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A B S T R A C T

Management of diabetes for residents in long-term care settings is particularly challenging, due to the
wide range of physical and mental limitations that bear on efficacy of their medications, as well as prac-
tical issues associated with the optimal administration of these medications. Foremost among the practical
issues for residents requiring insulin injections, is the need to ensure that it is consistently delivered to
the circulation at the target rate and dosage, thereby avoiding life-threatening episodes of hypoglyce-
mia. Recent evidence from a multinational survey has elucidated principles of insulin injection technique,
including optimal needle length and site rotation that can greatly improve consistency in delivering insulin
to the subcutaneous compartment, while reducing pain, improving patient compliance, and limiting the
total daily dosage. The present review consolidates these findings and highlights the most critical take-
home messages for healthcare professionals working in this area.

© 2017 Published by Elsevier Inc.

Introduction

Diabetes is a common condition among the elderly (≥65 years
of age), that affects 25–40% of long-term care residents1 and overall
accounts for nearly 25% of hospitalizations and 21% of hospital re-
admissions in the U.S. each year.2 Moreover, according to the
Minimum Data Set (MDS)a Frequency Report, 66.7% of Medicaid and
Medicare long-term care residents surveyed reported receiving
insulin injections from one to seven times in the prior week.3 Wide

variations in functional and cognitive impairments and co-
morbidities in this population suggest that an inter-professional
collaborative approach utilizing practitioners, nurses, pharma-
cists, therapists, first line and family caregivers to develop and
implement an individualized treatment regimen for glycemic control
would be beneficial. An essential component of this regimen is the
manner and timing of insulin injections. The current consensus is
that treatment regimens including insulin should be simplified when
possible with a reduction of the number of insulin injections and
glucose checks.1

Their effectiveness also depends on each injection delivering the
prescribed dosage of insulin to the bloodstream over a predict-
able period of time. Otherwise, blood glucose levels can fluctuate
widely, with potentially serious short- and long-term consequences.

While aggressive glycemic targets have been widely advocated
to slow long term progression of diabetes, in the elderly, the
consequences of hypoglycemia are of paramount concern, favor-
ing more moderate glycemic targets and measures which minimize
risk of overly tight control. Hypoglycemia related to insulin use is
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the cause for approximately 100,000 emergency room visits per
year in the US.4

In post-acute and long-term residents, the presentation may be
atypical, with blunting of adrenergic symptoms (e.g., sweating, pal-
pitations), and there is evidence that more neuroglycopenic
symptoms such as altered behavior, lethargy, falls, weakness, focal
neurological symptoms, and seizures are prevalent.5 Intensive glucose
lowering treatment in Type 2 DM increases (doubles) risk of severe
hypoglycemia,6 with potentially catastrophic consequences. Because
residents on intensive insulin regimens may progressively lose
awareness of impending hypoglycemia, glycemic targets in such in-
dividuals should be liberalized.7 Avoidance of prolonged or repeated
episodes is important since these are known to be associated with
worsening of cognition.8

Insulin injection techniques must be individualized according
to each patient’s body type (e.g. thin versus obese), suitable injec-
tion sites, pain threshold, competence and preferences, under
guidance of facility staff and caregivers following safe and consis-
tent practices.9 Engineered injection devices, particularly safety pens,
are increasingly utilized to enhance treatment satisfaction and reduce
insulin dosing errors and needle stick injuries, while also constrain-
ing overall costs of treatment.

Improving glucose management in elderly residents of long-
term care facilities remains challenging, and requires a multifaceted
approach which takes into account the unique clinical history, ex-
isting complications, prognosis, and preferences of each patient.
However, recent evidence from a multinational survey of injec-
tion techniques has elucidated the opportunity for broad application
of basic principles to greatly minimize insulin injection errors. Here,
we review details of this survey.10 the best practice recommenda-
tions it triggered.11 and the implications these have for management
of potential injection complications.12

Principles of insulin injection

Effectiveness of an insulin injection depends on several key
factors, including the type of insulin, caloric intake, physical activ-
ity, renal or hepatic insufficiency, cardiac failure, and the tissue level
into which it is injected. For example, the pharmacokinetics of long-
acting, NPH, regular, and rapid acting insulin analogs, as well as
continuous subcutaneous insulin (CSII) infusion vary consider-
ably. In one study, the onset of action is earlier with NPH (0.8 ± 0.2 h)
and CSII (0.5 ± 0.1 h), versus glargine (1.5 ± 0.3 h) (P < 0.05)
(mean ± SE).13 Loss of renal and hepatic function can alter the half-
life of injected insulin in the circulation, and physical activity can
increase sensitivity of skeletal muscle to insulin.14 While all of these
potential factors are normally considered in determining a pa-
tient’s insulin regimen, this is predicated on the assumption that
the prescribed dosage is delivered accurately, and into a tissue en-
vironment where its absorption rate into the circulation is
predictable.

