Worldwide Injection Technique Study:
Injecting Practices
Introduction
Despite increased attention in both the clinical arena and in published literature1 2 3 4 5,
the role injection technique in optimizing the efficacy of insulin therapy is still not
accorded the importance it deserves. Diabetes nurses and observant patients have long
known that the technique of injection is critical to the successful use of insulin, but the
medical community at large and most insulin-injecting patients remain woefully unaware
of the hows and whys of proper technique. Recent years have seen increased emphasis
on intensive insulin therapy and on the critical role of blood glucose measurements, but
still too few patients understand that correct insulin injection technique is just as
important to good glucose control as the type and dose of insulin delivered.
From February, 2014 until June, 2015 the Insulin Injection Technique Questionnaire
(ITQ) survey was conducted among 13,264 patients in 425 centers from 42 countries. All
patients had diabetes and had been injecting insulin for at least 6 months. We have
already described the participant population in an earlier paper6 and here propose to
review the data related to injecting practice. The key parameters addressed hereafter
relate to number of injections/day, choice of injection site, use and characteristics of skin
folds (pinch-up), dwell time of needle under the skin, needle reuse and injecting through
clothing. We also addressed the issue of injection safety and disposal of used sharps.
Injections and fingersticks administered to patients with diabetes in health care settings
present a risk of blood exposure to the injector as well as to other worker in potential
contact with sharps, which could lead to transmission of bloodborne pathogens. More
than one million needle stick injuries are estimated to occur in the European Union each
year. Statistics from other regions show similar rates. The everyday activities of health
care workers in diabetes put them at risk of such injuries.
Serious infections with more than 30 potentially dangerous pathogens, including
hepatitis B and C and HIV, can occur from injuries with contaminated needles and
lancets. Though seroconversion is rare, injuries are not. Every one of these injuries can
lead to expensive testing and prophylactic treatments, as well as months of mental
anguish.
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Methods and Materials
Our previous paper7 described the methods, materials, centers and patients who
participated in the study.

Results
Number of Injections/Day

INJECTIONS/

%

N

1

16.0

1523

2

26.0

2480

3

13.0

1240

4

33.7

3213

5

7.7

735

6

2.1

197

7

.7

70

>7

.7

71

Total

100.0

9529

DAY

Injection Sites and their Care and Maintenance
Figure 1 shows the recommended injection sites.8 9 10 11 12
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The Abdomen was used by 90.9% of our patients, thigh by 43.0%, buttocks 13.8% and
arm 31.9%. The percentages add to over 100 since many patients use more than one site.
Table XX presents percentages for specific injecting zones or combinations of zones.

Frequency
%

N

Abdomen alone

42.0

5365

Thigh alone

2.9

372

Arm alone

2.1

264

Abdomen/Thigh

16.6

2125

Abdomen/Arm

6.7

852

Thigh/Arm

2.8

358

Abd/Thigh/Arm

12.9

1648

All 4

7.8

996

Injecting Process
Patients using pens were asked how long they leave the needle under the skin after the
plunger has been completely pushed in.
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Table: Dwell Times after Pen Injection
Time

%

< 5 sec

18.6

5 – 10 sec

45.6

> 10 sec

31.9

I’m not aware
of how long

3.9

Patients were asked to perform a mock injection while the nurse observed the technique.
One of the parameters checked was whether the patient lifted a skin fold and if so, was it
lifted correctly and was it released appropriately. 63.7% of patients lifted a skin fold and
75.0% did it correctly. However less than half released the fold appropriately (option 3
in Table below).
Table: Timing of release of Skin Fold
When released?

%

Once the needle is in the skin

18.5

Once the insulin is totally injected

33.5

Once the insulin is injected and
the needle is removed from the skin

48.0

Reuse of Injecting Devices
About half of patients worldwide use their needle more than once. Pen users tend to
reuse more than syringe users. There is huge variability across countries in this practice
(data not shown).
Table: Needle Reuse Data for Pen Needles and Syringes
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There is also a huge amount of variability in terms of the times a needle is used. Most
reuse is less than 5 times, but up to 30% of reusers use the needle 6 times or more.
Table: Frequency of Reuse of Pen Needles

