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INTRODUCTION

Insulin therapy is the cornerstone of treatment in patients with type 1 diabetes mellitus (T1DM) 

and later in the course of type 2 diabetes mellitus (T2DM). Over the years, insulin treatment 

has advanced from bovine and porcine insulin to recombinant human insulin. Various 

insulin delivery systems from conventional subcutaneous insulin injection using the insulin 

syringe to pen device, subcutaneous insulin infusion pumps, and inhaled insulin to artificial 

pancreas are now available. Proper insulin injecting techniques and patient education on self-

monitoring of blood glucose (SMBG) and insulin dose titration are of utmost importance for 

effective insulin therapy. Parental therapies targeting the incretin system with an additional 

advantage of weight loss and lesser hypoglycemic events have further expanded the therapeutic 

armamentarium of diabetes mellitus (DM).

INSULIN THERAPY

The discovery of insulin for the treatment of DM was a major milestone in the field of medicine 

in the 20th century. The physiological insulin replacement is the mainstay of management of 

T1DM and advanced T2DM. The pathophysiology of T1DM involves absent insulin secretion 

secondary to autoimmune -cell destruction, whereas in T2DM there is an absent first phase 

insulin response and the second phase insulin release is delayed and insufficient. With 

advancement of T2DM, -cells are exhausted with resulting decrease in insulin secretion. 

-cells exposed to higher glucose concentrations over a prolonged period of time, as in diabetes 

leads to the blunting of the -cell response. This is referred to as glucotoxicity. Insulin therapy 

provides higher glucose reductions when compared to other therapies (Fig. 1) and can be 

Parenteral 

Therapeutic Agents7
CHAPTER

Johns T Johnson, Sahana Shetty, Nitin Kapoor, Nihal Thomas

“Fifty-one aminoacids certainly works, 
modify B-29, the shorter it lurks,
Exenatide it’s not from a wizard,

But from the saliva of a desert lizard.”

Ch-7.indd   144 13-04-2024   13:44:40

JA
YPEE BROTHERS



145

CHAPTER 7: Parenteral Therapeutic Agents

delivered in regimens mimicking physiologic insulin secretion. The aim of insulin therapy is 

to approximate the physiologic insulin profile via insulin replacement; however, this is limited 

by peripheral hyperinsulinemia and portal hypoinsulinemia in peripherally administered 

insulin, when compared to physiological endogenous insulin being secreted directly into the 

portal circulation, variable subcutaneous insulin absorption and the risk of hypoglycemia.

HISTORY

The history of insulin begins with a description of endocrine pancreas pathophysiology and 

its link to the development of diabetes, followed by isolation of pancreatic islet extracts. In 

1921, Frederick G Banting hypothesized that the ligation of pancreatic ducts before extraction 

of the pancreas destroys the enzyme-secreting parts, whereas the islets of Langerhans, which 

were believed to produce an internal secretion regulating glucose metabolism, remained 

intact. Banting along with Charles H Best in John JR MacLeod’s laboratory at the University 

of Toronto produced an extract of pancreas that reduced the hyperglycemia and glycosuria 

in dogs made diabetic by the removal of their pancreas. Biochemist James B Collip later 

developed a novel protocol to purify what they later named “insulin” (Latin: insula, island), 

from pancreatic islets of whole bovine pancreata without the need for pancreatic duct ligation 

experiments. Following this, many milestones were set in the path of insulin discovery 

(Fig. 2). Beef insulin was the first commercially available preparation followed by porcine. 

A recombinant DNA technique was later employed in the preparation of human insulin. In 

the mid-1950s the molecular structure of insulin was determined by Frederick Sanger.

FIG. 1: Insulin delivers superior glucose reductions versus other agents. 

(HbA1c: glycated hemoglobin; SUs: sulfonylureas; TZDs: thiazolidinediones) 

Source: Adapted from the American Association of Clinical Endocrinologists (AACE) medical guidelines for the manage-

ment of diabetes mellitus. Endocr Pract. 2000;6(1):43-84.
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CLASSIFICATION OF INSULIN

Insulin formulations are classified as rapid-, short-, intermediate-, or long-acting insulins 

based on their pharmacokinetic (PK) properties, including onset, peak, and duration of 

action, summarized in Table 1. The unique PK parameters of individual insulin products 

depend primarily on the rate and extent of absorption into the systemic circulation following 

subcutaneous injections.

