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A 63-year-old male with longstanding history of DM type 2 now
complicated by retinopathy, alouminuria (>300 mg/d) and
neuropathy. PMHXx also notable for CAD, OSA, MASH, class I
obesity

Current diabetes regimen:
Metformin 1000 mg BID
Glimepiride 4 mg daily
Glargine 40 units daily

HbAlc is 8.5%



Which of the following treatments would you
add to diabetes regimen?

A. GLP1-receptor agonist

B. SGLT2-inhibitor

C. DPP4-inhibitor

D. TZD

E. Rapid acting insulin with largest meal
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Multiple Complex Pathophysiological
Abnormalities in T2DM
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Major Pathophysiologically-Based
Therapies for T2DM
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Glucose Lowering Drugs Classes

M / Degludec, Glargine, Detemir, NPH,

Regular, Lispro, Aspart, Glulisine

o Glyburide, Glipizide, Glimepiride

Metformin Metformin

TZD’s % Pioglitazone

DPP-4i’s Sitagliptin, Saxagliptin, Alogliptin,

] Linagliptin

1 0.7- % d GLP-1: Exenatide, Liraglutide,
Dulaglutide, Semaglutide

.2l GLP-1/GIP dRA: Tirzepatide

Canagliflozin, Dapagliflozin,

Empagliflozin

No
limit

1-1.5%

1-1.5%

1-1.5%

0.5-1%

1-1.5%

0.5-1%

Hypoglycemia, weight
gain, Injections

Hypoglycemia, weight
gain

Gl, B-12 deficiency,
lactic acidosis

CHF, Weight gain,
edema, bone xX’s,
?bladder ca

Urticaria, arthralgias
(rare) pancreatitis

Gl, gallbladder,
?pancreatitis

GU infections, Polyuria,
euDKA, ?fractures




Putting it all Together for the Individual

“I want to help to
protect your
organs from

diabetes related
problems”

Consider local
healthcare
setting and
Shared decision resources
making

Language matters

Complication
surveillance
and
screening

Monitoring and
ongoing review

)

Diabetes structured

Reducing risk of

education and support GOALS OF CARE hypoglycaemia
« Prevent complications
« Optimise quality of life

Psychosocial
factors

Social

determinants

Effective practice and

Consider
underlying

of health therapeutic physiology

“I want to help
you to control
your blood sugar
and your weight”

PRINCIPLES OF CARE

1= American Diabetes Association Professional
Practice Committee. 10. Cardiovascular Disease
and Risk Management: Standards of Medical
Care in Diabetes-2022, Diabetes Care. 2022 Jan
1:65(Suppl 1):5144-74,

ACEi, Angiotensin-Converting Enzyme Inhibitor;
ARB, Angiotensin Receplor Blockers; ASCVD,
Atherosclerotic Cardiovascular Disease; BP,
Blood Pressure; CKD, Chronic Kidney Disease;
CV, Cardiovascular; e6FR, Estimated Glomerular
Filtration Rate: GLP-1 RA, Glucagon-Like
Peptide-1 Receptor Agonist; HF, Heart Failure;
SGLTZi, Sodium-Glucose Colransporter-2
Inhibitor; T2D. Type 2 Diabeles.

Davies MJ et al Diabetes Care 2022 Diabetologia 2022.



Use of Glucose-Lowering Medications in the Management of Type 2 Diabetes

HEALTHY LIFESTYLE BEHAVIORS; DIABETES SELF-MANAGEMENT
EDUCATION AND SUPPORT; SOCIAL DETERMINANTS OF HEALTH

To avoid
therapeutic
inertia, reassess

and i

treatment
regularly

Goal: Cardiovascular and Kidney Risk Reduction in
High-Risk Individuals with Type 2 Diabetes*

+ASCVD!

+Indicators of
high CVD risk

‘

‘

+ASCVD/indicators of high CVD risk®

GLP-1RA*
with proven
CVD benefit

)

\ SGLT2# with

( benefit

proven CVD

(3-6 months)

Goal: Achievement and Maintenance
of Weight and Glycemic Goals

r o R o

+Achievement and maintenance
of glycemic goals

~

‘

+HF +CKD
Current or prior eGFR <60 mL/min/1.73 m? OR
symptoms of HF albuminuria (ACR 23.0 mg/mmol
with documented [30 mg/g]). Repeat measurement
HFrEF or HFpEF is required to confirm CKD
SGLT2i* +CKD (on maximally tolerated
with proven HF benefit dose of ACEi or ARB)

in this population

If A1CIis above goal

h 4

h 4

« Pioglitazone®

« Forindividuals on a GLP-1 RA, consider adding
SGLT2i with proven CVD benefit or vice versa

SGLT2i* with primary evidence
of reducing CKD progression

« SGLT2i can be started with
eGFR 220 mL/min/1.73 m?

