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BACKGROUND: The risk of cardiovascular disease and mortality in salt-sensitive 
patients with diabetes mellitus and uncontrolled nocturnal hypertension is high. The 
SACRA (Sodium-Glucose Cotransporter 2 [SGLT2] Inhibitor and Angiotensin Receptor 
Blocker [ARB] Combination Therapy in Patients With Diabetes and Uncontrolled 
Nocturnal Hypertension) study investigated changes in blood pressure (BP) with 
empagliflozin plus existing antihypertensive therapy.

METHODS: This multicenter, double-blind, parallel study was conducted in Japan. 
Adult patients with type 2 diabetes mellitus and uncontrolled nocturnal hypertension 
receiving stable antihypertensive therapy including angiotensin receptor blockers were 
randomized to 12 weeks’ treatment with empagliflozin 10 mg once daily or placebo. 
Clinic BP was measured at baseline and weeks 4, 8, and 12; 24-hour ambulatory 
BP monitoring was performed at baseline and week 12; and morning home BP was 
determined for 5 days before each visit. The primary efficacy end point was change 
from baseline in nighttime BP (ambulatory BP monitoring).

RESULTS: One hundred thirty-two nonobese, older patients with well-controlled 
blood glucose were randomized (mean age 70 years, mean body mass index 26 kg/
m2). Empagliflozin, but not placebo, significantly reduced nighttime systolic BP versus 
baseline (–6.3 mm Hg; P=0.004); between-group difference in change from baseline 
was –4.3 mm Hg (P=0.159). Reductions in daytime, 24-hour, morning home, and 
clinic systolic BP at 12 weeks with empagliflozin were significantly greater than with 
placebo (–9.5, –7.7, –7.5, and –8.6 mm Hg, respectively; all P≤0.002). Between-group 
differences in body weight and glycosylated hemoglobin reductions were significant, 
but small (–1.3 kg and –0.33%; both P<0.001). At 4 weeks, N-terminal pro-B-type 
natriuretic peptide levels were reduced to a greater extent in the empagliflozin 
versus placebo group (–12.1%; P=0.013); atrial natriuretic peptide levels decreased 
with empagliflozin versus placebo at weeks 4 and 12 (–8.2% [P=0.008] and –9.7% 
[P=0.019]). Changes in antihypertensive medication during the study did not differ 
significantly between groups.

CONCLUSIONS: Nonseverely obese older diabetes patients with uncontrolled 
nocturnal hypertension showed significant BP reductions without marked 
reductions in glucose with the addition of empagliflozin to existing 
antihypertensive and antidiabetic therapy. Use of sodium-glucose cotransporter 2 
inhibitors in specific groups (eg, those with nocturnal hypertension, diabetes, and 
high salt sensitivity) could help reduce the risk of heart failure and cardiovascular 
mortality.

CLINICAL TRIAL REGISTRATION: URL: https://www.clinicaltrials.gov. Unique 
identifier: NCT03050229.
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Sodium-glucose cotransporter 2 (SGLT2) inhibitors 
are oral hypoglycemic agents that act primarily 
by increasing the urinary elimination of glucose.1 

In addition to reducing blood glucose, treatment with 
the SGLT2 inhibitor empagliflozin has also been asso-
ciated with weight loss and reductions in blood pres-
sure (BP).2–5 In the EMPA-REG OUTCOME trial (BI 10773 
[Empagliflozin] Cardiovascular Blood Pressure Trial in 
Type 2 Diabetes Mellitus Patients), treatment of patients 
with type 2 diabetes mellitus (T2DM) and high cardio-
vascular risk with empagliflozin versus placebo signifi-
cantly reduced cardiovascular and all-cause mortality, 
heart failure–related hospitalizations, and progression 
of diabetic nephropathy.6–8 Although clinic BP was re-
duced by empagliflozin, the contribution of decreases 
in 24-hour BP, including nocturnal and morning time 
periods, to the observed benefit on cardiovascular out-
comes could not be determined. In particular, nocturnal 
hypertension, or the nondipper pattern of nighttime BP, 
is a strong predictor of cardiovascular disease including 
nonischemic heart failure, both in patients with hyper-
tension and in the general population.9–11

The risk of developing cardiovascular disease is also 
increased in T2DM patients.12 The cardiovascular dis-
ease and mortality risk are particularly high in T2DM 
patients with nocturnal hypertension.13–15 This high-

lights the importance of nighttime BP as a cardiovas-
cular and mortality risk factor in patients with T2DM, 
and suggests that nighttime BP could be an important 
therapeutic target in these patients.

