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Initial management of hyperglycemia in adults with
type 2 diabetes mellitus

INTRODUCTION

Treatment of patients with type 2 diabetes mellitus includes education, evaluation for
micro- and macrovascular complications, attempts to achieve near normoglycemia,
minimization of cardiovascular and other long-term risk factors, and avoidance of drugs
that can exacerbate abnormalities of insulin or lipid metabolism. All of these treatments
and goals need to be tempered based on individual factors, such as age, life expectancy,
and comorbidities. Although studies of bariatric surgery, aggressive insulin therapy, and
behavioral interventions to achieve weight loss have noted remissions of type 2 diabetes
mellitus that may last several years, the majority of patients with type 2 diabetes require
continuous treatment in order to maintain target glycemia. Treatments to improve
glycemic management work by increasing insulin availability (either through direct insulin
administration or through agents that promote insulin secretion), improving sensitivity to
insulin, delaying the delivery and absorption of carbohydrate from the gastrointestinal
tract, increasing urinary glucose excretion, or a combination of these approaches. For
patients with overweight, obesity, or a metabolically adverse pattern of adipose tissue
distribution, body weight management should be considered as a therapeutic target in
addition to glycemia.
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Methods used to manage blood glucose in patients with newly diagnosed type 2 diabetes
are reviewed here. Further management of persistent hyperglycemia and other
therapeutic issues, such as the frequency of monitoring and evaluation for microvascular
and macrovascular complications, are discussed separately. (See "Management of
persistent hyperglycemia in type 2 diabetes mellitus" and "Overview of general medical
care in nonpregnant adults with diabetes mellitus".)

TREATMENT GOALS

Glycemic management — Target glycated hemoglobin (A1C) levels in patients with type 2
diabetes should be tailored to the individual, balancing the anticipated reduction in
microvascular complications over time with the immediate risks of hypoglycemia and other
adverse effects of therapy. A reasonable goal of therapy is an A1C value of ≤7 percent (53.0
mmol/mol) (calculator 1) for most patients. Glycemic targets are generally set somewhat
higher for older adult patients and those with comorbidities or a limited life expectancy
who may have little likelihood of benefit from intensive therapy.

Improved glycemic management lowers the risk of microvascular complications in patients
with type 2 diabetes ( figure 1) [1]. Every 1 percent drop in glycated hemoglobin (A1C) is
associated with improved outcomes over the long term with no threshold effect. However,
as A1C levels decrease below 7 percent, the absolute risk for microvascular complications
becomes low and the incremental benefit of lowering A1C further has diminishing returns.
Several randomized clinical trials have demonstrated a beneficial effect of intensive
glycemia-lowering therapy on macrovascular outcomes in type 2 diabetes [2,3], with other
trials not supporting a significant beneficial effect [4] and one trial suggesting harm [5].
Glycemic goals are discussed in more detail separately. (See "Overview of general medical
care in nonpregnant adults with diabetes mellitus", section on 'Glycemic management' and
"Treatment of type 2 diabetes mellitus in the older patient", section on 'Controlling
hyperglycemia' and "Glycemic control and vascular complications in type 2 diabetes
mellitus", section on 'Choosing a glycemic target'.)

Cardiovascular risk factor management — In addition to glycemic management,
vigorous cardiac risk reduction (smoking cessation; blood pressure control; reduction in
serum lipids with a statin; diet, exercise, and weight loss or maintenance; and aspirin for
those with established atherosclerotic cardiovascular disease [ASCVD] or after shared
decision-making) should be a top priority for all patients with type 2 diabetes. However, in
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spite of evidence that aggressive multifactor risk reduction lowers the risk of both micro-
and macrovascular complications in patients with diabetes [6,7], a minority of adults with
diabetes fully achieve recommended goals for A1C, blood pressure control, and
management of dyslipidemia [8]. (See "Overview of general medical care in nonpregnant
adults with diabetes mellitus", section on 'Aspirin' and "Treatment of hypertension in
patients with diabetes mellitus" and "Low-density lipoprotein cholesterol-lowering therapy
in the primary prevention of cardiovascular disease" and "Management of low density
lipoprotein cholesterol (LDL-C) in the secondary prevention of cardiovascular disease" and
"Overview of general medical care in nonpregnant adults with diabetes mellitus", section
on 'Multifactorial risk factor reduction'.)

DIABETES EDUCATION

Patients with newly diagnosed diabetes should participate in a comprehensive diabetes
self-management education program, which includes individualized instruction on
nutrition, physical activity, optimizing metabolic control, and preventing complications. In
clinical trials comparing diabetes education with usual care, there was a small but
statistically significant reduction in A1C in patients receiving the diabetes education
intervention [9]. In two meta-analyses, use of mobile phone interventions for diabetes
education was successful in significantly reducing A1C (-0.5 percentage points) [10,11].

Medical nutrition therapy — Medical nutrition therapy (MNT) is the process by which a
dietary plan is tailored for people with diabetes, based on medical, lifestyle, and personal
factors. It is an integral component of diabetes management and diabetes self-
management education. For all patients, the goals of MNT include avoidance of weight
gain, consistency in day-to-day carbohydrate intake at meals and snacks, and balanced
nutritional content. MNT may be customized to achieve body weight reduction and is
reviewed in detail elsewhere. (See 'Diet' below and "Nutritional considerations in type 2
diabetes mellitus".)

Weight management — For patients with type 2 diabetes, body weight management
should be considered as a therapeutic target in addition to glycemia. Patients should
receive counseling regarding changes in diet and physical activity to achieve weight loss or
to prevent weight gain. Weight loss improves glycemia through mitigation of insulin
resistance and impaired beta cell function, two major metabolic perturbations evident in
type 2 diabetes [12,13]. For patients who have difficulty achieving weight loss, weight

https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/6,7
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/8
https://www.uptodate.com/contents/overview-of-general-medical-care-in-nonpregnant-adults-with-diabetes-mellitus?sectionName=Aspirin&search=diabetes%20mellitus%20type%202&topicRef=1779&anchor=H11&source=see_link#H11
https://www.uptodate.com/contents/treatment-of-hypertension-in-patients-with-diabetes-mellitus?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/low-density-lipoprotein-cholesterol-lowering-therapy-in-the-primary-prevention-of-cardiovascular-disease?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/management-of-low-density-lipoprotein-cholesterol-ldl-c-in-the-secondary-prevention-of-cardiovascular-disease?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/overview-of-general-medical-care-in-nonpregnant-adults-with-diabetes-mellitus?sectionName=Multifactorial%20risk%20factor%20reduction&search=diabetes%20mellitus%20type%202&topicRef=1779&anchor=H1486667581&source=see_link#H1486667581
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/9
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/10,11
https://www.uptodate.com/contents/nutritional-considerations-in-type-2-diabetes-mellitus?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/12,13


2023.05.15, 16:53Initial management of hyperglycemia in adults with type 2 diabetes mellitus - UpToDate

Page 4 of 38https://www.uptodate.com/contents/initial-management-of-hypergly…rch_result&selectedTitle=1~150&usage_type=default&display_rank=1

maintenance (rather than gain) is an alternative goal.

Strategies for weight management include lifestyle change, pharmacologic therapy, and
metabolic surgery. Lifestyle change includes diet and physical activity, as well as behaviors
that facilitate these changes, and is an essential component of any weight management
plan. We emphasize lifestyle change as our initial approach to body weight reduction and
reserve pharmacotherapy and metabolic surgery for patients who do not achieve targeted
weight loss with lifestyle change alone. We tailor our specific recommendations to patients'
goals and preferences and encourage "intensive" lifestyle modification, where available,
for highly motivated patients.

Diet — Diagnosis of type 2 diabetes is often a powerful motivator for lifestyle change.
Dietary modification is a highly effective strategy for weight loss and for management of
glycemia and hypertension in patients who are willing to commit to it, with metabolic
benefit likely outlasting the effect of weight loss per se. The improvement in glycemia is
related both to the degree of caloric restriction and weight reduction [12,14,15]. Body
weight loss of 5 to 10 percent may also improve nonalcoholic steatohepatitis, sleep apnea,
and other comorbidities of type 2 diabetes [16]. Consumption of sugar-sweetened
beverages, including natural fruit juice, should be specifically queried and strongly
discouraged in order to manage glycemia, weight, and reduce risk for CVD and fatty liver
[17]. (See "Nutritional considerations in type 2 diabetes mellitus", section on 'Designing a
nutrition care plan' and "Management of nonalcoholic fatty liver disease in adults", section
on 'Initial lifestyle interventions'.)

In the DiRECT trial, which included patients with type 2 diabetes (duration <6 years) and
not treated with insulin at baseline, intensive clinician-supervised caloric restriction (carried
out in the primary care setting and including total meal replacement for the first 3 to 5
months) resulted in weight loss of at least 15 kg in 24 percent of patients (compared with
no patients in the control group) and diabetes remission at one year in 46 percent of
patients, compared with 4 percent in the control group [15]. Remission rates were
associated with the magnitude of weight loss, increasing from 7 to 86 percent as weight
loss increased from <5 to >15 percent. In a two-year analysis of the DiRECT trial, only 11
percent of intervention participants had weight loss of 15 kg or more compared with 24
percent in the one-year analysis [18]. However, 36 percent of participants maintained
diabetes remission, compared with 3 percent of control patients.

