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Abstract

The benefits of the newer antidiabetic agents available for managing type 2 diabetes mellitus (T2DM) remain indisputable, but many patients will require insulin therapy in the disease course. Given the limited access to newer antidiabetic agents, insulin remains a standard treatment modality in T2DM in South Africa. Early, multifactorial intervention remains ideal, but glucose, blood pressure and cholesterol values remain above target in many countries. Barriers to achieving glucose control in South Africa include the healthcare provider’s being unfamiliar with the practicalities of insulin administration, initiation and titration. This article highlights these gaps and offers pragmatic solutions to overcome them.
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Introduction

When the famous physician Elliott Joslin first used insulin in diabetes mellitus (DM), he likened the effect to a biblical piece described as ‘a valley of dry bones rising, being clothed in flesh and restored to life’.1 While insulin treated hyperglycaemic comas effectively after its discovery in 1921, it very quickly became apparent that insulin in too large doses can lead to hypoglycaemic comas and death.2 To this day, insulin remains the cornerstone of type 1 diabetes mellitus (T1DM) and diabetic emergency treatment in all. As type 2 diabetes mellitus (T2DM) is a progressive disease, insulin therapy is ultimately required in its chronic management.

The limitations of a ‘glucocentric approach’ in T2DM management are well established. Currently, the main focus in T2DM treatment is the prevention and management of cardiovascular disease (CVD), heart failure (HF) and chronic kidney disease (CKD).3 While glycaemic control remains essential, sodium–glucose-transporter-2 (SGLT2) inhibitors or glucagon-like peptide-1 (GLP-1) agonists are increasingly gaining traction due to their beneficial risk-benefit profile. Most of these benefits seem to be over and above their antihyperglycaemic properties, with or without using other antidiabetic medication.3,4 Notwithstanding, hyperglycaemia remains a risk factor for adverse cardiovascular (CV) outcomes and early glycaemic control in T1DM and T2DM leads to better results, commonly referred to as the ‘legacy effect’.5 In South Africa, insulin remains the third most widely used antihyperglycaemic agent in T2DM.6 Therapeutic inertia accounts for many unmet glucose targets.7 Local barriers to DM management on a healthcare provider level include limited knowledge of insulin therapy.8 Insulin use may also be hindered by concerns over hypoglycaemia and weight gain.9,10 Thus, it is prudent that practitioners in resource-limited settings are familiar with the practical aspects of insulin therapy (initiation, intensification).

The ‘ABC’ of type 2 diabetes mellitus

The landmark Steno-2 trial in T2DM patients with microalbuminuria highlighted the importance of early intensive multifactorial intervention. Benefits included a lower risk of CVD, progression to end-stage CKD, and the need for retinal photocoagulation. The dramatic reduction in adverse outcomes was achieved by addressing the ‘ABC’, where ‘A’ is for haemoglobin A1c (HbA1c), ‘B’ is for blood pressure, and ‘C’ is for cholesterol to target.11 The treatment included readily available drugs, for example, metformin, sulphonylurea ± insulin, angiotension-converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs), and statins ± fibrates. It is therefore conceivable that South African T2DM patient outcomes may improve if these factors are adequately addressed early in its course.

When it comes to HbA1c or ‘A’, the effects of intensive treatment with glucose-lowering therapy vary greatly from patient to patient, as does their susceptibility to side effects. The recommended HbA1c level of 7% still applies to many patients, although individualisation of glycaemic management is key.12,13,14

Pathophysiology for the pragmatic

The pathogenesis of T2DM has been studied extensively, and our understanding continues to evolve. Here, we focus on some core concepts underpinning insulin therapy in chronic T2DM management.

Normal glucose metabolism

Glucose concentrations are determined by the rate at which glucose enters and leaves the circulation. Normal glucose disposal occurs when adequate amounts of insulin are secreted to counterbalance the degree of physiological insulin resistance (IR) and carbohydrate ingestion.15,16 The energy required to maintain normoglycaemia during an overnight fast is provided by gluconeogenesis, which is partially suppressed by insulin.17,18 Glucose metabolism also follows a circadian rhythm characterised by glucose peaks during the early morning and lower values at night.17 In normoglycaemic conditions, fasting glucose does not increase because adequate amounts of insulin counterbalance the IR, suppressing hepatic gluconeogenesis. Similarly, in the prandial (eating) state, the amounts of mealtime insulin secreted are tailored for a given carbohydrate load. Overall, adequate insulin action prevents fasting hyperglycaemia and limits the mealtime glucose excursion in normoglycaemic individuals.

