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Introduction
Glycemic management in type 2 diabetes mellitus (T2DM) 
is complex, challenging, and progressive. Increased insulin 
resistance and decreased pancreatic insulin secretion represent 

the core defects in T2DM [1]. As the disease progresses, 
pancreatic β-cell function deteriorates, and the increasing 
insulin resistance in peripheral tissues can no longer be 
compensated for by increased insulin secretion by the β-cells [1]. 
Thus, increasing insulin resistance and progressive loss of β-cell 
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function necessitate treatment intensification [1]. In addition, 
impaired lipolysis in adipocytes, gastrointestinal incretin defects, 
increased glucose reabsorption in the kidneys, pancreatic 
α-cell hyperglucagonemia, and neurotransmitter dysfunction 
contribute to hyperglycemia [1]. Disease management is further 
complicated in many patients by difficulties in adhering to 
increasingly complex multiple-drug regimens [2], from a wide 
array of antidiabetic agents with varied efficacy and safety 
profiles/adverse effects [3]. In addition, individual patients 
have unique needs, preferences, and levels of tolerance to the 
different pharmacological agents [3].

The American Diabetes Association (ADA) and the European 
Association for the Study of Diabetes (EASD) position 
statement acknowledges these difficulties and recommends 
an individualized approach to patient care, with metformin 
the preferred initial antidiabetic agent at or soon after 
diagnosis if it is not contraindicated and if it is tolerated [3]. 
If metformin monotherapy at maximum tolerated dose fails 
to achieve or maintain glycated hemoglobin (HbA1c) target 
(<7.0% in most patients) over 3 months, the addition of a 
second agent is recommended. These include sulfonylureas, 
thiazolidinediones, dipeptidyl peptidase 4 (DPP-4) inhibitors, 
glucagon-like peptide-1 receptor agonists (GLP-1 RA), 
sodium glucose cotransporter 2 (SGLT2) inhibitors, or basal 
insulin [3]. In addition, initial combination therapy with two 
noninsulin agents or insulin in combination with another 
agent may be appropriate in individuals with high baseline 
HbA1c (≥9.0%) with a low likelihood of achieving glycemic 
target (HbA1c <7.0%) with metformin monotherapy [3]. If the 
combination of metformin plus a second glucose-lowering 
drug fails to achieve or maintain target HbA1c over 3 months, 
treatment can be escalated to a three-drug combination. 
With the progressive loss of β-cell function, many patients will 
ultimately require insulin therapy to maintain glucose control 
because insulin is efficacious throughout the continuum of 
diabetes [4]. In a proportion of patients, insulin therapy will be 
needed earlier: the ADA/EASD statement also recommends 
the use of insulin therapy, with or without additional 
agents, from the outset in newly diagnosed individuals with 
symptomatic T2DM and/or highly elevated blood glucose 
levels (HbA1c ≥10.0–12.0%) [3]. Therefore, a significant 
proportion of patients will be candidates for insulin therapy 
over their lifetime; however, fear of hypoglycemia and concern 
about adverse effects, including weight gain, have been 
identified as barriers to initiation or intensification of insulin 
therapy [5].

As an alternative to intensifying to ever-more aggressive insulin 
regimens, clinical studies have confirmed that glycemic control 
can be improved when noninsulin agents are continued when 
basal insulin is started, or when they are added to established 
insulin treatment [6]. This strategy is aimed at minimizing the 
adverse effects of insulin treatment known to affect adherence, 
such as hypoglycemia and weight gain, or avoiding an increase 
in the number of injections [5–8].

Combination therapy with insulin
Evidence that insulin in combination with metformin 
can provide better glycemic control with less risk of 
hypoglycemia, lower insulin dosage, and less weight gain, 
compared with insulin alone, supports the use of this 
combination for treating T2DM [6]. Sulfonylureas, on the other 
hand, have similar, if not increased, risk of weight gain when 
used in combination with insulin [6], and the combination 
may increase risk of hypoglycemia [9]. DPP-4 inhibitors are 
weight neutral and are not associated with increased risk of 
hypoglycemia [10]. Adding DPP-4 inhibitors to insulin results 
in moderate reductions in HbA1c while maintaining weight 
neutrality [9].

