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The National Institute of Diabetes and Digestive 
and Kidney Diseases estimates the prevalence of dia-
betes in the United States was 37.3 million in 2019, 
and global estimates suggest 537 million adults live 
with diabetes.1,2 Novel agents for managing diabetes 
are efficacious and offer cardiovascular (CV) and renal 
benefits that make them important in management. 
Additionally, ultra-long-acting and highly concentrat-
ed insulins make flexible dosing and lower injection 
volumes possible.3,4

Studies demonstrate sodium-glucose cotransporter 
type 2 (SGLT2) inhibitors and glucagon-like peptide-1 
(GLP-1) receptor agonists (RAs) can reduce major ad-
verse cardiac events.5-12 These are now considered first-
line agents in patients with atherosclerotic cardiovas-
cular disease or high CV risk, patients with established 
kidney disease, and those with heart failure, regardless 
of the glycosylated hemoglobin (HbA1C) at the initia-
tion of therapy.13

In addition, a novel GLP-1/glucose-dependent 
insulinotropic polypeptide (GIP) dual agonist, tirzepa-
tide, was approved by the Food and Drug Adminis-
tration (FDA) in 2022. Despite final cardiovascular 
outcome trial (CVOT) data in progress, this agent has 
been shown to improve diabetes control and promote 
significant weight loss compared to other therapeutic 
options. A review of these agents follows.

SGLT2 INHIBITORS

SGLT2 inhibitors are relatively novel oral agents 
that have intermediate to high efficacy in lowering 
HbA1C. Currently available therapies include cana-
gliflozin, dapagliflozin, and empagliflozin; new agents 
include bexagliflozin and ertugliflozin. SGLT2 inhibi-
tors work in the apical membrane of the proximal tu-
bule of the kidney, blocking glucose reabsorption from 
glomerular filtration by the SGLT2 receptor, reducing 
glycemia by causing glycosuria; this primarily affects 
fasting blood glucose.14 Other than lowering HbA1C 

by approximately 1%, these once-daily medications 
modestly reduce body mass and blood pressure, thus 
addressing numerous comorbidities within the popu-
lation affected by diabetes.15

Due to efficacy and their ability to reduce CV 
and renal risks, SGLT2 inhibitors are now considered 
one of the first-line agents for type 2 diabetes mellitus 
(T2DM).13 Cardiovascular benefits include decreased 
likelihood for heart failure-related hospitalizations, as 
well as a potential reduction in major cardiovascular 
events (MACE) and CV-related deaths. Renal benefits 
include decreased albuminuria, a reduced need for 
renal replacement therapy, stabilization of estimated 
glomerular filtration rate (eGFR), and reduced risk for 
disease progression.5-8,12,15-19

Although there are eGFR cut-offs at which initia-
tion of SGLT2 inhibitor therapy is not recommended, 
these agents may be continued until initiation of di-
alysis in those established on therapy.20 Additionally, 
newer research proposes that, because SGLT2 inhibi-
tors lower blood pressure without raising heart rate, 
they decrease sympathetic overactivity, subsequently 
causing reductions in blood pressure, heart rate, and 
edema, which may be the partial etiology of therapeu-
tic benefit seen in heart failure.16

SGLT2 inhibitors do have risks that may preclude 
their use. Due to the mechanism of action, SGLT2 in-
hibitors may cause acute kidney injury, volume deple-
tion, and fluctuations in serum electrolytes, which is 
more important if patients are taking other antihyper-
tensives or diuretics.21-25 Electrolytes and renal func-
tion should be monitored at baseline and periodically 
during treatment.

