL, control

Table 2 RAS inhibitors used in the study

Class RAS inhibitor DAPA CTRL
telmisartan 13 15
azilsartan 10 3
olmesartan 6 6
ARB losartan 5 10
irbesartan 3 5
valsartan 3 1
candesartan 2 2
ACE inhibitor enalapril 5
Total 47 42

DAPA, patients treated by dapagliflozin; CTRL, control patients

Discussion

Renin is the initial and rate-limiting step in the RAS,
and many experimental and clinical studies have pro-
vided evidence that inadequate RAS activation can lead
to both vascular injury and the injury of organs including
the brain, heart, and kidney [8]. Several studies have
suggested that a higher PRA is associated with a greater
susceptibility to cardiovascular diseases [9] or death
[10], even among patients taking ACE inhibitors [11],
although these results are somewhat controversial [12].

Hyperaldosteronism through the activation of the miner-
alocorticoid receptor (MR) also induces cardiovascular
damage, and mineralocorticoid receptor antagonists
(MRAs) reportedly ameliorate the course of heart failure
(RALES [13] and EPHESUS [14] studies) and the renal
function of non-diabetic patients (EVALUATE study
[15]). The aldosterone-mediated MR signal is sensitized
by a high salt intake and the small G-protein Racl [16].
PAC is regulated by not only angiotensin II, but also
ACTH and the extracellular K* concentration. Thus, the
PAC may be less susceptible to PRA-mediated angioten-
sin II increases induced by volume-depletion. After an
initial decline in the PAC in response to RAIs, the PAC
has been shown to recover in some subpopulations
(10%—-53%) [17] over the long-term; this phenomenon is
known as aldosterone breakthrough or escape [18-21]
and is possibly associated with left ventricular hypertro-
phy [22], a decreased exercise capacity [23], higher rates
of albuminuria [24], and about a 2-fold faster decline in
GFR [20]. In this study, the PAC of the patients using
RAIs remained almost stable, and no such phenomenon
similar to aldosterone breakthrough was observed.

The RAA system is strongly associated with daily
sodium intake and can be modulated by antihyperten-
sives such as diuretics and RAA system inhibitors. Dur-
ing constant diuretic therapy, the PRA increases acutely
and reaches a maximum within the first week, then
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Table 3 Changes of physical and biochemical parameters from the baseline and difference between

the DAPA and the CTRL groups

Isshiki et al.

A parameter DAPA (n=44) CTRL (n=39) p value
Body weight (kg) —2.05 £ 2.49* —0.37 £ 1.65 0.0005
BMI (kg/m?) —0.79 £ 0.96* —0.15+0.65 0.0006
Systolic BP (mmHg) ~7.5+0.96* —0.15+0.65 0.80
Diastolic BP (mmHg) -1.3+£8.0 -0.7+£7.9 0.74
Pulse rate (bpm) 0.0 +10.2 —1.1+12.9% 0.68
WBC (/uL) 273 +1,107 —14 +1,347 0.30
RBC(x10%pL) 26.4 + 18.4* -1.0+£23.9 <0.0001
Hb (g/dL) 0.64 + 0.54* —-0.03 +0.66 <0.0001
Ht (%) 2.25 +1.86* -0.03+2.10 <0.0001
PLT (x10%uL) —0.19+£2.2 -0.48 £3.71 0.67
TC (mg/dL) —2.8+24.8 -1.8+18.7 0.85
HDLC (mg/dL) 1.7+5.6 0.6+5.6 0.38
TG (mg/dL) 8.5+75.6 -8.4+34.7 0.19
Cys-C (mg/L) 0.045 + 0.086* 0.023 +£0.072 0.21
eGFRcys (mL/min/1.73 m?) —4.71 +7.23% —3.38 £ 7.69* 0.42
Cr (mg/dL) 0.030 +0.082* 0.018 £ 0.085 0.52
BUN (mg/dL) 437+17.8 —0.37 +3.03 0.09
UA (mg/dL) —0.5+0.86* 0.35 +0.80*" <0.0001
Na (mEq/L) 0.1+1.5 -0.5+1.9 0.11
K (mEq/L) —0.06 £ 0.26 0.12+0.36 0.016
Cl (mEq/L) 05+19 —02+1.9 0.13
HbAlc (%) —0.38 £0.59* 0.11+0.57 0.0002
fasting BG (mg/dL) —14.5+31.6* 0.11 +34.9* 0.0006
AVP (pg/mL) 0.51+1.27* —0.16 £ 1.35 0.024
BNP (pg/mL) —3.37+£9.89* 3.85+10.72 0.0022
urinary specific gravity 0.0053 + 0.0085* 0.0001 £ 0.0072 0.0035
urine Na (mEq/L) —1.57 £ 49.7* —8.7+54.4 0.54
urine K (mEq/L) ~7.28 £20.1* —4.67+22.8 0.58
urine Cr (mg/dL) —11.1+£41.0 -3.41+54.7 0.047
Na/gCr (mEq/gCr) -4.5+110 8.4+122 0.61
K/gCr (mEq/gCr) —2.7+20.4 33+32.0 0.31
Na/K ratio 0.01 £1.82 0.25+1.81 0.54