Despite the clear benefit of weight loss, only a small percentage of patients with type 2
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diabetes are able to achieve and maintain substantial weight loss (body weight loss ≥15
percent) [12,19,20]. Several studies have evaluated the long-term efficacy of diet (alone or
with exercise) in patients with newly diagnosed type 2 diabetes (see "Nutritional
considerations in type 2 diabetes mellitus"). In the United Kingdom Prospective Diabetes
Study (UKPDS), for example, all patients were given a low-calorie, low-fat, high complex
carbohydrate diet [21]. Although the initial results of the dietary intervention were
substantial, after three years, only 3 percent of those treated with diet alone had achieved
and maintained the desired fasting blood glucose concentration below 108 mg/dL (6
mmol/L). Furthermore, the mean glucose value was substantially higher with diet alone
than with diet plus an oral hypoglycemic drug or insulin. The likelihood of a successful
glycemic response to diet is determined in large part by the initial fasting blood glucose. In
the UKPDS, the degree of weight loss required to normalize the fasting blood glucose was
10 kg (16 percent of initial body weight) if the initial value was 108 to 144 mg/dL (6 to 8
mmol/L) versus 22 kg (35 percent) if the initial value was 216 to 252 mg/dL (12 to 14
mmol/L) ( figure 2).

Pharmacologic therapy — Pharmacotherapy targeted solely for weight management is
effective in patients with type 2 diabetes. Although metformin is usually started for the
management of hyperglycemia, it is also frequently an effective medication to promote
modest weight loss. When additional body weight reduction is a primary goal of therapy,
we choose medications that promote weight loss and lower glucose. Glucagon-like peptide
1 (GLP-1) receptor and dual GLP-1 and glucose-dependent insulinotropic polypeptide (GIP)
agonist therapies promote weight loss and help prevent weight gain due to other glucose-
lowering pharmacotherapies. We add these medications sequentially to metformin if
additional glucose lowering or weight loss is a treatment goal. (See "Glucagon-like peptide
1-based therapies for the treatment of type 2 diabetes mellitus" and "Obesity in adults:
Drug therapy", section on 'GLP-1 receptor agonists'.)

Surgical therapy — Weight loss surgery in patients with obesity and type 2 diabetes
results in the largest degree of sustained weight loss and, in parallel, improvements in
blood glucose management and the most frequent sustained remissions of diabetes.
Weight loss surgery is an option to treat poorly managed type 2 diabetes when other
modalities have failed. This topic is reviewed in detail separately. (See "Management of
persistent hyperglycemia in type 2 diabetes mellitus", section on 'Bariatric (metabolic)
surgery'.)
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Exercise — Regular exercise is beneficial in type 2 diabetes, independent of weight loss. It
leads to improved glycemic management due to increased responsiveness to insulin; it can
also delay the progression of impaired glucose tolerance to overt diabetes [22,23]. These
beneficial effects are directly due to exercise, but concurrent weight reduction plays a
contributory role. In one study, however, only 50 percent of patients with type 2 diabetes
were able to maintain a regular exercise regimen [24]. (See "Exercise guidance in adults
with diabetes mellitus".)

Intensive lifestyle modification — In patients with established type 2 diabetes, intensive
behavioral modification interventions focusing on weight reduction and increasing activity
levels are successful in reducing weight and improving glycemic management while, at the
same time, reducing the need for glucose-lowering and other medications [15,18,26-29].

In the Look AHEAD (Action for Health in Diabetes) trial, 5145 individuals with type 2
diabetes and BMI >25 kg/m  were randomly assigned to an intensive lifestyle intervention
targeting individual weight loss goal of 10 percent or standard diabetes education [30].
The intensive intervention included caloric restriction (maximum 30 percent calories from
fat, minimum 15 percent protein, and the remainder from carbohydrates, in the form of
liquid meal replacements, frozen food entrees, or structured meal plans), moderate-
intensity physical activity (goal 175 minutes weekly), and weekly group or individual
sessions with registered dietitians, behavioral psychologists, and exercise specialists. If
weight loss goals were not achieved in the first six months, a weight loss medication
(orlistat) and/or advanced behavioral strategies were initiated.

The primary outcome was a composite of death from cardiovascular causes, nonfatal

Aerobic exercise – Adults with diabetes are encouraged to decrease sedentary time
and to perform 30 to 60 minutes of moderate-intensity aerobic activity (40 to 60
percent VO  max) on most days of the week (at least 150 minutes of moderate-
intensity aerobic exercise per week, spread over at least three days per week, with no
more than two consecutive days without exercise). Shorter-duration, intensive
exercise may be appropriate for physically fit individuals [25].

●

2

Resistance training – In the absence of contraindications (eg, moderate to severe
proliferative retinopathy, severe coronary artery disease), people with type 2 diabetes
should also be encouraged to perform resistance training (exercise with free weights
or weight machines) at least twice per week.

●

2
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myocardial infarction, nonfatal stroke, and hospitalization for angina. Although the
anticipated follow-up period was 13.5 years, the trial was stopped early due to lack of
cardiovascular benefit [26]. After a median follow-up of 9.6 years, the composite primary
outcome occurred in a similar number of patients in the intervention and control groups
(403 and 418 individuals, 1.83 and 1.92 events per 100 person-years, respectively; hazard
ratio [HR] 0.95, 95% CI 0.82-1.09) [26].

The improvement in weight and glycemia did not reduce the occurrence of cardiovascular
events. Possible reasons for this finding include the lower-than-expected rates of
cardiovascular events in both groups, improved overall cardiovascular risk factor treatment
with medical therapy (antihypertensives, statins) in the standard diabetes education arm,
enrollment of a relatively healthy patient population, gradual weight loss in the control
group such that the differential weight loss between the two groups was only 2.5 percent
at study end, or the absence of a causal role of weight loss on cardiovascular disease (CVD)
[31]. A sustained weight loss of greater than that achieved in the trial may be required to
reduce the risk of CVD. In an observational post hoc analysis of the Look AHEAD trial,
weight loss of 10 percent or greater in the first year was associated with a reduction in the
primary outcome (1.43 events compared with 1.69 events per person-years in the group
with stable weight, hazard ratio [HR] 0.79, 95% CI 0.64-0.98) [32]. However, this post hoc
analysis is problematic. Moreover, the degree of weight loss is difficult to achieve and
maintain through lifestyle intervention alone. Weight loss, weight loss maintenance, and
exercise remain important components of diabetes management due to overall health
benefits.

The following summarizes several other major observations from the Look AHEAD trial
[26,30,33-40]:

Weight loss was greater in the intervention than control group, with the largest
difference noted at one year (mean weight loss 8.6 versus 0.7 percent of initial body
weight). The difference was attenuated but remained significant throughout the trial
(6 versus 3.5 percent at study end). Changes in waist circumference and physical
fitness were also significantly better in the intervention group throughout the study.

●

Glycemic management was significantly better in the intervention group during the
first year (mean A1C decreased from 7.3 to 6.6 percent, compared with 7.3 to 7.2
percent in the control group). By study end, mean A1C was significantly lower in the
intervention group (7.33 versus 7.44 percent), but the small difference is of uncertain

●
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Psychological interventions — Patients with type 2 diabetes often experience significant
stress, a condition often called diabetes distress, related to the many self-care
responsibilities required for glycemic management (lifestyle modifications, medication,
and self-monitoring of blood glucose [SMBG]) [41]. Concurrent depression similarly may
interfere with self-care. (See "Overview of general medical care in nonpregnant adults with
diabetes mellitus", section on 'Comorbid conditions'.)

Psychotherapy reduces psychological distress and improves glycemic management in
some [42,43], but not all [44], studies. In a meta-analysis of 12 trials of patients with type 2
diabetes randomly assigned to psychological intervention or usual care, mean A1C was
lower in the intervention group (pooled mean difference -0.32, 95% CI -0.57 to -0.07;
absolute decrease in A1C was 0.76 percent [-1.32 to -0.18]) [42]. Measures of psychological
distress were also significantly lower in the intervention group, but there were no
differences in weight management.

Pregnancy planning — All women of childbearing age with diabetes should be counseled
about the potential effects of diabetes and commonly used medications on maternal and
fetal outcomes and the potential impact of pregnancy on their diabetes management and
any existing complications. (See "Pregestational (preexisting) diabetes: Preconception
counseling, evaluation, and management".)

INITIAL PHARMACOLOGIC THERAPY

clinical significance.

Low-density lipoprotein (LDL) cholesterol was slightly lower in the control group than
in the intervention group (mean difference 1.6 mg/dL [0.04 mmol/L]).

●

The use of medications to manage glycemia, blood pressure, and lipids (including
statins) was lower in the intervention group.

●

The intensive lifestyle intervention reduced albuminuria.●

Noncardiac benefits of the lifestyle intervention included reductions in urinary
incontinence, sleep apnea, and depression and improvements in quality of life,
physical functioning, sexual functioning, and mobility.

●
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When to start — Early institution of treatment for diabetes, at a time when the A1C is not
substantially elevated, is associated with improved glycemic management over time and
decreased long-term complications [45]. Pharmacologic therapy should be initiated along
with consultation for lifestyle modification focusing on dietary and other lifestyle
contributors to hyperglycemia. Weight loss and weight loss maintenance underpins all
effective type 2 diabetes therapy, and lifestyle change reduces the risk of weight gain
associated with sulfonylureas and insulin.

Choice of initial therapy — Our suggestions are based upon clinical trial evidence and
clinical experience in achieving glycemic targets and minimizing adverse effects
( table 1), with the recognition that there is a paucity of high-quality, head-to-head drug
comparison trials and long-duration trials or ones with important clinical endpoints, such
as effects on complications. The long-term benefits and risks of using one approach over
another are unknown.

In selecting initial therapy, we consider patient presentation (eg, presence or absence of
symptoms of hyperglycemia, comorbidities, baseline A1C level), individualized treatment
goals and preferences, the glucose-lowering efficacy of individual drugs, and their adverse
effect profile, tolerability, and cost [46]. We prefer initiating a single agent (typically
metformin) and then sequentially adding additional glucose-lowering agents as needed,
rather than starting with combination therapy [47].