These agents may cause an increased risk of dia-
betic ketoacidosis, and even euglycemic diabetic keto-
acidosis, so it is recommended to hold therapy three to 
four days prior to planned surgeries depending on the 
agent.26,27 Additionally, they increase the risk of devel-
oping a urinary tract infection or genitourinary fungal 
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infection; rarely, Fournier’s gangrene can occur.21-25 
Furthermore, canagliflozin, bexagliflozin, and ertugli-
flozin may increase the risk for lower limb amputation 
in clinical trials. Canagliflozin previously held a black 
box warning for lower limb amputations, but this was 
removed from the product labeling in 2020.23

SGLT2 inhibitors can be used as monotherapy or 
add-on therapy. Cost may limit access. 

GLP-1 RECEPTOR AGONISTS

GLP-1 RAs are another burgeoning class of agents 
for the treatment of T2DM. Agents in this class in-
clude dulaglutide, exenatide, liraglutide, and semaglu-
tide. While all these medications are given via subcu-
taneous injection, semaglutide is also available as an 
oral preparation. GLP-1 is an incretin hormone that 
increases glucose-dependent insulin secretion, decreas-
es glucagon secretion, delays gastric emptying, and in-
creases satiety, thereby decreasing food intake among 
other effects.28 

GLP-1 RAs enhance these pleiotropic effects and 
primarily act on post-prandial blood glucose. They 
are highly effective for the treatment of T2DM, with 

HbA1C reductions of 1% to 2%.13,15 While native 
GLP-1 is typically short-lived due to enzymatic degrada-
tion by dipeptidylpeptidase-4 (DPP-4) and renal elimi-
nation, synthetic GLP-1 RA peptides have altered ami-
no acid profiles that cause them to stay active longer, 
allowing for either daily or weekly administration.28

GLP-1 RAs lower HbA1C and also have cardio-
protective and renoprotective effects; therefore, they 
are also considered first-line options for T2DM de-
pending on patient risks.13 Specifically, these agents 
decrease the risk for MACE, including CV death, non-
fatal myocardial infarction, and nonfatal stroke.9-11,29 
Renal benefits include reduced albuminuria, slowed 
decline in eGFR, as well as a reduced risk of renal re-
placement therapy.30-33 With currently available data, 
the American Diabetes Association highlights dulaglu-
tide, liraglutide, and semaglutide (injection) as having 
cardiac and renal benefits.13 Though all of these agents 
share a similar mechanism of action, it is noteworthy 
that exenatide has a different chemical structure and is 
not approved for CV risk reduction.

In addition to cardiorenal benefits, numerous 
GLP-1 RAs also have been shown to produce at least 

Table 1. SGLT2 Inhibitor Dosing and Labeling

Agent Starting
Dose

Maximum 
Dose Dose Adjustments FDA Labeling 

for CV Benefit
FDA Labeling 
for HF Benefit

FDA Labeling 
for Renal 
Benefit

Bexagliflozin 
(Brenzavvy™)

20 mg PO daily 
in the morning 20 mg daily eGFR <30:

use not recommended No No No

Canagliflozin 
(Invokana®) 100 mg PO daily 300 mg daily

eGFR 30 to <60: max 100 mg daily

eGFR <30: do not initiate

Child-Pugh class C: not studied

Use with concomitant UGT 
inducers (e.g., phenytoin, 

phenobarbital, rigampin, ritonavir): 
increase to 300 mg daily 
if eGFR �60, otherwise 

consider alternative

Yes No Yes

Dapagliflozin 
(Farxiga®) 5 mg PO daily 10 mg daily eGFR <25: do not initiate Yes Yes Yes

Empagliflozin 
(Jardiance®) 10 mg PO daily 25 mg daily eGFR <30: do not initiate Yes Yes Yes

Ertugliflozin 
(Steglatro®) 5 mg PO daily 15 mg daily

eGFR <45: do not initiate

Child-Pugh class C: not studied
No No No

PO = “by mouth”; eGFR = estimated glomerular filtration rate (mL/minute/1.73 m2); UGT = uridine 5'-diphospho-glucuronosyltransferase.
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a 5% weight reduction from baseline; liraglutide and 
semaglutide are each approved for weight loss at higher 
doses than used for T2DM.34,35 When used with thera-
peutic lifestyle modifications, these medicines have 
been revolutionary in the management of patients who 
are overweight and obese. Studies demonstrate weight 
loss delays the progression from prediabetes to T2DM 
and improves glycemia, reducing the need for other 
glucose-lowering therapies.13 In regard to further meta-
bolic benefits, GLP-1 RAs may reduce morbidities in 
patients with non-alcoholic fatty liver disease.13,36

