
Despite insulin being the most effective medication 
for lowering HbA1c levels in people with type 2 
diabetes there is significant inertia with regard to 
initiating treatment and titrating the dose. This 
article discusses when insulin should be initiated 
and how it can be titrated in the community.

T he prevalence of type 2 diabetes around the world is 
increasing and is associated with significant morbidity 
and mortality from the microvascular and macrovascular 

complications of longstanding hyperglycaemia. Over the past 
10 years many new classes of drugs have become available for 
treating type 2 diabetes. Despite these advances, insulin is still 
the most effective medication for reducing glycated haemoglobin 
(HbA1c) levels.1 Insulin is often initiated as a last resort when 
multiple oral hypoglycaemic agents have failed to achieve a target 
HbA1c level, despite evidence that optimal glycaemic control 
within the first 10 years after diagnosis has long-term benefits 
in terms of reduced risk of complications.2

The importance of optimal glycaemic control
It is well known that there is a significant correlation between 
hyperglycaemia and the complications of diabetes. Observational 
data from the UK prospective diabetes study (UKPDS) showed 
that for each 1% reduction in mean HbA1c level there was a 
relative risk reduction of 21% for any diabetes-related endpoint 
(i.e. myocardial infarction, stroke, microvascular endpoints, 
cataract extraction, lower extremity amputation, fatal peripheral 
vascular disease, heart failure) and similarly for diabetes-related 
mortality. Relative risk reduction varied for individual factors 
and was most profound for microvascular complications (37%).2

Glycaemic targets
The American Diabetes Association and the European Association 
for the Study of Diabetes recommendation on target HbA1c level 
is that a personalised approach is necessary.3 For many patients 
with diabetes a target HbA1c level of less than 7.0% (53 mmol/mol) 
is optimal to reduce the risk of complications.4 Ideally, the fasting 
blood glucose level (BGL) should be maintained at 6 to 8 mmol/L 
and postprandial BGL at 8 to 10 mmol/L.5 Conversely, aggressive 
control in older patients with established complications may not 
have significant benefits and runs the risk of hypoglycaemia.3 Less 
strict HbA1c targets of 7.5 to 8% (58 to 64 mmol/mol), or even 
slightly higher, are therefore reasonable.4

Factors that should be considered when deciding a patient’s 
target HbA1c level are shown in the Figure.3

Initiating insulin
Basal insulin
Metformin remains the initial drug of choice for patients with a 
new diagnosis of type 2 diabetes. Patients with a higher HbA1c 
level at diagnosis (≥9.0%) will usually require two noninsulin 
formulations or insulin to reach their target level, and therefore 
it is reasonable to start insulin as part of combination therapy in 
this situation.4 In the absence of marked hyperglycaemia and/or 
symptoms, a basal insulin alone is often sufficient. Basal insulin 
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is typically commenced using insulin 
glargine 100 units/mL at a dose of 10 units 
daily.5 Insulin glargine 300 units/mL is a 
new basal insulin formulation that has a 
longer duration of action and is associated 
with fewer hypoglycaemic events than the 
less concentrated formulation.6 It is com-
menced at a dose of 0.2 units/kg daily.7 A 
unit-to-unit conversion is used when switch
ing patients from once-daily insulin glargine 
100 units/mL to once-daily insulin glargine 
300 units/mL. Patients switching from 
twice-daily insulin glargine 100 units/mL 
to once-daily insulin glargine 300 units/mL 
should reduce their daily dose by 20%.7

There are multiple resources available 
to guide stepwise optimisation of glycaemic 
control in patients who are already on non-
insulin medication but are not reaching their 
target HbA1c level.4,5 When choosing the best 
approach for your patient, keep in mind the 
expected decrease in HbA1c level that could 
be anticipated with each agent, in addition 
to the other potential risks and benefits of 
each class of medication. Given that insulin 

is the most effective medication for reducing 
HbA1c level it should be considered early in 
the management of patients with an HbA1c 
level of more than 9.0% in whom tighter 
glycaemic control is desirable.1

Prandial insulin
The addition of a prandial insulin should 
be considered in the following situations:4
•	 the fasting BGL is within target 

ranges but the HbA1c level remains 
above target three to six months after 
basal insulin titration