Asymptomatic, not catabolic — The majority of patients with newly diagnosed type 2
diabetes are asymptomatic, without symptoms of catabolism (eg, without polyuria,
polydipsia, or unintentional weight loss). Hyperglycemia may be noted on routine

For most patients presenting with A1C at or above target level (ie, >7.5 to 8 percent),
pharmacologic therapy should be initiated at the time of type 2 diabetes diagnosis
(with lifestyle modification). However, for those patients who have clear and
modifiable contributors to hyperglycemia and who are motivated to change them
(eg, commitment to reduce consumption of sugar-sweetened beverages), a three-
month trial of lifestyle modification prior to initiation of pharmacologic therapy is
warranted.

●

For highly motivated patients with A1C near target (ie, <7.5 percent), a three- to six-
month trial of lifestyle modification before initiating pharmacologic therapy is
reasonable.

●
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laboratory examination or detected by screening.

Metformin — In the absence of specific contraindications, we suggest metformin as
initial therapy for patients with newly diagnosed type 2 diabetes who are asymptomatic.
We begin with 500 mg once daily with the evening meal and, if tolerated, add a second 500
mg dose with breakfast. The dose can be increased slowly (one tablet every one to two
weeks) as tolerated to reach a total dose of 2000 mg per day. (See 'When to start' above
and "Metformin in the treatment of adults with type 2 diabetes mellitus", section on
'Dosing'.)

Metformin is the preferred initial therapy because of glycemic efficacy (see 'Glycemic
efficacy' below), promotion of modest weight loss, very low incidence of hypoglycemia,
general tolerability, and favorable cost [46]. Metformin does not have adverse
cardiovascular effects, and it appears to decrease cardiovascular events [48-50]. (See
"Metformin in the treatment of adults with type 2 diabetes mellitus", section on
'Cardiovascular effects'.)

Metformin is far less expensive and has more clinical practice experience than glucagon-
like peptide 1 (GLP-1) receptor agonists and sodium-glucose co-transporter 2 (SGLT2)
inhibitors. Although some guidelines and experts endorse the initial use of these
alternative agents as monotherapy or in combination with metformin [47,51], we prefer
initiating a single agent (typically metformin) and then sequentially adding additional
glucose-lowering agents as needed, rather than starting with combination therapy. In the
clinical trials that demonstrated the protective effects of GLP-1 receptor agonists and
SGLT2 inhibitors, these agents were added to background metformin therapy in most
participants. Further, the cardiorenal benefits of GLP-1 receptor agonists and SGLT2
inhibitors have not been demonstrated in drug-naïve patients without established CVD (or
at low cardiovascular risk) or without severely increased albuminuria. Although each
diabetes medication is associated with adverse events, metformin is associated with less
weight gain and fewer episodes of hypoglycemia compared with sulfonylureas, and with
less edema, heart failure (HF), and weight gain compared with thiazolidinediones. (See
"Sodium-glucose cotransporter 2 inhibitors for the treatment of hyperglycemia in type 2
diabetes mellitus", section on 'Cardiovascular effects' and "Glucagon-like peptide 1-based
therapies for the treatment of type 2 diabetes mellitus", section on 'Cardiovascular
effects'.)

Although virtually all recommendations for initial pharmacologic therapy (outside of China,
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where alpha-glucosidase inhibitors are recommended as an alternate first-line
monotherapy [52]) endorse use of metformin, there are, in fact, relatively few relevant
direct comparative effectiveness data available.

Contraindications to or intolerance of metformin — For patients who have
gastrointestinal intolerance of metformin, slower titration, ensuring that the patient is
taking the medication with food, or switching to an extended-release formulation may
improve tolerability.

For patients who still cannot tolerate metformin or have contraindications to it, we choose
an alternative glucose-lowering medication guided initially by patient comorbidities, and in
particular, the presence of atherosclerotic CVD (ASCVD) or albuminuric chronic kidney
disease. (See "Metformin in the treatment of adults with type 2 diabetes mellitus", section
on 'Contraindications'.)

Established cardiovascular or kidney disease — Patients with cardiovascular
and/or kidney comorbidities (generally a minority of new-onset type 2 diabetes) should be
treated with glucose-lowering medications that have evidence of cardiac or kidney benefit.
When compared with placebo, the GLP-1 receptor agonists liraglutide, semaglutide, and
dulaglutide demonstrated favorable atherosclerotic cardiovascular and kidney outcomes
[53-58]. The SGLT2 inhibitors empagliflozin, canagliflozin, and dapagliflozin have also
demonstrated benefit, especially for HF hospitalization, risk of kidney disease progression,
and mortality [58-63]. The majority of patients in cardiovascular and kidney outcome trials
had established CVD or diabetic kidney disease (DKD) with severely increased albuminuria
(>300 mg/gm creatinine). Patients at high CVD risk but without a prior event might benefit,
but the data are less supportive. Similarly, patients without severely increased albuminuria
have some benefit, but the absolute benefits are greater among those with severely
increased albuminuria.

To select a medication, we use shared decision-making with a focus on beneficial and
adverse effects within the context of the degree of hyperglycemia as well as a patient's
comorbidities and preferences. As examples:

ASCVD – For patients in whom ASCVD predominates, particularly in the setting of
higher A1C or motivation to lose weight, we typically prescribe liraglutide,
subcutaneous semaglutide, or dulaglutide. SGLT2 inhibitors with cardiovascular
benefit (empagliflozin or canagliflozin) are good alternatives, especially in the

●
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SGLT2 inhibitors generally have low efficacy in reducing A1C levels and have even less
glycemic efficacy with eGFR <45 mL/min/1.73 m . An alternative (or an additional) agent
may be necessary to achieve glycemic goals. GLP-1 receptor agonists are an alternative in
patients with DKD as their glycemic effect is not related to eGFR. In addition, GLP-1
receptor agonists have been shown to slow the rate of decline in eGFR and prevent
worsening of albuminuria. (See 'Microvascular outcomes' below and "Sodium-glucose
cotransporter 2 inhibitors for the treatment of hyperglycemia in type 2 diabetes mellitus"
and "Glucagon-like peptide 1-based therapies for the treatment of type 2 diabetes
mellitus".)

Of note, we avoid use of SGLT2 inhibitors in patients with frequent bacterial urinary tract
infections or genitourinary yeast infections, low bone density and high risk for falls and
fractures, foot ulceration, and factors predisposing to diabetic ketoacidosis (eg, pancreatic
insufficiency, drug or alcohol abuse disorder) because of increased risk while using these
agents. SLGT2 inhibitors should be held for 3 to 4 days before procedures including

presence of HF. Given the high cost of these classes of medications, formulary
coverage often determines the choice of the first medication within the class. (See
"Glucagon-like peptide 1-based therapies for the treatment of type 2 diabetes
mellitus", section on 'Cardiovascular effects' and "Glucagon-like peptide 1-based
therapies for the treatment of type 2 diabetes mellitus", section on 'Microvascular
outcomes'.)

HF and/or DKD – For patients in whom HF or DKD (albuminuria [urine albumin
excretion >200 mg/day] and estimated glomerular filtration rate [eGFR] <60 but ≥20
mL/min/1.73 m ) [64] predominate, we prescribe a low dose of an SGLT2 inhibitor
(empagliflozin, canagliflozin, dapagliflozin). Choice of agent is primarily dictated by
provider preference, insurance formulary restrictions, eGFR, and cost. In the setting
of declining eGFR, the main reason to prescribe SGLT2 inhibitors is to reduce
progression of DKD. For the treatment of hyperglycemia, SGLT2 inhibitors are not
recommended for initiation with eGFR <30 to 45 mL/min/1.73 m , as they have
diminishing effects with lower eGFR, with some differences in each medication
depending on the labeling. However, kidney and cardiac benefits have been shown in
patients with eGFR below this threshold. Dosing in the setting of DKD is reviewed in
detail elsewhere. (See "Treatment of diabetic kidney disease", section on 'Type 2
diabetes: Treat with additional kidney-protective therapy'.)

●

2

2

2
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colonoscopy preparation and with poor oral intake to prevent diabetic ketoacidosis. (See
"Sodium-glucose cotransporter 2 inhibitors for the treatment of hyperglycemia in type 2
diabetes mellitus", section on 'Contraindications and precautions'.)

In the setting of nondialysis chronic kidney disease stage 4 (eg, eGFR <30 mL/min/1.73 m ),
we prefer a short-acting low-dose sulfonylurea (eg, glipizide), repaglinide, linagliptin, or
cautious use of a GLP-1 receptor agonist or insulin. Repaglinide acts at the sulfonylurea
receptor to increase insulin secretion but is much shorter acting than sulfonylureas and is
principally metabolized by the liver, with less than 10 percent renally excreted. Limited data
suggest that dipeptidyl peptidase 4 (DPP-4) inhibitors are effective and relatively safe in
chronic kidney disease patients. However, linagliptin is the only DPP-4 inhibitor that does
not require a dose adjustment in the setting of kidney failure. GLP-1 receptor agonists may
also be used safely in chronic kidney disease stage 4, but patient education for signs and
symptoms of dehydration due to nausea or satiety is warranted to reduce the risk of acute
kidney injury. Insulin may also be used, with a greater portion of the total daily dose
administered during the day due to the risk of hypoglycemia, especially overnight, in
chronic kidney disease and end-stage kidney disease (ESKD). (See "Management of
hyperglycemia in patients with type 2 diabetes and advanced chronic kidney disease or
end-stage kidney disease", section on 'Patients not on dialysis'.)

Without established cardiovascular or kidney disease — For patients without
established CVD or kidney disease who cannot take metformin, many other options for
initial therapy are available ( table 1). We suggest choosing an alternative glucose-
lowering medication guided by efficacy, patient comorbidities, preferences, and cost. As
examples:

2

A1C >9 percent (>74.9 mmol/mol) – For patients with A1C levels relatively far from
goal (eg, 9 to 10 percent [>74.9 to 85.8 mmol/mol]), we suggest insulin or a GLP-1
receptor agonist for initial therapy.