The most recent GLP-1 RA to come to market is 
semaglutide, available as a once-weekly subcutaneous 
injection and a once-daily oral tablet.37,38 With both 
formulations, the lowest dose is not considered an ef-
fective dose for blood glucose lowering and is meant 
as a “step up” to the next dose to limit potential side 
effects. It is unclear whether one formulation is more 
effective than the other, but both reduce HbA1C com-
pared with placebo.39,40

In numerous trials, weekly subcutaneous semaglu-
tide 1 mg helped patients decrease their HbA1C by 
1.5% to 1.8% compared with sitagliptin, liraglutide, 
exenatide extended release, dulaglutide, canagliflozin, 
or insulin glargine; various doses were used among the 

comparator medications.41 In further trials, oral sema-
glutide 14 mg reduced HbA1C levels by 1% to 1.4% 
compared with sitagliptin or empagliflozin.41 A ran-
domized controlled trial demonstrated that subcutane-
ous semaglutide yields cardioprotection, and a pooled 
analysis of previous trials demonstrates it yields reno-
protection as well.10,33,42 Oral semaglutide is safe for use 
in moderate renal impairment and was non-inferior to 
placebo in terms of CV outcomes.29,32 In obesity stud-
ies, both injectable and oral semaglutide significantly 
reduced body weight compared with placebo by at least 
5% from baseline.35,43

One of the primary challenges for patients with 
this class of medications is gastrointestinal side effects, 
such as nausea, vomiting, diarrhea, constipation, and 
slowed gastric emptying,37,38,44-47 which can exacerbate 
gastroparesis and other gastrointestinal disorders. 
These side effects appear to be a class effect, likely par-
tially due to the mechanism of action.

To combat this, it is recommended to start at 
the lowest dose and titrate slowly with at least four 
weeks between each dosing increase for once-weekly 
GLP1 medications. As noted above, the lowest doses 
of both oral and injectable semaglutide are meant as 
tolerability doses and are not expected to lower blood 
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Table 2. GLP-1 RA and GLP-1/GIP Agonist Dosing and Labeling

Agent Starting
Dose Maximum Dose Dose Adjustments FDA Labeling for 

CV Benefit
FDA Labeling for 

Weight Loss

Dulaglutide 
(Trulicity®)

0.75 mg subQ 
weekly 4.5 mg weekly None Yes No

Exenatide 
(Byetta®)

5 mcg subQ
twice daily 

before meals
10 mcg twice daily Avoid if CrCl <30 or  

end-state renal disease No No

Exenatide ER 
(Bydureon®) 2 mg subQ weekly 2 mg weekly Avoid if CrCl <30 or  

end-state renal disease No No

Liraglutide 
(Victoza®) 0.6 mg subQ daily 1.8 mcg daily None Yes Yes

(Saxenda®)

Semaglutide 
Injectable 
(Ozempic®)

0.25 mg subQ 
weekly 2 mg weekly None Yes Yes

(Wegovy®)

Semaglutide Oral 
(Rybelsus®) 3 mg PO daily 14 mg daily None No No

Tirzepatide 
(Mounjaro™)

2.5 mg subQ 
weekly 15 mg weekly None No Yes

(Zepbound™)

subQ = subcutaneously; PO = “by mouth”; CrCl = creatinine clearance (mL/minute); eGFR = estimated glomerular filtration rate (mL/minute/1.73 m2).
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glucose, though they could have a mild effect in some 
patients. 