Short-acting Regular Insulins

Regular human insulin was the first insulin product generated utilizing recombinant 

DNA technology. The peptide sequence and tertiary structure of regular recombinant 

human insulin is identical to that of its endogenous counterpart. However, the PK profile 

of recombinant regular insulin characterized by delayed onset of action (30–60 minutes), 

relatively late peak effect (2–4 hours) and a longer duration of action (6–8 hours) compared 

with the sharper peak secretion of endogenous insulin is secondary to the self-aggregation 

into quaternary structures of dimers and hexamers in solutions of higher concentration 

containing zinc ions (Fig. 3). This propensity to self-associate delays the absorption of regular 

human insulin, which must first dissociate into dimers and monomers in the subcutaneous 

FIG. 2: Milestones in the development of insulin replacement therapy.

(PZI: protamine zinc insulin)

Source: Adapted from Borgoño CA, Zinman B. Insulins: Past, present, and future. Endocrinol Metab Clin North Am. 

2012;41(1):1-24. 
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space to effectively diffuse into general circulation and exert its glucodynamic action. Given 

its delayed onset of action, regular insulin should be administered 20 minutes before meals.

Intermediate-acting Human Insulin: Isophane Neutral 

Protamine Hagedorn

Neutral protamine Hagedorn (NPH) is composed of recombinant insulin suspended in a 

neutral pH solution of protamine and zinc. This unique suspension allows for a significant 

delay in the absorption of insulin from the subcutaneous tissue, resulting in an onset of action 

TABLE 1: Classification of insulin.

Insulin Onset Peak (hours)

Effective 

duration (hours)

Maximum 

duration (hours)

Bolus or mealtime insulin
Aspart

Lispro

Glulisine

Regular

5–10 minutes

<15 minutes

<15 minutes

30–60 minutes

1–3

0.5–1.5

0.5–1.5

2–3

3–5

2–4

2–4

3–6

4–6

4–6

4–6

6–10

Basal insulin
NPH

Glargine

Detemir

Degludec

2–4

1

2–3

30–90 minutes

4–10

No peak

No peak

No peak

10–16

24

24

>24

14–18

24

24

42

Combinations
50% NPH/50% regular

70% NPH/30% regular

75% NPH/25% lispro

70% APS/30% aspart

70% IDeg/30% IAsp

30–60 minutes

30–60 minutes

<15 minutes

10–20 minutes

10–20 minutes

Dual

Dual

Dual

Dual

Dual

10–16

10–16

10–16

24

>24

14–18

14–18

14–18

24

42

(APS: aspart protamine suspension; IDeg: insulin degludec; NPH: neutral protamine Hagedorn)

FIG. 3: Pharmacokinetic profiles of human insulin and insulin analogs.

Source: Adapted from Meah F, Juneja R. Insulin tactics in type 2 diabetes. Med Clin North Am. 2015;99(1):157-86.
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1.5–4 hours after injection, a pronounced peak 4–10 hours after administration, and duration 

of up to 12–20 hours.

Neutral protamine Hagedorn does not constitute an appropriate surrogate for endogenous 

basal insulin production in view of its pronounced peak action profile and intermediate 

duration of action. However, NPH has retained clinical utility as basal insulin when adminis-

tered twice daily and in a premixed insulin preparation combined with regular human insulin, 

especially in view of its low cost as compared to long-acting insulin analogs.

Insulin Analogs

Insulin analogs are produced through targeted structural manipulation of the human insulin 

molecule like amino acid substitutions, inversions, or additions (Fig. 3) using recombinant 

technology and protein bioengineering techniques leading to alteration in pharmacodynamic 

and PK profiles (Figs. 4A to C). In general, rapid-acting, and long-acting insulin analogs have 

been modified to possess a weaker or stronger ability to self-associate and hence, a faster or 

slower diffusion rate following subcutaneous tissue injection, respectively.

FIGS. 4A TO C: The primary structure of human insulin and insulin analogs. (A) Native human insulin;  

(B) Rapid-acting insulin analogs (lispro, aspart, and glulisine); (C) Long-acting insulin analogs (glargine, 

detemir, and degludec). Modifications of each insulin analog are highlighted in the figure.