●

Although historically insulin has been used for type 2 diabetes only when inadequate
glycemic management persists despite oral agents and lifestyle intervention, there
are increasing data to support using insulin earlier and more aggressively in type 2
diabetes. By inducing near normoglycemia with intensive insulin therapy, both
endogenous insulin secretion and insulin sensitivity improve; this results in better
glycemic management, which can then be maintained with diet, exercise, and oral
hypoglycemics for many months thereafter. Insulin may cause weight gain and
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hypoglycemia. (See "Insulin therapy in type 2 diabetes mellitus", section on
'Indications for insulin'.)

If type 1 diabetes has been excluded, a GLP-1 receptor agonist is a reasonable
alternative to insulin [65,66]. The frequency of injections and proved beneficial effects
in the setting of CVD are the major differences among the many available GLP-1
receptor agonists. In practice, given the high cost of this class of medications,
formulary coverage often determines the choice of the first medication within the
class. Cost and insurance coverage may limit accessibility and adherence. (See
"Glucagon-like peptide 1-based therapies for the treatment of type 2 diabetes
mellitus", section on 'Patient selection'.)

A1C ≤9 percent – For patients with A1C levels ≤9 percent, options (in addition to
insulin or GLP-1 receptor agonists) include sulfonylureas, SGLT2 inhibitors, DPP-4
inhibitors, repaglinide, or pioglitazone. Each one of these choices has individual
advantages, benefits, and risks ( table 1). (See "Sulfonylureas and meglitinides in
the treatment of type 2 diabetes mellitus" and "Sodium-glucose cotransporter 2
inhibitors for the treatment of hyperglycemia in type 2 diabetes mellitus", section on
'Patient selection' and "Dipeptidyl peptidase 4 (DPP-4) inhibitors for the treatment of
type 2 diabetes mellitus", section on 'Patient selection' and "Thiazolidinediones in the
treatment of type 2 diabetes mellitus", section on 'Potential indications'.)

●

Weight management – If weight management is a priority, GLP-1 receptor
agonists or SGLT2 inhibitors may be preferred. (See "Sodium-glucose
cotransporter 2 inhibitors for the treatment of hyperglycemia in type 2 diabetes
mellitus", section on 'Weight loss' and "Dipeptidyl peptidase 4 (DPP-4) inhibitors
for the treatment of type 2 diabetes mellitus", section on 'Patient selection' and
"Glucagon-like peptide 1-based therapies for the treatment of type 2 diabetes
mellitus", section on 'Weight loss'.)

•

Cost concerns – If cost is the predominant concern, a short- or intermediate-
acting sulfonylurea, such as glipizide or glimepiride, remains a reasonable
alternative. The choice of sulfonylurea balances glucose-lowering efficacy,
universal availability, and low cost with risk of hypoglycemia and weight gain.
Pioglitazone, which is generic and another relatively low-cost oral agent, may also
be considered in patients with specific contraindications to metformin and
sulfonylureas. However, the risk of weight gain, HF, fractures, and the potential

•
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Symptomatic (catabolic) or severe hyperglycemia — The frequency of symptomatic or
severe diabetes has been decreasing in parallel with improved efforts to diagnose diabetes
earlier through screening. Insulin, rather than oral hypoglycemic agents, is often indicated
for initial treatment of symptomatic or severe hyperglycemia (fasting plasma glucose >250
mg/dL [13.9 mmol/L], random glucose consistently >300 mg/dL [16.7 mmol/L], A1C >10
[85.8 mmol/mol]), depending on the severity of the baseline metabolic disturbance. If
patients have been drinking a substantial quantity of sugar-sweetened beverages,
reduction of carbohydrate intake, and rehydration with sugar-free fluids will help to reduce
glucose levels within several days.

increased risk of bladder cancer raise the concern that the overall risks and cost of
pioglitazone may approach or exceed its benefits. (See "Sulfonylureas and
meglitinides in the treatment of type 2 diabetes mellitus" and "Thiazolidinediones
in the treatment of type 2 diabetes mellitus", section on 'Potential indications'.)

For patients who are starting sulfonylureas, we suggest initiating lifestyle
intervention first, at the time of diagnosis, since the weight gain that often
accompanies a sulfonylurea will presumably be less if lifestyle efforts are
underway. However, if lifestyle intervention has not produced a significant
reduction in symptoms of hyperglycemia or in glucose values after one or two
weeks, then the sulfonylurea should be added. Side effects may be minimized with
diabetes self-management education focusing on medication reduction or
omission with changes in diet, food accessibility, or activity that may increase the
risk of hypoglycemia.

Risk of hypoglycemia – If avoidance of hypoglycemia is a priority (ie, because of
potentially dangerous work), GLP-1 receptor agonists, SGLT2 inhibitors, DPP-4
inhibitors, or pioglitazone are options as they are associated with a low
hypoglycemia risk. (See "Glucagon-like peptide 1-based therapies for the
treatment of type 2 diabetes mellitus", section on 'Suggested approach to the use
of GLP-1 receptor agonist-based therapies' and "Sodium-glucose cotransporter 2
inhibitors for the treatment of hyperglycemia in type 2 diabetes mellitus", section
on 'Mechanism of action' and "Dipeptidyl peptidase 4 (DPP-4) inhibitors for the
treatment of type 2 diabetes mellitus", section on 'Mechanism of action' and
"Thiazolidinediones in the treatment of type 2 diabetes mellitus", section on
'Hypoglycemia'.)

•
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Ketonuria and/or weight loss present – For patients presenting with symptomatic
(eg, weight loss) or severe hyperglycemia with ketonuria, insulin is indicated for initial
treatment. Insulin should also be initiated whenever there is a possibility of
undiagnosed type 1 diabetes, which should be suspected among those who are lean
or present with marked catabolic symptoms, especially in the presence of a personal
or family history of other autoimmune disease and/or the absence of a family history
of type 2 diabetes. (See "Insulin therapy in type 2 diabetes mellitus", section on 'Initial
treatment'.)

●

Ketonuria and weight loss absent – For patients presenting with severe
hyperglycemia (fasting plasma glucose >250 mg/dL [13.9 mmol/L], random glucose
consistently >300 mg/dL [16.7 mmol/L], A1C >9 percent [74.9 mmol/mol]) but without
ketonuria or spontaneous weight loss, in whom type 1 diabetes is not likely, insulin or
GLP-1 receptor agonists may be used (with or without metformin, depending on
contraindications or intolerance).

●

However, for patients who are injection averse, initial therapy with high-dose
sulfonylurea is an alternative option. High-dose sulfonylureas are effective in rapidly
reducing hyperglycemia in patients with severe hyperglycemia [67]. Metformin
monotherapy is not helpful in improving symptoms in this setting, because the initial
dose is low and increased over several weeks. However, metformin can be started at
the same time as the sulfonylurea, slowly titrating the dose upward. Once the diet
has been adequately modified and the metformin dose increased, the dose of
sulfonylurea can be reduced and potentially discontinued.

Dosing●

Insulin therapy in type 2 diabetes is initially aimed at suppressing hepatic
gluconeogenesis by increasing basal insulin to target morning fasting glucose
levels ( algorithm 1). Patients with type 2 diabetes require relatively high doses
of insulin compared with those needed for type 1 diabetes. Insulin preparations,
insulin regimens, and timing of dosing are discussed in detail elsewhere. (See
"Insulin therapy in type 2 diabetes mellitus".)

•

GLP-1 receptor agonists are started at the lowest dose per product labeling and
increased after several days to weeks as tolerated based on labeling and
gastrointestinal symptoms. (See "Glucagon-like peptide 1-based therapies for the

•
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Glycemic efficacy — The use of metformin as initial therapy is supported by meta-
analyses of trials and observational studies evaluating the effects of oral or injectable
diabetes medications as monotherapy on intermediate outcomes (A1C, body weight, lipid
profiles) and adverse events [50,68-70]. In a network meta-analysis of 134 trials evaluating
monotherapy in drug-naïve patients, all treatments reduced A1C compared with placebo
(reductions in A1C ranged from -0.6 to -1.48 percentage points) [70]. Most medications
used as monotherapy had similar efficacy in reducing A1C values (approximately 1
percentage point). In this and other meta-analyses, metformin reduced A1C levels more
than DPP-4 inhibitor monotherapy [50,68-70].

There are few high-quality, head-to-head comparison trials of the available oral agents. In
one such trial, A Diabetes Outcome Progression Trial (ADOPT), 4360 recently diagnosed
patients with type 2 diabetes were randomly assigned to monotherapy with the
thiazolidinedione rosiglitazone, metformin, or glyburide [71]. At the four-year evaluation,
40 percent of the subjects in the rosiglitazone group had an A1C value less than 7 percent,
as compared with 36 percent in the metformin group and 26 percent in the glyburide
group. Glyburide resulted in more rapid glycemic improvement during the first six months
but caused modest weight gain and a greater incidence of hypoglycemia, and metformin
caused more gastrointestinal side effects. Rosiglitazone caused greater increases in
weight, peripheral edema, and concentrations of low-density lipoprotein (LDL) cholesterol.
There was also an unexpected increase in fractures in women taking rosiglitazone. The
study was limited by a high rate of withdrawal of study participants. Although rosiglitazone
had greater durability as monotherapy than glyburide, its benefit over metformin was
fairly small and of uncertain clinical significance [72]. (See "Thiazolidinediones in the

treatment of type 2 diabetes mellitus", section on 'Administration'.)

The dose of sulfonylureas to treat severe or symptomatic hyperglycemia is higher
than initial therapy for mild to moderate hyperglycemia. We typically use
glimepiride 4 or 8 mg once daily. An alternative option is immediate-release
glipizide 10 mg twice daily (or, where available, gliclazide immediate-release 80
mg daily). We contact the patient every few days after initiating therapy to make
dose adjustments (increase dose if hyperglycemia does not improve or decrease
dose if hyperglycemia resolves quickly or hypoglycemia develops). (See
"Sulfonylureas and meglitinides in the treatment of type 2 diabetes mellitus",
section on 'Sulfonylureas'.)