Abnormalities in type 2 diabetes mellitus

At least eight pathophysiologic defects contribute to hyperglycaemia in T2DM, but IR and progressive β-cell failure represent the hallmark disturbances.19,20 Historically, T2DM was depicted as a state of increased IR, but it is crucial to note that the β-cell function is significantly reduced (±50%) by the time hyperglycaemia develops.19,21 Yet, early intervention may delay the progression of β-cell failure.19,22

Paradoxically, in T2DM, the β-cell cannot secrete appropriate amounts of insulin to overcome a given IR, and the inability to suppress gluconeogenesis leads to fasting hyperglycaemia.21,22 In clinical practice, this abnormality is evident when patients with T2DM report an increase in glucose concentration overnight without ingesting any food or drink. Similarly, inadequate amounts of insulin for a given carbohydrate load during meals lead to postprandial hyperglycaemia17,21 (see Figure 1).
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From a glucose perspective, insulin therapy in T2DM is therefore aimed at preventing excessive gluconeogenesis, that is, fasting hyperglycaemia with basal insulin and short (or ultra-short) acting insulin to limit the degree of postprandial glucose increases.23

There is no doubt that diabetes is one of the greatest natural disasters of our time. As with any natural disaster, it is important to remain informed and be prepared. As stated by Petra Nemcova:24


[W]e cannot stop natural disasters, but we can arm ourselves with knowledge …



The bread and butter of insulin use in type 2 diabetes mellitus

In the following section, I will address some frequently encountered questions regarding insulin use in T2DM. It is by no means a comprehensive overview or guideline but a ‘snapshot’ of a few practical solutions and ‘tricks of the trade’ applicable in clinical practice.

Most importantly, the efficacy of insulin therapy depends on proper storage and injection technique. Correcting the insulin injection technique can lead to an improvement in glycaemic control and a reduction in the total daily dose of insulin.25 Sadly, access to structured diabetes education, including insulin administration, is limited in scope, content and consistency, leaving a sizeable gap in the public health sector in South Africa.8

Furthermore, T2DM management involves more than medication because it requires monitoring and limiting calorie intake as well as avoiding sedentary living.26 It has been demonstrated that this triad reduces the effect of insulin on weight gain by lowering insulin requirements and, consequently, reducing insulin’s anabolic effects.27

Which patient with type 2 diabetes mellitus requires insulin?

Insulin should always be used in hyperglycaemic emergencies.28 Based on the expected HbA1c reduction of other antihyperglycaemic agents and the general target of ~7%, current guidelines endorse the initiation of insulin when HbA1c > 10% even at diabetes diagnosis, as the use of oral agents alone is unlikely to achieve targets.28 The early introduction of insulin should also be considered if:


	There is ongoing catabolism (weight loss) ± symptomatic hyperglycaemia.

	Blood glucose levels (≥ 16.7mmol/L) are very high.



Should insulin be continued lifelong?

Hyperglycaemia paradoxically impacts insulin secretion by causing temporary β-cell ‘paralysis’, a phenomenon known as glucotoxicity.29 Early insulin can help overcome the glucotoxicity effects of hyperglycaemia by preserving β-cell mass and function.29 Therefore, depending on the duration ± degree of β-cell failure, exogenous insulin can successfully be discontinued in many patients with T2DM by addressing glucotoxicity and optimising lifestyle and other antihyperglycaemic agents.30

What is the role of basal insulin in type 2 diabetes mellitus?

Basal insulin is primarily aimed at suppressing hepatic gluconeogenesis to prevent fasting hyperglycaemia.3,31 A wide variety of insulin preparations are available. Basal insulin analogues have the advantage of 24-h coverage and an action profile with low variability compared to human natural protamine Hagedorn (NPH) insulin. Natural protamine Hagedorn insulin may require twice-daily dosing and is associated with more hypoglycaemia than the basal analogues due to a ‘peak’ effect ~4 h – 6 h after injection.31 This peak is also utilised to limit the number of insulin injections by ‘standing in’ for a mealtime short-acting insulin injection. With NPH insulin and first-generation basal insulin analogues (Glargine-100 and detemir), the preferred timing of injection is bedtime.32 Second-generation basal insulin analogues (Degludec and Glargine-300) are ‘peak-less’ and may be administered at any but the same time each day. Glargine also has lower inter-subject variability compared to NPH.33

How do I initiate and titrate basal insulin?

Basal insulin is usually initiated at 10 IU/day or 0.1 IU – 0.2 IU/kg. Titration in doses of 2–4 units should be performed once to twice a week until target fasting glucose values are achieved (5.6 mmol/L – 7.8 mmol/l are reasonable goals for most adults).31 In certain countries, patient-led titration is as (or equally) effective as physician-led titration.34 Still, it requires frequent self-monitoring of blood glucose, good insight and self-management ability.32 In practice, the ideal basal dose should allow a patient with T2DM to fast for 24 h without hypo or hyperglycaemia.

What is meant by the term ‘overbasalisation’?

Overbasalisation is when the titration of basal insulin is beyond an appropriate dose. Basal insulin efficacy plateaus at doses > 0.5 units/kg per day. Therefore, the American Diabetes Association guidelines recommend considering additional treatment, such as mealtime short-acting insulin for post-meal coverage if glucose targets are not met.12 In insulin-sensitive patients, overbasalisation may manifest with paradoxically elevated fasting glucose resulting from preceding nocturnal hypoglycaemia. If this occurs, basal insulin doses should be reduced. Defensive eating, where patients have to adjust their diet by eating more to prevent hypoglycaemia, indicates too large respective insulin doses.

