OBESITY MANAGEMENT FOR THE TREATMENT OF TYPE 2 DIABETES

Metabolic Surgery (continued)

8.23 People who undergo metabolic surgery should routinely be evaluated
to assess the need for ongoing mental health services to help with the
adjustment to medical and psychosocial changes after surgery. C



PHARMACOLOGIC APPROACHES TO GLYCEMIC TREATMENT

Pharmacologic Therapy for Type 1 Diabetes

9.1 Most individuals with type 1 diabetes should be treated with multiple
daily injections of prandial and basal insulin, or continuous subcutaneous
Insulin Infusion. A

9.2  Most individuals with type 1 diabetes should use rapid-acting insulin
analogs to reduce hypoglycemia risk. A

9.3 Individuals with type 1 diabetes should receive education on how to
match mealtime insulin doses to carbohydrate intake, fat and protein
content, and anticipated physical activity. C



PHARMACOLOGIC APPROACHES TO GLYCEMIC TREATMENT

Pharmacologic Therapy for Type 2 Diabetes

9.4a First-line therapy depends on comorbidities, patient-centered treatment
factors, and management needs and generally includes metformin and
comprehensive lifestyle modification. A

9.4b Other medications (glucagonlike peptide 1 receptor agonists, sodium—
glucose cotransporter 2 inhibitors), with or without metformin based on
glycemic needs, are appropriate initial therapy for individuals with type

2 diabetes with or at high risk for atherosclerotic cardiovascular disease,
heart failure, and/or chronic kidney disease (Fig. 9.3). A

9.5 Metformin should be continued upon initiation of insulin therapy (unless
contraindicated or not tolerated) for ongoing glycemic and metabolic
benefits. A



PHARMACOLOGIC APPROACHES TO GLYCEMIC TREATMENT

Pharmacologic Therapy for Type 2 Diabetes
(continued)

9.6  Early combination therapy can be considered in some patients at
treatment initiation to extend the time to treatment failure. E

9.7  The early introduction of insulin should be considered if there is
evidence of ongoing catabolism (weight loss), if symptoms of
hyperglycemia are present, or when A1C levels (>10% [86 mmol/mol]) or
blood glucose levels ($300 mg/dL [16.7 mmol/L]) are very high. A



PHARMACOLOGIC APPROACHES TO GLYCEMIC TREATMENT

Pharmacologic Therapy for Type 2 Diabetes
(continued)

9.8 A patient-centered approach should guide the choice of pharmacologic agents.
Consider the effects on cardiovascular and renal comorbidities, efficacy,
hypoglycemia risk, impact on weight, cost and access, risk for side effects, and
patient preferences (Table 9.2 and Fig. 9.3. E

9.9 Among individuals with type 2 diabetes who have established atherosclerotic

cardiovascular disease or indicators of high cardiovascular risk, established
kKidney disease, or heart failure, a sodium—glucose cotransporter 2 inhibitor and/or

glucagon-like peptide 1 receptor agonist with demonstrated cardiovascular
disease benefit (Fig. 9.3, Table 9.2, Table 10.3B, and Table 10.3C) is
recommended as part of the glucose-lowering regimen and comprehensive
cardiovascular risk reduction, independent of A1C and in consideration of patient-
specific factors (Fig. 9.3) (see Section 10, “Cardiovascular Disease and Risk
Management,” https://doi.org/ 10.2337/dc22-S010, for details on cardiovascular risk
reduction recommendations). A



PHARMACOLOGIC APPROACHES TO GLYCEMIC TREATMENT

Pharmacologic Therapy for Type 2 Diabetes

(continued)

9.10 In patients with type 2 diabetes, a glucagon-like peptide 1 receptor
agonist IS preferred to insulin when possible. A

9.11 If insulin is used, combination therapy with a glucagon-like peptide 1
receptor agonist is recommended for greater efficacy and durability of

treatment effect. A

9.12 Recommendation for treatment intensification for patients not meeting
treatment goals should not be delayed. A



PHARMACOLOGIC APPROACHES TO GLYCEMIC TREATMENT

Pharmacologic Therapy for Type 2 Diabetes
(continued)

9.13 Medication regimen and medication- taking behavior should be
reevaluated at regular intervals (every 3—6 months) and adjusted as
needed to incorporate specific factors that impact choice of treatment