Other potential adverse effects of this class include 
acute kidney injury in the setting of dehydration due 
to gastrointestinal side effects, gallbladder and biliary 
diseases, and acute pancreatitis, especially if the pa-
tient has comorbid hypertriglyceridemia. Additionally, 
GLP-1 RAs are contraindicated (black box warning) in 
patients with a personal or family history of medullary 
thyroid carcinoma or multiple endocrine neoplasia 
syndrome type 2, as this is a rare, dose-dependent, and 
duration-dependent complication that appeared in 
mice and rats treated with GLP-1 RAs, with the excep-
tion of exenatide daily injection.37,38,44-47

Lixisenatide was discontinued from the U.S. mar-
ket in 2023 but is still available in a combination prod-
uct with insulin glargine.48 Fortunately, since these 
agents cause glucose-dependent insulin secretion, they 
have a low risk for causing hypoglycemia as monother-
apy, which makes them a favorable option for many 
T2DM patients.13

Generally, GLP-1 RAs are a highly effective option 
for T2DM, with numerous agents as options for co-
morbid atherosclerotic CV disease or chronic kidney 
disease, as well as for providing dose-dependent weight 
reduction.13 While cost may limit their use, GLP-1 
RAs are another effective first-line option for T2DM, 
as either monotherapy or add-on therapy.

GLP/GIP DUAL RECEPTOR AGONIST

A newer, dual incretin (twincretin) protein agonist 
for GLP-1 and GIP, tirzepatide is now available for pa-
tients with T2DM. Similar to GLP-1 RAs, tirzepatide 
is a once-weekly subcutaneous injection, with its first 
dose as a “step-up” dose, not meant for providing gly-
cemic control.49

Tirzepatide works similarly to GLP-1 RAs, but 
with added GIP agonism, allowing for a synergistic ef-
fect on both glycemic control and weight reduction.50,51 
Theoretically, dual agonism of GLP-1 and GIP could 
make tirzepatide superior in HbA1C lowering com-
pared with GLP-1 RAs, and trials suggest that it can 
lower HbA1C as much as 2%.51 

A head-to-head study compared three different 
doses of tirzepatide to 1 mg of semaglutide but did not 
include the maximum dose of semaglutide (2 mg); yet 
all three doses of tirzepatide used in the study were 
non-inferior and superior to 1 mg semaglutide for re-
ductions in HbA1C.52

Similar to its monotherapeutic target counter-
parts, tirzepatide can facilitate weight reduction of 
at least 5% from baseline and 15% on average.50 In a 
head-to-head trial of tirzepatide versus semaglutide for 
diabetes, all three doses of tirzepatide resulted in more 
weight loss than 1 mg of semaglutide.52

Tirzepatide was also approved in November 
2023 for use in the treatment of patients diagnosed 
as overweight and obese. Unfortunately, there are no 
published data to elucidate CV and renal outcomes 
in patients taking tirzepatide. A study is ongoing, and 
this trial may help delineate whether tirzepatide has 
the same cardioprotective effects as other GLP-1 RAs. 

INSULIN

While human insulin analogues have been avail-
able since 1982, there have been several updates in the 
last decade. Insulins are often categorized based on du-
ration of action and concentration. In 2015, two new 
insulin preparations became available in the United 
States: insulin degludec (U-100 and U-200) and insu-
lin glargine (U-300).

Insulin degludec is the first ultra-long-acting in-
sulin available in the United States. It has a terminal 
half-life of approximately 25 hours and a duration of 
action exceeding 42 hours. Once injected, insulin de-
gludec is slowly absorbed following zero-order kinetics, 
providing consistent glucose-lowering and low patient-
to-patient pharmacokinetic variation. The extended 
duration of action allows for flexible dosing, meaning 
patients may wait 8 to 40 hours between doses without 
compromising patient safety.3,53

A study of a forced-flexible dosing schedule for in-
sulin degludec demonstrated similar safety and efficacy 
compared to standard dosing of insulin degludec and 
insulin glargine.54 Participants in the forced-flexible 
dosing group administered insulin degludec on an 
alternating morning and evening schedule in which 
there was a minimum of eight hours and a maximum 
of 40 hours between injections. This highlights insu-
lin degludec as a preferred basal insulin option for 
patients in which schedule conflicts or other barriers 
make it difficult to administer insulin at the same time 
each day. 