•	 postprandial BGLs are more than 
10.0 mmol/L.
Initially, a ‘basal-plus’ schedule, with 

added prandial insulin at a starting dose of 
4 units, may only be required with the meal 
containing the largest carbohydrate content.5 
Basal insulin should be continued at the 
same dose, as should metformin. If the 
HbA1c level is still not at target after three 
months of titration a further dose of prandial 
insulin should be added to another meal at 
a starting dose of 4 units. If target HbA1c 

level is still not achieved after appropriate 
titration, prandial insulin should be added 
to the third meal (i.e. a ‘basal-bolus’ sched-
ule).5 Sulfonylureas are usually ceased once 
patients are taking any prandial insulin.

Combination insulins
Premixed insulin (a fixed combination of 
an intermediate-acting insulin with a pran-
dial insulin) is another option for people 
who eat regularly and would prefer a simpler 
schedule. Mixed insulins are traditionally 
administered twice daily with the two largest 
meals of the day, but can be used only once 
or even three times daily if required. They 
can be more difficult to titrate owing to the 
fixed combination of intermediate-acting 
and prandial insulin.4 A premixed insulin 
is usually commenced in an insulin-naive 
patient at a dose of 10 units administered 
just before the largest meal.5

A novel insulin coformulation that is a 
combination of an ultra-long-acting basal 
insulin (insulin degludec, 70%) and short- 
acting insulin (insulin aspart, 30%), which 
has distinct basal and prandial glucose-
lowering effects, is now available on the PBS. 
In a 26-week, randomised, open-label, 
multinational phase IIIa trial it was found to 
be associated with less hypoglycaemia than 
biphasic insulin aspart in patients previously 
treated with premixed insulin with sub
optimal glycaemic control, while being 
noninferior for reduction in HbA1c levels.9  

If indicated, this coformulation can be 
commenced in insulin-naive patients once 
daily with the largest carbohydrate meal at 
a dose of 10 units, but it can be uptitrated to 
twice daily as needed.8

Titrating insulin
The target BGLs given in this section with 
regard to optimising the insulin dose apply 
to patients with a target HbA1c level of less 
than 7.0% (53 mmol/mol).

Basal insulin only
After starting insulin, the basal insulin 
dose can be increased by one to two units 
at a time (or 5 to 10% of the daily insulin 
dose in those on higher doses) to achieve 

Figure. Patient and disease factors to consider in determining optimal HbA1c target ranges.
Adapted from Figure 1 in: Inzucchi SE, et al. Diabetes Care 2015; 38: 140-149.3  

Diabetes Clinic continued 

Patient and disease  
factors

Patient attitude and 
expected treatment efforts

Resources and support 
system

Disease duration

Life expectancy

Important comorbidities

Established vascular 
complications

Risks potentially associated 
with hypoglycaemia and 
other drug adverse effects

May be modifiable

Usually not modifiable

More stringent HbA1c 
lowering

Less stringent HbA1c 
lowering

Highly motivated, excellent 
self-care capabilities

Readily available

Newly diagnosed

Long

Absent

Absent

Low

Less motivated, poor  
self-care capabilities

Limited

Long-standing

Short

SevereFew/mild

Few/mild Severe

High

56   MedicineToday   ❙   FEBRUARY 2019, VOLUME 20, NUMBER 2

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2019.

����������������������������������������������



fasting glycaemic targets of 6 to 8 mmol/L.4,5 
These adjustments can be made every 
three to seven days and can often be done 
at home by the patient with sufficient sup-
port from their diabetes educator, practice 
nurse or GP. A randomised study involving 
4961 patients with type 2 diabetes from 
59 countries who were starting insulin 
found that subject-driven titration every 
three days was not associated with more 
hypoglycaemia than physician-driven 
titration and achieved a lower HbA1c level 
after 24 weeks.10

Basal insulin plus prandial insulin
For patients who are taking basal and pran-
dial insulin, the most accurate way to adjust 
prandial insulin involves asking the patient 
to check their BGL before a meal and two 

hours after a meal. Dose adjustments are 
made according to the two-hour postpran-
dial BGL, aiming for a postprandial level 
of 6.0 to 7.9 mmol/L. If the two-hour post-
prandial BGL is 8 mmol/L or more for three 
consecutive days the prandial insulin can 
be increased by 2 units. Conversely, if the 
two-hour postprandial BGL is less than 
5.9 mmol/L the prandial insulin should be 
reduced by 2 to 4 units, especially if there 
are any BGL readings below 4.0 mmol/L.5

Premixed insulin
The evening premixed insulin dose is 
adjusted according to the fasting BGL to 
a target of 6 to 6.9 mmol/L. Suggested dose 
adjustments based on the fasting BGL are 
provided in Table 1.5 As mixed insulin is 
usually used twice a day most people are 
also taking mixed insulin in the morning. 
The dose of the morning insulin is adjusted 
using the same scale, based on the evening 
preprandial BGL.

