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Diabetes Management
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The Importance of Good Insulin Injection Practices in Diabetes Management

When insulin-requiring patients with diabetes are seen in the clinic,

there is usually a great emphasis placed on the type of insulin the

patient is taking and an even greater emphasis on the amount. However,

how much emphasis is placed on the practical aspects of insulin use?

Which technique is the patient using to inject the insulin? Is he or she

injecting it correctly? What sites are being used? Are the insulin syringes

or pens being cared for properly? Are the needles being re-used? The

patient might be on the right dose of the correct insulin, but if it is not

being administered properly, optimal control will not be achieved. Thus,

there is a need to teach the patient and then periodically review the

practical aspects of insulin injections. Good injection practices have

evolved over many years. Syringes were first invented in the 15th

century in Italy, but their concept goes back to the time of Galen. It 

was not until 1844, however, that Francis Rynd developed the hollow

needle. In 1853 the hypodermic needle and syringe were invented

independently by the French surgeon Charles Gabriel Pravaz and the

Scottish physician Alexander Wood. They were first used to inject

morphine to relieve pain.1 The modern-day disposable nylon and

polyethylene syringes first became available in the 1960s. They made

injections much more convenient. Needles and syringes have been used

to inject all forms of medication. Today millions of patients inject

themselves with insulin each day. Some use the insulin syringe and

others use the insulin pen, which became available in the 1980s.2 Over

three billion needles, syringes, and lancets are used each year in the US

alone by more than eight million patients who have diabetes.3 It is crucial

that patients use them properly. Thus, there is a need in diabetes

education not only to educate with regard to proper insulin

administration, but also to review technique periodically, because over

time some patients may stray from recommended practices and develop

their own techniques, which are less than optimal and may even be

harmful.4 The following factors should be considered when teaching or

reviewing insulin injections with patients with diabetes.

Verification
Prior to the injection the patient must verify that the correct type and

dose of insulin is being readied for injection. The insulin expiration date

also needs to be checked at this time. The dates can vary significantly.

The expiration date for insulin in pens or vials after being opened can be

very different depending on the type of insulin. The limiting factor is not

potency, as is commonly misunderstood, but rather sterility. After the

recommended expiration date there is an increased possibility that 

the insulin is no longer sterile.5

Storage and Shipping
Prior to opening, insulin vials and pens should be refrigerated and not

frozen. Insulin received via mail order must be adequately protected

from extremes of temperature. If it becomes frozen, it should be

discarded and never used. If insulin is shipped via mail order, one needs

to confirm that it is being stored under the proper conditions.6 After

opening, insulin vials can be either refrigerated or kept at room

temperature. It is recommended, however, that insulin pens remain at

room temperature once opened.7,8 Pens should not be stored with the

needles on. If the needle is left on, air can enter the insulin cartridge and

affect dosage delivery. Insulin syringes can be drawn up and stored in
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the refrigerator for up to one month, depending on the type of insulin.

When stored, they should be positioned with the needle up so that

insulin does not deposit within the needle, resulting in clogging. For

comfort, when injected the insulin should be at room temperature.

Injection Technique 
In preparation for injection, the insulin pen should be primed with two