Another benefit of insulin degludec is lower rates 
of nocturnal hypoglycemia.55-58 A meta-analysis of 
seven clinical trials including over 3,300 participants 
with T2DM showed patients using this medication 
had lower rates of nocturnal hypoglycemia compared 
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to patients using insulin glargine. In participants with 
T2DM not on bolus insulin, nocturnal hypoglycemia 
rates ranged from 6.1% to 20.4% with insulin degludec 
versus 8.8% to 24% with insulin glargine (rate ratio = 
0.68; 95% CI = 0.57-0.82). Patients using insulin de-
gludec also had a lower fasting plasma glucose.58

Insulin glargine U-300 contains 300 units for ev-
ery milliliter, compared to 100 units per milliliter for 
U-100 insulin glargine. This allows for decreased in-
jection volumes and differences in pharmacokinetics 
and pharmacodynamics compared to U-100 insulin 
glargine. U-300 insulin glargine has an onset of action 
of six hours and duration of action of up to 36 hours, 
compared to U-100, which takes effect within three 
hours and lasts for up to 24 hours.4

Despite having the same active ingredient as in-
sulin glargine U-100, prescribers should be cautious 
when switching between products, as the dosing con-
version is not necessarily 1:1. Thus when switching 
from insulin glargine U-100 to U-300, higher doses 
may be needed to achieve glycemic goals. In reverse, 
when switching from insulin glargine U-300 to U-100, 
the dose should initially be reduced by 20%. Dose ti-
trations should be limited to every three to four days.4

A study investigating the safety and efficacy of 
insulin glargine U-300 in patients with T2DM dem-
onstrated patients needed higher doses of insulin 
glargine U-300 to achieve similar efficacy compared 
to U-100; however, hypoglycemia rates were similar 
or lower regardless of the definition of hypoglycemia. 
Despite higher insulin requirements in patients receiv-
ing U-300 compared to patients receiving U-100, par-
ticipants receiving insulin glargine U-300 either lost 

more weight or gained less weight compared to those 
on U-100.59-62

Several head-to-head trials have compared insulin 
glargine to insulin degludec. One such crossover study, 
in which patients used continuous glucose monitors, 
demonstrated that patients using insulin degludec 
U-100 had greater time in range and reduced incidences 
of hypoglycemia and nocturnal hypoglycemia.63 A treat-
to-target trial comparing insulin degludec U-200 to 
insulin glargine U-300 showed no difference in safety 
or rates of hypoglycemia.64

Similarly, a 24-week trial comparing insulin 
glargine U-300 to insulin degludec U-100 showed simi-
lar improvements in HbA1C and rates of hypoglyce-
mia. Mean insulin doses among patients using insulin 
glargine U-300 were higher than those in patients us-
ing insulin degludec U-100 (0.54 units/kg versus 0.43 
units/kg, respectively).65

Insulin degludec and insulin glargine are both 
valuable options for managing T2DM. More high-
ly concentrated insulin degludec U-200 or insulin 
glargine U-300 are reasonable options if a patient’s 
insulin requirement exceeds 60 units per dose. Switch-
ing to these agents may improve adherence by reducing 
the need to split the basal insulin dose into two daily 
injections. 

Patients in need of flexible insulin dosing may ben-
efit from insulin degludec U-100 or U-200. Although 
clinical factors should be evaluated in determining the 
appropriate product, medication access and cost may 
influence insulin selection. 