Changing from a basal insulin to a 
twice daily premixed insulin
Changing from a basal insulin to a twice-
daily premixed insulin may be considered 

when the evening preprandial BGL is high 
and the fasting BGL is within target, or if 
after three months the patient has not 
reached their target HbA1c level. In this 
situation it is recommended to halve the 
current once-daily basal insulin dose and 
give the total premixed insulin dose over 
two daily injections given just before 
breakfast and dinner (Box).5

When switching from a once-daily basal 
insulin to a once-daily premixed insulin 
schedule the premixed insulin should be 
given at the same unit dose and administered 
with the meal with the largest carbohydrate 
content. After starting premixed insulin, 
patients – especially the elderly – need to 
closely monitor their BGLs with appropriate 
input from a dietitian and a diabetes educator 
to avoid the risk of hypoglycaemia from the 
short-acting component.8

Insulin formulations in Australia
Five classes of insulin are available in Aus
tralia and are classified according to their 
duration of action (Table 2).8,11,12 Table 3 
provides a list of other medications used to 
treat type 2 diabetes and their current avail-
ability on the PBS for use with insulin.

TABLE 1. SUGGESTED DOSE ADJUSTMENTS TO THE EVENING PREMIXED INSULIN 
BASED ON A FASTING BLOOD GLUCOSE LEVEL*

Adjust the evening premixed insulin dose once or twice a week according to the 
schedule below to a fasting blood glucose level

Lowest blood glucose level reading of the 
previous three days – fasting or preprandial

Insulin dosage adjustment

>10 mmol/L Increase by 4 units

8 to 10 mmol/L Increase by 2 units

7 to 7.9 mmol/L No change or increase by 2 units

6 to 6.9 mmol/L No change

4 to 5.9 mmol/L Decrease by 2 units

<4.0 mmol/L or severe hypoglycaemic event† Decrease by 4 units

If a morning insulin dose is given, adjust the insulin dose according to evening 
preprandial blood glucose level according to the same titration recommendations

* Reproduced with permission. © Royal Australian College of General Practitioners and Diabetes Australia. Original 
source: The Royal Australian College of General Practitioners. General practice management of type 2 diabetes: 
2016-18. Guide to starting and adjusting premixed insulin. Appendix H.2. Step 3: Titration.5

† Hypoglycaemia should prompt a review of other oral therapy. Which insulin is adjusted depends on regimen and 
target glucose.

WHEN AND HOW TO CHANGE FROM A 
ONCE-DAILY BASAL INSULIN TO 
TWICE-DAILY PREMIXED INSULIN*

When?
•	 If the fasting blood glucose level (FBG) 

is at target, if evening preprandial 
blood glucose level (BGL) > FBG or if 
evening preprandial BGL is high

or

•	 After three months if glycated 
haemoglobin (HbA1c) > target despite 
FBG and evening preprandial BGL at 
target

How?
1.	Halve the current once-daily insulin  
	 dose and give the total dose as a  
	 twice-daily injection (pre-breakfast  
	 and pre-dinner)
2.	Monitor pre-dinner BGL and FBG  
	 versus targets
3.	Once a week, adjust both insulin  
	 doses independently (according to  
	 protocol in Table 1);  
	 pre-breakfast insulin is adjusted  
	 according to pre-dinner BGL and  
	 pre-dinner insulin is adjusted  
	 according to FBG

* Reproduced with permission. 