units of insulin. This is then discarded and the actual dose dialed in. The

same should be done with insulin syringes. If insulin is being mixed,

however, the priming is performed with only the insulin that is drawn up

from the first vial. For example, if 10 units of regular insulin are needed

for the injection, 12 units should be drawn up. The syringe should then

be held vertically with the needle pointing up. Any air bubbles are then

expelled by a quick flick of the finger on the barrel of the syringe

followed by expulsion of the two extra units of insulin. The goal is to

inject just below the skin into the subcutaneous fat. Sites that are best

for this include the abdomen, the backs of the upper arms, the upper

buttocks or hips, and the outer portion of the thighs. Not all sites will be

appropriate for all patients. For example, abdominal injections are 

not appropriate for patients who are thin, such as young children or

well-muscled individuals who cannot pinch half an inch of fat. In 

these situations it is much more difficult to give the injection

subcutaneously and there is a greater risk that the insulin will be

injected intramuscularly.9 In one technique, after cleansing the skin with

an alcohol swab, the fat is pinched between the thumb and index

fingers and rotated slightly to ensure that muscle has not been

gathered up. If muscle is injected, the injection will be more painful and

the insulin will be absorbed faster, which could result in hypoglycemia.10

Shorter insulin needles have decreased the likelihood of intramuscular

injections.11 Anecdotally, patients have employed the following painless

insulin injection technique, which has not yet undergone formal

investigation but is becoming more commonly used. The skin is first

swabbed with alcohol. It is not pinched. Instead, the skin is touched

lightly with the needle point until a spot is found that does not feel

sharp. The needle is then slid through the skin at that spot at a 90º

angle. Much like the roots of a tree, the nerve endings branch out on

the surface of the skin. By inserting the needle between the ‘roots,’ a

truly painless injection can be administered. When using an 8mm

needle, the angle of the injection can vary depending on the area of the

body being injected. A 90º angle is appropriate for areas of 

the body with more fat and a 45º angle with a pinch up for areas with

less fat, thus avoiding intramuscular injection of insulin. The pinch up

should be released prior to withdrawing the needle. If using a 5mm

mini-pen needle no pinch up is necessary because the shorter needle

cannot reach the muscle, except in very young children with very thin

subcutaneous fat layers.11,12

The skin is the largest organ of the body, accounting for 15% of

bodyweight.13 The thickness of the skin varies between 1 and 3mm

throughout the body. Because there is no difference in skin thickness

between obese and non-obese patients, obese patients are able to use

the 5mm needles too.14 The average thickness of the subcutaneous fat

layer in a normal-weight adult’s abdomen and thigh is listed in Table 1.15

The subcutaneous fat layer in the obese can vary but is significantly

thicker than in normal-weight individuals.15

Injection Sites
Insulin is absorbed differently from different sites. It is absorbed most

quickly from the abdomen, followed by the arms and then the legs. The

slowest absorption is from the buttocks.16 It is advisable not to change

sites daily because of the different rates of absorption.17 Better control

can be achieved by consistently rotating insulin injections within a 

set area.18 For example, the morning injection could be given in one

general area, with the noon injection in another, and the supper and

bedtime doses in other areas, depending on how many injections are

used per day. One could therefore inject a thigh in the morning and

rotate around that thigh with the morning injections for a week, then

move on to the other thigh for the next week. This would be preferable

to injecting in the thigh on one morning and the abdomen on the next

morning. Rotation is advisable within individual areas in order to

prevent the formation of scars, fatty deposits, and hard lumps.19 These

areas might be less painful to inject into, but this should be avoided

because it can result in erratic insulin absorption, leading to marked

glycemic excursions.20

Sites that should not be injected include an approximate two-inch circle

around the umbilicus and near to moles and scars. The skin in such

areas can be tougher and thus can contribute to variable rates of insulin

absorption.4 It is also inadvisable to inject into areas that will be

exercised, as this can cause an increased rate of absorption, resulting in

hypoglycemia; for example, this could occur in someone using his or her

right arm to play tennis. Injecting into the other arm or elsewhere would

be preferable in this instance.4,21 After injecting, the site should not be

massaged but rather light pressure should be applied to minimize

bruising. If it appears that a significant amount of insulin has leaked out

after the injection, the patient should monitor his or her blood sugar

more closely afterwards.4

Needle Use and Re-use
As per US Food and Drug Administration (FDA) guidelines,22 insulin

injection needles are sterile products and all must be labeled for single

use only. In spite of most insurance plans covering them on this basis,

some patients will re-use their needles anyway. Unfortunately, some

healthcare providers will advise patients to do so.4 There are potential

problems if this is carried out.