(Fig. 4.1 and Table 9.2). E

9.14 Clinicians should be aware of the potential for overbasalization with
iInsulin therapy. Clinical signals that may prompt evaluation of
overbasalization Include basal dose more than 0.5 IU/kg/day, high
bedtime-morning or postpreprandial glucose differential, hypoglycemia (aware
or unaware), and high glycemic variability. Indication of overbasalization
should prompt reevaluation to further individualize therapy. E
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Representative relative attributes of insulin delivery
approaches in people with type 1 diabetes’
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Table 9.1—Examples of subcutanecus insulin regimens

Regimen Timing and distribution

Advantages

Disadvantages

Adjusting doses

fegimens that more closely mimic normal insulin secretion

nsulin pump therapy
[hybrid closed-loop,

Basal delivery of URAA or
RAA; generally 40—-60%

low-glucose suspend, of TDD.
CGM-augmented Mealtime and correction:
open-loop, BGM- URAA or RAA by bolus
augmented open- based on ICR andfor ISF
loop) and target glucose, with

pre-meal insulin ~15
min before eating.

MDI: LAA + flexible LAA once daily (insulin
doses of URAA or detemir or insulin
RAA at meals glargine may reguire
twice-daily dosing);
generally 50% of TDD.
Mealtime and correction:
URAA or RAA based on
ICR and/or ISF and
target glucose.

Can adjust basal rates for
varying insulin
sensitivity by time of
day, for exercise and for
sick days.

Flexibility in meal timing
and content.

Pump can deliver insulin
in increments of
fractions of units.

Potential for integration
with CGM for low-
glucose suspend or
hybrid closed-loop.

TIR % highest and TBR %
lowe st with: hybrid
closed-loop = low-
glucose suspend =
CGM-augmented open-
loop = BGM-
augmented open-loop.

Can use pens for all
COM PO Ments.

Flexibility in meal timing
and content.

Insulin analogs cause less

hypoglycemia than
human insulins.

Most expensive regimen.

Must continuously wear
ane or more devices.

Risk of rapid development
of ketosis or DEA with
interruption of insulin
delivery.

Potential reactions to
adhesives and site
infections.

Maost technically complex
approach (harder for
people with lower
numeracy or literacy
skills).

At least four daily
injections.

Maost costly insulins.

Smallest increment of
insulin is 1 wnit (0.5
unit with some pens).

LAAs may not cover strong
dawn phenomenaon
(rise in glucose in early
maorning hours) as well
as pump therapy.

Mealtime insulin: if
carbohydrate counting
is accurate, change
ICR if glucose after
meal consistently out
of target.

Correction insulin: adjust
ISF and/or target
glucose if correction
does not consistently
bring glucose into
range.

Basal rates: adjust based
on overnight, fasting,
or daytime glucose
outside of activity of
URAA/MRAA bolus.

Mealtime insulin: if Pharmacologic
carbohydrate counting ApproaCheS tO

is accurate, change

ICR if glucose after GlycemiC

meal consistently out

of target. Management:
Correction insulin: adjust Standal‘ds Of Medlcal

ISF and/or target

glicose if correction —— Cgre in Diabetes -

does not consistently

bring glucose into 2022 Diabetes Care
LA:::nbgaﬂs.ed an overnight 2022145(Supp|
or fasting glucose or 1)5125_8143

daytime glucose
outside of activity
time course, or URAA
or RAA injections.

Continued on p. 5129



Table 9.1—Continued
Regimen

Timing and distribution

Advantages

Disadvantages

Adjusting doses

MDI regimens with less flexibility

Four injections daily
with fixed doses of N
and RAA

Four injections daily
with fixed doses of N
and R

Pre-breakfast: RAA ~20%
of TDD.

Pre-lunch: RAA ~10% of
TDD.

Pre-dinner: RAA ~10% of
TDD.

Bedtime: N ~50% of TDD.

Pre-breakfast: B ~20% of
TDD.

Pre-lunch: R ~10% of
TDD.

Pre-dinner: R ~10% of
TDD.

Bedtime: N ~50% of TDD.

May be feasible if unable
to carbohydrate count.

All meals have RAA
coverage.