The SACRA study (SGLT2 inhibitor and Angiotensin 
Receptor Blocker [ARB] Combination Therapy in Pa-
tients With Diabetes and Uncontrolled Nocturnal Hy-
pertension) used ambulatory BP monitoring (ABPM) to 
investigate the effects of adding empagliflozin to exist-
ing antihypertensive therapy on nighttime BP in T2DM 
patients and uncontrolled nocturnal hypertension.

METHODS
The SACRA study (NCT03050229) was a multicenter, random-
ized, placebo-controlled, double-blind, 2-arm, parallel group trial 
conducted in Japan. The study protocol was approved by the 
ethics committee of Jichi Medical University School of Medicine. 
The study was conducted in accordance with the principles of 
the Declaration of Helsinki, International on Harmonization 
Tripartite Guideline for Good Clinical Practice. All patients pro-
vided written informed consent before enrollment into the study.

The data, analytic methods, and study materials will not 
be made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Participants
Eligible patients were aged ≥20 years; had T2DM (glycosyl-
ated hemoglobin [HbA1c] ≥6% and <10%), seated clinic sys-
tolic BP (SBP) 130 to 159 mm Hg or diastolic BP (DBP) 80 to 
99 mm Hg, and nocturnal hypertension (SBP ≥115 mm Hg at 
2, 3, and 4 a.m. during sleep 5 days before randomization, 
measured using home BP monitoring [HEM-7080-IC; Omron 
Healthcare Co Ltd, Kyoto, Japan]); were receiving stable anti-
diabetic treatment with or without antidiabetics for ≥8 weeks 
before baseline; and were receiving stable antihypertensive 
treatment that included an ARB for ≥8 weeks before baseline. 
Key exclusion criteria included history of diabetic ketoacidosis 
or diabetic coma, renal and liver damage, and cardiovascular 
disease events (within 3 months before randomization; Table 
I in the online-only Data Supplement).

Randomized Treatment
After an 8-week run-in period, eligible patients were random-
ized (1:1) to receive empagliflozin 10 mg or matching pla-
cebo once daily for 12 weeks. Randomization was performed 
using a computer-generated, pseudorandom sequence and 
was stratified by nighttime SBP, age, sex, and study cen-
ter. Antihypertensive and antidiabetic medication could be 
changed at the discretion of the investigator.

Assessments
Study visits were scheduled at baseline, week 4, week 8, and 
week 12. Morning home BP monitoring using a validated 
BP monitoring device (HEM-7080-IC) was performed for 5 
consecutive days before each study visit. Clinic BP was mea-
sured at each study visit. Twenty-four-hour ABPM was per-
formed at baseline and week 12, after administration of study 

Clinical Perspective

What Is New?
• Patients with type 2 diabetes mellitus and hyper-

tension are at increased risk of developing cardio-
vascular disease, particularly when nighttime blood 
pressure is elevated.

• This is the first time that a sodium-glucose cotrans-
porter 2 inhibitor has been studied in patients with 
type 2 diabetes mellitus and uncontrolled nocturnal 
hypertension in a randomized, placebo-controlled 
clinical trial.

• The addition of empagliflozin to existing antihy-
pertensive therapy was associated with significant 
reductions in a variety of blood pressure measures, 
including ambulatory and home blood pressure.

What Are the Clinical Implications?
• There is a growing body of data supporting the 

important benefits of sodium-glucose cotrans-
porter 2 inhibition in patients with type 2 diabetes 
mellitus and hypertension.