•
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treatment of type 2 diabetes mellitus", section on 'Safety'.)

Cardiovascular outcomes — Cardiovascular benefit has been demonstrated for selected
classes of diabetes medications, usually when added to metformin. (See "Management of
persistent hyperglycemia in type 2 diabetes mellitus", section on 'Monotherapy failure'.)

The cardiovascular effects of diabetes drugs are reviewed in the individual topics. (See
"Glucagon-like peptide 1-based therapies for the treatment of type 2 diabetes mellitus",
section on 'Cardiovascular effects' and "Sodium-glucose cotransporter 2 inhibitors for the
treatment of hyperglycemia in type 2 diabetes mellitus", section on 'Cardiovascular effects'
and "Sulfonylureas and meglitinides in the treatment of type 2 diabetes mellitus", section
on 'Cardiovascular effects' and "Thiazolidinediones in the treatment of type 2 diabetes
mellitus", section on 'Cardiovascular effects' and "Dipeptidyl peptidase 4 (DPP-4) inhibitors
for the treatment of type 2 diabetes mellitus", section on 'Cardiovascular effects' and
"Insulin therapy in type 2 diabetes mellitus", section on 'Cardiovascular effects'.)

Microvascular outcomes — In trials designed to evaluate kidney outcomes in patients
with DKD and severely increased albuminuria (eg, eGFR 25 to <90 mL/min/1.73 m  and
with urine albumin-to-creatinine ratio [ACR] 200 up to 5000 mg/g, median 927 to 950
mg/g]), SGLT2 inhibitors reduced the risk of kidney disease progression and death from
kidney disease [59,63]. In trials of patients with type 2 diabetes with and without chronic
kidney disease, GLP-1 receptor agonists slowed the rate of decline in eGFR and prevented
worsening of albuminuria [53,55,57]. These trials and other trials evaluating microvascular
outcomes are reviewed in the individual topics.

Guidelines — Our approach is largely consistent with American and European guidelines
[51,73,74]. A consensus statement regarding the management of hyperglycemia in type 2
diabetes by the American Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD) was developed in 2006 and has been updated regularly, with the
most recent revision published in 2022 [74].

The guidelines emphasize the importance of individualizing the choice of medications for
the treatment of diabetes, considering important comorbidities (CVD, HF, or chronic kidney
disease; hypoglycemia risk; and need for weight loss) and patient-specific factors
(including patient preferences, values, and cost) [74].

The ADA/EASD recommends a patient-centered approach, starting with lifestyle and

2
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diabetes self-management education and support, shared decision-making to select
medications, and letting the choice be guided by CVD, similar to the approach outlined
here. We also agree with the World Health Organization (WHO) that sulfonylureas have a
long-term safety profile, are inexpensive, and are highly effective, especially when used as
described above, with patient education and dose adjustment to minimize side effects [75].

MONITORING

We obtain A1C at least twice yearly in patients meeting glycemic goals and more frequently
(quarterly) in patients whose therapy has changed or who are not meeting goals. Self-
monitoring of blood glucose (SMBG) is not necessary for most patients with type 2
diabetes who are on a stable regimen of diet or oral agents and who are not experiencing
hypoglycemia. SMBG may be useful for some type 2 diabetes patients who use the results
to modify eating patterns, exercise, or insulin doses on a regular basis. (See "Glucose
monitoring in the ambulatory management of nonpregnant adults with diabetes mellitus",
section on 'Type 2 diabetes'.)

PERSISTENT HYPERGLYCEMIA

For patients who are not meeting glycemic targets despite diet, exercise, and metformin,
combination therapy is necessary to achieve optimal results. The balance among efficacy in
lowering A1C, side effects, and costs must be carefully weighed in considering which drugs
or combinations to choose. Avoiding insulin, the most potent of all hypoglycemic
medications, at the expense of poorer glucose management and greater side effects and
cost, is not likely to benefit the patient in the long term. (See "Management of persistent
hyperglycemia in type 2 diabetes mellitus", section on 'Our approach'.)

SOCIETY GUIDELINE LINKS

Links to society and government-sponsored guidelines from selected countries and
regions around the world are provided separately. (See "Society guideline links: Diabetes
mellitus in adults".)
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INFORMATION FOR PATIENTS

UpToDate offers two types of patient education materials, "The Basics" and "Beyond the
Basics." The Basics patient education pieces are written in plain language, at the 5  to 6
grade reading level, and they answer the four or five key questions a patient might have
about a given condition. These articles are best for patients who want a general overview
and who prefer short, easy-to-read materials. Beyond the Basics patient education pieces
are longer, more sophisticated, and more detailed. These articles are written at the 10  to
12  grade reading level and are best for patients who want in-depth information and are
comfortable with some medical jargon.

Here are the patient education articles that are relevant to this topic. We encourage you to
print or e-mail these topics to your patients. (You can also locate patient education articles
on a variety of subjects by searching on "patient info" and the keyword(s) of interest.)

SUMMARY AND RECOMMENDATIONS

th th

th

th

Basics topics (see "Patient education: Type 2 diabetes (The Basics)" and "Patient
education: Treatment for type 2 diabetes (The Basics)")

●

Beyond the Basics topics (see "Patient education: Type 2 diabetes: Overview (Beyond
the Basics)" and "Patient education: Type 2 diabetes: Treatment (Beyond the Basics)"
and "Patient education: Glucose monitoring in diabetes (Beyond the Basics)")

●

Comprehensive diabetes education – All patients with newly diagnosed diabetes
should participate in a comprehensive diabetes self-management education
program, which includes instruction on nutrition and eating pattern, physical activity,
optimizing metabolic control, and preventing complications. Weight reduction
through diet, exercise, and behavioral modification can all be used to improve
glycemic management, although the majority of patients with type 2 diabetes will
require medication. (See 'Diabetes education' above.)

●

Glycemic goals – Target glycated hemoglobin (A1C) levels in patients with type 2
diabetes should be tailored to the individual, balancing the anticipated reduction in
microvascular complications over time with the immediate risks of hypoglycemia and
other adverse effects of therapy. A reasonable goal might be an A1C value of ≤7.0

●
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percent (53.0 mmol/mol) (calculator 1) for most patients. Glycemic targets are
generally set somewhat higher for older adults and for those with comorbidities or a
limited life expectancy and little likelihood of benefit from intensive therapy. (See
'Glycemic management' above and "Glycemic control and vascular complications in
type 2 diabetes mellitus", section on 'Choosing a glycemic target'.)

Asymptomatic, not catabolic – The majority of patients with newly diagnosed type 2
diabetes are asymptomatic, without symptoms of catabolism (eg, without polyuria,
polydipsia, or unintentional weight loss).

●

Initial treatment with metformin – There are many pharmacologic options to
treat diabetes ( table 1). In the absence of specific contraindications, we suggest
metformin as initial therapy for most patients (Grade 2B). Although some
guidelines and experts endorse the initial use of alternative agents as
monotherapy or in combination with metformin, we prefer initiating a single
agent (typically metformin) and then sequentially adding additional glucose-
lowering agents as needed. (See 'Metformin' above and 'Glycemic efficacy' above.)

•

We suggest initiating metformin at the time of diabetes diagnosis (Grade 2C),
along with consultation for lifestyle intervention. However, for those patients who
have clear and modifiable contributors to hyperglycemia and who are motivated
to change them (eg, commitment to reduce consumption of sugar-sweetened
beverages) or an A1C near target (ie, <7.5 percent), a three- to six-month trial of
lifestyle modification prior to initiation of pharmacologic therapy is reasonable.
(See 'When to start' above.)

The dose of metformin should be titrated to its maximally effective dose (usually
2000 mg per day in divided doses) over one to two months, as tolerated.
Metformin should not be administered when estimated glomerular filtration rate
(eGFR) is <30 mL/min/1.73 m  or conditions otherwise predisposing to lactic
acidosis are present. (See "Metformin in the treatment of adults with type 2
diabetes mellitus", section on 'Contraindications'.)

2

Contraindications to metformin – In the presence of contraindications to
metformin, we choose an alternative glucose-lowering medication guided by
patient comorbidities, preferences, and cost ( table 1). (See 'Contraindications to
or intolerance of metformin' above.)

•
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Existing cardiovascular and/or kidney comorbidities – For patients with
cardiorenal comorbidities who cannot take metformin, we suggest a
glucagon-like peptide 1 (GLP-1) receptor agonist (liraglutide, subcutaneous
semaglutide, or dulaglutide) or a sodium-glucose co-transporter 2 (SGLT2)
inhibitor (empagliflozin, canagliflozin, dapagliflozin) that has demonstrated
cardiorenal benefit (Grade 2B). To select a medication, we use shared
decision-making with a focus on beneficial and adverse effects within the
context of the degree of hyperglycemia as well as a patient's comorbidities
and preferences. (See 'Established cardiovascular or kidney disease' above.)

-

The majority of patients in the cardiovascular and renal outcomes trials had
established cardiovascular disease (CVD) or diabetic kidney disease (DKD) with
severely increased albuminuria, and therefore, these are the primary
indications for one of these drugs. Patients at high CVD risk but without a
prior event might benefit, but the data are less supportive. Similarly, patients
without severely increased albuminuria have some benefit, but the absolute
benefits are greater among those with severely increased albuminuria.

Absence of ASCVD, heart failure (HF), or DKD-

For patients without cardiorenal disease, and with A1C levels relatively far
from goal (eg, >9 percent [74.9 mmol/mol], without suspected type 1
diabetes), we suggest insulin or a GLP-1 receptor agonist for initial therapy
(Grade 2B). (See 'Without established cardiovascular or kidney disease'
above.)