N less expensive than
LAAs.

May be feasible if unable
to carbohwdrate count.

R can be dosed based on
ICR and correction.

All meals have R coverage.

Least expensive insulins.

Shorter duration RAA may
lead to basal deficit
during day; may need
twice-daily N.

Greater risk of nocturnal
hypoglycemia with N.

Requires relatively
consistent mealtimes
and carbohydrate
intake.

Greater risk of nocturnal
hypoglycemia with N.

Greater risk of delayed
post-meal hypoghycemia
with R.

Requires relatively
consistent mealtimes
and carbohydrate
intake.

R must be injected at
least 30 min before
meal for better effect.

Pre-breakfast RAA:
based on BGM after
breakfast or before
lunch.

Pre-lunch RAA: based on
BGM after lunch or
before dinner.

Pre-dinner RAA: based
on BGM after dinner
or at bedtime.

Evening N: based on
fasting or overnight
BGM.

Pre-breakfast R: based
on BGM after
breakfast or before
lunch.

Pre-lunch R: based on
BGM after lunch or
before dinner.

Pre-dinner R: based on
BGM after dinner or
at bedtime.

Evening N: based on
fasting or overnight
BGM.

Regimens with fewer daily injections

Three injections daily:
N4+R or MN+RAA

Pre-breakfast: ~-40% N +
~15% R or RAA.

Pre-dinner: ~15% R or
RAA,

Bedtime: 30% M.

Morning insulins can be
mixed in one syringe.

May be appropriate for
those who cannot take
injections in middle of
day.

Morning M covers lunch to
some extent.

Same advantages of RAAs
aver R.

Least (N + R) or less
expensive insulins than
MDI with analogs.

Greater risk of nocturnal
hypoglycemia with N
than LAAS.

Greater risk of delayed
post-meal hypoghycemia
with R than RAAs.

Requires relatively
consistent mealtimes
and carbohydrate
intake.

Coverage of post-lunch
glucose often
suboptimal.

R must be injected at
least 30 min before
meal for better effect.

Morning N: based on
pre-dinner BGM.

Morning R: based on
pre-lunch BGM.

Morning RAA: based on
post-breakfast or pre-
lunch BGM.

Pre-dinner R: based on
bedtime BGM.

Pre-dinner RAA: based
on post-dinner or
bedtime BGM.

Evening N: based on
fasting BGM.

Continued on p. S130
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PHARMACOLOGIC APPROACHES TO GLYCEMIC TREATMENT

Table 9.1—Continuad
Regimen

Timing and distribution

Advantages

Disadvantages

Adjusting doses

Twice-daily "split-mixed":
M+R or N+RAA

Pre-breakfast: ~40% N +
~15% R or RAA.

Pre-dinner: ~30% N +
~15% R or RAA.

Least number of injections
for people with strong
preference for this.

Imsuling can be mixed in
ane syringe.

Least (M+R) or less
(N+RAA) expensive
insulins vs analogs.

Eliminates need for doses
during the day.

Risk of hypoglycemia in
afternocon or middle of
night from M.

Fixed mealimes and meal
content.

Coverage of post-lunch
glucose often
suboptimal.

Difficult to reach targets
for blood glucose

without hypoglycemia.

Morning MN: based on
pre-dinner BGM.

Morning R: based on
pre-lunch BGM.

Morning RAA: based on
post-breakfast or pre-
lurch BGRA.

Evening R: based on
bedtime BGM.

Evening RAA: based on
post-dinner or
bedtime BGM.

Evening N: based on
fasting BGM.

BGM, blood glucose monitoring; CGM, continuous glucose monitoring ICR, insulin:carbohydrate ratio; ISF, insulin sensitivity factor; LAA, long-acting analog; MDI, multiple daily injections; M, NPH insulin;
R, short-acting (regular) insulin; RAA, rapid-acting analog; TDD, total daily insulin dose; URAA, ultra-rapid-acting analog. Reprinted from Holt et al. (5).

