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Abstract 
Endocrine disorder management involves correcting hormonal 
excesses or deficiencies to restore physiologic balance, with 
algorithms guided by laboratory thresholds and clinical targets. The 
algorithm for Type 1 Diabetes Mellitus is based on basal-bolus insulin 
replacement, with dosing calculated from carbohydrate intake and 
corrected for hyperglycemia. The Type 2 Diabetes algorithm is a 
stepwise, patient-centered approach beginning with lifestyle 
modification and metformin. Subsequent therapy is stratified by 
high-risk comorbidities, such as ASCVD, HF, or CKD, which 
prioritize SGLT2 inhibitors or GLP-1 receptor agonists. Thyroid 
disorder algorithms are distinct: hypothyroidism is managed with 
weight-based levothyroxine replacement, titrating the dose to a target 
TSH. Hyperthyroidism management is bifurcated by etiology, with 
Graves' disease treated via a three-pronged algorithm (beta-blockers 
for symptoms, anti-thyroid drugs, or definitive ablation/surgery), 
while nodular disease often requires ablation. Adrenal disorder 
algorithms are also specific: Addison's disease (insufficiency) 
requires lifelong glucocorticoid and mineralocorticoid replacement, 
whereas Cushing's syndrome (excess) requires a surgical algorithm 
to resect the causative tumor. The algorithm for Metabolic Syndrome 
is a multi-faceted approach focused on aggressive risk factor 
reduction, including weight loss and management of dyslipidemia 
and hypertension. 

Keywords: Endocrine Algorithms, Diabetes Mellitus, Thyroid Disorders, 
Adrenal Disorders, Metabolic Syndrome, Glycemic Control 
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Learning Objectives 

After completion of the chapter, the learners should be able to: 

• List the diagnostic criteria for Diabetes Mellitus and Metabolic 
Syndrome. 

• Explain the therapeutic algorithm for managing Diabetic 
Ketoacidosis (DKA), including fluid, insulin, and electrolyte 
management. 

• Develop a treatment plan for a patient with new-onset Type 2 
Diabetes, selecting agents based on comorbidities (e.g., CKD, 
ASCVD). 

• Compare and contrast the treatment algorithms for 
hyperthyroidism (Graves' disease) versus hypothyroidism 
(Hashimoto's thyroiditis). 

• Prioritize the components of the management algorithm for a 
patient in adrenal crisis (Addisonian crisis). 

DIABETES MELLITUS 

iabetes Mellitus (DM) is a group of metabolic 
disorders characterized by hyperglycemia resulting 
from defects in insulin secretion, insulin action, or 

both. Treatment algorithms differ fundamentally between Type 
1 and Type 2 diabetes. 

Pathophysiology 

Diabetes Mellitus (DM) is characterized by hyperglycemia 
resulting from defects in insulin secretion, insulin action, or 
both. 

Type 1 Diabetes (T1DM) 

This is an autoimmune disease. The pathophysiology involves a 
T-cell-mediated destruction of the pancreatic beta cells, leading 
to absolute insulin deficiency. This autoimmune attack is 
triggered by a combination of genetic susceptibility (e.g., HLA-
DR3/DR4) and environmental factors. Without insulin, glucose 
cannot enter peripheral tissues (muscle, fat), and the liver, 
unopposed by insulin, engages in rampant gluconeogenesis and 
glycogenolysis, releasing more glucose. Furthermore, the lack of 
insulin disinhibits hormone-sensitive lipase, leading to massive 
lipolysis. This releases free fatty acids, which are converted by 
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the liver into ketone bodies, resulting in diabetic ketoacidosis 
(DKA). 

Type 2 Diabetes (T2DM) 

This is a progressive disorder that begins with insulin resistance. 
Peripheral tissues, particularly muscle, fat, and liver, fail to 
respond appropriately to normal levels of insulin. The pancreas 
compensates by producing more insulin (hyperinsulinemia) to 
maintain euglycemia. Over years to decades, this high demand 
exhausts the pancreatic beta cells, which begin to fail. This leads 
to a state of relative insulin deficiency, and hyperglycemia 
ensues. The pathophysiology is strongly linked to central 
obesity, which promotes a chronic, low-grade inflammatory 
state and ectopic fat deposition that directly impairs insulin 
signaling. 

