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Approximately 31% of diabetes 
patients are treated with insu-
lin (1). Specifically, 15.4% 

(± 1.4%) use insulin only, and 13.6% 
(± 11.1%) use insulin plus oral medi-
cations (2). Insulin therapy, which is 
necessary to achieve glycemic control 
for all individuals with type 1 diabe-
tes and many with type 2 diabetes, 
is related to two important acute 
complications: hyperglycemia and 
hypoglycemia. The cost/benefit con-
siderations of insulin treatment have 
been examined in older adults, most 
of whom had type 2 diabetes. The 
authors reported that better glycemic 
control led to fewer hospitalizations 
and deaths due to hyperglycemia (3), 
but more hospitalizations and emer-
gency room visits related to hypogly-
cemia (4). In a large sample of adults 
with type 1 diabetes of >20 years’ 
duration, severe hypoglycemia was 
common in individuals with both low 
and high A1C levels, suggesting that 
having a high A1C does not protect 
against severe hypoglycemia. Diabetic 
ketoacidosis (DKA) frequency was 
highest in those with high A1C lev-
els, and especially those with an A1C 

>10% (5). Therefore, in addition to 
A1C testing, self-monitoring of blood 
glucose that leads to adjustments in 
insulin administration is required. 

Incorrect administration of insu-
lin (e.g., too little, too much, or 
at the wrong times) can result in 
both transient and serious hypo- 
and hyperglycemia, wide glycemic 
excursions, severe hypoglycemia, 
and DKA. When glycemic control 
is poor, patients and providers com-
monly assume that this is because 
of poor behavioral adherence (e.g., 
insulin omission), dietary indiscre-
tions, difficulties using carbohydrate 
counting (6), or sedentary lifestyle. 
However, in an analysis of insulin 
errors that resulted in emergency 
department visits for hypoglycemia, 
in addition to “intentional” errors, 
the authors identified other insulin 
errors, including “unintentionally 
took wrong insulin product,” “meal- 
related misadventure,” “pump-related 
misadventure,” and “other misad-
venture” (7). Similarly, in the lay 
literature, one finds reports of cases 
in which a provider asked a patient to 
demonstrate his or her insulin injec-

■ IN BRIEF Incorrect administration of insulin (e.g., too little, too much, or at 
wrong times) can result in transient and serious hypo- and hyperglycemia, wide 
glycemic excursions, and diabetic ketoacidosis. The authors systematically 
assessed the insulin-related knowledge and injection skills of a sample of 
adults with diabetes and found that errors in self-administering insulin, 
including choosing an incorrect insulin dose, were common. Injection site 
selection and diabetes numeracy were also concerns. Correct timing of 
injections and confidence in choosing correct doses, but not skills scores, 
related to better A1C and blood glucose levels. 
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tion technique and thereby identified 
serious flaws. In one case, a patient 
was not properly using an insulin pen 
and so was unaware that, in fact, she 
was not getting any insulin at all (8). 
In another case, a patient was using a 
syringe that was not designed for the 
delivery of insulin and was therefore 
not getting enough insulin (9). 

The authors are not aware of any 
studies in which the accuracy of 
patient self-administration of insulin 
has been systematically examined. 
The primary purpose of this study 
was to evaluate the insulin injection 
technique of a sample of ambula-
tory adult patients who regularly 
use insulin to assess their injection 
skills and knowledge related to self- 
administering correct insulin doses. 
In secondary analyses, the relation-
ship of skill accuracy to glycemic 
control was assessed.