Table: Reasons for Reuse

The following groups tend to reuse more frequently than others: males, T2DM patients,
adults (more than children or adolescents) and those taking multiple daily injections.
Lipohypertrophy (LH) is more frequent in needle reusers but reuse is less powerful a
factor than incorrect rotation, smaller injection areas and longer time on insulin in multivariant analysis. Use of the 4 mm needle is associated with less needle reuse and less LH.
Pain is also associated with needle reuse and seems to increase as a function of the
number of times the needle is reused. Needle reuse seems to be lower with 32 G needles
(of any length) for reasons which are not understood. Reuse is associated with
unexplained hypoglycemia, glycemic variability, injecting through clothes, skipping
injections, bleeding, hyperglycemia, incorrectly rotating sites, less frequent fingersticks
and slightly higher HbA1c levels; although a causative relationship with any of these has
not been established. Reuse is not associated with leakage from the skin or routine
hypoglycemic reactions. Interestingly, reuse is less frequent when General Nurses,
Diabetes Nurses or Diabetes Educator gave injection training than when Doctors,
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Pharmacists or representatives of Industry did it. (Data not shown for above but all
differences significant at p<0.05).

Reconstituting Cloudy Insulins
Patients were asked if they used cloudy insulin (NPH, N or pre-mixed insulin) and if so,
how many times to they roll or tip to reconstitute it before injecting. 65.5% use cloudy
insulins.
Table: Times vial or cartridge of cloudy insulin rolled or tipped
Number
rolls/tips
2

7.3

3

7.3

4

5.5

5

16.1

10

34.6

15

4.4

20

10.2

%

Patients were asked if they ever skipped injections and if so, how often and why. 44.7%
said they skipped injections.
Table: Frequency of Skipping Injections
Frequency

%

Often (several times a week)

8.5

Sometimes (several times a month) 35.9
Almost never (several times a year) 55.6
The main reasons given for skipping injections were: I forgot (51.6%); I didn’t eat
(8.8%) and My glucose was too low (7.2%).

Storage of Unused and Used Insulins
Patients were asked where they stored their insulin before opening it and 88.6% reported
in the refrigerator. After opening it, 43.0% continued to store it in the fridge. Of these
only 56.3% let it warm up to room temperature before injecting it. The 43.7% who
injected it cold were at higher risk of having painful injections.
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Warm Up

Store Cold
after Open

Yes

No

Yes

25.9%

26.7%

No

30.7%

16.8%

Disinfection and Injection through Clothing
Patients were asked if they disinfected the skin before injections and 56.8% said they did.
(Of vial users, 28.8% reported disinfecting the vial cap before drawing up their insulin.)
Only 8.0% of our patients injected through clothing.

Needlestick Injuries
Patients were asked if there were any persons in the immediate surroundings who might
accidentally get stuck with sharps and 14.7% said yes. They were then asked to identify
these persons.
Who?

%

Children

23.4

Other family members (e.g. spouse)

39.5

Nurse or other professional

4.6

House keeper or rubbish collector

8.2

They were then asked if any sharps injuries had already occurred and 8.6% said yes.
Finally they were asked whether any risk factors for those around them existed.
Why?

%

I don’t use devices that prevent injuries to others (safety devices)

22.9

I don’t have appropriate disposal containers for my used sharps

35.5

Used sharps are sometimes left in places where others might get stuck

19.1

I’m positive for hepatitis or another blood-borne illness

3.7

Disposal of Used Sharps
Patients were asked how they dispose of their used sharps.

7

Where Dispose?

%

Into a container specially made for used sharps

20.7

Into a home container such as an empty bottle

23.0

Into the rubbish with the cap on

48.1

Into the rubbish without recapping

6.9

I clip off the needle and it stays in the clipper

1.3

Patients were then asked what the ‘final resting place’ was for their collection of used
needles, i.e. where did they take the container once it was full.
What do you do with the waste?

%

Put it into the rubbish

40.3

Take it to a pharmacist

12.8

Take it to a doctor’s office

6.3

Take it to a laboratory

0.4

Take it to the hospital or clinic

22.1

Take it to a local deposit or collection service

11.0

None of the above

7.1

Discussion and Best Practice
In the last two decade the practice of insulin injection been approached in a scientific
fashion. Several studies have suggested that correct performance of injections may be as
important to good glucose control as the type and dose of insulin delivered.13 14 15 16(6770) In our evaluation of the results above we will also include a summary of best
practice regarding the theme discussed.