Diagnosis and Classification 

Diagnosis is established by meeting one of several criteria: a 
fasting plasma glucose ≥ 126 mg/dL, a 2-hour plasma glucose ≥ 
200 mg/dL during an oral glucose tolerance test (OGTT), a 
hemoglobin A1c (HbA1c) ≥ 6.5%, or random plasma glucose ≥ 
200 mg/dL in a patient with classic symptoms of hyperglycemia. 

Type 1 DM (T1DM) 

Results from autoimmune beta-cell destruction, leading to 
absolute insulin deficiency. It is confirmed by positive 
autoantibodies (e.g., anti-GAD). 

Type 2 DM (T2DM) 

Results from a progressive loss of beta-cell insulin secretion, 
frequently on the background of insulin resistance. 

Differential Diagnosis 

The differential for hyperglycemia includes stress-induced 
hyperglycemia (in hospitalized patients), monogenic diabetes 
(MODY), latent autoimmune diabetes in adults (LADA, a slow-
progressing form of T1DM), and secondary causes such as 
pancreatitis or drug-induced diabetes (e.g., from glucocorticoids 
or atypical antipsychotics). 
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Treatment Algorithm 

Type 1 Diabetes Mellitus (T1DM) 

The algorithm for T1DM is one of total insulin replacement. The 
standard-of-care is a basal-bolus regimen, often delivered via 
multiple daily injections (MDI) or an insulin pump. 

• Basal Insulin: A long-acting (e.g., glargine, detemir, 
degludec) or intermediate-acting (NPH) insulin is used 
to provide a steady background level and suppress 
hepatic gluconeogenesis. 

• Bolus Insulin: A rapid-acting (e.g., lispro, aspart, 
glulisine) or short-acting (Regular) insulin is used to 
cover meals (prandial coverage) and correct high blood 
glucose readings. The algorithm for dosing is patient-
specific, based on an insulin-to-carbohydrate ratio 
(ICR) for meals and an insulin sensitivity factor (ISF) 
for corrections. Continuous glucose monitoring (CGM) 
is now a core part of the management algorithm to 
guide dosing and minimize hypoglycemia. 

Type 2 Diabetes Mellitus (T2DM) 

The T2DM algorithm is a stepwise, patient-centered approach 
based on glycemic targets (usually HbA1c < 7.0%) and, critically, 
cardiovascular and renal risk. 

• Step 1: The algorithm begins universally with 
comprehensive lifestyle modifications (diet, exercise, 
weight loss) and initiation of metformin, assuming no 
contraindications. 

• Step 2 (Risk-Based Stratification): If HbA1c remains 
above target, the choice of the second agent is based on 
comorbidities. 

o High-Risk ASCVD: The algorithm prioritizes 
a GLP-1 receptor agonist (GLP-1 RA) or an 
SGLT2 inhibitor, as these classes have proven 
cardiovascular outcome benefits. 

o Heart Failure (HF) or CKD: The algorithm 
mandates the use of an SGLT2 inhibitor due 
to proven benefits in reducing HF 
hospitalizations and slowing CKD 
progression. 
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• Step 3 (Glycemic-Based Stratification): In the absence 
of these high-risk conditions, the choice of a second 
agent is based on other factors: 

o High Hypoglycemia Risk: GLP-1 RAs, 
SGLT2 inhibitors, DPP-4 inhibitors, or 
thiazolidinediones (TZDs) are preferred. 
Sulfonylureas are avoided. 

o Need for Weight Loss: GLP-1 RAs or SGLT2 
inhibitors are strongly preferred. 

o Cost Concerns: Sulfonylureas or TZDs may 
be considered. 

• Step 4 (Intensification): The algorithm proceeds with 
the stepwise addition of agents from different classes. 
If glycemic targets are still not met, the final step is the 
initiation of insulin therapy, typically starting with 
basal insulin. 