Methods

Study Sample and Procedures
Researchers recruited adult patients 
with diabetes who were ≥21 years 
of age, had been on insulin thera-
py for ≥2 years, and were personal-
ly responsible for their injections. 
Potential participants (n = 93) were 
identified and contacted by phone 
to assess their interest. There were no 
significant differences between partic-
ipants (n = 60) and refusers (n = 33) 
in terms of age, sex, race/ethnicity, in-
surance type, A1C, or years on insulin 
therapy. Participants were told that, 
“We are trying to learn more about 
the challenges people face when they 
inject themselves with insulin,” in an 
effort to minimize any performance 
anxiety. Sixty patients (44 pen users 
and 16 syringe users) provided con-
sent (including allowing access to 
medical records) and participated be-
fore or after a clinic visit. They com-
pleted two questionnaires (described 
below). They were then provided 
with all supplies they would use for 
their typical insulin injection (i.e., 
short-acting and/or long-acting insu-
lin and syringes or pens) and asked 
to demonstrate their technique. They 

injected insulin into an “injection pil-
low,” commonly used when patients 
demonstrate technique. A nurse or 
trained research assistant observed 
each participant and noted his or 
her behavior on a Behavioral Insulin 
Administration Skills (BIAS) scoring 
rubric (Figure 1). When participants 
finished their demonstration, the ob-
server provided them with feedback 
to correct any errors and a gift card. 

Measures
Collected data and study measures 
included:
1. Participants’ demographic char-

acteristics: age, sex, race/ethnicity, 
years of education, household 
income, diabetes type, years using 
insulin, insulin regimen (i.e., fixed 
doses, multiple daily injection 
based on an insulin algorithm, or 
insulin-to-carbohydrate ratios.)

2. Participants’ insulin-related infor-
mation, including:
a. Insulin-related behaviors. 

Three insulin-related items 
from the Self-Care Inventory–
Revised (10), including how 
frequently in the past month 
the individual had taken a 
correct dose, had taken insu-
lin at the right time, and had 
adjusted insulin based on glu-
cose level, food intake, and 
exercise, with possible answers 
of “always,” “usually,” “some-
times,” “rarely,” or “never.” 

b. Insulin-related confidence. 
How confident were individ-
ual participants in their ability 
to choose the correct dose of 
insulin and to self-inject, with 
possible answers “very,” “mod-
erately,” “somewhat,” or “not at 
all” confident.

c. Diabetes-related numeracy. 
Diabetes-related numeracy 
has been shown to relate to 
glycemic control (11). Three 
problems from the validated 
Diabetes Numeracy Test 
(DNT) (12) were included. 
One measured numeracy for 
determining insulin dose based 

on blood glucose level, one 
was a simple “sliding scale” 
(algorithm), and one was a 
test of numeracy for using an 
insulin-to-carbohydrate ratio 
plus a sliding scale (algorithm).

d. Skin problems or nonrotation 
of injection site. Participants 
showed the observing nurse 
where they inject, and sites 
were rated as “no problem/
appropriate site,” “area of 
lipohypertrophy,” or “other 
problem.” Participants were 
asked if they changed (rotated) 
their injection site (“always,” 
“sometimes,” or “no, inject in 
same site”). 

e. Correct insulin handling. 
Participants were asked if 
they ever used insulin that 
had passed its expiration date 
(“yes” or “no”), how often they 
checked the expiration date on 
the vial or pen, and how long 
they used a vial or pen after the 
initial use.

3. BIAS rubric. We developed a 
scoring rubric for pen and syringe 
users based on standard injection 
education (Figure 1). The final 
rubric was vetted by a group of 
experienced diabetes educators 
and endocrinologists to ensure 
that it measured appropriate and 
realistic behaviors. Items were 
marked “1” if performed or “0” 
if not. We computed a total score 
for all observations and scores for 
subsections of “pen or syringe 
preparation,” “pen or syringe 
injection,” and “drawing up of 
insulin” (syringe users only). We 
also noted whether they chose the 
correct doses (units) of insulin.

4. Glycemic control. A1C levels 
were recorded. Participants were 
asked how frequently they typ-
ically tested their blood glucose 
each day. Means and standard 
deviations (SDs) of glucose meter 
readings for the previous 2 weeks 
were calculated for 40 partici-
pants who brought their meters. 
Participants were asked how many 
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times in the past year they had 
experienced a severe hypoglycemic 
event, defined as a time they went 
to the emergency department or 
were hospitalized because of low 
blood glucose.