For similar patients but with A1C levels ≤9 percent, options (in addition to
insulin or GLP-1 receptor agonists) include sulfonylureas, SGLT2 inhibitors,
dipeptidyl peptidase (DPP-4) inhibitors, repaglinide, or pioglitazone. Each one
of these choices has individual advantages and risks ( table 1). Choice of
medication is guided by efficacy, patient comorbidities, preferences, and cost.
Sulfonylureas remain a highly effective treatment for hyperglycemia,
particularly when cost is a barrier. Side effects of hypoglycemia and weight
gain can be mitigated with careful dosing and diabetes self-management
education. (See 'Without established cardiovascular or kidney disease' above.)

Symptomatic or severe hyperglycemia – For patients presenting with symptomatic●

https://www.uptodate.com/contents/metformin-drug-information?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/liraglutide-drug-information?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/semaglutide-drug-information?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/dulaglutide-drug-information?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/empagliflozin-drug-information?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/canagliflozin-drug-information?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/dapagliflozin-drug-information?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/grade/5?title=Grade%202B&topicKey=ENDO%2F1779
https://www.uptodate.com/contents/grade/5?title=Grade%202B&topicKey=ENDO%2F1779
https://www.uptodate.com/contents/repaglinide-drug-information?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/pioglitazone-drug-information?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/image?imageKey=ENDO%2F56876&topicKey=ENDO%2F1779&search=diabetes%20mellitus%20type%202&rank=1%7E150&source=see_link


2023.05.15, 16:53Initial management of hyperglycemia in adults with type 2 diabetes mellitus - UpToDate

Page 23 of 38https://www.uptodate.com/contents/initial-management-of-hypergly…rch_result&selectedTitle=1~150&usage_type=default&display_rank=1

ACKNOWLEDGMENT

The UpToDate editorial staff acknowledges David McCulloch, MD, who contributed to
earlier versions of this topic review.

Use of UpToDate is subject to the Terms of Use.

REFERENCES

1. Intensive blood-glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with type 2 diabetes

(eg, weight loss) or severe hyperglycemia with ketonuria, insulin is indicated for initial
treatment. For patients presenting with severe hyperglycemia (fasting plasma
glucose >250 mg/dL [13.9 mmol/L], random glucose consistently >300 mg/dL [16.7
mmol/L], A1C >9 percent [74.9 mmol/mol]) but without ketonuria or spontaneous
weight loss, in whom type 1 diabetes is not likely, we suggest insulin or a GLP-1
receptor agonist (Grade 2B). For patients who are injection averse, initial therapy with
high-dose sulfonylurea is an alternative, particularly for patients who have been
consuming large amounts of sugar-sweetened beverages, in whom elimination of
carbohydrates can be anticipated to cause a reduction in glucose within several days.
(See 'Symptomatic (catabolic) or severe hyperglycemia' above and "Insulin therapy in
type 2 diabetes mellitus".)

Monitoring – We obtain an A1C at least twice yearly in patients meeting glycemic
goals and more frequently (quarterly) in patients whose therapy has changed or who
are not meeting goals. Further adjustments of therapy, which should usually be made
no less frequently than every three months, are based upon the A1C result (and in
some settings, the results of self-monitoring of blood glucose [SMBG]). (See
'Monitoring' above.)

●

If glycemia is not optimally managed (A1C remains >7.0 percent [53.0 mmol/mol] or
an alternative patient-specific target level), another medication should be added
within two to three months of initiation of the lifestyle intervention and metformin.
(See "Management of persistent hyperglycemia in type 2 diabetes mellitus" and
"Insulin therapy in type 2 diabetes mellitus".)

https://www.wolterskluwer.com/en/know/clinical-effectiveness-terms
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/1
https://www.uptodate.com/contents/grade/5?title=Grade%202B&topicKey=ENDO%2F1779
https://www.uptodate.com/contents/insulin-therapy-in-type-2-diabetes-mellitus?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/metformin-drug-information?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/management-of-persistent-hyperglycemia-in-type-2-diabetes-mellitus?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link
https://www.uptodate.com/contents/insulin-therapy-in-type-2-diabetes-mellitus?search=diabetes%20mellitus%20type%202&topicRef=1779&source=see_link


2023.05.15, 16:53Initial management of hyperglycemia in adults with type 2 diabetes mellitus - UpToDate

Page 24 of 38https://www.uptodate.com/contents/initial-management-of-hypergly…rch_result&selectedTitle=1~150&usage_type=default&display_rank=1

(UKPDS 33). UK Prospective Diabetes Study (UKPDS) Group. Lancet 1998; 352:837.

2. Holman RR, Paul SK, Bethel MA, et al. 10-year follow-up of intensive glucose control in
type 2 diabetes. N Engl J Med 2008; 359:1577.

3. Hayward RA, Reaven PD, Wiitala WL, et al. Follow-up of glycemic control and
cardiovascular outcomes in type 2 diabetes. N Engl J Med 2015; 372:2197.

4. ADVANCE Collaborative Group, Patel A, MacMahon S, et al. Intensive blood glucose
control and vascular outcomes in patients with type 2 diabetes. N Engl J Med 2008;
358:2560.

5. Action to Control Cardiovascular Risk in Diabetes Study Group, Gerstein HC, Miller ME,
et al. Effects of intensive glucose lowering in type 2 diabetes. N Engl J Med 2008;
358:2545.

6. Rawshani A, Rawshani A, Franzén S, et al. Risk Factors, Mortality, and Cardiovascular
Outcomes in Patients with Type 2 Diabetes. N Engl J Med 2018; 379:633.

7. Gaede P, Vedel P, Larsen N, et al. Multifactorial intervention and cardiovascular disease
in patients with type 2 diabetes. N Engl J Med 2003; 348:383.

8. Kazemian P, Shebl FM, McCann N, et al. Evaluation of the Cascade of Diabetes Care in
the United States, 2005-2016. JAMA Intern Med 2019; 179:1376.

9. Pal K, Eastwood SV, Michie S, et al. Computer-based diabetes self-management
interventions for adults with type 2 diabetes mellitus. Cochrane Database Syst Rev
2013; :CD008776.

10. Saffari M, Ghanizadeh G, Koenig HG. Health education via mobile text messaging for
glycemic control in adults with type 2 diabetes: a systematic review and meta-analysis.
Prim Care Diabetes 2014; 8:275.

11. Liang X, Wang Q, Yang X, et al. Effect of mobile phone intervention for diabetes on
glycaemic control: a meta-analysis. Diabet Med 2011; 28:455.

12. Henry RR, Scheaffer L, Olefsky JM. Glycemic effects of intensive caloric restriction and
isocaloric refeeding in noninsulin-dependent diabetes mellitus. J Clin Endocrinol
Metab 1985; 61:917.

13. Utzschneider KM, Carr DB, Barsness SM, et al. Diet-induced weight loss is associated
with an improvement in beta-cell function in older men. J Clin Endocrinol Metab 2004;
89:2704.

14. Wing RR, Blair EH, Bononi P, et al. Caloric restriction per se is a significant factor in

https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/1
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/2
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/3
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/4
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/5
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/6
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/7
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/8
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/9
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/10
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/11
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/12
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/13
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/14


2023.05.15, 16:53Initial management of hyperglycemia in adults with type 2 diabetes mellitus - UpToDate

Page 25 of 38https://www.uptodate.com/contents/initial-management-of-hypergly…rch_result&selectedTitle=1~150&usage_type=default&display_rank=1

improvements in glycemic control and insulin sensitivity during weight loss in obese
NIDDM patients. Diabetes Care 1994; 17:30.

15. Lean ME, Leslie WS, Barnes AC, et al. Primary care-led weight management for
remission of type 2 diabetes (DiRECT): an open-label, cluster-randomised trial. Lancet
2018; 391:541.

16. Delahanty LM. The look AHEAD study: implications for clinical practice go beyond the
headlines. J Acad Nutr Diet 2014; 114:537.

17. Evert AB, Dennison M, Gardner CD, et al. Nutrition Therapy for Adults With Diabetes or
Prediabetes: A Consensus Report. Diabetes Care 2019; 42:731.

18. Lean MEJ, Leslie WS, Barnes AC, et al. Durability of a primary care-led weight-
management intervention for remission of type 2 diabetes: 2-year results of the
DiRECT open-label, cluster-randomised trial. Lancet Diabetes Endocrinol 2019; 7:344.

19. Niskanen LK, Uusitupa MI, Sarlund H, et al. Five-year follow-up study on plasma insulin
levels in newly diagnosed NIDDM patients and nondiabetic subjects. Diabetes Care
1990; 13:41.

20. Norris SL, Zhang X, Avenell A, et al. Long-term effectiveness of lifestyle and behavioral
weight loss interventions in adults with type 2 diabetes: a meta-analysis. Am J Med
2004; 117:762.

21. United Kingdom Prospective Diabetes Study (UKPDS). 13: Relative efficacy of randomly
allocated diet, sulphonylurea, insulin, or metformin in patients with newly diagnosed
non-insulin dependent diabetes followed for three years. BMJ 1995; 310:83.

22. Umpierre D, Ribeiro PA, Kramer CK, et al. Physical activity advice only or structured
exercise training and association with HbA1c levels in type 2 diabetes: a systematic
review and meta-analysis. JAMA 2011; 305:1790.

23. Jeon CY, Lokken RP, Hu FB, van Dam RM. Physical activity of moderate intensity and
risk of type 2 diabetes: a systematic review. Diabetes Care 2007; 30:744.

24. Egan AM, Mahmood WA, Fenton R, et al. Barriers to exercise in obese patients with
type 2 diabetes. QJM 2013; 106:635.

25. ElSayed NA, Aleppo G, Aroda VR, et al. 5. Facilitating Positive Health Behaviors and
Well-being to Improve Health Outcomes: Standards of Care in Diabetes-2023. Diabetes
Care 2023; 46:S68.