Pharmacologic Approaches to Glycemic Management:
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Simplified overview of indications for B-cell replacement therapy in people with type 1 diabetes

=== ==

Figure 9.2 —Simplified overview of indications for PB<cell replacement therapy in people with type 1 diabetes. The two main forms of B-cell
replacement therapy are whole-pancreas transplantation or islet cell transplantation. B-Cell replacement therapy can be combined with kidney
transplantation if the individual has end-stage renal disease, which may be performed simultaneously or after kidney transplantation. All deci-
sions about transplantation must balance the surgical risk, metabolic need, and the choice of the individual with diabetes. GFR, glomerular fil-
tration rate. Reprinted from Holt et al. (5).

Pharmacologic Approaches to Glycemic Management:
Standards of Medical Care in Diabetes - 2022. Diabetes Care 2022;45(Suppl. 1):5125-S143



Table 9.2—Drug-specific and patient factors to consider when selecting antihyperglycemic treatment in adults with type 2 diabetes

Weight CV effects Fiena| effects
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ABCVD HF Progression of DKD Desingfuse considerations”
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ASOVD, atherosclenotic cardiovascular disesse; OV, cardiowascular, CVOT, cardiovascular outcomes trial, DPP-4, dipeptidyl peptidase 4; DKA, dizbetic ketoacidosis; DED, diabetic kidney disesse; eGFR, etimated glomerular
filtration rate; G|, gastrointesting; GLP-1 RAs, glucagon-like peptide 1 receptor agonists HF, heart failure; NASH, nonalcoholic seatohepatitis 56072, sodium=glucose cotransporter 2; 50, suboutaneous; T2D, type 2 dizbe-
tes. *For agent-spedific dosing recormmendations, please refer to the manufacturers’ precribing information. tFDA-approved for cardiovascular disease benefit. #FDA-approved for heart failure indication. 5FDA-approved
for chronic kidney disease indication.
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FIRST-LINE THERAPY depends on comorbidities, patient-centered treatment factors, including cost and access considerations, and

management needs and generally includes metformin and comprehensive ifestyle modification®

PHARMACOLOGIC TREATMENT OF HYPERGLYCEMIA IN ADULTS WITH TYPE 2 DIABETES
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Figure 9.3 —Pharmacologic treatment of hyperghycemia in adults with type 2 diabetes. 2022 ADA Professional Practice Committee (PPC) adaptation of Davies et al. (43) and Buse et al. (44). For appropri-
ate context, see Fig. 4.1. The 2022 ADA PPC adaptation emphasizes incorporation of therapy rather than sequential add-on, which may reguire adjustment of current therapies. Therapeutic regimen
should be tailored to comorbidities, patient-centered reatment factors, and management needs. ASCVD, atherosclercotic cardiovascular disease; CKD, chronic kidney disease; CVD, cardiovascular dis-
ease; CWOT, cardiovascular outcomes trials; DPP-4i, dipeptidyl peptidase 4 inhibitor; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagondike peptide 1 receptor agonist; HF, heart failure;
SGLT2i, sodium—glucose cotransporter 2 inhibitor; SU, sulfomylurea; T2D, type 2 diabetes; TZD, thiazolidined ione.
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Intensifying to injectable therapies (1 of 2)
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PHARMACOLOGIC APPROACHES TO GLYCEMIC TREATMENT

IntenS|fy|ng to Injectable therapies (2 of 2)
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Figure 9.4 —I|ntensfying 1o injectable therapies in type 2 diabetes. DSMES, disbetes solf-management education and suppart; FPG, fasting plasma

glucose; GLP-1 A, glucagon-like peptide 1 receptor agonist; max, maximum; PFPG, postpra ndial glocose. Adapted from Davies o al. (43]).
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Table 93—Median monthly [(30-day) AWP and NADAC of maxirmum approved dally dose of noninsulin glucose-lowering