Table 4.1: Pharmacological Algorithm for Type 2 Diabetes 

Step Patient Profile Recommended 
Therapy 

Step 1 (All) Newly 
Diagnosed 
T2DM 

Metformin + 
Comprehensive 
Lifestyle 
Modification 

Step 2 (ASCVD) Established 
ASCVD or High 
Risk 

Add GLP-1 RA or 
SGLT2i (with proven 
benefit) 

Step 2 (HF or 
CKD) 

Established HF 
or CKD 

Add SGLT2i (proven 
benefit). (GLP-1 RA if 
SGLT2i not tolerated) 

Step 2 (No 
Comorbidities) 

Need to 
minimize 
hypoglycemia. 

Add DPP-4i, GLP-1 
RA, SGLT2i, or TZD. 

Monitoring and Follow-Up 

Monitoring for both types of diabetes is centered on glycemic 
control and complication screening. The primary metric for 
long-term control is the Hemoglobin A1c (HbA1c), which 
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reflects average blood glucose over the prior 2-3 months and 
should be checked every 3-6 months. Daily self-monitoring of 
blood glucose (SMBG) is essential for T1DM and insulin-treated 
T2DM. For T2DM patients on oral agents, SMBG is used to guide 
lifestyle and medication adjustments. Continuous Glucose 
Monitors (CGMs) are increasingly becoming the standard of 
care, providing real-time data on glucose levels, trends, and 
"time-in-range." 
 

 
Figure 4.1: Diabetes Mellitus 
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Follow-up visits (every 3-6 months) must also include blood 
pressure checks and a foot exam (monofilament testing). Annual 
monitoring is critical for complications: a urine albumin-to-
creatinine ratio (UACR) for nephropathy, a comprehensive 
dilated eye exam for retinopathy, and a fasting lipid panel. 

Long-Term Management / Secondary Prevention 

The goal of long-term management is to prevent 
microvascular (retinopathy, nephropathy, neuropathy) and 
macrovascular (CAD, stroke, PVD) complications. 

• T1DM: Management is total insulin replacement, 
achieved via multiple daily injections (MDI) of a basal 
(long-acting) insulin and prandial (rapid-acting) 
insulin, or through a continuous subcutaneous insulin 
pump. Meticulous carbohydrate counting is required. 

• T2DM: Management follows a stepwise therapeutic 
pathway. The foundation is lifestyle modification (diet, 
exercise, weight loss). Metformin is the universal first-
line pharmacological agent. Subsequent therapy is 
individualized. For patients with established 
atherosclerotic cardiovascular disease (ASCVD) or 
heart failure, the algorithm dictates the use of an SGLT2 
inhibitor or a GLP-1 receptor agonist, as these classes 
have proven cardiovascular benefits independent of 
their glucose-lowering effects. For other patients, 
therapy is added stepwise to achieve the HbA1c goal, 
using classes like DPP-4 inhibitors, sulfonylureas, or 
insulin. 

• Interventions: Aggressive blood pressure control 
(target < 130/80 mmHg) and high-intensity statin 
therapy are as important as glycemic control for 
preventing macrovascular events. 

Patient Counseling Points 

1. "Sick Day" Rules: This is a critical safety point. Patients 
must be taught not to stop their insulin when they are 
sick and not eating. Illness increases stress hormones 
and hyperglycemia, so they often need more insulin. 
They should check their glucose more frequently and, 
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for T1DM, check for ketones. 
2. Hypoglycemia Recognition and Treatment: Counsel 

on the "15-15 Rule." If glucose is < 70 mg/dL, consume 
15 grams of fast-acting carbs (e.g., 4 oz juice, glucose 
tabs). Re-check in 15 minutes and repeat if still low. 
They must also recognize symptoms: shaking, 
sweating, anxiety (adrenergic) and confusion, slurred 
speech, seizure (neuroglycopenic). 

3. T2DM as a Progressive Disease: Explain that T2DM is 
a progressive disease of beta-cell failure. Needing to 
add more medications, or eventually start insulin, is not 
a personal failure but a reflection of the natural history 
of the disease. 

4. Foot Care: Teach patients to inspect their feet daily for 
any cuts, blisters, or redness. Counsel on proper 
footwear and against walking barefoot. 

5. Lifestyle: Emphasize that for T2DM, lifestyle changes 
are not just advice but a cornerstone of therapy, as 
effective as any medication. 