There is also extensive evidence that supports the use 
of GLP-1 RAs in combination with insulin [11,12]. With 
significant reduction in body weight when administered 
in combination with insulin, GLP-1 RAs have been shown 
to result in significant reductions in insulin dose, improved 
glucose control, and low rates of hypoglycemia (in some 
cases at placebo levels). Like insulin, however, GLP-1 RAs are 
injectable, which may have a bearing on patient adherence/
comfort. The updated ADA/EASD algorithm recommends 
the addition of either a GLP-1 RA or prandial bolus injections 
of insulin when HbA1c targets are not achieved on basal 
insulin alone after 3–6 months, with GLP-1 RAs preferred in 
obese patients or those unable to follow complex regimens 
[3]. However, basal-bolus treatment may be associated with 
reduced adherence due to increased number of injections  
[8], and is associated with weight gain and increased risk  
of hypoglycemia [13].

SGLT2 inhibitors
Inhibitors of the SGLT2 protein are an emerging class of 
glucose-lowering agents that have an insulin-independent 
mechanism of action [14]. SGLT2 inhibitors act by reducing 
glucose reabsorption in the kidney, leading to increased 
urinary glucose excretion and lowered blood-glucose levels. 
SGLT2 inhibitors promote weight loss by reducing the 
available calories as a result of urinary glucose excretion and 
are associated with low risk of hypoglycemia [14]. In addition, 
SGLT2 inhibitors have also been demonstrated to significantly 
reduce systolic and diastolic blood pressure (BP), likely due 
to their osmotic diuretic effect [15]. Currently, three SGLT2 
inhibitors, empagliflozin, dapagliflozin, and canagliflozin,  
are approved for treatment of T2DM in the United States  
(US) [16–18].

Owing to their unique mechanism of action, independent of 
insulin secretion or insulin action, SGLT2 inhibitors may be 
especially suitable for use as a second-line therapy option in 
combination with insulin. Here, we discuss the findings of a 
study evaluating empagliflozin added on to basal insulin in 
patients with T2DM.
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in HbA1c from baseline at week 18 in the empagliflozin  
10- and 25-mg groups were −0.6±0.1% (difference vs  
placebo, −0.6±0.1%; p<0.001) and −0.7±0.1% (difference vs 
placebo, −0.7±0.1%; p<0.001), respectively.

Key secondary outcome measures
At week 78, the adjusted mean changes (±SE) in HbA1c levels 
from baseline in the empagliflozin 10- and 25-mg groups 
were −0.5±0.1% (difference vs placebo, −0.5±0.1%; p<0.001) 
and −0.6±0.1% (difference vs placebo, −0.6±0.1%; p<0.001), 
respectively (Table 1). Among patients with HbA1c ≥7.0% at 
baseline, a greater proportion of patients in the empagliflozin 
10- and 25-mg groups (18.0 and 19.5%, respectively) reached 
HbA1c <7.0% at week 18 compared with those in the placebo 
group (5.5%). At week 78, a significantly greater proportion of 
patients on empagliflozin 25 mg (18.0%), but not empagliflozin 
10 mg (12.0%), achieved HbA1c <7.0% compared with placebo 
(7.0%). The mean insulin doses (±SE) at baseline in patients in 
the empagliflozin 10-mg, empagliflozin 25-mg, and placebo 
groups were 45.1±2.6, 48.4±2.8, and 47.8±3.1 IU, respectively. 
The adjusted mean changes (±SE) in basal insulin dose 
from baseline were −1.2±1.5 IU with empagliflozin 10 mg 
(difference vs placebo, −6.7±2.2 IU; p=0.002) and −0.5±1.6 IU 
with empagliflozin 25 mg (difference vs placebo, −5.9±2.3 IU; 
p=0.009).