agents in the WS
Dosage strength) W edian AW P Median NADAC Maximum approved
Cass Compaund(s) product [if applicabiz) {miin, max)t {miin, max)t daily dase®
Biguanides » Matfarmin 850 mg (IR) 5108 (%5, $109) %3 2,550 mg
1,000 g (IR S87 (45, 588) 52 2000 mg
1,000 mg (ER) 5242 (5242 57.214) £102 (5102, $430) 20000 g
Sulanylureas |2nd & Glimapicide 4 mg 74 (571, $194) %3 8 mg
generation| = Gipisde 10 mg (IR) %63 (567, S70) 53 40 mg
10 mg [¥L/ER) %48 12 20 mg
» Gyburide & mg (micronized) 452 (548, 571) 11 12 mg
5 mg 582 (563, 593 12 20mg
Thizzolidinediones = Pigglitazons 45 mg %348 (57, $34) 55 45 mg
» Rosg litamne 4 g NS A 324 B mg
a-Glumsidase » Acarbase 1 g 5106 (5104, 51046 L26 300 mg
inhibitors = Mighital 100 mg 4284 (5241, 5346) M 300 mg
P gt richs » Natagiinida 120 mg 4155 428 360 mg
{igfinides ] » Rapaglinida 2 mg SH7R (558, $897) 34 16 mg
DPP-4. inhils tors » Alogliptin 25 mg £134 £166 25 mg
» Sacaglhiptin 5 img 45439 £438 5 mg
» Linagliptin 5 mg 4583 4466 5 mg
» Sitagliptin 1M mg 45096 477 100 mg
SGIT2 inhibitors » Ertugliflazin 15 mg 4372 £297 15 mg
» Dapaghflazin 10 mg 4639 511 10 mg
# Canagliflazin 300 mg 4652 4521 300 mg
» Empaghiflasn 25 mg 4658 4526 25 mg
GLP-1 R = Exenatide 2 mg powder for S509 5727 2 mg**
(extended redesse) SUspEngion o pen
» Exenatide 10 pg pen 4933 746 20 g
» Dulaghitide 45 mg mL pen 41013 4811 45 mg**
» Sermagl utide 1 mg pen £1,0232 4822 1 mg**
14 mg (tablet) $1,022 4319 14 mg
» Liraghtide 18 mg pen 51,220 875 18 mg
w Linise natide A pg pen sa14 B, 20 pg
Bile acid » Calmevalam 625 mpg tabs 710 (5674, 5713 £75 375 g
sequestrant 3.75 g suspension 674 £222 175g
Dopamine-2 agonist  « Bromocriptine 08 mg 41,036 LH33 48 mg
Barrlin mi metic » Pramiintide 130 pg pen 43702 M, 120 g finj ectiontt

MNP, average whalesale price; DPP-4, dipeptidyl peptidase 4; ER and XL, edended relesse; GLP-1 RA, gloagondike peptide 1 receptor ago-
nist; IR, immediste release; max, maximum; min, minimom; N, data not svailable; NADAL National Average Drug Acquistion Cast; SELT2,
sodivm-glumse cotransparier 2 TCalculsted for 30-day supply (AW P [70] or NADAC [F1] unit price = number of doses requined bo provide
maimum approved daily doste » 30 days); median AWP or MADAC fsted alone when only one product andfor price. *LRilied to calculste
median AWP and NADAC |min max); genedc prices used, if availabie commencially, *"Administered once wesidy, TTAWP and NADAC caleu-
lated based an 12X pg three times daily.

Median monthly cost of
maximum approved
daily dose of noninsulin
glucose-lowering
agents in the U.S.
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Table 9.4—Median cost of insulin products in the U5 calculated as AWP (70) and HADAC (71) per 1,000 units of spedfied