However, insulin is absorbed at a more rapid and variable rate
when injected into an active muscle, compared to insulin admin-
istered into the subcutaneous space. This was demonstrated in a
study measuring the kinetics of 125I-labelled NPH insulin. Injec-
tion of insulin by the intramuscular route versus the subcutaneous
route resulted in more rapid absorption (T50%b: 5.3 h versus 10.3 h),
higher peak rate of absorption (11%/h versus 6%/h) and greater intra-
patient variation in absorption.15 The decrease in plasma glucose
has also been shown to be greater up to 80 minutes after IM in-
jection, versus SC injection.16 Thus, it is critical that the injections
be administered in a manner that ensures delivery to the SC space

(Fig. 1), thereby avoiding inadvertent injection into the underly-
ing muscle tissue, which increases risk of insulin overdose and
hypoglycemia.

Since skin thickness does not vary greatly according to body type,
the shortest needle that can penetrate this layer, perpendicular to
the skin surface, can be utilized for a wide range of patients. An ex-
ception to this would be the case of patients with a very thin body
habitus (e.g. cachectic or sarcopenic individuals), particularly with
injections into the limbs, where lifting a skinfold is necessary to avoid
IM injection. IM injections primarily occur with the use of longer
needles and may result in a higher risk of bleeding, bruising, and
stinging pain. In particular, use of needles ≥8 mm, which is common
in LTC settings, has been associated with a significantly increased
risk of IM injection.18

Another source of variability in delivery/absorption of injected
insulin is the presence of insulin lipohypertrophy, defined as a lo-
calized hypertrophy of subcutaneous fat at insulin injection sites
caused by the lipogenic effect of insulin. In contrast to the effects
of intramuscular injections, injections of insulin into sites of
lipohypertrophy tend to delay its absorption.19 necessitating higher
total daily dosage (TDD), while increasing risk of both hyperglyce-
mia and hypoglycemia, and worsening the lipohypertrophy itself.
Some evidence suggests that lipohypertrophy may be a reaction to
the TDD of insulin, the failure to rotate insulin injection sites as rec-
ommended, or both.10 Since many patients favor injecting into sites
of lipohypertrophy because they are less painful, they need to be
instructed on the identification and avoidance of those sites. A recent
study found that with appropriate injection site rotation, A1C was
0.57% lower, and associated with a reduction of TDD by 4.7 units
of insulin.12 While A1C targets may be less stringent for residents
with limited life expectancy, advanced diabetes complications, or
extensive comorbidities,10,20 improper insulin injection technique
should be considered as a causal factor when there is a change in
glucose control and in the target A1C. Ideal sites of injection are
in the abdomen, buttocks and thighs, and upper arms,11 with con-
tinuous rotation, including spacing of injections at least 1 cm from
each other, and avoiding reuse of a single injection site more often
than every 4 weeks.10

However, for best results it is important to stick with a consis-
tent body part and “rotate” among several sites within that bodybT50%: The time required for 50% absorption of insulin following an injection.

Fig. 1. Idealized subcutaneous injection. This figure demonstrates an idealized in-
jection of medication into the subcutaneous layer, needle placement at 90 degrees,
and the needle tip remaining well above the muscle layer.17
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part, spaced at least 1 cm apart, to minimize risk of injection site
complications.21

Pain of insulin injections is greater in patients with Type 1 di-
abetes, children, adolescents, and women.12 It is also associated with
needle reuse, bleeding at the injection site, and poor site rotation.12

Moreover, several recent studies have shown shorter needles to be
less painful22 and pain can be further minimized by avoiding in-
jection into areas of inflammation, edema, ulceration, or infection.11

Current practice

In one of the largest such studies to date, an international group
of diabetes researchers conducted a survey of current insulin in-
jection practices among 13,289 patients from 423 centers in 42
countries, covering the period from February 2014 through June
2015.10 This, the Fourth Injection Technique Questionnaire (ITQ)
survey, provided a basis for specific recommendations of the Forum
for Injection Technique and Therapy: Expert Recommendations
(FITTER) workshop on insulin delivery in Rome, Italy, in October,
2015.23 A three-part series of publications in the Mayo Clinic Pro-
ceedings details these findings10 and recommendations,11 as well
as the role of the professional in addressing complications.12

The objectives of the ITQ survey10 included determining epide-
miologic profiles, evaluating variability in insulin injection
parameters and their effects on glucose control, and gaining an un-
derstanding of patients’ perspectives of the injection process. The
majority (85.6%) of patients in this survey used only an insulin pen,
9.6% used only a syringe, 2.8% used both, and 1.4% used a pen and
another device.