T2DM MEDICATION PIPELINE

Sotagliflozin is a novel dual SGLT1-SGLT2 inhibi-
tor currently approved in the United States for use 
in heart failure, as well as for CV risk reduction in 
patients with T2DM and CKD (with or without al-
buminuria). It is available as 200 mg tablets, and the 
dose may be increased to 400 mg after at least two 
weeks.66

In the European Union, sotagliflozin has already 
been approved in the treatment of type 1 diabetes mel-
litus.67 The inhibition of SGLT1 in the intestines slows 
intestinal glucose absorption and is therefore a mecha-
nism for reducing post-prandial glucose levels.68,69

A study published in Diabetes Care in 2022 com-
paring sotagliflozin to empagliflozin in patients with 
T2DM showed sotagliflozin reduced postprandial glu-
cose, insulin, and GIP, and increased GLP-1. These 

pharmacOtherapeutic aGents fOr t2dm

KEY TAKEAWAYS

• SGLT2 inhibitors have intermediate to high efficacy 
in lowering HbA1C.

• GLP-1 RAs and SGLT2 inhibitors can be used as 
mono- or add-on therapy.

• The altered amino acid profile of GLP-1 RAs allows 
them to stay active longer for weekly administration. 
They may produce at least 5% weight reduction 
from baseline.

• Newer preparations of insulin may allow for weekly 
or even monthly administration.
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benefits  waned after lunch and dinner.70 The mecha-
nism for this change is not fully understood. 

A 26-week phase III study of sotagliflozin 400 mg 
monotherapy in patients with T2DM not otherwise 
treated with antidiabetic therapy showed reductions 
in A1C of 1.03% compared to only 0.34% with pla-
cebo. Diarrhea, urinary tract infections, and head-
aches were the most reported adverse effects. At the 
time of this writing, this study was not yet published, 
but results of the trial are available on clinicaltrials.gov 
(NCT02926937).

Danuglipron (PF-06882961) is a small-molecule, 
oral GLP-1 RA in development for the treatment of 
T2DM and obesity. At this time, only phase I and 
phase II studies have been published. A phase IIb 
study investigating danuglipron in patients with 
T2DM with or without metformin demonstrated it re-
duced A1C and fasting plasma glucose at 16 weeks at 
doses ranging from 2.5 mg to 120 mg. This medication 
is administered orally twice daily with food, and doses 
are escalated with a target dose of danuglipron 40 mg 
or more twice a day. Similar to other GLP-1 RAs, this 
medication can cause adverse effects such as nausea, 
diarrhea, and vomiting.71

Insulin icodec is a novel basal insulin under in-
vestigation for use in both type 1 and type 2 diabe-
tes. Its half-life exceeds 196 hours and reaches steady 
state after three to four weekly injections. Two trials 
of insulin icodec have been published. The first was a 
26-week open label randomized controlled trial, which 
demonstrated that insulin-naïve participants had simi-
lar improvement in their HbA1C and no increased 
risks — that is, incidence of hypoglycemia — compared 
to decludec.72,73

The second trial was a 26-week, randomized, 
open-label treat-to-target trial in which participants 
with baseline HbA1C from 7% to 10% were assigned 

to once-weekly icodec or once-daily insulin glargine 
U-100, which was combined with two to four daily bo-
lus insulin injections. Insulin icodec was non-inferior 
to insulin glargine U-100 in HbA1C lowering at 26 
weeks. Participants in the icodec group needed fewer 
bolus insulin doses and experienced similar rates of 
hypoglycemia compared to participants using insulin 
glargine U-100.74

CONCLUSION

Type 2 diabetes mellitus remains a threat to global 
health despite the continued expansion of therapeu-
tics available for its management. SGLT2 inhibitors, 
GLP-1 RAs, and a novel GLP/GIP agonist offer clini-
cians and patients many new options, while newer in-
sulin formulations can change the landscape of T2DM 
management. 

Additionally, several novel agents — including a 
dual SGLT1-SGLT2 inhibitor and a once-weekly basal 
insulin option — are in development.
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