Source: Adapted from Borgoño CA, Zinman B. Insulins: Past, present, and future. Endocrinol Metab Clin North Am. 2012; 

41(1):1-24.

A

B C
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Rapid-acting Insulin Analogs (Lispro, Aspart, and Glulisine)
Insulin lispro is produced by transposition of amino acids proline and lysine at positions B28 

and B29 leading to a conformational change that augments steric hindrance between interfaces 

implicated in dimerization. The substitution of proline at B28 by a negatively charged aspartic 

acid residue in the case of insulin aspart results in repulsion of monomers. In insulin glulisine, 

replacement of lysine at B29 for glutamine and aspartic acid at B3 for lysine simultaneously 

provides stability and a reduced ability to self-associate. The resulting PKs is compatible 

with physiologic time-activity profiles of meal-stimulated insulin release. The rapid onset of 

action of insulin lispro, aspart, and glulisine allows for greater flexibility and convenience in 

the timing of administration, that is, either at mealtime or even immediately postprandially 

with improved normalization of postprandial glucose excursions, however, carries the risk 

of early postprandial hypoglycemia and preprandial hyperglycemia compared with regular 

insulin (Figs. 5A and B).

FIGS. 5A AND B: (A) Basal-bolus therapy using split-mixed regimen and bedtime intermediate insulin. 

(B) Basal-bolus therapy using glargine and aspart or lispro.

Source: Adapted from Hirsch IB. Insulin analogs. N Engl J Med. 2005;352(2):174-83.

A

B
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Ultrafast Acting Insulins: Faster Aspart 

Faster aspart marks the era of ultrafast acting insulins which are next-generation mealtime 

insulins developed to more closely mimic the normal insulin physiology. Fast-acting insulin 

aspart (faster aspart) (FIAsp) is insulin aspart (IAsp) with two added excipients: Niacinamide 

(absorption modifier) and L-arginine (added for stability). Niacinamide increases the absorp-

tion of insulin aspart by facilitating monomer formation and permeation of monomer into 

the bloodstream from the subcutaneous tissue. This rapid monomer formation and increased 

permeation makes faster aspart to have ultrafast onset of action. 

Faster aspart provides an overall left-shift of the pharmacokinetic/pharmacodynamics 

profiles resulting in earlier onset, twice as large initial exposure, and up to 2.5-fold greater 

initial glucose-lowering effect within the first 30 minutes, as well as earlier offset of exposure 

and effect compared with insulin aspart. This was reflected by superior 1-hour postprandial 

glucose control as compared to conventional prandial insulin analogs in the ONSET-1 and 

ONSET-2 phase III clinical trials. FIAsp had a greater reduction in glycated hemoglobin (HbA1c) 

concentrations from baseline in patients with T1DM when compared with insulin aspart, 

whereas had similar outcome in patients with T2DM. FIAsp can be considered a viable option 

for those patients with T1DM and T2DM who desire to inject immediately prior to a meal or 

within 20 minutes following a meal and need better postprandial glycemic control or in elderly 

patients wherein frequent hypoglycemia occurs postprandially.

Ultra Rapid-acting Lispro Insulin
Ultra rapid lispro (URLi) insulin is formulated with treprostinil and citrate to facilitate the 

absorption of insulin lispro. Peak effect is seen in 2.0–2.9 hours and the noninferiority of URLi 

compared to insulin lispro was demonstrated in PRONTO-T1D and PRONTO-T2D trials.

Long-acting Insulin Analogs

Long-acting insulin analogs in view of their longer duration of action without a pronounced 

peak can be used as basal component of basal-bolus insulin regimen in insulin replacement 

therapy or as an augmentation therapy in addition to oral glucose-lowering agents (OGLAs) in 

patients who failed to achieve optimum glycemic control with maximum recommended OGLAs.

Insulin Glargine and Insulin Detemir

Insulin glargine is produced by replacement of asparagine with glycine at position A21 and the 

addition of two arginine residues at position B30, respectively resulting in a molecule that is 

less soluble at neutral, physiologic pH yet stable in the acidic pH of its storage solution. Thus, 

when injected into the neutral milieu of the subcutaneous tissue, glargine forms an amorphous 

precipitate from which insulin molecules are slowly released into the circulation.