© Royal Australian College of General Practitioners 
and Diabetes Australia. Original source: The Royal 
Australian College of General Practitioners. General 
practice management of type 2 diabetes: 2016-18. 
Guide to starting and adjusting premixed insulin. 
Appendix H.2. Step 4: Intensification: Once daily 
insulin to twice daily premixed insulin.5
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TABLE 2. CHARACTERISTICS OF INSULIN FORMULATIONS AVAILABLE IN AUSTRALIA8,11,12

Insulin class 
(appearance)

Examples of insulin formulations Onset of 
action

Peak 
onset

Duration 
of action

When to use Instructions for 
patient

Ultra-short 
acting 
(analogues) 
(clear)

•	 Insulin aspart (NovoRapid)
•	 Insulin lispro (Humalog)
•	 Insulin glulisine (Apidra)

0.25 hour 1 hour 4 to  
5 hours

Postprandial 
hyperglycaemia 
(used as part of a 
basal bolus 
schedule)

Give injection 
immediately before 
meals

Short acting 
(clear)

•	 Human neutral insulin  
(Actrapid, Humulin R)

0.5 hour 2 to 3 
hours

6 to  
8 hours

Used in patients 
with type 1 diabetes 
and gastroparesis 
and for insulin 
infusions (given 
intravenously)

Give injection  
30 minutes before 
meal

Intermediate 
acting 
(cloudy)

•	 Isophane human insulin 
(Protaphane, Humulin NPH) 

1 to 
2.5 hours

4 to  
12 hours

16 to  
24 hours

Used in gestational 
diabetes, patients 
on naso-gastric 
feeds and patients 
with steroid-
induced 
hyperglycaemia

Read instructions of 
how to prepare this 
insulin formulation 
(may have to gently 
shake or rotate the 
insulin before use) 

Mixed 
(analogues)

•	 Premixed combination of an  
ultra- short-acting insulin with an 
intermediate-acting insulin (cloudy)
–	 aspart/aspart protamine 

(30%/70%) (NovoMix 30)
–	 lispro/lispro protamine 

(25%/75%) (Humalog Mix 25)
–	 lispro/lispro protamine 

(50%/50%) (Humalog Mix 50)

0.25 hour 1 hour 16 to  
18 hours

Used once or twice 
daily in patients 
who need meal-
time insulin and 
have predictable 
meal times

Give injection 
immediately before 
meal. Read 
instructions for how 
to prepare this 
insulin formulation

•	 Premixed combination of a  
short-acting insulin with an 
intermediate-acting insulin  
(less commonly used; cloudy)
–	 Insulin neutral human/insulin 

isophane human (30%/70%) 
(Mixtard 30/70)

–	 Insulin neutral human/insulin 
isophane human (50%/50%) 
(Mixtard 50/50)

0.5 to  
1 hour

2 to  
12 hours

16 to  
24 hours

Used once or twice 
daily in patients 
who need meal-
time insulin and 
have predictable 
meal times

Give injection  
30 minutes before 
meal. Read 
instructions for how 
to prepare this 
insulin formulation

•	 Combination of an ultra-long-acting 
basal insulin and ultra-short-acting 
insulin (clear)

–	 degludec/aspart (70%/30%) 
(Ryzodeg 70/30)

0.25 hour 1.2 hours More than 
24 hours

Used once or twice  
daily with main 
carbohydrate 
meal(s); if once 
daily, timing of dose 
can be varied as 
long as used with 
main meal

Give injection 
immediately before 
meal(s). Do not mix 
with other insulins

Long acting 
(clear)

•	 Insulin glargine 100 units/mL 
(Lantus)

1 to  
2 hours

No peak 24 hours Used as a basal 
insulin alone in a 
basal-bolus schedule

Do not mix with 
other insulins; 
inject separately

•	 Insulin glargine 300 units/mL 
(Toujeo)

1 to  
6 hours

No peak 24 to  
36 hours

Used as a basal 
insulin alone in a 
basal-bolus schedule

Do not mix with 
other insulins; 
inject separately

•	 Insulin detemir (Levemir) 1 to  
2 hours

6 to  
8 hours

12 to  
24 hours

Listed on the PBS 
for type 1 diabetes 
only

Do not mix with 
other insulins; 
inject separately

Diabetes Clinic continued 
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Barriers to initiating insulin
The mean HbA1c level in people with type 
2 diabetes is typically 1.5 to 2.0% above 
target before insulin is commenced: 9.3% 
(78 mmol/mol) in the UK, 8.6% (70 mmol/
mol) in the US and 9.4% (79 mmol/mol) 
in Australia (after a median duration of 
8.1 years).13 The delay in both initiation 
and titration of insulin can be due to mul-
tiple factors.14