Other secondary endpoints
For FPG, adjusted mean (±SE) changes from baseline  
at 78 weeks were −10.1±3.2 mg/dL in the empagliflozin  
10-mg group (difference vs placebo, –12.9 mg/dL; p=0.005) 
and −15.2±3.4 mg/dL in the empagliflozin 25-mg group 

Results from Rosenstock et al.
Rosenstock and colleagues recently reported the results of a 
78-week randomized, placebo-controlled, double-blind study 
undertaken to evaluate the efficacy, safety, and tolerability of 
empagliflozin 10 or 25 mg once daily compared with placebo  
as add-on to basal insulin in patients with T2DM [19].

Patients with inadequate glycemic control (HbA1c >7.0–10.0%) 
despite treatment with stable basal insulin glargine or insulin 
detemir (≥20 IU/day) or neutral protamine Hagedorn (NPH) 
insulin (≥14 IU/day) with or without concomitant metformin 
and/or sulfonylurea were randomized (1:1:1) to empagliflozin 
10 mg once daily, empagliflozin 25 mg once daily, or placebo 
after a 2-week, open-label placebo run-in period. During the 
first 18 weeks, basal insulin dose remained fixed. Over the next 
60 weeks of the study, insulin dose adjustment at the treating 
investigator’s discretion was permitted provided the patient’s 
fasting plasma glucose (FPG) was >110 mg/dL; metformin and 
sulfonylurea regimens were to remain unchanged.

Background antidiabetes treatment at baseline included insulin 
plus metformin in 40% of patients, insulin plus metformin and 
sulfonylurea in 39% of patients, insulin plus sulfonylurea in 10% 
of patients, and insulin only in 10% of patients. At baseline, 58% 
of patients were on glargine, 19% were on detemir, and 14% 
were on NPH insulin. A total of 494 patients were randomized 
and treated with empagliflozin 10 mg (n=169), empagliflozin  
25 mg (n=155), or placebo (n=170).

Primary outcome measure
As shown in Table 1, the change in HbA1c levels from baseline 
to week 18 was greater with empagliflozin plus insulin than 
with placebo plus insulin. The adjusted mean changes (±SE)  

Table 1.  Summary of changes in HbA1c at week 18 (primary endpoint) and week 78 (key secondary endpoint).

Placebo Empagliflozin 10 mg Empagliflozin 25 mg

HbA1c at baseline (±SE), % 8.1±0.1 8.3±0.1 8.3±0.1

HbA1c at week 18 (±SE), % 8.1±0.1 7.7±0.1 7.6±0.1

  Change from baseline (±SE), % 0.0±0.1 –0.6±0.1 –0.7±0.1

  Difference vs placebo (95% CI), %; p-value –0.6±0.1 (–0.8, –0.4); <0.001 –0.7±0.1 (–0.9, –0.5); <0.001

HbA1c at week 78 (±SE), % 8.1±0.1 7.8±0.1 7.6±0.1

  Change from baseline (±SE), % 0.0±0.1 –0.5±0.1 –0.6±0.1

  Difference vs placebo (95% CI), %; p-value –0.5±0.1 (–0.7, –0.2); <0.001 –0.6±0.1 (–0.9, –0.4); <0.001