Several trends were noted in comparison to the last previous ITQ,
conducted in 2009.24 Since then, there was a clear shift from use
of the 8 and 12.7 mm needles, toward the 4 mm and 5 mm ones,
with the use of 6 mm needles remaining relatively constant.10 During
this general trend, sometimes called the “shift to short”, usage of
6–8 mm needles in the limbs continued, despite evidence indicat-
ing a high risk of intramuscular injection in these regions.10

Accompanying the general trend toward shorter needles is move-
ment toward thinner ones (higher gauge).

An increase in the total daily dose of insulin (TDD) can reflect
either a greater need for, or resistance to insulin, or other factors
which could reduce actual delivery of insulin to the circulation, below
the nominal delivery rate. Chief among these factors are the pres-
ence of, and injection into regions of lipohypertrophy, which was
prevalent in more than half of surveyed patients.25,26 Lipohypertrophy
was less common in patients for whom shorter, thinner needles were
used. In this regard, it is notable that the lowest TDD in this survey
was associated with the use of 4 mm needles, syringe use, and
correct rotation of injection sites,10 and the highest with use of 8 mm
needles, leakage from the injection site, and failure to reconsti-
tute cloudy insulin.

Improper injection technique and needle reuse can also poten-
tially affect insulin delivery. Only 31% of patients in this survey who
were using insulin pens left it in the injection site for the recom-
mended 10 seconds or longer, and less than half of them properly
lifted and released a skinfold during each injection. Approximate-
ly half of these patients used their needles more than once, and up
to 30% of them did so 6 or more times.10 Regression analysis showed
that this reuse, as well as incorrect rotation, smaller injection areas,
and number of years of insulin use are associated with greater in-
cidence of lipohypertrophy.

Of the patients surveyed, 44.7% said they skipped injections. Of
these, 51.6% skipped due to to forgetting, 8.8% due to not eating,
and 7.2% due to concern that the glucose level was too low (7.2%).10

All of these deviations from recommended protocols can be ex-
pected to increase glucose variability.

Insulin and other injectable diabetes medications are meant to
be delivered into the fat layer just under the skin. Studies de-
scribed previously in this article indicate that for most patients, the
shortest available needles achieve this, while minimizing risk of in-
jection into the deeper, muscular layer (Fig. 2).

Insulin delivery recommendations

The ITQ survey, as discussed in the last section,10 provided a basis
for specific recommendations of the Forum for Injection Tech-
nique and Therapy: Expert Recommendations (FITTER).23 Based on
these, and the current evidence/information available, as well as
consensus amongst the authors, the following recommendations
are suggested for insulin administration in the post-acute and long-
term sites.

1. The safest pen needle is the 4 mm one, which is suitable for
adults and children, regardless of age, sex, ethnicity or BMI, and
it should be inserted perpendicular to the skin surface, whether
or not a skinfold is raised. A 5 mm pen needle is also accept-
able for obese patients. Injecting perpendicular to the skin
represents a shift from older guidelines which recommended in-
jecting at a 45-degree angle.28

2. The safest currently available syringe needle is the 6 mm one,
but when this is used either in children, in extremely thin adults,
or into the arm, a skinfold should be raised because of the ex-
cessively high risk of intramuscular injections.

3. To minimize the risk of needle stick injury (NSI) through a
skinfold, it is recommended that 4 mm and 5 mm pen needles,
and 6 mm syringe needles, be used without a raised skinfold.

4. Patients and/or healthcare providers should never inject into sites
of lipohypertrophy, inflammation, edema, ulceration or infec-
tion, or through clothing.

5. Patients should be trained in proper site rotation and use of larger
injection zones, as a primary measure to avoid development of
lipohypertrophic lesions, and as a secondary measure to mini-
mize worsening of existing lesions.

6. Pens should never be shared, since they are no longer sterile after
a use.29 Prior to injection they should be primed, completely in-
serted, and care taken to hold down the thumb button for a full
10 seconds, and pressure on the button maintained until the
needle is completely removed, to prevent insulin leakage and
to prevent the patient from pulling the pen away before a full
dose is received.