26. Look AHEAD Research Group, Wing RR, Bolin P, et al. Cardiovascular effects of

https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/14
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/15
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/16
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/17
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/18
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/19
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/20
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/21
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/22
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/23
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/24
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/25
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/26


2023.05.15, 16:53Initial management of hyperglycemia in adults with type 2 diabetes mellitus - UpToDate

Page 26 of 38https://www.uptodate.com/contents/initial-management-of-hypergly…rch_result&selectedTitle=1~150&usage_type=default&display_rank=1

intensive lifestyle intervention in type 2 diabetes. N Engl J Med 2013; 369:145.

27. Pillay J, Armstrong MJ, Butalia S, et al. Behavioral Programs for Type 2 Diabetes
Mellitus: A Systematic Review and Network Meta-analysis. Ann Intern Med 2015;
163:848.

28. Johansen MY, MacDonald CS, Hansen KB, et al. Effect of an Intensive Lifestyle
Intervention on Glycemic Control in Patients With Type 2 Diabetes: A Randomized
Clinical Trial. JAMA 2017; 318:637.

29. Lingvay I, Sumithran P, Cohen RV, le Roux CW. Obesity management as a primary
treatment goal for type 2 diabetes: time to reframe the conversation. Lancet 2022;
399:394.

30. Look AHEAD Research Group, Pi-Sunyer X, Blackburn G, et al. Reduction in weight and
cardiovascular disease risk factors in individuals with type 2 diabetes: one-year results
of the look AHEAD trial. Diabetes Care 2007; 30:1374.

31. Arterburn DE, O'Connor PJ. A look ahead at the future of diabetes prevention and
treatment. JAMA 2012; 308:2517.

32. Look AHEAD Research Group, Gregg EW, Jakicic JM, et al. Association of the magnitude
of weight loss and changes in physical fitness with long-term cardiovascular disease
outcomes in overweight or obese people with type 2 diabetes: a post-hoc analysis of
the Look AHEAD randomised clinical trial. Lancet Diabetes Endocrinol 2016; 4:913.

33. Look AHEAD Research Group. Eight-year weight losses with an intensive lifestyle
intervention: the look AHEAD study. Obesity (Silver Spring) 2014; 22:5.

34. Look AHEAD Research Group, Wing RR. Long-term effects of a lifestyle intervention on
weight and cardiovascular risk factors in individuals with type 2 diabetes mellitus:
four-year results of the Look AHEAD trial. Arch Intern Med 2010; 170:1566.

35. Gregg EW, Chen H, Wagenknecht LE, et al. Association of an intensive lifestyle
intervention with remission of type 2 diabetes. JAMA 2012; 308:2489.

36. Jakicic JM, Egan CM, Fabricatore AN, et al. Four-year change in cardiorespiratory
fitness and influence on glycemic control in adults with type 2 diabetes in a
randomized trial: the Look AHEAD Trial. Diabetes Care 2013; 36:1297.

37. Kuna ST, Reboussin DM, Borradaile KE, et al. Long-term effect of weight loss on
obstructive sleep apnea severity in obese patients with type 2 diabetes. Sleep 2013;
36:641.

https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/26
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/27
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/28
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/29
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/30
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/31
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/32
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/33
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/34
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/35
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/36
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/37


2023.05.15, 16:53Initial management of hyperglycemia in adults with type 2 diabetes mellitus - UpToDate

Page 27 of 38https://www.uptodate.com/contents/initial-management-of-hypergly…rch_result&selectedTitle=1~150&usage_type=default&display_rank=1

38. Wing RR, Bond DS, Gendrano IN 3rd, et al. Effect of intensive lifestyle intervention on
sexual dysfunction in women with type 2 diabetes: results from an ancillary Look
AHEAD study. Diabetes Care 2013; 36:2937.

39. http://www.diabetes.org/for-media/2013/sci-sessions-look-ahead.html (Accessed on Ju
ly 18, 2013).

40. Look AHEAD Research Group. Effect of a long-term behavioural weight loss
intervention on nephropathy in overweight or obese adults with type 2 diabetes: a
secondary analysis of the Look AHEAD randomised clinical trial. Lancet Diabetes
Endocrinol 2014; 2:801.

41. Surwit RS, van Tilburg MA, Zucker N, et al. Stress management improves long-term
glycemic control in type 2 diabetes. Diabetes Care 2002; 25:30.

42. Ismail K, Winkley K, Rabe-Hesketh S. Systematic review and meta-analysis of
randomised controlled trials of psychological interventions to improve glycaemic
control in patients with type 2 diabetes. Lancet 2004; 363:1589.

43. Safren SA, Gonzalez JS, Wexler DJ, et al. A randomized controlled trial of cognitive
behavioral therapy for adherence and depression (CBT-AD) in patients with
uncontrolled type 2 diabetes. Diabetes Care 2014; 37:625.

44. Williams JW Jr, Katon W, Lin EH, et al. The effectiveness of depression care
management on diabetes-related outcomes in older patients. Ann Intern Med 2004;
140:1015.

45. Colagiuri S, Cull CA, Holman RR, UKPDS Group. Are lower fasting plasma glucose levels
at diagnosis of type 2 diabetes associated with improved outcomes?: U.K. prospective
diabetes study 61. Diabetes Care 2002; 25:1410.

46. Choi JG, Winn AN, Skandari MR, et al. First-Line Therapy for Type 2 Diabetes With
Sodium-Glucose Cotransporter-2 Inhibitors and Glucagon-Like Peptide-1 Receptor
Agonists : A Cost-Effectiveness Study. Ann Intern Med 2022; 175:1392.

47. Abdul-Ghani MA, Puckett C, Triplitt C, et al. Initial combination therapy with
metformin, pioglitazone and exenatide is more effective than sequential add-on
therapy in subjects with new-onset diabetes. Results from the Efficacy and Durability
of Initial Combination Therapy for Type 2 Diabetes (EDICT): a randomized trial.
Diabetes Obes Metab 2015; 17:268.

48. Hong J, Zhang Y, Lai S, et al. Effects of metformin versus glipizide on cardiovascular
outcomes in patients with type 2 diabetes and coronary artery disease. Diabetes Care

https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/38
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/40
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/41
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/42
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/43
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/44
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/45
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/46
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/47
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/48


2023.05.15, 16:53Initial management of hyperglycemia in adults with type 2 diabetes mellitus - UpToDate

Page 28 of 38https://www.uptodate.com/contents/initial-management-of-hypergly…rch_result&selectedTitle=1~150&usage_type=default&display_rank=1

2013; 36:1304.

49. Kooy A, de Jager J, Lehert P, et al. Long-term effects of metformin on metabolism and
microvascular and macrovascular disease in patients with type 2 diabetes mellitus.
Arch Intern Med 2009; 169:616.

50. Maruthur NM, Tseng E, Hutfless S, et al. Diabetes Medications as Monotherapy or
Metformin-Based Combination Therapy for Type 2 Diabetes: A Systematic Review and
Meta-analysis. Ann Intern Med 2016; 164:740.

51. ElSayed NA, Aleppo G, Aroda VR, et al. 9. Pharmacologic Approaches to Glycemic
Treatment: Standards of Care in Diabetes-2023. Diabetes Care 2023; 46:S140.

52. Jia W, Weng J, Zhu D, et al. Standards of medical care for type 2 diabetes in China 2019.
Diabetes Metab Res Rev 2019; 35:e3158.

53. Marso SP, Bain SC, Consoli A, et al. Semaglutide and Cardiovascular Outcomes in
Patients with Type 2 Diabetes. N Engl J Med 2016; 375:1834.

54. Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide and Cardiovascular
Outcomes in Type 2 Diabetes. N Engl J Med 2016; 375:311.

55. Mann JFE, Ørsted DD, Brown-Frandsen K, et al. Liraglutide and Renal Outcomes in
Type 2 Diabetes. N Engl J Med 2017; 377:839.

56. Gerstein HC, Colhoun HM, Dagenais GR, et al. Dulaglutide and cardiovascular
outcomes in type 2 diabetes (REWIND): a double-blind, randomised placebo-controlled
trial. Lancet 2019; 394:121.

57. Gerstein HC, Colhoun HM, Dagenais GR, et al. Dulaglutide and renal outcomes in type
2 diabetes: an exploratory analysis of the REWIND randomised, placebo-controlled
trial. Lancet 2019; 394:131.

58. Kanie T, Mizuno A, Takaoka Y, et al. Dipeptidyl peptidase-4 inhibitors, glucagon-like
peptide 1 receptor agonists and sodium-glucose co-transporter-2 inhibitors for people
with cardiovascular disease: a network meta-analysis. Cochrane Database Syst Rev
2021; 10:CD013650.

59. Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al. Dapagliflozin in Patients with
Chronic Kidney Disease. N Engl J Med 2020; 383:1436.

60. Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and Cardiovascular Outcomes in Type
2 Diabetes. N Engl J Med 2019; 380:347.

61. Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, Cardiovascular Outcomes, and

https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/48
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/49
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/50
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/51
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/52
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/53
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/54
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/55
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/56
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/57
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/58
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/59
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/60
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/61


2023.05.15, 16:53Initial management of hyperglycemia in adults with type 2 diabetes mellitus - UpToDate

Page 29 of 38https://www.uptodate.com/contents/initial-management-of-hypergly…rch_result&selectedTitle=1~150&usage_type=default&display_rank=1

Mortality in Type 2 Diabetes. N Engl J Med 2015; 373:2117.

62. Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and Cardiovascular and Renal
Events in Type 2 Diabetes. N Engl J Med 2017; 377:644.

63. Perkovic V, Jardine MJ, Neal B, et al. Canagliflozin and Renal Outcomes in Type 2
Diabetes and Nephropathy. N Engl J Med 2019; 380:2295.

64. de Boer IH, Khunti K, Sadusky T, et al. Diabetes Management in Chronic Kidney
Disease: A Consensus Report by the American Diabetes Association (ADA) and Kidney
Disease: Improving Global Outcomes (KDIGO). Diabetes Care 2022; 45:3075.

65. Shyangdan DS, Royle P, Clar C, et al. Glucagon-like peptide analogues for type 2
diabetes mellitus. Cochrane Database Syst Rev 2011; :CD006423.