In insulin detemir, deletion of amino acid threonine at position B30 and acylation of a 

14-carbon aliphatic fatty acid (myristolytic acid) to the -amino group of lysine at position B29, 

enhances its affinity for albumin and forms multimeric complexes within the subcutaneous 

tissues leading to sustained release postinjection.

Insulin glargine and detemir have comparable PK profile with an onset of action within 

1–3 hours of administration and a relatively peakless, dose-dependent, mean duration of action 
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of approximately 24 hours representing better surrogates for basal insulin replacement. The 

principal advantage of insulin glargine and detemir over NPH insulin is a lower frequency of 

hypoglycemic reactions, longer duration of action and reduction in glycemic excursion due 

to dawn phenomenon. Lesser incidence of hypoglycemia and most importantly reduction 

in nocturnal hypoglycemic events and reduced incurring weight gain as compared to NPH 

have been seen in various studies. Riddle et al. showed a 25% reduction in the incidence 

of nocturnal hypoglycemia and 21–48% reductions in other categories of symptomatic 

hypoglycemia with insulin glargine when compared with NPH. Hermansen et al. showed a 

21% reduction in overall risk of hypoglycemia (p = 0.036) and a 55% reduction in nocturnal 

hypoglycemia (p < 0.001) with detemir as compared to NPH in a study of around 600 patients 

with T1DM. Reduced intraindividual variability of glargine and detemir over NPH was also 

demonstrated in T1DM patients by Heise et al. by euglycemic clamp conditions.

The glucose-lowering effect of these basal insulin analogs tends to wax and wane consider-

ably over 24 hours with once-daily dosing resulting in hyperglycemia late in the expected action 

profile (Dusk phenomenon), which might necessitate a twice daily administration.

It was previously postulated that long-acting insulin analogs are associated with increased 

risk of cancer in view of higher affinity to insulin-like growth factor 1 (IGF-1) receptors; 

however, recent meta-analysis and long-term follow-up studies have not shown increased 

risk of malignancy with glargine and detemir. Outcome Reduction with Initial Glargine Inter-

vention (ORIGIN) trial, which looked into cardiovascular (CV) outcomes over a 6-year period 

in 12,612 persons [predominantly persons with early T2DM and some (12%) with impaired 

glucose tolerance], in addition to demonstrating CV safety, showed no increased cancer risk 

with glargine.

Insulin Degludec 

Insulin degludec (IDeg) is an ultra-long-acting basal insulin analog produced by the conjugation 

of hexadecanedioic acid via -L-glutamyl spacer at the amino acid lysine positioned at B29 

leading to the formation of multihexamers in subcutaneous tissues. Slow-sustained release 

from subcutaneous tissue leads to the longer duration of action of around 42 hours making it 

once daily basal insulin with advantages of flexibility in dosing time and reduced hypoglycemic 

episodes. It has a half-life of 25 hours, which is almost twice as long as glargine, with a lower 

degree of variability in its glucose-lowering effect over 24 hours at a steady state.

Noninferiority of degludec over glargine in terms of efficacy with a reduced risk of nocturnal 

hypoglycemia have been demonstrated by studies in T1DM (BEGIN basal-bolus type 1 study) 

and T2DM (BEGIN basal-bolus type 2 study) patients. The CV safety was established by a CV 

outcome trial, the DEVOTE study. Once-daily dosing of IDeg has shown a low peak: Trough 

ratio, low intra-individual variability and the plasma concentrations less critically dependent 

upon the time of injections. This leads to an advantage of greater flexibility in dose timing and 

reduced nocturnal hypoglycemia as compared to other long-acting basal insulins. The PK 

property of degludec raises the concern of “insulin stacking” which is an excessive accumulation 

of insulin in the circulation on daily administration of a basal insulin whose duration of action 

exceeds 24 hours, thereby leading to an increased risk in the frequency, duration, or severity 

of hypoglycemia. However, this can be prevented if ultra-long-acting insulins are dosed in 

appropriate amounts and adjusted at appropriate time intervals based on glucose profile.
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In view of the lower incidence of hypoglycemia especially nocturnal hypoglycemia and 

lower day-to-day variability in its glucose lowering effect, IDeg is recommended in patients 

with recurrent hypoglycemic events and significant glycemic variability with other long-acting 

insulin; however, the limiting factors are the higher cost, and the stacking effect. 