Adjusted mean change from baseline in HbA1c was assessed using an analysis of covariance (ANCOVA) model, with treatment 
and region as fixed effects and baseline HbA1c as a linear covariate, in the full analysis set (FAS)-completers for week 18 and 
week 78 using last observation carried forward. The FAS-completers included randomized patients treated with ≥1 dose 
of study drug who had a baseline HbA1c value, did not discontinue the trial prior to week 18 (or week 78), had a treatment 
duration of ≥119 days (or ≥532 days), and had an on-treatment HbA1c value available in that visit window.
FAS-completers week 18: placebo (n=125), empagliflozin 10 mg (n=132), empagliflozin 25 mg (n=117).
FAS-completers week 78: placebo (n=112), empagliflozin 10 mg (n=127), empagliflozin 25 mg (n=110).
CI, confidence interval; HbA1c, glycated hemoglobin; SE, standard error of mean.
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(change from baseline –1.9±13.0 and –0.8±12.0 mL/min/1.73 m2  
with empagliflozin 10 and 25 mg, respectively), but not the 
placebo group. At week 78, no significant differences in mean 
changes from baseline in total cholesterol, high-density 
lipoprotein cholesterol, low-density lipoprotein cholesterol, or 
triglycerides were observed in patients receiving placebo or 
either dose of empagliflozin.

Significance and practical 
implications
The National Diabetes Statistics Report (2014) determined that 
2.9 million of the estimated 21 million adults in the United 
States who are diagnosed with diabetes are treated with insulin 
only, and 11.9 million are on oral medication only [20]. The 
patients on insulin-only treatment are likely to contend with 
escalating doses and unwanted side effects such as weight 
gain, whereas patients on oral antidiabetes drugs (OADs) will 
likely progress to a treatment strategy involving initiation of 
insulin as their disease progresses.

From 2002 to 2005, approximately 3,600 people younger  
than 20 years of age were newly diagnosed with T2DM  
annually in the US [21]. From 2008 to 2009, this number 
increased to around 5,100 annually [20], indicating a trend  
of increased incidence of T2DM in younger individuals. In 
addition, in 2012, around 371,000 new cases of diabetes  
(including type 1 as well as T2DM) were diagnosed in US  
individuals who were 20–44 years of age [20]. Together, these  
younger patient groups represent a growing population of  
patients who may require combination therapy, including  
insulin, in the long term.

In this context, this study by Rosenstock and colleagues is 
relevant. The researchers conclude that adding empagliflozin 
to basal insulin therapy provided improvements in glycemic 
control, with concomitant reduction in body weight 
and insulin dose. The results of this study suggest that 
empagliflozin in combination with basal insulin may be 
a viable treatment alternative in this patient population, 
improving glycemic control and minimizing the drawbacks  
of insulin by reducing insulin dose. This could potentially result 
in preventing and/or delaying progression to a basal-bolus 
insulin regimen involving multiple daily injections (MDIs). 
There is evidence for an inverse correlation between the 
number of insulin injections and patient adherence to insulin 
therapy [22]. Thus, preventing and/or delaying progression 
from the once-daily basal insulin regimen to the MDI schedule 
of the basal-bolus regimen would be expected to have a 
bearing on patient adherence.

One of the major obstacles to achieving treatment goals in 
patients with T2DM is the lack of adherence to the treatment 
regimen [23]. Fear of hypoglycemia and insulin-induced 
weight gain are frequently cited as key barriers to insulin 
adherence or intensification [5]. In the study reported by 

(difference vs placebo, –17.9 mg/dL; p<0.001). The adjusted 
mean (±SE) changes in body weight at 78 weeks were −2.2±0.5 
and –2.0±0.5 kg with empagliflozin 10 and 25 mg, respectively 
(both p<0.001 vs placebo, with an increase in the placebo 
group of 0.7±0.5 kg).

Exploratory endpoints
Adjusted mean (±SE) changes from baseline in systolic  
blood pressure (SBP) were −3.7±0.9 mmHg with empagliflozin  
10 mg (difference vs placebo, –3.4 mmHg; p=0.011) and  
−3.3±1.0 mmHg with empagliflozin 25 mg (difference vs  
placebo, –3.0 mmHg; p=0.027) at week 18. At week 78,  
mean (±SE) change from baseline in SBP was greater with  
empagliflozin 10 mg than placebo (difference vs placebo,  
−4.2 mmHg; p=0.004), but the change with empagliflozin 
25 mg did not reach significance compared with placebo 
(difference vs placebo, –2.4 mmHg; p=0.099).