• The reductions in blood pressure that occurred after 
the addition of empagliflozin therapy were of a clini-
cally relevant magnitude that would be expected to 
reduce cardiovascular risk, and occurred in patients 
already receiving antihypertensive therapy (includ-
ing angiotensin receptor blockers).
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medication, using methods described previously.16 In brief, an 
automatic oscillometric method ABPM device (TM2431; A&D 
Co, Tokyo, Japan) was used to record BP and pulse rate every 
30 minutes for 24 hours. Twenty-four-hour BP was defined as 
the average of all readings over a 24-hour period. Nighttime 
BP was calculated as the average of BP values recorded over 
the period from when the patient went to bed until the patient 
got up; values over the rest of the day were used to calculate 
daytime BP. Investigators were unaware of glucose results 
during the entire treatment period. Safety was assessed based 
on laboratory findings, and the occurrence of adverse events 
and side effects documented during study visits.

Outcomes
The primary efficacy end point was change from baseline in 
nighttime SBP and DBP measured using ABPM. Key secondary 
end points were change from baseline in mean 24-hour SBP/
DBP and daytime BP at week 12. Other secondary efficacy 
end points were change from baseline to week 12 in morning 
home BP, clinic BP, HbA1c, and body weight. Additional end 
points were low-density lipoprotein and high-density lipo-
protein cholesterol levels, NT-proBNP (N-terminal pro B-type 
natriuretic peptide) levels, atrial natriuretic peptide levels, 
magnesium levels, estimated glomerular filtration rate (eGFR: 
men, 194×serum creatinine-1.094×age-0.287; women, 194× 
serum creatinine -1.094×age-0.287×0.739),17 urinary albumin cre-
atinine ratio, and laboratory findings.

Statistical Analysis
Given that there are no existing published data on the effects 
of empagliflozin in combination with an ARB on nighttime BP 
in Japanese patients with T2DM and nocturnal hypertension, 
expected changes in BP during treatment for inclusion in the 
sample size calculation were taken from another trial of empa-
gliflozin in patients with diabetes mellitus and hypertension.18 
Adjusted mean differences versus placebo in the change from 
baseline in mean 24-hour SBP were –4.18 mm Hg with empa-
gliflozin 10 mg and –5.04 mm Hg with empagliflozin 25 mg. It 
was assumed that reductions in nighttime BP would be greater 
than those in mean 24-hour SBP, and therefore a between-
group difference (empagliflozin versus placebo) was assumed 
for the mean change in the mean nighttime SBP of –5 mm Hg 
(with a SD of 10 mm Hg in each group). To detect differences 
between the 2 groups with 80% power, 63 patients in each 
group would be required (126 in total). Assuming that 20% of 
recruited patients would not meet the nighttime BP entry cri-
teria and another 10% would be withdrawn during the treat-
ment period, the enrollment target was 176 patients.

Patients who were noncompliant with the Ethical 
Guidelines for Clinical Research were excluded from both 
efficacy and safety analyses. The full analysis set included all 
enrolled participants who received their assigned therapy at 
least once after randomization and who had made 24-hour 
ABPM recordings at least once. The safety analysis set included 
all randomized participants who had received the assigned 
therapy at least once during the study period. Efficacy analy-
ses for BP values were conducted in the full analysis set, and 
safety was determined in the safety analysis set.

Intergroup comparisons were tested with a t test for con-
tinuous variables, and Pearson χ2 test or Fisher exact test was 

used for dichotomous data. Mixed-effects model repeated 
measures analysis was used to compare the changes in 
nighttime BP, daytime BP, mean 24-hour ABPM BP, clinic BP, 
and HbA1c from baseline to week 12. Mixed-effects model 
repeated measures included the randomized study group, 
time point (0, 4, 8, and 12 weeks), interaction between the 
study group and time points as fixed effects, and age and sex 
as covariates. We used compound symmetry as the covari-
ance structure.

Data were analyzed using SAS version 9.4 (SAS Institute, 
Cary, NC) at the Jichi Medical University Center of Global 
Home and Ambulatory BP Analysis, Shimotsuke, Japan. A 
2-sided test was used; P values of <0.05 were considered sta-
tistically significant.