dosage form/product
Median AW P Merdian
| rulins Compaunds Dasage Tﬂ-l'n'l.l"pmd.lﬂ {min, max}® HADAC®
Pa il -acting » Lispro follow-on praduct U100 wial £157 %125
U-100 prefilled pen 4202 §161
» Lispra U-100 wisl $1651 £132+
U-100 cartridge £a08 4325
U100 prefilled pen st $170t
U-200 prefilled pen 4424 4339
w Lispro-a abe U100 wial £330 WA
U-100 prefilled pen s424 M
U-200 prefilled pen 4434 MY
» Glulsine U100 wial 4341 5272
U-100 prefilled pen 439 352
= Aspart U100 wial L1741 4139t
U-100 cartridge AM5 5172
U-100 prefilled pen st £179+
= Aspart |Taster acting produd”) L-100 visl £347 “278
U-100 cartridge $430 M
U-100 prefilled pen $447 4356
» |nhaled insufin | rihea Lation: caniridg e $1.325 L6096
Shari-acting » human regular U100 vial 5165t 51321t
U-100 prefilled pen s208 5167
Intermediate-acting = human NFH U100 wial 41651t 4132+
U100 prefilled pen s208 5167
Concentraied human » U-500 human regular insulin U-S00 wial 5178 4143
reguiar inzulin U-500 prefilled pen $730 4184
Lang-acting » Glargine follow-on products U100 prefilled pen “118 L06
U100 visl 5140 (118, 261) 555
» Glargine U-100 vial; U-100 prefilled pen 4340 277
U300 prefilled pen 5340 5272
w Dhatesmir U-100 wial; U-200 prefilled pen s370 5296
 Deghdec U100 vial; U-100 prefilled pen; U-200 5407 5315
prefilled pen
Premixed insulin » MPH fregular 30/30 U-100 vial L1651 L1+t
praducts U-100 prefilled pen s208 5167
» Lispre SIYS0 U100 wisl 4342 274
U-100 prefilled pen 4424 4338
» Lispro 7525 U100 vial 5152 5273
U-100 prefilled pen $212 $170
» Aspart MyED U100 wisl S180 5144
U-100 prefilled pen s14 179
Premixed insulin/GLP-1 » Glargine Lixisnatide 10038 g prefilled pen L6149 495
R products » DeghudecLir aghutide 10036 g prefilled pen 5917 732

MNP, average wholbsale price; GLR-1 RA, glucagon-lie pepiide 1 recepbor agonist; NS, not svailable; NADAC, Mational Average Drug Aopuisition Cost
*AWP or NADAC calculated &5 in Table 9.3, TGeneric prics used when available TTAWP and NADAL data prefented do not indhede vials of

regular human insulin and NPH available at Walmart for approximately $25/vial; median listed alone when anly one product andfor price

Median cost of insulin
products in the U.S.
calculated as AWP and
NADAC per 1,000 units
of specified dosage
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CARDIOVASCULAR DISEASE AND RISK MANAGEMENT

Screening and Diagnhosis

10.1 Blood pressure should be measured at every routine clinical visit.
When possible, patients found to have elevated blood pressure ($140/90

mmHQ) should have blood pressure confirmed using multiple readings,
Including measurements on a separate day, to diagnose hypertension. A
Patients with blood pressure $180/110 mmHg and cardiovascular

disease could be diagnosed with hypertension at a single visit. E

10.2 All hypertensive patients with diabetes should monitor their blood
pressure at home. A



CARDIOVASCULAR DISEASE AND RISK MANAGEMENT

REDUCTION IN DIABETES COMPLICATIONS

208 B0 B Bos

Glycemis Blood Pressure Lipied Agenits with
Management Management Management Cardiovascular
and Kidney
Benefit*

JoUTT JUUT[ [UUY[ JOUL[

QIJ ’JJLFEST\'LE WI;IFI'JA'I'I[I;I AND DIABETES EDUCATION O

Figure 10.1—Multifactorial approach to reduction in risk of diabetes complications. *Risk reduc-
tion interventions to be applied as individually appropriate.

Cardiovascular Disease and Risk Management:
Standards of Medical Care in Diabetes - 2022. Diabetes Care 2022;45(Suppl. 1):S144-S174



CARDIOVASCULAR DISEASE AND RISK MANAGEMENT

Treatment Goals

10.3 For patients with diabetes and hypertension, blood pressure targets

should be individualized through a shared decision-making process that

addresses cardiovascular risk, potential adverse effects of antihypertensive
medications, and patient preferences. B

10.4 For individuals with diabetes and hypertension at higher cardiovascular
risk  (existing atherosclerotic cardiovascular disease [ASCVD] or 10-year
ASCVD risk $15%), a blood pressure target of <130/80 mmHg may be
appropriate, if it can be safely attained. B

10.5 For individuals with diabetes and hypertension at lower risk for
cardiovascular disease (10- year atherosclerotic cardiovascular
disease risk <15%), treat to a blood pressure target of <140/90 mmHg. A



CARDIOVASCULAR DISEASE AND RISK MANAGEMENT

Treatment Goals (continued)

10.6 In pregnant patients with diabetes and preexisting hypertension, a
blood pressure target of 110-135/85 mmHg is suggested in the interest of
reducing the risk for accelerated maternal hypertension A and

minimizing impaired fetal growth. E