« Continue until initiation of
dialysis or transplantation

« Glucose-lowering efficacy is reduced
with eGFR <45 mL/min/1.73 m?

N—— —_—
e R

GLP-1 RA* with proven CKD benefit

If A1C is above goal, for individuals
on SGLT2i, consider incorporating
a GLP-1RA or vice versa

ADA Standards of Care in Diabetes - 2025 Diabetes Care 2025;48(Suppl. 1):S181-S206

Very high:
Semaglutide,

( 4 a
Efficacy Metformin or other agent (including
for weight combination therapy) that provides
loss adequate EFFICACY to achieve and

maintain glycemic treatment goals

Prioritize avoidance of hypoglycemia
in high-risk individuals

|

GLP-1RA (not
listed above),
SGLT2i

Neutral:

Metformin,
DPP-4i

Efficacy for glucose lowering

Very high:

Dulaglutide (high dose), semaglutide,
tirzepatide, insulin

Combination oral, combination

injectable (GLP-1RA and insulin)

High:

GLP-1RA (not listed above), metformin,
pioglitazone, SGLT2i, sulfonylurea
Intermediate:

DPP-4i
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If A1CIis above goal

h 4

h 4

« Pioglitazone®

« Forindividuals on a GLP-1 RA, consider adding
SGLT2i with proven CVD benefit or vice versa

Pharmacologic Approaches to Glycemic Treatment: ADA Standards of Care in Diabetes - 2025 Diabetes Care 2025;48(Suppl. 1):S181-S206

SGLT2i#* with primary evidence
of reducing CKD progression
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(3-6 months)

Goal: Achievement and Maintenance

of Weight and Glycemic Goals

A

Very high:
Semaglutide,
tirzepatide

Intermediate:

GLP-1RA (not

listed above),
SGLT2i

Neutral:

Metformin,
DPP-4i

-
I\
+Weight +Achievement and maintenance
management of glycemic goals
. » -
b al
Efficacy Metformin or other agent (including
for weight combination therapy) that provides
loss adequate EFFICACY to achieve and
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Prioritize avoidance of hypoglycemia
in high-risk individuals

|
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Combination oral, combination

injectable (GLP-1RA and insulin)

High:

GLP-1RA (not listed above), metformin,
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Intermediate:

DPP-4i




A 55-year-old female with longstanding DM type 2 and no
known diabetes-related complications

Current diabetes regimen:
metformin 1000 mg BID
glipizide 10 mg BID
dulaglutide 4.5 mg weekly

SMBG are consistently 180 —220 mg/dL fasting and post-
prandial levels 230 — 300 mg/dL

HbAlc is 10.2% and amenable to insulin
Weight is 220 Ibs (100 kg)



Which of the following regimens would you
recommend?
A. Start glargine 10 units/day (0.1 unit/kg) and increase by

2-3 units every 3 days to reach FPG target

B. Start glargine 25 units/day (0.25 units/kg) and increase
by 2-3 units every 3 days to reach FPG target

C. Start glargine 10 units/day + prandial insulin 4 units
before largest meal of the day

D. Start glargine 10 units/day + prandial insulin 4 units
before every meal
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Initiating insulin

Add basal insulin

Initial dose 10 units or 0.1-0.2 units/kg

Taper Titrate based on self-monitored fasting plasma glucose*

off SU
in most If above HbAlc goal
cases : : : :

0 Add mealtime insulin at main meal of the day

rr?sdku g? Start with 4 units or 10% of basal dose

hypo Titrate based on self-monitored post-prandial glucose

If above HbAlc goal

v

Add mealtime insulin at other meals

If using pre-mixed insulin, dose up to twice daily



A 40-year-old woman presenting for annual exam.

She feels well and is without complaints. On exam, her
pulse Is 84 and regular. She appears euthyroid without lid
lag or exophthalmos. On neck exam, she has a smooth,
mobile, rubbery nodule measuring ~2.5 cm. There Is no

lymphadenopathy, stridor, or other worrisome signs or
symptoms.



What would be your best next step?

A. Order a thyroid ultrasound
B. Order a TSH level
C. Order a thyroid ultrasound and TSH level

D. Send immediately to the Thyroid Clinic for a fine needle
aspiration of the nodule




What would be your best next step?