RESULTS
A total of 174 patients with diabetes mellitus and un-
controlled nocturnal hypertension were screened be-
tween January and September 2017, of whom 132 met 
the inclusion criteria and were randomized (Figure 1). 
One patient in the placebo group withdrew because of 
protocol violation. Therefore, 131 patients were includ-
ed in the full analysis set (68 in the empagliflozin group 
and 63 in the placebo group). There was an antihyper-
tensive drug dosage increase in only 1 patient during 
the trial (in the placebo group). Baseline demograph-
ics and characteristics were well matched between the 
treatment groups (Table 1), apart from a higher baseline 
pulse rate in the placebo versus empagliflozin group 
(70.7±9.5 versus 67.1±8.3 beats/min; P=0.026).

Blood Pressure
There was a significant reduction from baseline to week 
12 in nighttime SBP with empagliflozin (–6.3 mm Hg; 
P=0.004) but not with placebo (–2.0 mm Hg; P=0.367); 
between-group difference was –4.3 (P=0.159; Fig-
ure  2). Reductions from baseline in daytime SBP and 
24-hour SBP were also statistically significant in the em-
pagliflozin group but not in the placebo group, with 

Figure 1. Study flow chart.
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statistically significant between-group differences in the 
change from baseline (both P<0.001; Figure 2). Chang-
es in nighttime, daytime, and 24-hour DBP showed 
a similar pattern, all being significantly reduced from 
baseline by empagliflozin and not placebo, and signifi-

cant between-group differences in the reduction from 
baseline for daytime and 24-hour DBP (Figure 2).

Reductions from baseline in clinic and morning 
home SBP were also statistically significant in the em-
pagliflozin group, with statistically significant between-
group differences in the change from baseline (both 
P<0.001; Figure 3).

Other End Points
After 12 weeks, HbA1c and body weight decreased 
from baseline to a significantly greater extent in pa-
tients receiving empagliflozin compared with placebo 
(both P<0.001), but numeric differences between the 
groups were small (–1.3 kg and –0.33%, respectively; 
Figure  4A and 4B). Significant reductions in uric acid 
and eGFR with empagliflozin versus placebo were evi-
dent after 4 weeks’ treatment (Figure 4C and 4D).

At the 4-week follow-up, levels of NT-proBNP had 
reduced to a significantly greater extent in the empa-
gliflozin versus placebo group (P=0.013), but at the 
12-week follow-up, the between-group difference was 
no longer statistically significant (P=0.361; Figure I in 
the online-only Data Supplement). Significantly greater 
reductions in atrial natriuretic peptide at both 4 and 
12 weeks (Figure II in the online-only Data Supplement) 
and urinary albumin creatinine ratio at 12 weeks (Figure 
III in the online-only Data Supplement) were seen with 
empagliflozin versus placebo.

Pulse rates for each BP measurement were not sig-
nificantly different between the empagliflozin and pla-
cebo groups (Figure IV in the online-only Data Supple-
ment). In addition, the proportion of patients who 
changed antihypertensive medication during the study 
did not differ significantly between treatment groups. 
Lipid levels were also similar in the empagliflozin and 
placebo groups throughout the study (Table II in the 
online-only Data Supplement).

Safety
Empagliflozin was well tolerated; no serious adverse 
events occurred during treatment, and there were no 
new safety signals. There were 4 adverse events in 4 pa-
tients in the placebo group and 14 events in 8 patients in 
the empagliflozin group. Of these, 7 events in the empa-
gliflozin group (1 each of thirst, polyuria, lumbago, geni-
tal itching, fatigue, nausea, and constipation) and 1 in the 
placebo group (heartburn) were considered to be related 
to treatment. There were no episodes of hypotension, de-
hydration, urinary tract infection, or acute kidney injury.

DISCUSSION
The SACRA study is the first randomized, double-blind, 
placebo-controlled clinical trial of an SGLT2 inhibitor in 

Table. Patient Demographic and Clinical Characteristics at Baseline

Variable
Placebo 
(n=63)