Common Pitfalls in Management 

In T1DM, a common pitfall is failing to adjust insulin ratios 
for changes in diet, activity, or illness, leading to poor control. In 
T2DM, the most significant pitfall is clinical inertia, the failure to 
intensify therapy (add a second or third agent) when a patient's 
HbA1c is persistently above target. Another critical error is the 
failure to use SGLT2 inhibitors or GLP-1 RAs in high-risk 
patients (HF, CKD, ASCVD), instead "defaulting" to older agents 
like sulfonylureas, thereby missing an opportunity for organ 
protection. 

Case Study 

A 55-year-old male (Mr. Smith) with a 5-year history of Type 
2 Diabetes Mellitus (T2DM) presents for follow-up. He is 
currently on Metformin 1000 mg BID. His BMI is 31. His recent 
labs show an HbA1c of 8.5% (goal is <7.0%). He has a history of 
a myocardial infarction (MI) 3 years ago. 
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Discussion 

This patient has uncontrolled T2DM despite being on an 
optimal dose of Metformin. The modern T2DM algorithm 
dictates that the choice of the second agent is based on 
comorbidities. This patient has established atherosclerotic 
cardiovascular disease (ASCVD) from his prior MI. 

Treatment Algorithm 

1. Diagnosis: Uncontrolled T2DM with established 
ASCVD. 

2. Algorithm Step 1: Lifestyle modification + Metformin 
(currently in place). 

3. Algorithm Step 2 (Risk-Based): Because his HbA1c is 
above target and he has established ASCVD, the 
algorithm mandates adding an agent with proven 
cardiovascular benefit. 

4. Therapeutic Choice: The two first-line classes in this 
scenario are SGLT2 inhibitors or GLP-1 receptor 
agonists. 

o You select an SGLT2 inhibitor for its dual 
cardiac and renal benefits. You prescribe 
Empagliflozin 10 mg daily. 

5. Follow-up: You schedule a follow-up in 3 months to re-
check his HbA1c and monitor renal function. 

Outcome 

Mr. Smith is started on Empagliflozin 10 mg daily in 
addition to his Metformin. This choice addresses his 
hyperglycemia while also providing critical secondary 
prevention for his cardiovascular disease. 
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THYROID DISORDERS 

hyroid disorders, resulting from an over- or under-
production of thyroid hormone, are highly prevalent. 
Their treatment algorithms are aimed at restoring a 

euthyroid state. 

Pathophysiology 

Thyroid disorders result from the abnormal production of 
thyroid hormone (T4 and T3), which is regulated by the 
hypothalamic-pituitary-thyroid (HPT) axis. TSH (Thyroid-
Stimulating Hormone) from the pituitary stimulates the thyroid 
to produce T4 and T3, which in turn negatively feedback to the 
pituitary. 

Hypothyroidism (Primary) 

The most common cause is Hashimoto's thyroiditis, an 
autoimmune disease. T-cells and autoantibodies (e.g., anti-TPO, 
anti-thyroglobulin) attack and destroy the thyroid gland. As the 
gland fails, T4/T3 levels fall. The loss of negative feedback causes 
the pituitary to secrete large amounts of TSH. The high TSH and 
low T4/T3 are the diagnostic hallmarks. The resulting low 
metabolic state causes symptoms of fatigue, cold intolerance, 
weight gain, and bradycardia. 

Hyperthyroidism (Primary) 

The most common cause is Graves' disease. This is also an 
autoimmune disease, but in this case, the body produces a 
stimulating autoantibody (Thyroid-Stimulating 
Immunoglobulin, or TSI). This TSI antibody mimics TSH and 
binds to the TSH receptor, "stepping on the gas" and causing the 
thyroid to grow and overproduce massive amounts of T4/T3. 
The high T4/T3 levels successfully suppress TSH, leading to the 
hallmark labs of a low TSH and high T4/T3. The resulting 
hypermetabolic state causes anxiety, tremor, palpitations, heat 
intolerance, and weight loss. 

Diagnosis and Classification 

The diagnostic algorithm begins with a single test: serum 
Thyroid-Stimulating Hormone (TSH). 

T 
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