A. Order a thyroid ultrasound
B. Order a TSH level
C. Order athyroid ultrasound and TSH level

D. Send immediately for a fine needle aspiration (FNA) of
the nodule




Measure TSH

TSH
High Normal Low
Primary Euthyroid Free T4
hypothyroidism uthyrol
Normal Low
Free T4
Subclinical Secondary
thyrotoxicosis hypothyroidism
Low Normal or
euthyroid
0 subclinical/mild Pituitary
vert ubclinical/mi evaluation

hypothyroidism hypothyroidism




Thyroid Ultrasound: Radiologic Features

High
Suspicion Ko
>70-90% . e o .
microcalcifications ypoe : hypoechoic mmgmm&., Interruptad e calcification

hypoecholc nodule : | papt e AR ot with soft i extrusion  Msuspicious left lateraltym'phnog‘,‘
egular margin :

Intermediate
Suspicion
10-20%

Low
Suspicion
5-10%

Very low
Suspicion
<3%

——

artially cystlcmmous

eatures

Benign
<1%

— —~—
st

ATA Management Guidelines for Adult Patients with Thyroid Nodules and Differentiated Thyroid Cancer:. Thyroid. 2016 Jan;26(1):1-133. 39132.



Thyroid Nodules: ATA FNA Criteria

Suspected Thyroid Nodule
TSH Normal or Elevated (R2C)

No nodule or
nodule not meeting

Thyroid/Neck FNA size cutoff
Sonography (Ré, 21)

High Intermediate Sie Very Low
ek 2d Low Suspicion s

Suspicion Suspicion Pattarn Suspicion

Pattern Pattern Pattern

Benign
Pattern

FNA
not required
(R8E, 8F, 23)

* > 1.0 cm: nodules with suspicious features
* > 1.5 cm: isoechoic and hyperechoic nodules
« > 2.0 cm: spongiform nodules

ATA Management Guidelines for Adult Patients with Thyroid Nodules and Differentiated Thyroid Cancer:. Thyroid. 2016 Jan;26(1):1-133. 39132.



ACR Thyroid Imaging Reporting and Data System
(TI-RADS)

COMPOSITION ECHOGENICITY SHAPE MARGIN ECHOGENIC FOCI
(Choose 1) (Choose 1) (Choose 1) (Choose 1) (Choose All That Apply)
Cystic or almost 0 paints Anechoic 0 points Wider-than-tall 0 points Smooth 0 points None or large 0 points
completely cystic Hyperechoic or 1 point Taller-than-wide 3 points |Il-defined 0 points comettail artfacts
Spongiform 0 points isoechoic Lobulated or 2 points Macrocalcifications 1 point
Mixed cystic 1 point Hypoechoic 2 points irregular Peripheral (rim) 2 points
d solid Icificati

and sot _ Very hypoechoic 3 points Extra-thyroidal 3 points calalications _
Solid or almost 2 points extension Punctate echogenic 3 points
completely solid foci

[ Add Points From All Categories to Determine TI-RADS Level }

( 0 Points ) ( 2 Points ) C 3 Points ) ( 4 to 6 Points ) ( 7 Points or More )
v v v

h 4 v
TR1 TR2 TR3 TR4 TR5
Benign Not Suspicious Mildly Suspicious Moderately Suspicious Highly Suspicious
No FNA No FNA FNAif>25cm FNAif=15cm FNAIf > 1cm
Follow if = 1.5 cm ) Follow if = 1 cm Follow if > 0.5 cm*




Thyroid Nodules: TI-RADS FNA Thresholds

* TI-RADS 1 or 2: Not required
* TI-RADS 3: > 2.5 cm
* TI-RADS 4: > 1.5cm
* TI-RADS 5: > 1.0 cm

* Previously biopsied benign thyroid nodules that have
enlarged do not need to be re-sampled*

Tessler FN et al. 2018 Apr;287(1):29-36.




30-year-old woman (G1P1) presents with excess fatigue and
Inability to breastfeed 2 weeks after a difficult labor and delivery.
Her traumatic delivery resulted in extensive blood loss and

hypotension, requiring pressors and transfusion of 2 units PRBCs.

Meds: prenatal MVI with extra iron

On exam, she appears pale and weak, BP 90/60; visual fields and
cranial nerve exams are normal; no galactorrhea with nipple
pressure, bilaterally.