Empagliflozin 
(n=68) P Value

Age, y 69.3±7.8 70.9±8.7 0.267

Males, % patients 52.4 52.9 1.000

Weight, kg 64.6±14.3 65.4±11.4 0.729

BMI, kg/m2 26.0±4.9 26.1±3.8 0.863

Diabetes mellitus duration, y 9.6±8.2 10.6±7.9 0.521

HbA1c, % 6.6±0.8 6.6±0.8 0.976

Medical history, % patients

        Dyslipidemia 61.9 61.8 1.000

        Hyperuricemia 7.9 17.6 0.122

        Cerebrovascular disease 7.9 8.8 1.000

        Cardiac disease 14.3 19.1 0.492

        LDL cholesterol, mg/dL 103.1±21.5 111.1±32.0 0.092

        HDL cholesterol, mg/dL 58.6±19.5 54.1±13.5 0.132

        Triglycerides, mg/dL 104 (75, 145) 105 (78, 143) 0.821

        NT-proBNP, pg/mL 54 (29, 87) 66 (43, 114) 0.101

        ANP, pg/mL 31 (21, 43) 36 (27, 47) 0.126

        Uric acid, mg/dL 5.4±1.5 5.4±1.5 0.847

        UACR, mg/g·Cr 18 (10, 60) 22 (11, 58) 0.740

        eGFR, mL•min-1•1.73m-2 70.1±16.2 68.4±15.1 0.534

        Creatinine, mg/dL 100.5±66.0 90.4±59.5 0.363

Antihypertensive therapy, % patients

        ARB 100.0 100.0 –

        Calcium channel 
blockers

66.7 69.1 0.852

        Diuretics 27.0 27.9 1.000

        α-Blocker 6.4 8.8 0.746

        β-Blocker 9.5 19.1 0.141

        Other 0.0 7.4 0.059

Antidiabetic therapy, % patients

        DPP-4 inhibitor 55.6 52.9 0.861

        Glinide 4.8 5.9 1.000

        GLP-1 1.6 0.0 0.481

        Metformin 30.2 27.9 0.848

        Thiazolidinedione 3.2 7.4 0.443

        α-Glucosidase inhibitor 9.5 4.4 0.311

Values are mean±SD, median (interquartile range), or % patients. Dash 
indicates value is incalculable.

ANP indicates atrial natriuretic peptide; ARB, angiotensin receptor blocker; 
BMI, body mass index; Cr, creatinine; DPP-4, dipeptidyl peptidase 4; eGFR, 
estimated glomerular filtration rate; GLP-1, glucagon-like peptide-1; HbA1c, 
glycosylated hemoglobin; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and UACR, 
urinary albumin creatinine ratio.
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patients with T2DM and uncontrolled nocturnal hyper-
tension despite ARB-based antihypertensive therapy. 
The addition of empagliflozin was associated with sig-
nificant reductions from baseline in nighttime, clinic, 24-
hour ambulatory, and morning home BP. Reductions in 
the majority of BP parameters were significantly better 
with empagliflozin versus placebo. The only parameter 
that did not reach statistical significance at 12 weeks 
with empagliflozin versus placebo was the reduction in 
nighttime BP. However, the numeric difference between 
the two treatments (–4.3 mm Hg) and the reduction 
from baseline with empagliflozin (–6.3 mm Hg) were 
of a magnitude that is likely to have important clinical 
implications given that a 5–mm Hg reduction in mean 
nighttime SBP has been independently associated with 
a 20% reduction in cardiovascular risk.19

The home BP-lowering effects of empagliflozin in this 
high-risk population were also clinically meaningful be-
cause home BP-guided management of hypertension is 
the best approach in clinical practice.20 In the large, Ja-
pan-wide home BP registry-based HONEST study (Home 
Blood Pressure Measurement With Olmesartan-Naive 
Patients to Establish Standard Target Blood Pressure), 
on-treatment home BP was more closely associated with 
cardiovascular event risk than clinic BP.21 Morning home 
SBP after 12 weeks’ treatment with empagliflozin in the 
current study was 126.6 mm Hg, close to the 124 mm Hg 

that was found to be the morning SBP associated with 
minimum cardiovascular risk in the HONEST study.21 In 
addition, reductions in morning home SBP (13.3 mm Hg) 
and clinic SBP (9.9 mm Hg) in the SACRA study were 
of a clinically relevant magnitude given that data from 
a meta-analysis showed that a 10 mm Hg reduction in 
clinic SBP reduced the risk of major cardiovascular events 
by 20%, coronary heart disease by 27%, stroke by 27%, 
heart failure by 28%, and all-cause mortality by 13%.22 
Based on available evidence, the cardiovascular risk asso-
ciated with a ≥10–mm Hg reduction in home SBP would 
be greater than that achieved with a similar reduction in 
clinic SBP. This morning home BP reduction is particularly 
relevant in patients of Asian ethnicity who have been 
shown to have an exaggerated morning BP surge and 
morning hypertension compared with Western popula-
tions, and are at increased stroke risk.23–25