66. Singh S, Wright EE Jr, Kwan AY, et al. Glucagon-like peptide-1 receptor agonists
compared with basal insulins for the treatment of type 2 diabetes mellitus: a
systematic review and meta-analysis. Diabetes Obes Metab 2017; 19:228.

67. Davidson MB. Successful treatment of markedly symptomatic patients with type II
diabetes mellitus using high doses of sulfonylurea agents. West J Med 1992; 157:199.

68. https://effectivehealthcare.ahrq.gov/ehc/products/607/2215/diabetes-update-2016-re
port.pdf (Accessed on April 21, 2016).

69. Palmer SC, Mavridis D, Nicolucci A, et al. Comparison of Clinical Outcomes and
Adverse Events Associated With Glucose-Lowering Drugs in Patients With Type 2
Diabetes: A Meta-analysis. JAMA 2016; 316:313.

70. Tsapas A, Avgerinos I, Karagiannis T, et al. Comparative Effectiveness of Glucose-
Lowering Drugs for Type 2 Diabetes: A Systematic Review and Network Meta-analysis.
Ann Intern Med 2020; 173:278.

71. Kahn SE, Haffner SM, Heise MA, et al. Glycemic durability of rosiglitazone, metformin,
or glyburide monotherapy. N Engl J Med 2006; 355:2427.

72. Nathan DM. Thiazolidinediones for initial treatment of type 2 diabetes? N Engl J Med
2006; 355:2477.

73. Qaseem A, Barry MJ, Humphrey LL, et al. Oral Pharmacologic Treatment of Type 2
Diabetes Mellitus: A Clinical Practice Guideline Update From the American College of
Physicians. Ann Intern Med 2017; 166:279.

74. Davies MJ, Aroda VR, Collins BS, et al. Management of hyperglycaemia in type 2
diabetes, 2022. A consensus report by the American Diabetes Association (ADA) and

https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/61
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/62
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/63
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/64
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/65
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/66
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/67
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/69
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/70
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/71
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/72
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/73
https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/74


2023.05.15, 16:53Initial management of hyperglycemia in adults with type 2 diabetes mellitus - UpToDate

Page 30 of 38https://www.uptodate.com/contents/initial-management-of-hypergly…ch_result&selectedTitle=1~150&usage_type=default&display_rank=1

the European Association for the Study of Diabetes (EASD). Diabetologia 2022;
65:1925.

75. http://www.who.int/diabetes/publications/guidelines-diabetes-medicines/en/ (Accesse
d on October 25, 2018).

Topic 1779 Version 72.0

https://www.uptodate.com/contents/initial-management-of-hyperglycemia-in-adults-with-type-2-diabetes-mellitus/abstract/74


2023.05.15, 16:53Initial management of hyperglycemia in adults with type 2 diabetes mellitus - UpToDate

Page 31 of 38https://www.uptodate.com/contents/initial-management-of-hypergly…rch_result&selectedTitle=1~150&usage_type=default&display_rank=1

GRAPHICS

Intensive glycemic control prevents severe
microvascular disease in patients with type 2
diabetes

Kaplan-Meier plots of aggregate endpoints of microvascular disease
in patients with type 2 diabetes mellitus in the United Kingdom
Prospective Diabetes Study who were randomly assigned to receive
either intensive therapy with a sulfonylurea or insulin, or to
conventional treatment with diet; drugs were added if the patients
had hyperglycemic symptoms or fasting blood glucose
concentrations greater than 270 mg/dL (15 mmol/L). Intensive
therapy was associated with a 25% reduction (p = 0.01) in the
development of microvascular disease, which was defined as renal
failure, death from renal failure, retinal photocoagulation, or
vitreous hemorrhage.

Data from: Intensive blood-glucose control with sulphonylureas or insulin compared
with conventional treatment and risk of complications in patients with type 2
diabetes (UKPDS 33). UK Prospective Diabetes Study (UKPDS) Group. Lancet 1998;
352:837.
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Initial fasting blood glucose concentration
determines degree of weight loss required to
achieve normoglycemia in type 2 diabetes

Glycemic response to weight reduction according to initial fasting
blood glucose (in mmol/L) in type 2 diabetes. Patients who had
mildly elevated fasting blood glucose concentrations of 6 to 8
mmol/L (108 to 144 mg/dL) initially had to lose 10 kg (16 percent of
initial body weight) to achieve a value below 6 mmol/L (<108 mg/dL).
Greater degrees of weight loss were required in patients with higher
initial values, rising to 26 kg and 41 percent, respectively, in patients
with an initial value above 14 mmol/L (>252 mg/dL).

Data from: United Kingdom Prospective Diabetes Study Group. UK Prospective
Diabetes Study 7: response of fasting plasma glucose to diet therapy in newly
presenting type II diabetic patients, UKPDS Group. Metabolism 1990; 39:905.

Graphic 78027 Version 3.0



2023.05.15, 16:53Initial management of hyperglycemia in adults with type 2 diabetes mellitus - UpToDate

Page 33 of 38https://www.uptodate.com/contents/initial-management-of-hypergly…ch_result&selectedTitle=1~150&usage_type=default&display_rank=1

Summary of glucose-lowering interventions

Intervention

Expected
decrease in A1C

with
monotherapy (%)

Advantages Disadvantages

Initial therapy

Lifestyle change to
decrease weight
and increase
activity

1.0 to 2.0 Broad benefits Insufficient for most
within first year
owing to inadequate
weight loss and
weight regain

Metformin 1.0 to 2.0 Weight neutral GI side effects,
contraindicated with
renal insufficiency
(eGFR <30
mL/min/1.73 m )*

Additional therapy

Insulin (usually
with a single daily
injection of
intermediate- or
long-acting insulin
initially)

1.5 to 3.5 No dose limit, rapidly
effective, improved
lipid profile

1 to 4 injections daily,
monitoring, weight
gain, hypoglycemia,
analogs are
expensive

Sulfonylurea
(shorter-acting
agents preferred)

1.0 to 2.0 Rapidly effective Weight gain,
hypoglycemia
(especially with
glibenclamide or
chlorpropamide)

GLP-1 receptor
agonist (daily to
weekly injections)

0.5 to 1.5 Weight loss,
reduction in major
adverse
cardiovascular events
(liraglutide,
semaglutide,
dulaglutide) in
patients with
established CVD and

Requires injection,
frequent GI side
effects, expensive

2

¶
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potentially for those
at high risk for CVD

Thiazolidinedione 0.5 to 1.4 Improved lipid profile
(pioglitazone),
potential decrease in
MI (pioglitazone)

Fluid retention, HF,
weight gain, bone
fractures, potential
increase in MI
(rosiglitazone) and
bladder cancer
(pioglitazone)

Glinide 0.5 to 1.5 Rapidly effective Weight gain, 3
times/day dosing,
hypoglycemia

SGLT2 inhibitor 0.5 to 0.7 Weight loss,
reduction in systolic
blood pressure,
reduced
cardiovascular
mortality in patients
with established CVD,
improved renal
outcomes in patients
with nephropathy

Vulvovaginal
candidiasis, urinary
tract infections, bone
fractures, lower limb
amputations, DKA

DPP-4 inhibitor 0.5 to 0.8 Weight neutral Possible increased
risk of HF with
saxagliptin, expensive

Alpha-glucosidase
inhibitor

0.5 to 0.8 Weight neutral Frequent GI side
effects, 3 times/day
dosing

Pramlintide 0.5 to 1.0 Weight loss 3 injections daily,
frequent GI side
effects, long-term
safety not
established,
expensive

A1C: glycated hemoglobin; GI: gastrointestinal; eGFR: estimated glomerular filtration rate; GLP-
1: glucagon-like peptide-1; CVD: cardiovascular disease; MI: myocardial infarction; HF: heart
failure; SGLT: sodium-glucose co-transporter 2; DKA: diabetic ketoacidosis; DPP-4: dipeptidyl
peptidase 4.

* Initiation is contraindicated with eGFR <30 mL/min/1.73 m  and not recommended with

Δ

2

2
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eGFR 30 to 45 mL/min/1.73 m .

¶ The order of listing of additional therapies does not indicate a preferred order of selection.
The choice of additional therapy should be based on criteria discussed in the UpToDate topics
on the management of hyperglycemia in diabetes mellitus.

Δ Repaglinide is more effective in lowering A1C than nateglinide.

Modified with permission from: Nathan DM, Buse JB, Davidson MB, et al. Medical Management of Hyperglycemia in
Type 2 Diabetes: A Consensus Algorithm for the Initiation and Adjustment of Therapy: A consensus statement of the
American Diabetes Association and the European Association for the Study of Diabetes. Diabetes Care 2009; 32:193-
203. Copyright © 2009 American Diabetes Association.

Graphic 56876 Version 17.0
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Initiation and adjustment of insulin regimens in type 2 diabetes mellitus

Insulin regimens should be designed taking lifestyle and meal schedule into account. The algorithm can only
provide basic guidelines for initiation and adjustment of insulin. Many different approaches are possible.

A1C: glycated hemoglobin.
* Glucose levels updated with data from: American Diabetes Association. Glycemic Targets. Diabetes Care
2016; 39 Suppl 1:S39.
¶ The A1C goal should be individualized in accordance with patient age, comorbidities, and life expectancy.
Δ Premixed insulins are not recommended during adjustment of doses; however, they can be used
conveniently, usually before breakfast and/or dinner if proportion of rapid-acting and intermediate-acting
insulins is similar to the fixed proportions available.

Adapted with permission from: Nathan DM, Buse JB, Davidson MB, et al. Medical Management of Hyperglycemia in Type 2 Diabetes: A
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Consensus Algorithm for the Initiation and Adjustment of Therapy: A consensus statement of the American Diabetes Association and
the European Association for the Study of Diabetes. Diabetes Care 2009; 32:193. Copyright © 2009 American Diabetes Association.
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