« Labs reveal: Na 130 mEqg/L, K 3.6, TSH 0.1, free T4 0.8 (0.8 —
1.6), prolactin < assay, AM cortisol 1.8 ug/dL

27



What is the most likely etiology of her
adrenal insufficiency?

A. Primary adrenal insufficiency (adrenal)
B. Secondary adrenal insufficiency (pituitary)
C. Tertiary adrenal insufficiency (hypothalamus)



What is the most likely etiology of her adrenal
insufficiency?

A. Primary adrenal insufficiency (adrenal)
B. Secondary adrenal insufficiency (pituitary)
C. Tertiary adrenal insufficiency (hypothalamus)



Adrenal Insufficiency Categories

PRIMARY SECONDARY TERTIARY
Hypothalamus

A CRH W CRH

MNACTH ACTH

¥

Decreased cortisol

A
! [

Decreased cortisol Decreased cortisol



Causes of Secondary Adrenal Insufficiency

« Pituitary Causes
— Pituitary mass (adenoma or metastatic lesion)
— Pituitary infiltration (iron, granulomatous, etc.)
— Pituitary infection
| — Pituitary infarction/hemorrhage |
— Pituitary trauma (e.g. MVA)
 Medications
— Glucocorticoids
— Opioids

The Pituitary Gland




Secondary Adrenal Insufficiency Due to Postpartum
Pituitary Necrosis (Sheehan’s Syndrome)

« Hemorrhagic shock during delivery or postpartum causes arterial spasm in
the blood supply to the enlarged anterior pituitary - acute infarction and
necrosis of the anterior pituitary (Sheehan’s Syndrome).

 Loss of anterior pituitary hormones (TSH, LH, FSH, GH, prolactin, and
ACTH) - classic symptoms of fatigue, weakness, dizziness, hypotension,
amenorrhea, inability to lactate

 Mineralocorticoids remain intact so less likely to present with “crisis”, salt
craving, etc. but “crisis” may occuir.

32



Clinical Suspicion for Adrenal Insufficiency

v

Evaluate early morning (~8 AM) cortisol, ACTH, DHEAS

Cortisol < 5 mcg/dL

ACTH Elevated

DHEAS low or low-end
of reference range

A 4

ACTH low or within the
reference range

DHEAS low or low-end
of reference range

PRIMARY ADRENAL
INSUFFICIENCY

A 4

Cortisol 5-10 mcg/dL

ACTH low or within the
reference range

DHEAS low or low-end
of reference range

ACTH within the mid-
to high-reference range

DHEAS within the mid-
to high-reference range

|

l

Clinical
Judgment

A 4

Cortisol > 10 mcg/dL

A 4

ACTH and DHEAS
within reference range

A 4

VERY LOW PROBABILITY OF CLINICALLY

RELEVANT ADRENAL INSUFFICIENCY

Jf;’;’,’;jzﬁn Repeat early morning (~7-8 AM)
cortisol, ACTH, DHEAS
= OR
SECONDARY ADRENAL , ,
INSUEEICIENCY ACTH stimulation test

or < ——

Repeat cortisol<5 mcg/dL  Repeat cortisol>10 mcg/dL

d or or

Vaidya et al. JAMA 2025




/3-year-old male undergoing evaluation for hematuria is found
to have 1.6 cm right adrenal adenoma (10 HU).

PMHX is notable for DM type 2, HTN, hyperlipidemia,
atrial fibrillation, CVA

Medications: metformin 1000 mg dalily, dulaglutide 1.5 mg weekly,
atorvastatin 40 mg daily, apixaban 5 mg BID, HCTZ 25 mg dalily,
atenolol 50 mg daily, potassium chloride 20 mEq daily

34



What is the next best step in evaluation?

A. Plasma renin and aldosterone

B. Plasma metanephrines

C. Dexamethasone suppression testing
D. all of the above



What is the next best step in evaluation?

A. Plasma renin and aldosterone

B. Plasma metanephrines

C. Dexamethasone suppression testing
D. all of the above



Approach to the Incidentally Discovered Adrenal Mass

Incidentally Discovered Adrenal Mass

Evaluate for Clinical Signs and Symptoms of Adrenal Hormone Excess

Biochemical Assessments & Evaluation of Radiographic Characteristics

N Nonfunctional, or ——.
Biochemical Evaluation [ mmmn s ———— Radlographlc Characteristics
without a clinical syndrome
Overt Hormone Excess — Benign Appearing
y Suspicious :
Confirmation of Overt >20 HU, contrast avid, heterogeneous, 24-6cm <R, <:gm6n22;c;cl)]nstrast avid,
Hormone Excess with Clinical _ _ '
Syndrome e .
immunesuppression? No evidencel/indication to support
Unilateral longitudinal radiographic surveillance
Suspicious Unilateral Concern for
Mass Consider confirmation on metastases or
alternative imaging such as CT infecti s . .
T iy e g [nfection If initially “nonfunctional”:

No indication to lab repeat testing unless new or
rapid comorbidities suspicious for hormone

Uncertainty?
excess

Repeat Assessments in 3-6 mos : : :
g AL Taiar If autonomous cortisol secretion without
clinical syndrome:

*Suspicious radiographic features Ambiguous results or
*New or worsening hormonal excess indecision regarding * Individualized consideration for surgery based
surgery on comorbidities and other factors.
 Consider longitudinal clinical/biochemical
surveillance

Vaidya et al. Endocrine Practice 2019



35-year-old pharmacist is brought to the ED following a seizure
at work. He has no history of IFG/IGT and is not taking any
medications.

* At time of EMS arrival glucose < 50 mg/dL and improved with
dextrose.

« He is admitted and while in the hospital, becomes
unresponsive with repeat FS <50 mg/dL

* Biochemical evaluation at the time of low FS and prior to
dextrose confirms glucose 32 mg/dL, insulin 15 plU/mL,

c-peptide 4.2 ng/mL, hypoglycemia panel screen: negative.



Which of the following is the most likely
diagnosis?

A. Insulinoma

B. Surreptitious use of exogenous insulin
C. Sulfonylurea ingestion

D. Metformin overdose

E. Adrenal insufficiency



Which of the following is the most likely
diagnosis?
A. Insulinoma
B. Surreptitious use of exogenous insulin
C. Sulfonylurea ingestion

D. Metformin overdose
E. Adrenal insufficiency



Evaluation of Hypoglycemia

Confirm consistent with Whipple's triad and assess the following:
when patient iIs symptomatic and the glucose is LOW:

v Glucose

v'Insulin

v'Pro-insulin

v C-peptide

v'Serum ketones

v'Hypoglycemia panel screen (sulfonylurea and meglitinide)
v'Cortisol/ACTH



Note: biochemical evaluation to be completed when BG LOW and PRIOR to treatment

TABLE 3. Patterns of findings during fasting or after a mixed meal in normal individuals with no symptoms or signs despite relatively low plasma glucose concentrations (i.e.
Whipple's triad not documented) and in individuals with hyperinsulinemic (or IGF-mediated) hypoglycemia or hypoglycemia caused by other mechanisms

Symptoms, Glucose increase Circulating oral

signs, or Glucose Insulin C-peptide Proinsulin B-Hydroxybutyrate after glucagon hypoglycemic Antibody to Diagnostic
both (mg/dl) (nU/ml) (nmol/liter) (pmol/liter) (mmol/liter) (mg/dl) agent insulin interpretation
No <55 <3 <0.2 <5 >2.7 <25 No No Normal
Yes <55 =3 <0.2 <5 =27 =25 No Neg (Pos) Exogenous insulin
Yes <55 =3 =0.2 =5 =27 =25 No Neg Insulinoma, NIPHS, PGBH
Yes <55 =3 =0.2 =5 =27 >25 Yes Neg Oral hypoglycemic agent
Yes <55 >3 >>0.2° >57 =2.7 >25 No Pos Insulin autoimmune
Yes <55 <3 <0.2 <5 =27 >25 No Neg IGF?
Yes <55 <3 <0.2 <5 >2.7 <25 No Neg Not insulin (or IGF)-mediated

Neg, Negative; Pos, positive; PGBH, post gastric bypass hypoglycemia.
“ Free C-peptide and proinsulin concentrations are low.
b Increased pro-IGF-II, free IGF-II, IGF-IIAGF-I ratio.

Cryer PE et al. Endocrine Society. Evaluation and management of adult hypoglycemic disorders: an Endocrine Society Clinical Practice Guideline. J Clin Endocrinol Metab. 2009 Mar;94(3):709-28.



When Glucose is Low (<55 mg/dL)....

 INSULIN HIGH
— C-peptide high
* Hypoglycemia panel negative-> insulinoma
* Hypoglycemia panel positive> drug effect (SU/MEG)
— C-peptide low=> surreptitious insulin use

 INSULIN LOW

— Liver, heart, or kidney failure; sepsis, ETOH, Cortisol or GH
deficiency, nonpancreatic tumors, inborn errors of metabolism
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