Needle Damage and Breakage
With improvements in technology, insulin needles have become

progressively shorter and thinner. They are strong enough for one use

but not repeated use.23 With re-use the thin tips of the needles can

become damaged and bent and the silicone lubricant coating the

needles is lost. The result is a more painful injection, with bruising and

bleeding more likely to occur.24 Repeated use of the needle can result in

Table 1: Average Thickness of the Subcutaneous 
Fat Layer in Normal-weight Adults

Gender and                                         Average Thickness of the
Body Region                                         Subcutaneous Fat Layer (mm)

Female abdomen                                     23

Female thigh                                             14

Male abdomen                                         14

Male thigh                                                 7
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it breaking off and lodging under the skin.25 If needles are re-used,

insulin can deposit within the needle, making it harder to press on the

plunger and deliver the proper dose of insulin. Insulin syringes need to

be filled prior to use. Therefore, the syringe needles will pass through the

rubber stoppers of insulin vials in order to draw up the insulin prior to

being injected into the patient. Pen needles are not exposed to this

trauma because the insulin pens are pre-filled.

Contamination
Although sterility is guaranteed with the first use of the syringe and pen

needles, the potential for contamination increases with repeated use.

One study showed biological material was trapped in the pen needles or

cartridges of 62% of patients after injection.26 Bacteriostatic agents are

added to most insulins to stop bacterial growth; however, needle re-use

can increase the risk of infection.27

Infections caused by contamination from needle re-use can be severe.

Some infections can even be life-threatening, as for example in the

reported case of a perinephric abscess due to insulin syringe re-use.28

Those patients who have compromised immune systems are likely to be

at a higher risk for such infections, as are those with infected skin

lesions who do not practice good hygiene.4 Some patients, in an attempt

to be hygienic, will clean the needle with alcohol prior to re-using it.

Doing so, however, will remove the silicone lubricant, which will result in

a more painful injection.23

Dosage Accuracy
Insulin pen delivery systems are extremely accurate when used

properly.29 If the needles are left on the pens after use, however, air can

pass through them into the insulin chamber. Not only can this increase

the chance of contamination, it can also affect dosage accuracy due to

air bubble formation. The excess air reduces  ‘the delivery of insulin in

the five seconds that patients normally wait’ when using their insulin

pen.30 According to this study, if a pen were to have 200μl of air in it, a

patient would receive only 37% of his or her dose. Thus, a patient who

intended to take 20 units of insulin would receive only 7.4 units if the

needle was withdrawn after the standard five-second wait. This is why

manufacturers recommend removing insulin pen needles immediately

after use. In light of this it is also reasonable to have patients wait 

10 seconds rather than five if they are injecting more than 25 units of

insulin with a 30-gauge or smaller needle. 

Lipohypertrophy, Lipodystrophy, and Lipoatrophy
Lipohypertrophy is the most common local complication of insulin use.

It presents as ‘grape-like’ lumps of excessive fat at insulin injection

sites. The factors that were found to be statistically relevent to the

incidence of lipohypertrophy include needle change frequency,

change of site frequency, and duration of insulin use (see Table 2).31

The re-use and repeated use of insulin needles causes damage to their

tips and a loss of the silicone lubricant, resulting in damage to the

tissue by the injections and an increased likelihood of lipohypertrophy

occurring.  Lipohypertrophy was noted to occur least in patients who

rotated their injection sites weekly (see Table 2). These findings

suggest that the form of rotation is important. By rotating properly

among injection sites it will be weeks before the patient returns to the

original site. During this time the site will be free from the growth-

promoting effects of insulin, resulting in a lower incidence of

lipohypertrophy. Unfortunately, patients tend to repeatedly inject at

sites of lipohypertrophy because it is less painful to do so. This in turn

further exacerbates the problem.31

Lipodystrophy—scarring of the fat—is thought to be secondary to the

trauma caused by needle re-use and also to giving repeated insulin

injections at the same site.31 To minimize lipohypertrophy and

lipodystrophy, needles should not be re-used and injection sites should

be rotated correctly. Lipoatrophy is manifested by a loss of

subcutaneous fat. In some patients it has been associated with impure

insulins and presents as a depression in the skin. Checks should be

made for any signs of lipohypertrophy, lipodystrophy, and lipoatrophy

during routine examinations of patients with diabetes. Once identified,

corrective action should be initiated.31

Trypanophobia
Trypanophobia is more commonly known as ‘needle phobia.’ Despite

numerous advances in the technology of insulin syringes and pens, there

are still patients who are reluctant to take insulin injections. For a brief

period when inhaled insulins were on the market, such patients could be

placed on these alternatives. Such insulins are no longer available, thus

the issue of ‘needle phobia’ needs to be addressed.