Glargine U300

Glargine U300 is a newer higher strength formulation of insulin glargine. It is produced at 

300 IU/mL unlike the usual glargine at 100 IU/mL, which alters its PK and pharmacodynamic 

properties resulting in the formation of a more compact subcutaneous depot with its surface 

area reduced by half and its volume by two-thirds. Retarded and prolonged dissolution 

from the subcutaneous tissue leads to longer duration of action with reduced hypoglycemic 

events. Noninferiority to insulin glargine U100 with 25% reduction in nocturnal hypoglycemic 

episodes were seen over 6 months in phase 3 randomized parallel-group studies (EDITION), 

predominantly in persons with T2DM. It may be specifically useful in those with recurrent 

hypoglycemia especially nocturnal hypoglycemia and those on higher insulin doses.

The determinants of absorption and duration of action of human and analogue insulins 

are summarized in Figure 6.

Premixed Insulin Preparations

Premixes of conventional insulin products and fixed-ratio mixes of insulin analogs are available 

in different ratios as shown in Table 1. Premixed insulin represents a convenient alternative to 

basal-bolus insulin therapy, with a decreased number of daily injections, in patients requiring 

insulin therapy other than T1DM. The fixed ratio of short-acting and intermediate-acting 

insulins in premixed insulin limits adjustment of doses of each component based on glucose 

readings and also predisposes to hypoglycemia if proper timing of meals according to the PKs 

of each insulin component is not followed.

Insulin Degludec/Insulin Aspart (IDegAsp; 70% IDeg, and 30% IAsp)

IDegAsp is a soluble combination of two individual insulin analogs IDeg and insulin as a part 

in one product, designed to provide mealtime glycemic control due to the IAsp component 

and basal glucose-lowering effect from the IDeg component. IDeg exists as highly stable 

dihexamers in a neutral solution in the presence of phenol and zinc. Upon injection, phenol 

diffuses and IDeg undergoes a conformational change, leading to formation of soluble 

multihexamers at the injection site. With the gradual diffusion of zinc, the IDegmultihexamers 

continuously disassemble and release monomers for absorption into the circulation. IDegAsp 

provides rapid onset and peak glucose-lowering effect due to the bolus IAsp component, as 

well as a flat and long-lasting glucose lowering effect from the basal IDeg component, during 

both once-and twice-daily dosing across several different patient populations studied. IDegAsp 

has shown favorable clinical benefits compared with biphasic insulin in phase 3 studies and 

may be used as an alternative to basal-bolus and basal-only therapy. However, fixed ratio 

of basal and bolus components as in other premixed insulin may limit finer adjustments to 

control fasting and postmeal hyperglycemia.
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ONCE WEEKLY INSULIN 

The guidelines for standards of care from the American Diabetes Association and the European 

Association for the Study of Diabetes recommend treatment escalation when individualized 

glycemic targets are not reached in patients with T2DM. Despite these recommendations, 

clinical inertia is highly prevalent in the management of T2DM, with the longest delays reported 

for insulin initiation. People generally prefer fewer injections and greater flexibility than is 

typical of the current once-daily treatment options. Reducing the number of injections could 

potentially increase acceptance of and adherence to insulin treatment among patients with 

T2DM, thereby potentially improving glycemic control.

Insulin icodec is a novel, long-acting basal insulin analog, with a time to maximum 

concentration of 16 hours and a half-life of approximately 1 week. These pharmacokinetic and 

pharmacodynamic profiles make Icodec insulin suitable for once-weekly injection. The long 

half-life of insulin icodec was achieved by introducing modifications to the insulin molecule 

aiming to obtain a safe, albumin-bound circulating depot of insulin icodec, providing protracted 

insulin action and clearance. The addition of a C20 fatty diacid-containing side chain imparts 

strong, reversible albumin binding, while three amino acid substitutions (A14E, B16H, and 

B25H) provide molecular stability and contribute to attenuating insulin receptor (IR) binding 

and clearance, further prolonging the half-life (Fig. 7). Studies have shown that, in people with 

T2DM, once-weekly treatment with insulin icodec had glucose-lowering efficacy and a safety 

profile similar to those of once-daily insulin glargine U100.