BP, blood pressure; *, p < 0.05 baseline vs. 24 weeks; #, n = 38

decreases during the next two weeks but remains ele-
vated. The increases in PRA and PAC in response to
diuretics is correlated with an increase in the plasma
angiotensin II concentration [25]. Ipragliflozin treatment
for 4 days was previously reported to induce diuresis and
a slight elevation in the PRA with no changes in the PAC
in 20 Japanese patients with type 2 diabetes and heart
failure [26]. However, the study did not set a control

group, and most of the participants were receiving both
loop diuretics and B-blockers. In another study that did
not use a control group, ipragliflozin treatment for 24
weeks did not increase the PRA but significantly
increased the PAC in Japanese patients with type 2 dia-
betes; however, about 50% of this study group were also
receiving unknown antihypertensive drugs [27] without
setting control groups. Our study is the first to evaluate
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Table 4  Salt status during the study
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0 week 4 weeks 24 weeks
Parameter group p value
n n n
DAPA 44 1929 +109.4 43 183.3+108.8 44 188.4+91.3
Na/gCr (mEq/gCr) 0.61
CTRL 39 174.6 +£99.8 38 172.8+101.6 39 183.0+121.0
DAPA 44 3.01+1.78 43 2.86+1.42 44 3.02+1.23
Na/K ratio 0.54
CTRL 39 3.16+£1.59 38 3.11+1.71 39 341+£2.00
DAPA, patients treated by dapagliflozin; CTRL, control patients
Table 5 Adverse events during the study Table 6 Side effects of dapagliflozin treatment group
DAPA CTRL DAPA (n=47)
(n=47) (n=45) number of cases (incident rate %) 8 (17.0%)
1 0, 0,
numbers of patients 13 (27.7%) 7 (15.6%) adverse event
numbers of cases 15 10 aittiiliian 1 (2.1%)
adverse event progression of liver dysfunction 1(2.1%)
- 0
dizziness 1(2.2%) hypoglycemia 1 (2.1%)
1 1 0,
ich by rosuvastatin 1 (2.1%) symptom of hypoglycemia 2 (4.3%)
1 1 0,
consciousness disturbance 1(2.1%) itchy skin 1(2.1%)
o 0
genital itch 12.1%) frequent urination 1(2.1%)
3 o 0,
cat bite of right forearm 1(2.1%) lightheadedness 1(2.1%)
progression of liver dysfunction 1(2.1%)
blood pressure elevation 1(2.1%) ) ) . .

o ofh o Lo PRA and especially on the PAC in type 2 diabetic
e (2.1%) patients receiving RAA system inhibitors when com-
cut of left index finger by knife 1(2.1%) pared with a defined control group.
edema of extremities 1 (2.1%) In addition, we measured the urinary sodium excretion
gout attack 1 (2.1%) of participants, which reflects their salt intake. The
—— i L @.1%) obtained data were consistently around 170-190 mEq/

0 cemia ° . . . .
el ! gCr, corresponding to 10—11 g of salt daily; this range is
hypoglycemic symptom 2 (4.3%) within the range for average salt intake among the Japa-
injury of lower jaw by fall 1 (2.1%) nese general population. In other words, the SGLT2I did
headache due to lower jaw injury 1(2.1%) not affect sodium excretion, which was another impor-

diabetic macular edema 1(2.1%) tant pornt. . .
Somewhat unexpectedly, no apparent differences in

. 0 )
head injury 1(2.1%) PAC were observed between the two groups, since
worsening of urine sugar 1 (2.1%) SGLT2Is have been reported to possess diuretic proper-
skin itchiness ties. In fact, empagliflozin [28] and canagliflozin [29]
skin abscess 1 2.1%) induced transient (1-2 days after 1n1t1at10T1) diuresis,
o o Lo probably because of augmented glucose delivery to the
equent urination (2.1%) tubular lumen of the kidney.

insomnia 1(2.1%) Why does no overt compensational increase in PAC
peripheral neuropathy 1(2.1%) similar to that for thiazide or loop diuretics occur in
T 1 (2.1%) response to SGLT2I-induced diuresis? The long-term use