One or more of the following factors is often involved in a patient’s

needle phobia: 

• a perceived loss of control over his/her life; 

• a lack of confidence that he/she could handle the demands of

insulin therapy; 

• a belief that insulin therapy equates to a personal failure;

• a perception that the diabetes has become much worse;

• injection-related anxiety; and 

• a perceived lack of personal gain.32

Table 2: Risk Factors and Related Increases in the
Incidence of Lipohypertrophy32

Needle Re-use

Needle Change Frequency                         Incidence of Lipohypertrophy (%)

Every injection                                               20.3

Every 2–3 injections                                       51.2

Every 4–5 injections                                       75

After the insulin pen cartridge is empty       100

Injection Site 

Change of Site Frequency                          Incidence of Lipohypertrophy (%)

Rotated weekly                                               23.8

Each injection                                                 76.9

No change—one injection site used             86

Random injection sites                                   90.5

Duration of Insulin Use

Duration of Insulin Use (years)                   Incidence of Lipohypertrophy (%)

<5                                                                    12.1

6–10                                                                 40.7

11–15                                                               77.2

16–20                                                               84.8
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Fortunately, these matters can be successfully addressed by appropriate

interventions. First, the patient’s ‘personal obstacles’ need to be

identified and acknowledged. The patient’s sense of personal control

needs to be re-established. Introducing insulin therapy as a brief trial in

which the patient is told that he/she can opt to continue or not at its end

can help to rebuild a sense of control. Once insulin has been started, it is

important to follow up expeditiously on dose adjustments. If adjustments

are not made until a future visit a month or more away, the perceived

advantages of insulin therapy may not be as apparent and the patient

might become reluctant to continue. For those patients who are truly

fearful of needles, referral to a psychologist or psychiatrist proficient in

cognitive behavioral therapy for ‘systematic desensitization’ can often

quickly resolve the issue.32

Disposal of Sharps
Healthcare workers are not the only ones at risk of sharps injuries.

People at high risk of being stuck by used sharps include children,

janitors, housekeepers, sanitation and sewage treatment workers, and

workers at recycling facilities and landfills.3 As part of their initial training

in proper insulin injection techniques, therefore, patients should be

taught how to safely dispose of sharps. The laws vary by state. The

Centers for Disease Control and Prevention provide helpful information

regarding proper disposal and the various states’ regulations (at

www.cdc.gov/needledisposal). Another very helpful organization in this

regard is the Coalition for Safe Community Needle Disposal (at

www.safeneedledisposal.org). Various programs are available to address

this problem. Some even include a mail-back option. Syringes, pen

needles, and lancets are not recyclable and should therefore never be

placed in a recycling bin.

Disasters of Nature and Man
Not taking insulin can be life-threatening for patients with type 1

diabetes. Therefore, a disaster plan needs to be prepared in advance for

them. If disaster strikes, how will they be able to continue taking their

insulin injections? This should be included as an integral part of their

diabetes education.33 The US and other countries are currently at war.

There is therefore a risk that the standard distribution network of

medical supplies could suddenly be disrupted by an act of war. Supplies

could also be disrupted in the event of a major earthquake or hurricane.

If such events were to occur, the patient would need to rely on him- or

herself for a period of time. 

The American Association of Clinical Endocrinologists therefore

recommends that the patient make a portable diabetes disaster kit that

is both insulated and waterproof.33 If the patient is on insulin, the kit

should contain at least a 30-day supply of insulin syringes and insulin

vials or insulin pens and needles, along with cold packs. It should also

contain blood testing supplies including lancets, test strips, and a

glucose meter (preferably two) with extra batteries. Do not forget to

advise that a sharps container be included for disposal of the lancets

and needles. At least a three-day supply of non-perishable food and

bottled water is also recommended. The kit should be personalized for

each patient and kept in a handy spot ready to go.33

Conclusion
Diabetes education, especially in terms of proper insulin injection

techniques, takes a great deal of time and effort. Without it, however, the

right type of insulin at the right dose might not necessarily give the right

results. As a consequence, marked glycemic excursions could occur and

optimal blood sugar control could prove to be elusive. n
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