Healthcare professional factors
A questionnaire distributed to 600 physi-
cians from Germany, Japan, Spain, Turkey, 
the UK and the US found that 30% of 
primary care physicians never or rarely 
intensified insulin treatment, compared 
with 4% of specialists.15 The main barriers 
as self-reported by physicians were lack of 
experience with the available insulins (49%) 
and the considerable amount of time it takes 
to educate patients about insulin intensifi-
cation (49%); and 32% of physicians disa-
greed with the statement that administration 
of intensified insulin therapy was technically 
easy.15 Concern about hypoglycaemia 
remains a major obstacle to initiating more 
intensive treatment among both primary 
care physicians and diabetes specialists.16

Patient factors
In a survey in the US involving 1653 people 
with type 2 diabetes, treatment with oral 
medications was rated the management 
approach that was least burdensome, even 
less so than a moderate diet. The burden 
ratings increased with an increasing num-
ber of insulin injections per day and with 
checking the BGL more often.17

A global study found that 33.2% of 
patients had self-reported insulin omis-
sion or nonadherence on at least one day 
in the past month, with an average of 
3.3 days. The most commonly reported 
reason was being too busy (18.9%), and 
simply forgetting to take insulin was 
reported by 7.4% of patients.16 Only 3.8% 
of patients reported the schedule was too 
complicated, and 2.6% reported painful 
injections as a reason for insulin being 
missed or not taken as prescribed.16

Health system factors
Starting and titrating insulin in the primary 
care setting might be avoided by some phy-
sicians because of the misconception that it 
is too time consuming. A cluster randomised 
controlled trial conducted in Victoria looked 
at insulin intensification in the primary care 
setting. In this ‘stepping up’ model of care 
the practice nurse played a lead role in insu-
lin initiation and intensification, mentored 
by a diabetes educator and in liaison with 
the GP.13 GPs and practice nurses assigned 
to an intervention had a 60 to 90 minute 
on-site briefing and training session followed 
by ongoing support as they worked with 
patients over the 12 months of the study. 
After 12 months there was a statistically 
significant difference in HbA1c level (mean 
difference, -0.6%; 95% CI, -0.9% to 0.3%; 
p<0.001), favouring the intervention.13 Most 
of this change was seen by six months. Insu-
lin was commenced sooner (32 days) in the 
intervention group than the control group 
(85 days) and short-acting insulin was com-
menced more commonly (17 patients vs 
one patient).13 A target HbA1c level of less 
than 7.0% (53 mmol/mol) was achieved by 
54 patients (36%) in the intervention group 
compared with 22 patients (19%) in the 
control group.13 This study showed how 
pre-existing resources can be utilised in a 
multidisciplinary approach to get the best 
outcomes for patients.

Conclusion
Type 2 diabetes is associated with signif-
icant morbidity and mortality and the 
incidence of the disease is increasing. 
Treatment schedules have become more 
complicated over the past 10 years with 
the addition of new agents, but insulin 
remains the most effective agent for low-
ering HbA1c level. There are significant 
delays in both initiating and uptitrating 
insulin, and many patients are com-
menced on insulin as a last resort after 
years of suboptimal control. It is impor-
tant for both specialists and primary 
healthcare providers to recognise the 
factors that contribute to this delay.�  MT
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TABLE 3. PBS AVAILABILITY OF NONINSULIN MEDICATIONS USED TO TREAT 
TYPE 2 DIABETES

Drug class Availability on PBS to use in 
combination with insulin

Metformin Yes

Sulfonylureas Yes

Dipeptidyl peptidase 4 inhibitors (‘gliptins’) Yes

Sodium-glucose cotransporter 2 inhibitors (‘gliflozins’) Yes*

Glucagon-like peptide-1 receptor agonist, twice daily 
(exenatide [Byetta])

Yes* – with basal insulin 
only

Glucagon-like peptide 1 receptor agonist, once weekly 
(dulaglutide [Trulicity] or exenatide [Bydureon])

No

* Use with premixed insulin degludec 70% and insulin aspart 30% (Ryzodeg) has not been studied.
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