Safety
For the key safety outcome of confirmed hypoglycemic events, 
the incidence was similar between treatment groups at week 
18, with events reported in 20% of patients on empagliflozin 
10 mg, 28% of patients on empagliflozin 25 mg, and 21% of 
patients on placebo. At week 78, confirmed hypoglycemic 
events occurred in 36% of patients receiving empagliflozin 
10 and 25 mg, and 35% of patients on placebo. Over 78 
weeks, events consistent with urinary tract infections were 
reported in a lower proportion of patients receiving placebo 
(9%) than empagliflozin 10 mg (15%) or empagliflozin 25 mg 
(12%); most events were mild or moderate, with one patient 
in each group having a severe event. One patient in the 
empagliflozin 25-mg group experienced an event consistent 
with urinary tract infection, leading to discontinuation 
of study drug. Another patient in the same group also 
experienced an event consistent with urinary tract infection 
that required hospitalization, but did not lead to study-drug 
discontinuation. Events consistent with genital infection were 
reported in a smaller proportion of patients on placebo (2%), 
compared with empagliflozin 10 mg (8%) and empagliflozin 
25 mg (5%). All events were of mild or moderate intensity, 
with discontinuation due to genital infection reported in one 
patient in each empagliflozin group. One of these patients, 
receiving empagliflozin 10 mg, experienced a scrotal abscess 
considered unrelated to study medication that required 
hospitalization and surgery. No diabetic ketoacidosis (DKA) 
or ketonuria was reported as an adverse event in any of the 
patients. At the end of treatment, small decreases in mean 
estimated glomerular filtration rate (eGFR) (±SD) from baseline 
were observed in all groups of patients (–6.3±13.0, –4.8±12.1, 
and –5.7±13.4 mL/min/1.73 m2 with placebo, empagliflozin  
10 mg, and empagliflozin 25 mg, respectively). At follow-up 
(2 weeks after the end of treatment), mean eGFR (±SD) values 
returned to near baseline levels in the empagliflozin groups 
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Rosenstock and colleagues, the percentage of patients with 
confirmed hypoglycemic events over the complete 78-week 
treatment period was similar between treatment groups, 
despite a significant decrease in HbA1c in the empagliflozin 
groups. Furthermore, empagliflozin as add-on to basal insulin 
resulted in sustained weight loss over 78 weeks, suggesting 
that empagliflozin in combination with basal insulin may 
help improve treatment adherence. A recent 52-week study 
showed that empagliflozin in combination with MDI insulin 
also resulted in improved glycemic control and reduced weight 
in obese, difficult-to-treat patients with T2DM [24]. Overall, 
these results suggest that empagliflozin as add-on to basal 
insulin may improve adherence by alleviating the two major 
undesirable side effects of insulin.

In the study by Rosenstock and colleagues, the proportion 
of patients reporting adverse events consistent with urinary 
tract and genital infections was higher in the empagliflozin-
treated groups compared with placebo. These observations 
are consistent with the findings of other placebo-controlled 
trials of empagliflozin as monotherapy, as combination therapy 
with other OADs, and as add-on to MDI insulin, although not 
every empagliflozin study has shown an increase in urinary 
tract infections [25]. This increase is also consistent with 
observations in clinical studies with other SGLT2 inhibitors, 
in which these infections have been shown to respond to 
standard therapy [26]. Although an increase in genitourinary 
infections has been observed in the clinical trial programs of 
canagliflozin, dapagliflozin, and empagliflozin, discontinuation 
from treatment due to these infections has been found to be 
consistently low [18,27].