Good reductions in daytime and 24-hour ambula-
tory BP were seen during empagliflozin therapy. This 
is notable given the elderly nature of the study popu-
lation (mean age approximately 70 years). Consistent 
with the EMPA-REG BP trial results, we also noted 
slightly greater reductions in daytime compared with 
nighttime BP during empagliflozin therapy. Compared 
with the same empagliflozin dosage in the EMPA-REG 
BP trial (10 mg/d),18 reductions in 24-hour BP compared 
with placebo were greater in our study. Empagliflozin 

Figure 2. Changes from baseline in night-
time, daytime, and 24-hour systolic (SBP) 
and diastolic (DBP) blood pressure (BP).  
Bars and values represent the change (mean 
and 95% CI) from baseline using the mixed-
effects model with repeated measures adjusted 
for age and sex. *Between-group difference in 
the change from baseline.
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reduced 24-hour SBP by 7.7 mm Hg versus placebo 
compared with 3.44 mm Hg in the EMPA-REG BP trial; 
corresponding reductions in 24-hour DBP in the 2 tri-
als were 2.9 and 1.36 mm Hg.18 Reasons for these dif-
ferences are not clear. The majority of patients in the 
EMPA-REG BP trial (>90%) were receiving concomitant 
antihypertensives, as was the case in our study. The rate 
of use of angiotensin-converting enzyme inhibitors in 
the EMPA-REG BP trial was >75%, but there was no 
information on ARB use,18 whereas all patients in the 
current study were using an ARB. Nevertheless, reduc-
tions in BP with empagliflozin were found to be inde-
pendent of concomitant antihypertensive use (number 
and type of agents) in an analysis of EMPA-REG BP 
data.26 Reductions in 24-hour BP in the current study 
were also greater than those from a meta-analysis of 
all randomized, double-blind, placebo-controlled trials 
investigating the effects of SGLT2 inhibitors on 24-hour 
ambulatory BP (–3.76 and –1.83 mm Hg for 24-hour 
SBP and DBP, respectively).27

Differences between trials in the reported BP reduc-
tions could be attributable to differences in the patient 
populations. Participants in the SACRA study were el-
derly (mean age approximately 70 years), had good gly-
cemic control (mean HbA1c <7.0%), and were selected 
based on the presence of nocturnal hypertension only. 
In addition, patient ethnicities differed between stud-

ies. All patients in the SACRA study were from Japan, 
compared with predominantly white populations in 
the previous trials. Japanese and Asian patients have 
a genetic predisposition to salt sensitivity and tend to 
have higher dietary salt intake.20,28,29 Despite these dif-
ferences in patient characteristics, the beneficial effects 
of empagliflozin on cardiovascular outcomes and all-
cause mortality in Asian participants in the EMPA-REG 
OUTCOME trial were even greater and consistent with 
those in the overall patient population.30

Nocturnal hypertension is a clinical phenotype of 
salt sensitivity, with higher blood pressures required to 
secrete sodium from the body. This increases stress on 
the left ventricle and the cerebral circulation, resulting 
in greater end-organ damage. It has been suggested 
that the BP-lowering effects of SGLT2 inhibitors could 
be a result of their effects on osmotic diuresis and mild 
natriuresis,27,31 with a resulting reduction in preload.32 
Osmotic diuresis might contribute to early decreases 
in BP during SGLT2 inhibitor therapy, with natriuresis 
playing a role in longer-term BP reductions.33 Signifi-
cant reductions in the tissue sodium content of the skin 
have also been reported after 6 weeks’ therapy with 
dapagliflozin.32 It has been suggested that greater re-
ductions in daytime versus nighttime BP during SGLT2 
inhibitor therapy may, at least in part, be a result of 
the glucose-dependent nature of glycemic control with 