Indications for Insulin Therapy

Type 1 diabetes mellitus

Type 2 diabetes mellitus patients who have failed to achieve glycemic goals with the maximal 

dose of OGLAs.

Gestational diabetes

*gGlu-2xOEG (gammaGlutamate Oligoethylene glycol).

FIG. 7: Structure of once weekly icodec insulin.
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Individuals with T2DM, during periods of physiological stress such as surgery, infection, 

or acute illness

Progressive complications threatening organ functions—nephropathy, proliferative 

retinopathy, maculopathy, etc.

Diabetes ketoacidosis/hyperosmolar hyperglycemic nonketotic coma

Secondary diabetes (pancreatitis and corticosteroids)

Chronic renal failure

Use of parenteral nutrition or high calorie supplements

Algorithm for Starting/Shifting to Insulin During the Course of 

Treatment of Diabetes Mellitus (Box 1)

BOX 1: Algorithm for starting/shifting to insulin during the course of treatment of diabetes 

mellitus.

At diagnosis:

Ketosis (in absence of starvation)/ketoacidosis/dehydration 

Marked hyperglycemia (without carbohydrate/calorie abuse) 

Acute medical event with actual/potential decompensation 

Marked hyperglycemia with uncertain near-future environment (foreign travel) 

Early after diagnosis (within 2 years):
Latent autoimmune diabetes in adults (LADA) phenotype or secondary pancreatic phenotype 

Presence of glutamic acid decarboxylase (GAD) antibodies/low body mass index (BMI)/waist 

circumference/no dyslipidemia 

Deterioration in glucose control in 6–24 months’ despite uptitration of multiple oral agent therapy

Concomitant disease: Pancreatitis, hepatic cirrhosis, chronic steroid therapy, relapsing inflammatory 

disease, antirejection therapy, etc.

Later in the course of continuing care:

Taking one to four other glucose-lowering therapies and glycated hemoglobin (HbA1c) not in the target 

Progression of hyperglycemia despite oral agent uptitration 

Previous patient education given and personal lifestyle input unlikely to improve 

Patient preference for injectable natural hormone to drug

Development of end-organ damage like chronic kidney disease when other oral glucose-lowering 

therapies cannot be offered

Source: Adapted from Diabetes Care. 2014;37:1499-508.

Insulin Therapy Initiation, Titration, and Follow-up (Table 2)

Insulin therapy may be used either as augmentation therapy or as replacement therapy.

Augmentation therapy is provided by adding basal insulin to oral glucose-lowering agents 

in patients with partial -cell failure. The goal of basal insulin is to suppress hepatic glucose 

production and improve fasting hyperglycemia.

Replacement therapy in the form of basal-bolus insulin regimen, premixed insulin or 

insulin pump is recommended for those where endogenous insulin production is minimal or 
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CASE STUDIES

Case 1

A 58-year-old gentleman working as a lawyer, known to have T2DM for 10 years, systemic 

hypertension and dyslipidemia, is on tablet metformin 1 g twice daily, tablet glimiperide 

4 mg twice daily and sitagliptin 50 mg once daily, tablet telmisartan 40 mg once daily and 

tablet atorvastatin 10 mg bedtime. His biochemical evaluation shows fasting plasma glucose 

of 210 mg/dL, PPG of 280 mg/dL, HbA1c is 8.5%. What would you advise?

Assessment: Patient has uncontrolled T2DM despite being on maximum dose of OGLAs. 

Augmentation therapy with basal insulin analog like glargine or detemir can be advised at 

bedtime with an initial dose of 10 units or 0.2 U/kg in addition to current OGLAs. He should 

also be educated on SMBG and titration of insulin dose to target the fasting glucose of 

80–120 mg/dL and postprandial glucose of 120–140 mg/dL. If on subsequent follow-up, the 

postprandial sugars show rising trend or if HbA1c is >7%, patient can be started with premixed 

insulin at initiation dose of 0.3 U/kg/day with total dose split into two-thirds before breakfast 

and one-third before dinner and subsequently titrated based on SMBG.