Absorption by Site and IM Injections
Absorption characteristics change depending on the type of insulin given. Abdominal
site subcutaneous (SQ) injection of soluble rapid acting (‘regular’) insulin results in 29%
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lower post-prandial plasma glucose concentrations than thigh site injections. 17 18 This
effect is due to faster absorption from the abdomen. Furthermore, the use of
inappropriate sites and techniques may modify insulin absorption parameters leading to
an uncoupling of maximum glucose load and peak insulin effect. This can lead to both
unexpected hyperglycaemia as well as an increased risk of nocturnal hypoglycaemia. 19 20
21 22 23 24 25
. Analogues can be given at any injection site with similar uptake and action
(PK-PD), but human insulins (Regular, NPH) vary substantially – absorption being
fastest from the abdomen and from the buttock, slowest.
Both human insulins and analogues have different absorption profiles when deposited
into muscle. In In 1988 Frid26 showed that human soluble insulin were absorbed faster
from muscle compared to fat tissue, especially when the muscles were exercised. Vaag27
showed the same for NPH insulins in 1990. Thow28 has shown that a significantly
greater amount of infused glucose was required during a glucose clamp to maintain
euglycemia after IM injection than after SC injection.
In contrast the rapid-acting insulin analogue lispro seems to have the same speed of
absorption from fat tissue and resting muscle tissue. 29 There are no published studies for
modern long-acting analogues but clinical experience and a case report 30 make it
probable that long-acting analogues are absorbed faster from muscle compared to fat
tissue.
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Hence IM injections, especially into working muscle, can distort absorption of possibly
all of the insulins and thus de-couple maximum glucose load from peak insulin activity.
This can lead to poor glycemic control, including excessive glycemic variability. When
this happens IM injections may lead to frequent and unexplained hypoglycemia
according to a number of studies.31 32 33
Patients may be unaware that they are injecting IM. Thow34 has shown that IM injections
are no more uncomfortable than SC. It is likely that many patients have been
unwittingly injecting IM for years without recognizing it – especially with the newer,
thinner needles.
Hirsch35 has recently shown that gender, BMI and body site are the most important
factors impacting SC fat thickness. Women have approximately 5mm more fat than men
for the same BMI. Hence, men are at much higher risk for IM injections than women (24X). The lower the BMI the higher the IM risk. Body site is also critical. Injections in
the thigh (closely followed by arm) have 2 to 4-fold higher IM risk at any length needle
than injections given in the abdomen. Thigh and abdomen are, of course, the most
common sites patients use.
There is a general paucity of studies regarding insulin absorption from deep or
superficial parts of subcutaneous fat tissue. However Frid36 showed no difference in
absorption of soluble human insulin from deep compared to superficial injection in
patients with T1DM. A more recent study has also suggested that the depth of insulin
injection (shallow versus deep SC tissue) does not affect the absorption or
pharmacokinetics of insulin37.
GLP-1 agents
Pending further studies, patients who inject GLP-1 agents should follow the
recommendations already established for insulin injections with regards to needle length
and site rotation. 38 GLP-1 agents may be given at any of the usual injection sites as the
pharmacokinetics do not appear to be site-specific. 39
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Proper use of Pens
After pushing the thumb button completely in, patients should count slowly to 10 before
withdrawing the needle in order to get the full dose and prevent the leakage of medication.
40 41 42 43 44 45
Counting past 10 may be necessary for higher doses. Counting only to 5
may be acceptable for lower doses. Patients may find the right time for themselves by
trial and error, using leakage of insulin as a guide.
Pens and cartridges are for a single patient and should never be shared between patients
due to the risk of biological material from one patient being drawn into the cartridge and
then injected into another person. 46 47 Needles should be disposed of immediately after
use instead of being left attached to the pen. This prevents the entry of air (or other
contaminants) into the cartridge as well as the leakage of medication. Leakage of
medication can affect dose accuracy. 48 49 50 51 52 Pen needles should be used only once.