Analyses 
Means, SDs, and simple percentages 
of scores on all measures were calcu-
lated for the groups. Self-reports of 
insulin-related confidence and be-
haviors (Table 1) for pen versus sy-
ringe users were compared using χ2 
and Fisher’s exact tests. Differences in 
mean A1C scores by subject character-
istics were examined using t tests for 
binary variables and omnibus F tests 
and tests for trend for multinomial 
ordinal variables (data not shown) 
(Table 2). Linear regression was used 
to analyze univariate relationships be-
tween A1C and continuous variables 
and to model A1C with multiple co-
variates. Dichotomized (median split) 
BIAS scores for pen and syringe users 
were compared according to subject 
characteristics using χ2 and Fisher’s 
exact tests. All significance tests and 
confidence interval procedures were 
two-sided, with a priori α =0.05, us-
ing IBM SPSS Statistics for Windows, 
version 22.0 (IBM Corp.; Armonk, 
N.Y.).

Results

Participants
The majority of participants were 
female (58.3%) and white (75.9%). 
The mean age was 57.3 years (± 13.5, 
range 25–80). Most participants had 
a high school degree or higher educa-
tion level (86.7%), low to moderate 
income (67.3% <$40,000), and type 
2 diabetes (78.3%). Participants had 
been using insulin for a mean of 14.8 
years (± 11.4) and were in relatively 
poor glycemic control, with a mean 
A1C of 8.7% (± 1.6), and 11.7% re-
ported having at least one severe hy-
poglycemia episode in the past year. 
Most (80%) were on multiple daily 
injection regimens. Mean age, A1C, 
and number of severe hypoglycemia 
episodes did not differ between pen 

Instructions: “We are trying to learn more about the challenges people face when they inject 
themselves with insulin. Here are all of the supplies you would need to give yourself insulin. 
Please assume that your blood sugar is 240 mg/dl before lunch. Inject the amount you would 
take.” 

If the patient uses short-acting insulin with dinner and NOT with lunch, use the dinner dose. 

 If only on long-acting insulin: “Please draw up the amount you normally take.” 

For those who perform carbohydrate counting, add:  

“You are planning to eat 60 grams of carbohydrates for lunch.” 

“Please show me what you would do. Just go through the process without asking any questions, 
we’ll talk at the end. You will use an injection pillow to show me how you inject insulin.”  

For pen users: 

1.  Preparation: pen prep 

______ 1. Removes the cap of the insulin pen   

______ 2. Screws the pen needle onto the pen 

______ 3. Removes the pen needle inner and outer caps 

______ 4. Turns the dose dial to 2 units 

______ 5. Presses the button to see a drop of insulin while holding the pen vertically 

______ 6. Dials the number of units needed to inject 

______ 7. Dials up correct amount of insulin 

 

2.  Injecting insulin: “Now, please use this injection pillow to do the actual injection.” 

______ 1. Holds needle like a pencil and pushes into pillow at 90-degree angle 

______ 2. Pushes plunger down  

______ 3. Holds pen in place for 10 seconds  

______ 4. Pulls needle straight out 

 

For syringe users: 

1.  Preparation: vial and syringe prep 

______  1. Chooses the correct vial of insulin  

Instructions: “We are trying to learn more about the challenges people face when they inject 
themselves with insulin. Here are all of the supplies you would need to give yourself insulin. 
Please assume that your blood sugar is 240 mg/dl before lunch. Inject the amount you would 
take.” 

If the patient uses short-acting insulin with dinner and NOT with lunch, use the dinner dose. 

 If only on long-acting insulin: “Please draw up the amount you normally take.” 

For those who perform carbohydrate counting, add:  

“You are planning to eat 60 grams of carbohydrates for lunch.” 

“Please show me what you would do. Just go through the process without asking any questions, 
we’ll talk at the end. You will use an injection pillow to show me how you inject insulin.”  