7. Syringe needles should also be used only once. Unlike pens, the
needle does not need to be left under the skin for a count of 10.

8. Patients should receive specific instruction and practice in choos-
ing sites for injection, particularly in avoiding sites of
lipohypertrophy (LH) and in site rotation. Additionally, sites
should be examined for LH at least once a year, or more fre-
quently if LH is already present.

9. Safety injection devices should be considered first-line choice
if injections are given by a third party. Pens and syringes with
needles used in this setting should have protective mecha-
nisms for all sharp ends of the delivery device.

Implications for medical directors, pharmacists and nurses in
long-term care

These new insulin delivery recommendations bring yet another
facet to the approach to managing diabetes in post-acute and long-
term care. Diabetes management in long term care stands upon the
pillars of recognition, assessment, treatments and monitoring.30

When there is a change in the patient’s glycemic control, improper
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injection technique must also be considered based on the data re-
ported in the World Wide Injection Techniques Questionnaire (ITQ)
Study. Injection techniques may vary from patient to patient and
differences in the techniques between nurses and medication aids
who may administer insulin injections. To minimize variability of
glycemic control in patients, insulin pen and syringe injection tech-
niques must be standardized across the continuum and from
provider to provider based on the new insulin delivery recommen-
dations. These recommendations are based on published studies,
clinical practice guidelines, and the experience of the authors. Table 1
itemizes specific steps that long-term care facilities may consider
in the implementation of these guidelines and in the optimiza-
tion of insulin delivery for residents with diabetes.

Conclusion

A large number of residents in the post-acute and long-term
setting receive insulin injections with varying frequency. The recent
Injection Techniques Questionnaire has produced critical data on
the extent of deviations from prior best practices recommenda-
tions for insulin delivery, as well as insights into the consequences
of these deviations. It furthermore provided a basis for extensive
new recommendations based on these insights, combined with an
updated understanding of principles of insulin delivery to the cir-
culation, as well as consideration of individual variations in age, body
type and comorbidities. Appropriate injection technique, includ-
ing needle selection, site rotation, and avoidance of lipohypertrophy
can be important factors in ensuring less variability and improved
insulin delivery and glycemic control. Taken together, these studies
and recommendations highlight the potentially large impact of ef-
fective training of long-term care residents and their caregivers on
safe and effective management of diabetes in this population.

Fig. 2. Risk of IM injection as a function of needle length. This figure shows the marked reduction in risk of intramuscular (IM) injection with decreasing needle length at
all common injection sites. This risk is clearly minimized by use of the 5 mm needle (shortest currently available in safety injection pen devices commonly used in health-
care settings) and the 4 mm needle (currently only available in conventional products). Shorter needles are particularly relevant for long-term care residents, approximately
20% of whom have been reported to have a BMI < 20 kg/m2 and are therefore at a greater risk for intramuscular injection.27

Table 1
Specific steps for long-term care facilities to implement insulin delivery
recommendations.

Focus Area Specific Steps

Assessment of
current practice

Assess staff administration techniques including insulin
storage, skin disinfection, rotation of injection sites, pen
and syringe injection procedures and proper disposal of
sharps

Education of staff Educate nurses, practitioners, and patients about the
proper techniques to prevent adverse outcomes, and
assess skills annually.

Control of diabetes Identify patients with frequent changes in glycemic
control as a result of improper injection technique.
Identify quality related indicators, such as the glucose
levels on testing logs, hypoglycemia, A1C, and frequency
of insulin order changes to evaluate a decrease in
variability due to improved injection techniques.
Identify residents with lipohypertrophy and assess their
risk of glycemic variability.

Implementation
of new practices

Update nursing policies and detailed procedures for the
subcutaneous injection of insulin.
Provide recommendations standardizing to the shortest
length available for insulin pen needles and syringes.a

Announce the adoption of the new recommendations to
all facility staff, nursing leadership, medical director,
department heads, infection prevention personnel, and
share your initiative with referring hospitals.
Consider training Certified Nursing Assistants (CNAs)b to
inject insulin using pens if medication aide training
completed and allowed by state regulations.

Resident
self-management

Assess injection technique in residents who administer
their own insulin

Discharge planning Develop instructions regarding insulin administration
and provide them to families and relevant caregivers.

a For very thin adults, a skin fold should be lifted and the injection made at a 90-
degree angle.20

b CNAs work under the supervision of a Registered Nurse (RN) or a licensed prac-
tical nurse (LPN) to help patients or clients with healthcare needs.
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