DAPA, patients treated by dapagliflozin; CTRL, control patients

the effects of an SGLT2I on the RAA system in a con-
trolled trial, demonstrating that dapagliflozin treatment
for 24 weeks may not have a remarkable effect on the

of an SGLT2I may induce physiological adaptation of
the kidney to maintain overall body fluid balance. One
possible mechanism is a manner of sodium excretion in
response to SGLT2Is that differs from that of classical
diuretics. In fact, the interstitial spaces are the other dis-
tinct body fluid compartment and equilibrated with intra-
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vascular spaces, where Na” is the predominant cation,
and work as a buffering substance by mechanisms
involving VEGF-C secretion via mononuclear phagocyte
system cells and eNOS-dependent lymph capillary net-
works [30]. The measurement of human sodium tissue
content using *Na-MRI demonstrated that dapagliflozin
treatment for 6 weeks preferentially decreased the skin
sodium content by about 5.8% [31], suggesting a distinc-
tive mechanism of Na* excretion that differs from those
of thiazide diuretics and loop diuretics, both of which
induce predominantly intravascular Na" excretion. This
preferential sodium excretion from the interstitial space
may minimize PRA activation, and hence PAC increase
as well. However, the precise mechanisms require further
clarification.

Factors that contribute to the cardioprotection induced
by SGLT2lIs in clinical trials are assumed to improve the
preload through natriuresis/osmotic diuresis, blood pres-
sure reduction accompanied by improved vascular func-
tion, improved cardiac metabolism and bioenergetics,
myocardial Na*/H" exchange inhibition, and alterations
in adipokines or cytokine production as well as the epi-
cardial adipose tissue mass (review [32]). Tubuloglomer-
ular feedback via the increased flow of sodium to the
juxtaglomerular apparatus can decrease the intraglomer-
ular pressure, which in turn tends to lead to renal protec-
tion.

As an antidiabetic drug, dapagliflozin decreased the
fasting plasma glucose and HbAlc levels from the base-
line values, and the resulting values were significantly
different from those observed in the CTRL group. A
body weight reduction, decreased uric acid concentra-
tion, and increased hematocrit, all of which have been
shown to be the characteristics of SGLT2Is, were also
observed in the DAPA group in this study. Only the sys-
tolic blood pressure was reduced from the baseline value
in the DAPA group, but the difference was not signifi-
cant, possibly because the number of actual subjects was
smaller than the required number. A small, but signifi-
cant, increase in the AVP and a decrease in the BNP
were observed in the DAPA group reflecting the diuretic
effect of this agent, although the clinical relevance
remains unclear.

This study had some limitations. First, as described
above, the sample size was too small to detect the pri-
mary outcome. Moreover, if we would have employed
a posteriori values of PRA for sample size setting,
required number of enrollees would have been much
more expanded and the resultant statistical power should
have by far diminished. Notably, for PAC, although it
was supposed that the value was higher at 24-week
visit in the DAPA group than in the CTRL group, the
outocome was on the contrary; the former was non-
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significantly (p = 0.67; by 5.1 pg/mL) lower than the
latter. In fact, this evaluation was performed under a con-
dition that increase by dapagliflozin (a 20% of the CTRL
group as a non-inferiority margin) would be detected
(one-sided p < 0.05) with fairly high (more than 70%)
statistical power even on the assumption of normal distri-
bution and when the a posteriori distribution of PAC
would have been applied.

In this regard, according to the nonparametric analyses
we performed retroactively, we did observe significant
increase in the PRA by the SGLT2I administration; but
not for PAC even with this PRA elevation at each of 4-
and 24-week timepoint clearly appreciated. This could be
interpreted as that RAIs might almost negate PAC
increase caused by SGLT2Is and hereby act protectively
against cardiovascular and renal problems.

Second, the antihypertensives used in this study were
limited to only RAIs and calcium channel blockers;
diuretics and B-blockers may modulate the RAA system
differently when SGLT2Is are administered. Third,
improved glucose control in the DAPA group might have
exerted some beneficial effect, although relatively small,
onto the RAA system through body fluid handling.

Finally, in hypertensive patients with diabetes who are
taking an RAI, addition of an SGLT2I class medication
transiently increases the PRA further as a result of its
diuretic action; PRA, however, is thought to return
almost immediately to the near-basal level through com-
pensatory intravascular volume recovery (Fig. 4). Thus,
SGLT2Is might possibly help avoid the harmful effects
of RAA system activation on the cardiovascular system.
In conclusion, treatment with dapagliflozin is apparently
safe and has been suggested to have minimal effect on
the RAA system in hypertensive type 2 diabetic patients
who are being treated with ARBs or ACE inhibitors.
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Elevated PRA by an ACE inhibitor or an ARB further increases during a few days after SGLT2I initiation following transient
increase in urine volume and decreased circulating blood volume. Then, PRA gradually returns to the level before SGLT2I
administration in accordance with compensatory blood volume recovery.

ACE], angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; SGLT2I, sodium—glucose cotransporter-2

inhibitor
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