Figure 3. Changes from baseline in clinic 
and morning home BPs.  
A, clinic systolic BP (SBP) and diastolic BP (DBP); 
B, morning home SBP and DBP. Points and bar 
represent the least-square mean and standard 
error using the mixed-effects model with 
repeated measures adjusted for age and sex. 
P values are for the between-group difference 
change from baseline.
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these agents.27 Specifically, diuresis might be higher 
during daytime periods of higher glucose levels as a re-
sult of higher food and fluid intake. Conversely, smaller 
reductions in BP at nighttime with empagliflozin could 
be attributable to lower nocturnal urine production as 
a result of circadian rhythms in renal function. Circadi-
an variations in sympathetic tone are another potential 
mechanism for the observed differences in diurnal and 
nighttime BP regulation by SGLT2 inhibitors. Additional 
research is needed to more clearly elucidate the specific 
mechanism of BP reduction with SGLT2 inhibitors, par-
ticularly in patients with cardiovascular high risk.

In addition to glucose-lowering and antihypertensive 
effects, treatment with empagliflozin was also associ-
ated with significant reductions in body weight and 
uric acid compared with placebo, consistent with the 
EMPA-REG OUTCOME study.6–8 Even though baseline 
levels of NT-proBNP and atrial natriuretic peptide were 
within the normal range, these parameters were signifi-
cantly reduced in patients receiving empagliflozin. Re-
ductions in natriuretic peptides, even within the normal 
range, can have a clinically relevant beneficial effect 
on cardiovascular risk and mortality.34 In addition, the 
urinary albumin creatinine ratio decreased to a greater 
extent in the empagliflozin group than in the placebo 
group. Furthermore, the pattern of these effects seen 

for empagliflozin in this study, which enrolled an elderly 
population with slightly higher body mass index and 
good glycemic control, including the reductions in na-
triuretic peptides, without marked reduction in glucose, 
suggested that empagliflozin may be a useful therapeu-
tic option in patients with heart failure who have similar 
characteristics.

The eGFR reduction seen in empagliflozin recipients 
in this study was not progressive. In previous clinical 
studies, acute, reversible declines in eGFR with com-
mensurate increases in serum creatinine have been 
observed with SGLT2 inhibitors, consistent with the he-
modynamic effect of these agents. The initial decline 
in eGFR observed with SGLT2 inhibitors is likely related 
to afferent arteriolar vasoconstriction through a tubu-
loglomerular feedback mechanism.35 Reduction of uric 
acid could be explained by the stimulating effects that 
SGLT2 inhibition has on excretion of uric acid by GLUT9 
isoform 2 on the apical membrane of the proximal tu-
bule and possible inhibition of uric acid reabsorption in 
the collecting ducts.36

Study Limitations
The most important limitation of our study is likely to be 
the lack of study power. Sample size calculations were 

Figure 4. Change from baseline in glycosyl-
ated hemoglobin (HbA1c), body weight, uric 
acid, and estimated glomerular filtration 
rate (eGFR).  
HbA1c (A), body weight (B), uric acid (C), and 
eGFR (D). Points and bar represent the least-
square mean and standard error using the mixed-
effects model with repeated measures adjusted 
for age and sex. P values are for the between-
group difference change from baseline.
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based on a 5–mm Hg difference in nighttime BP be-
tween the treatment and placebo group, whereas the 
actual difference was 4.3 mm Hg. Lower-than-expected 
study power is the most likely explanation for the lack 
of statistical significance in the difference between em-
pagliflozin and placebo in mean change in nighttime 
BP from baseline. In addition, the findings are only ap-
plicable to populations similar to those enrolled in the 
study, and need to be confirmed in patients of different 
ethnicities.

CONCLUSIONS
The SACRA study results add to the growing body of 
evidence suggesting that SGLT2 inhibitors offer a num-
ber of important benefits in T2DM and hypertension, 
and are therefore a valuable therapeutic option in these 
patients. Use of SGLT2 inhibitors to lower 24-hour BP in 
specific groups, such as those with nocturnal hyperten-
sion, diabetes mellitus, and high salt sensitivity, could 
help to reduce the risk of heart failure and cardiovascu-
lar mortality in these patients.
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