53 54 55 56 57 58 59 60

Proper use of Syringes
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There are regions of the world where significant numbers of patients still use syringes as
their primary injecting device. Even in countries where pens are used for most home
injections, syringes are still often used in health care settings. In areas where U-40
insulin and U-100 are still on the market together (e.g. Asia, Africa) or where U-500 is
used in addition to U-100 (e.g. UK and USA) careful attention must be paid to using the
appropriate syringe for each concentration. There is no medical rationale for using
syringes with detachable needles for insulin injection. Permanently-attached needle
syringes offer better dose accuracy, smaller cannula diameters and reduced dead space,
allowing the patient to mix insulins if needed. There are currently no syringes with a
needle < 6mm in length, due to incompatibility with certain insulin vial stoppers. 61

Reconstituting Cloudy Insulins
German studies 62 63 64 65 66 have highlighted the previously unappreciated problem of
inadequate suspension of cloudy insulins. Some longer-acting insulins contain a
predetermined ratio of either crystalline insulin and solvent or crystalline insulin and
rapid-acting soluble insulin. The crystalline elements must be resuspended prior to each
injection, however patients may be unaware of how best to do this. Inadequate
resuspension of NPH insulin before pen injection is common among patients treated with
insulin. This leads to varying concentrations of NPH and unpredictable clinical
responses to it.
Jehle 67 showed that NPH resuspension was only achieved after mixing (tipping or
rolling) 20 times immediately before injection. Patients however find this procedure
annoying. He found that fewer than 1 in 10 did it. Brown68 found similar results and
concluded that significant inappropriate dosing resulted from inadequate resuspension.
Kaiser69 found that the amount of mixing needed to resuspend NPH varies according to
manufacturer. Cartridges with the heaviest and highest number (3) of ‘bullets’ inside
took less mixing. However cartridges have only 1 or 2 lighter glass ‘bullets’ inside and
these take much more effort to resuspend. If resuspension is not done properly doses of
NPH are well below what is anticipated by the patient. Kaiser found that all cartridges
performed well when used according to the instructions for use, i.e. with 20× mixing.

Insulin Storage
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Most insulin storage data comes from the manufacturers, with few independent studies
available. Store insulin in current use (pen, cartridge or vial) at room temperature (for a
maximum of one month after initial use, and within expiry date). Store back up insulin
bottles in an area of the refrigerator where freezing is unlikely to occur. 70 71 Unlike
syringe users, the pen user cannot ‘see the insulin going in’ when injecting. Obstruction
of flow with pens is rare but, when it happens, can have serious consequences: patients
may think they got their dose when they didn’t. Therefore it is recommended to prime
pens (observing at least a drop at the needle tip) before the injection to ensure there is
unobstructed flow and to clear needle dead space. Once flow is verified, the desired dose
should be dialed and the injection administered.72 73

Dwell Times
Patients should be instructed to inject slowly and ensure that the plunger (syringe) or
thumb button (pen) has been fully depressed.74 When using a pen, they should wait
another 10 seconds after dose delivery before removing the needle in order to avoid
leakage/reflux; this ensures full delivery of the injected dose. 75

Skin Folds
Pinching up the skin is the one method that has been documented by computerized
tomography (CT) scan and ultrasonography to increase the chance of subcutaneous
injection. If one performs a pinch-up, it should be made with 2 fingers (thumb and
index). The fold should be maintained throughout the injection, and 5-10 seconds
afterwards, before removing the needle. 76
Nevertheless, even a pinch-up may not protect children from intra-muscular injections if
they use 8 mm needles (which are the shortest currently available in syringes). Polak77
has shown however that a lifted skin fold does not always eliminate the risk of an IM
injection, especially in younger thinner children and when using these longer needles.
Intra-muscular injection occurred more frequently in boys and correlated with lower
percentile of BMI and shorter distances from skin surface to muscle fascia, with or
without a skin fold. A second study78 , found that the use of 8mm needles in fifty thin to
70
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normal children, all of whom used a pinch-up, significantly reduced but by no means
eliminated the risk of intra-muscular injections. Thus needles even shorter than 8 mm
must be used in children, which calls into question the use of syringes in this population.
The use of the 5mm needle in adults who do not use a pinch up should not be a matter of
concern, unless the individual is very thin (e.g. BMI<18 kg/m2). In such cases a change
to the gluteal region (where there are almost always abundant fat layers) as primary
injection site, or a switch back to the 8mm needle using the pinch-up technique should be
considered.
Skin folds are essential when the presumed distance from skin surface to the muscle is
less than the length of the needle. Lifting a skin fold is an easy and effective means for
ensuring SC injections. All patients should be taught the correct technique for lifting a
skin fold from the onset of insulin therapy. A proper skin fold is made with the thumb
and index finger (possibly with the addition of the middle finger). Lifting the skin by
using the whole hand risks lifting muscle with the SC tissue and can lead to IM
injections. The figure below shows correct (left) and incorrect (right) ways of performing
the skin fold.79