Similar results have been reported in studies of other SGLT2 
inhibitors as add-on to insulin. A study evaluating the efficacy 
of dapagliflozin in patients with T2DM inadequately controlled 
with high doses of insulin (≥30 IU/day) with or without other 
OADs over 104 weeks has demonstrated improvements in 
glycemic control and reduced weight without increase in 
risk of hypoglycemia compared with placebo [28]. This study 
also showed that dapagliflozin stabilized insulin dosing in 
these patients, with up-titration limited to clinical necessity 
based on predefined glycemic criteria, whereas mean insulin 
dose increased in the placebo group [28]. Canagliflozin 
as add-on to insulin with or without other OADs has also 
demonstrated improvements in glycemic control and body-
weight reductions over 52 weeks [29]. In this study, rates of 
documented hypoglycemia with canagliflozin treatment were 
not significantly greater than with placebo [29]. In both of these 
studies, genital mycotic infections and urinary tract infections, 
adverse events typical of SGLT2 inhibitors in patients with 
T2DM [30], occurred more frequently in patients receiving 
study drug (dapagliflozin or canagliflozin) than in those 
receiving placebo [28,29]. Whereas in the study by Rosenstock 
and colleagues only patients on basal insulin were enrolled 
and a flexible insulin dose period was included, the reported 
studies of canagliflozin and dapagliflozin were conducted in 

patients on different insulin regimens at unchanged insulin 
doses [19,28,29].

The US Food and Drug Administration (FDA) has issued a 
warning that the risk of DKA may be increased with the use 
of SGLT2 inhibitors [31]. Rosenstock and colleagues report 
that DKA was not identified as an adverse event in any of the 
patient groups in their study [19]. This finding is consistent 
with findings of a low frequency of reported DKA, and no 
difference between empagliflozin and placebo treatment 
groups in a retrospective analysis of results from Phase II and 
Phase III trials of empagliflozin [32]. These results are also 
similar to those reported from the clinical trial programs for 
canagliflozin and dapagliflozin [32,33]. It is worth noting that 
DKA events reported under the FDA Adverse Events Reporting 
System, following treatment with SGLT2 inhibitors, were 
uncharacteristic in that they were mostly euglycemic (mild to 
moderately elevated blood glucose) [31,32]. Consideration must 
also be given to the fact that some of the patients in whom 
DKA has been reported were individuals with type 1 diabetes 
mellitus, for whom SGLT2 inhibitors are not currently indicated 
[31,32]. Furthermore, concurrent major illness, reduced food 
and fluid intake, and reduced insulin doses in insulin-treated 
patients could be potentiating factors in DKA [31,32]. While the 
FDA is continuing to investigate this safety issue, patients are 
encouraged to pay close attention to any symptoms of acidosis 
as informed by their caregiver, and physicians are encouraged 
to evaluate for the presence of acidosis, including ketoacidosis.

Rosenstock and colleagues did not report on clinical 
cardiovascular events in their trial, and the study was not 
designed to examine these long-term outcomes. However, it 
has recently been shown that empagliflozin is associated with 
cardiovascular benefits compared with placebo in patients at 
high risk of cardiovascular events, of whom about half (2,252 
patients of 4,687 randomized to receive empagliflozin) were 
on background insulin (median daily dose of 54 IU) at baseline 
[34]. This suggests that the results of the study by Rosenstock 
and colleagues in patients treated with empagliflozin 
as add-on to basal insulin may translate to improved 
cardiovascular outcomes in the long term. It is also worth 
noting that hypertension is common in patients with T2DM 
and is a significant risk factor for cardiovascular disease (CVD). 
Treatment with empagliflozin and other SGLT2 inhibitors was 
associated with significant reductions of BP [35]. Empagliflozin 
has also been associated with significant reductions of BP in 
patients with T2DM and hypertension [36]. The improvements 
in SBP that were observed in the current study also suggest 
empagliflozin may have the potential to reduce CVD risk in 
patients with T2DM, beyond the benefits of glycemic control.

The unique mechanism of action of SGLT2 inhibitors and  
the oral delivery route, taken together with the results  
of this study and studies on other SGLT2 inhibitors, suggest 
that empagliflozin and other SGLT2 inhibitors may provide 
physicians with a viable choice as add-on therapy in patients 
with inadequate glycemic control despite basal insulin therapy.
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