The glucose targets are not met with basal insulin. What next?

There is more than one way to proceed with intensification, including adding a GLP-1 agonist.35,36,37 Options when using insulin are:


	The ‘step-up’ regimen adds one rapid or short-acting insulin injection before the main meal. This addresses the meal with the greatest glucose elevation by adding a short or ultra-short-acting insulin. Usually, the post-breakfast excursion is the highest, but it could also be the meal with the highest carbohydrate content. If the HbA1c target is not met, progress to the remaining meals by adding insulin sequentially towards a basal-bolus regimen (where each meal is covered with bolus insulin).

	Premixed insulin (e.g., NPH/regular 70/30, other formulations, e.g. 75/25 also available) is another option. This regimen allows less flexibility in dosing compared to a basal-bolus regimen (with a few exceptions) but has the advantage of fewer injections.



What insulin regimen to use?

The management plan should be tailored to accommodate the patient’s daily activities, conditions and socioeconomic circumstances and not be a one-size-fits-all approach.38 In South Africa, many people with DM do not have access to three meals per day.39 Food insecurity is a risk factor for hypoglycaemia, subsequent hospitalisations and elevated HbA1c. The critical aspect is that basal insulin should be continued to prevent gluconeogenesis ± ketogenesis. Mealtime short-acting insulin is not required when not eating. In practice, basal insulin is optimised, and short-acting insulin is given only when a meal is available. The risk of hypoglycaemia increases when using insulin premix because basal insulin is inevitably omitted if the (mealtime) prandial insulin is not given.40

When do I stop sulphonylureas?

Sulphonylureas are still the second most used oral agent in developing countries and resource-restrained environments after metformin.41 Diabetes results in a progressive decline in β-cell function.42 Sulphonylureas lower blood glucose by stimulating β-cell function and secrete more endogenous insulin. When the therapeutic regimen requires escalation beyond basal insulin, endogenous insulin secretion is unlikely to contribute significantly, with a few exceptions. The recommendation to discontinue the sulphonylurea (glyburide) but not metformin after insulin combination therapy is started is based on some patients’ inability to adequately titrate the dose of bedtime NPH because of hypoglycaemia.43,44 It has been proposed that sulphonylureas can be continued for meals not covered by pre-prandial insulin using basal-bolus regimens. Hypoglycaemia and weight gain are two of the most common and clinically significant side effects of combining sulphonylureas with insulin.45

When is pre-meal insulin dose optimal?

The optimal dose differs between people, depending on many factors including the carbohydrate content of the meal and IR. A critical aspect is the relationship between pre-meal insulin and the carbohydrate content of meals.46,47 If pre-meal insulin doses are fixed, that is, 8 IU short-acting insulin administered before breakfast and 2-h post-meal (pre-lunch) glucose increases less than ±2 mmol/L; the respective insulin dose effectively counterbalances the meal’s carbohydrates for that person.48,49 Therefore, if the carbohydrate intake increases and the same insulin dose is given, it will not have the same effect. Options are to adjust the short-acting insulin at each meal, based on the carbohydrates, or to keep the carbohydrate content consistent for a specific insulin dose. Insulin adjustment is not an option with most premix insulins, because the dose of the intermediate component will also be altered and therefore carbohydrate consistency is essential. In my clinical practice, most patients prefer carbohydrate consistency over insulin adjustments. To allow variety in the diet, patients must work with a dietician ± diabetes educator to teach them carbohydrate exchanges, that is, different food with similar carbohydrate content.48 For example, one slice of bread is equivalent to three cups of popcorn, half a cup of cooked oatmeal, one cup of pumpkin and a small apple, orange or nectarine. Note that pre-meal insulin dose adjustment is not an option in a patient using premixed insulins (with a few exceptions) because the dose of long-acting will be affected, inevitably. Figure 1 illustrates the prandial adjustment, while Figure 2 illustrates the insulin adjustment when starting and when hypoglycaemia occurs.
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Another essential point is the different onset of actions of short-acting insulin preparations. Ultra-short-acting insulins can be administered at mealtime, and some preparations require that it is injected 15 min – 30 min before the meal. Incorrect administration timing may lead to either hypo or hyperglycaemia, even when the amount of insulin effectively ‘matches’ the carbohydrates.

Conclusion

Effective multifactorial treatment addressing the particular defects in an individual with T2DM will require early intervention and various drugs in combination. Given the limited access to newer antidiabetic agents, insulin remains a standard treatment modality in T2DM in South Africa. Early insulin initiation, optimisation and patient empowerment can help to manage T2DM effectively but will require professional education and upskilling in the practical management of DM. Patient empowerment with structured diabetes self-management education is vital in T2DM care, but access is limited in South Africa.
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FIGURE 2: Insulin initiation based on American Diabetes Association guidelines.
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