Case 2

A 16-year-old boy working as a mason presents with history of polyuria, polydipsia, and 

weight loss of 6 kg over 3 months. His biochemical evaluation shows fasting plasma glucose 

is 280 mg/dL, postprandial plasma glucose is 380 mg/dL, HbA1c is 10.5%, and GAD antibody 

is positive. How would you manage?

Assessment: Patient has T1DM and thus requires replacement insulin therapy in the form of 

basal-bolus regimen using short-acting human insulin or insulin analogs as bolus insulin for 

prandial coverage and long-acting insulin analogs or NPH for basal coverage. Based on the 

economic status of this patient, he can be advised regular insulin with each meal and bedtime 

long-acting insulin like glargine or detemir. He can be started on 0.5 U/kg/day of total insulin 

dose which can be split into 40% dose as basal insulin bedtime and 60% regular insulin for 

prandial coverage (20% before breakfast, lunch, and dinner). The patient must be educated 

on dietary plan, physical activity, SMBG, and hypoglycemic symptoms. The insulin has to be 

titrated based on SMBG reading every 2–3 days.

Case 3

A 34-year-old lady presents at 28 weeks gestation with 75 g oral glucose tolerance test (OGTT) 

of fasting 118 mg/dL, 1-hour glucose is 328 mg/dL, 2-hours glucose is 242 mg/dL. Urine 

ketones is negative. Clinically, she is obese with signs of insulin resistance in the form of 

acanthosis nigricans. What would be the management plan?

Assessment: Patient has overt diabetes in pregnancy and needs strict glycemic control to prevent 

maternal and fetal complications. She would be advised tablet metformin 500 mg twice daily 

which can be increased to maximum of 1 g twice daily and insulin therapy. Insulin therapy in 

the form of basal bolus would be advisable. She can be started with regular insulin 2–4 units 
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SELF-ASSESSMENT

1. A 55-year-old Mr R who is a known patient with type 2 diabetes mellitus (T2DM) for 15 years 

presented with a history of inability to sleep at night due to persistent pricking sensation

of both his feet. On examination his feet were normal, monofilament recorded 10 grams

in both feet and biothesi-ometer read 40 volts bilaterally. Both fundi showed severe

nonproliferative diabetic retinopathy (NPDR). Systemic examination was normal. He has 

been on glibenclamide, metformin 1 g TID. His HbA1c was >12%. All of the following are

true, except:
 (a) Peripheral neuropathy is an indication to start him on insulin.

 (b) Best option is to add another oral hypoglycemic agent for better control of sugars.

 (c) MCR footwear should be ideally prescribed for his neuropathy.

 (d) He would require long-term insulin therapy.

 (e) Severe NPDR is an indication for insulin therapy.

2. The usual starting dose of insulin in augmentation therapy is:

 (a) 0.15 units/kg/dose (b) 0.35 units/kg/dose

 (c) 0.50 units/kg/dose (d) 0.05 units/kg/dose

3. All of the following are indications to initiate insulin therapy early, except:
(a) MODY (b) LADA

 (c) Gestational diabetes (d) Fibrocalcific pancreatitis

 (e) Secondary OAD failure

4. All of the following are true about insulin analogs, except:
 (a) There is no pronounced insulin peak with insulin glargine.

 (b) They are superior to human insulin in preventing complications of diabetes.

 (c) Insulin lispro is safe in pregnancy.

 (d) Insulin detemir may be administered as twice daily injections in type 1 diabetes mellitus.

 (e) Rapidly acting analogs are superior to regular insulin in lowering postprandial sugars.

5. Which of the following is not a short-acting insulin?

(a) Lispro (b) Detemir

(c) Aspart (d) Glulysine

(e) Actrapid

6. Which of the following is associated with weight gain?

(a) Exenatide (b) Regular insulin

(c) Detemir (d) Liraglutide

7. Which of the following OAD should be ideally stopped while starting a patient on insulin?

(a) Metformin (b) Glimepiride

(c) Pioglitazone (d) Acarbose

8. Which of these drugs can be used in a patient with diabetic nephropathy in renal failure

(Creatinine: 4.3 mg/dL)?

(a) Glibenclamide (b) Metformin

(c) Insulin (d) Aminoglycoside

(e) Detemir
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