The skin fold should not be squeezed so tightly that it causes skin blanching or pain.
Lifting a skin fold in the abdomen and thigh is relatively easy (except in very obese tense
abdomens), but it is more difficult to do in the buttocks (where it is rarely needed) and is
virtually impossible (for patients who self-inject) to perform properly in the arm. The
optimal sequence should be: 1) make skin fold; 2) inject insulin slowly; 3) leave the
needle in the skin for 10 seconds (when injecting with a pen); 4) withdraw needle from
the skin; 5) release skin fold; 6) dispose of used needle safely.
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Disinfection of Sites
Injections should be given in a clean site using clean hands. 80 The site should be
disinfected when found to be unclean or if the patient is in a setting where infections can
be easily spread (e.g. hospital or nursing home) Disinfection of the site is usually not
required outside the hospital or nursing home setting. 81 82 83 84 85 If alcohol is used to
clean the site, the skin must be allowed to dry completely before the injection is
administered.86 87

Safety Needles
The everyday work of healthcare workers (HCW) puts them at risk of serious infections
with more than 30 potentially dangerous pathogens, including hepatitis B, hepatitis C and
HIV, through injuries with contaminated needles. More than one million needle stick
injuries are estimated to occur in the European Union each year.88 Sharp devices used in
hospital and other health care institutions represent a risk for the transmission of bloodborne pathogens to the user in the event of a needle stick injury (NSI) or muco-cutaneous
blood exposure.89 This risk can extend as well as to ‘downstream’ workers (cleaning
personnel, rubbish removers, incinerators, as well as to the general public) if they receive
an accidental NSI or muco-cutaneous blood exposure.90 Studies have shown that the
incidence of NSI among HCW giving injections to patients with diabetes (predominately
insulin) is just as high, or higher, than workers in other departments or wards.91 92 Studies
have shown that patients with diabetes have sero-prevalence rates of blood-borne
pathogens as high, or higher, than patients with other disease states. 93 94 95
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Safety needles should be recommended whenever there is a risk of a contaminated needle
stick injury (e.g. in hospital). Since most safety mechanisms will not protect against
needle sticks through skin folds the use of shorter needles without a skin fold is
recommended. If an IM injection is still a risk, using an angled approach (rather than a
skin fold) is preferable.
Safety –engineered devices play a critical role in protecting injectors and downstream
workers. Nurses and other health care workers at risk must receive appropriate education
and training in how to minimize risk by following optimal injection techniques, using
available safety devices, and wearing protective clothing (e.g., gloves).96

Disposal of injecting material
Every country has its own regulations regarding the disposal of contaminated biologic
waste. Of note in this study is the fact that more than half of used sharps go into the
rubbish, with nearly 7% not even having the minimum protection of a cap. These ‘naked
needles’ pose an imminent threat to anyone who comes near the rubbish, for example
family members, house cleaners, rubbish collectors or those operating incinerators or
frequenting dumps.
Options for discarding a used needle, in order of preference, are: 1) into a container
especially made for used needles/syringes; 2) if not available, into another puncture-proof
container such as a plastic bottle.
Options for final disposal of the container, in order of preference, are to take it: 1) to a
Health Care facility (e.g. hospital); 2) to another Health Care provider (e.g. laboratory,
pharmacist, doctor’s office). Under no circumstance should sharps material be disposed
of into the public trash or rubbish system. All stakeholders (patients, HCPs, pharmacists,
community officials and manufacturers) bear a responsibility (both professional and
financial) for ensuring proper disposal of used sharps.
All HCPs and patients should be aware of local regulations. Legal and societal
consequences of non-adherence should be reviewed.97 (91) Proper disposal should be
taught to patients from the beginning of injection therapy and reinforced throughout.98
(92) Potential adverse events to the patients’ family (e.g. needlestick injuries to children)
as well as to service providers (e.g. rubbish collectors and cleaners) should be explained.
Where available, a needle clipping device should be used. It can be carried in the patient
kit and used many times before discarding.
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We believe that our overall survey gives a detailed, up-to-date and representative view of
injecting practice in the most commonly-used diabetic health care facilities in the world.
We further believe that it lays the groundwork for new recommendations concerning best
practices for patients, guides the care and education strategies for HCP and provides a
road map for improving diabetes care to public health professionals and government
officials worldwide. This paper will be followed by two others:
•
•

Worldwide Injection Technique Study: Injecting Complications
Worldwide Injection Technique Study: Education and the Health Care
Professional
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