For pen users: 

1.  Preparation: pen prep 

______ 1. Removes the cap of the insulin pen   

______ 2. Screws the pen needle onto the pen 

______ 3. Removes the pen needle inner and outer caps 

______ 4. Turns the dose dial to 2 units 

______ 5. Presses the button to see a drop of insulin while holding the pen vertically 

______ 6. Dials the number of units needed to inject 

______ 7. Dials up correct amount of insulin 

 

2.  Injecting insulin: “Now, please use this injection pillow to do the actual injection.” 

______ 1. Holds needle like a pencil and pushes into pillow at 90-degree angle 

______ 2. Pushes plunger down  

______ 3. Holds pen in place for 10 seconds  

______ 4. Pulls needle straight out 

 

For syringe users: 

1.  Preparation: vial and syringe prep 

______  1. Chooses the correct vial of insulin  

______ 2. Removes the cap of the insulin vial 

______ 3. Chooses the correct syringe  

______ 4. Removes the syringe cap 

 

2.  Drawing up the insulin 

______ 1. Draws in the air (i.e., pulls the plunger of the syringe to the number of units of insulin) 

______ 2. Inserts the needle into the top of the vial and plunges the needle in (to push air in) 

______ 3. Inverts the bottle, keeping the needle aligned with the vial  

______ 4. Draws up insulin:  pulls plunger down to fill with insulin, taps syringe to bring air 
bubbles to the top and pushes air bubbles into the vial, pushes plunger to the number 
of units of insulin required 

______ 5. Draws up correct amount of insulin 

 

3. Injecting insulin: “Now, please use this injection pillow to do the actual injection.” 

______ 1. Holds needle like a pencil and pushes into pillow at 90-degree angle 

______ 2. Pushes plunger down 

______ 3. Pulls needle straight out 

 

 

	
  

■ FIGURE 1. Behavioral Insulin Administration Skills (BIAS) scoring rubric.
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TABLE 1. Participants’ Self-Reported Insulin-Related Attitudes and Behaviors
Total  

(n = 60)
Pen 

(n = 44)
Syringe 
(n = 16)

P

Confident in determining correct dose (%) 1.00*

Not at all 0.0 0.0 0.0

Somewhat 16.7 15.9 18.8

Moderately 15.0 15.9 12.5

Very 68.3 68.2 68.8

Confident in proper injection (%) 1.00*

Not at all 0.0 0.0 0.0

Somewhat 6.7 6.8 6.3

Moderately 10.0 11.4 6.3

Very 83.3 81.8 87.5

Administers correct insulin dose (%) 0.778

Always 56.7 54.5 62.5

Usually 30.0 29.5 31.3

Sometimes or never 13.3 15.9 6.3

Administers insulin at correct times (%) 0.096

Always 28.3 20.5 50.0

Usually 50.0 54.5 37.5

Sometimes or never 21.7 25.0 12.5

Insulin adjustment required (%) 0.144

Always 21.7 15.9 37.5

Usually 30.0 29.5 31.3

Sometimes or never 48.3 54.5 31.3

Number of hypoglycemic episodes in the past year (%) 0.370

0 88.3 90.9 81.3

≥1 11.7 9.1 18.8

Diabetes numeracy: total correct (%) 0.863

0 10.0 9.1 12.5

1 28.3 27.3 31.3

2 33.3 36.4 25.0

3 28.3 27.3 31.3

Skin problems at injection site (%) 0.060

None 61.7 54.5 81.3

Lipohypertrophy and other problems 38.3 45.5 18.7

Rotates injection sites (%) 0.738

Always 74.6 72.7 80.0

Not always 25.4 27.3 20.0

Checks expiration date (%) 0.951

Always 43.1 42.9 43.8

Not always 56.9 57.1 56.3

TABLE CONTINUED ON P. 29 →
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TABLE 1. Participants’ Self-Reported Insulin-Related Attitudes and Behaviors 
continued from p. 28

Total  
(n = 60)

Pen 
(n = 44)

Syringe 
(n = 16)

P

Uses expired insulin (%) 0.885

No 86.4 86.0 87.5

Yes 13.6 14.0 12.5

Correct knowledge of insulin duration (%) 0.018

No 16.9 9.3 37.5

Yes 83.1 90.7 62.5

Brought glucose meter (%) 0.760

Yes 66.7 68.2 62.5

*Fisher’s exact test; other P values reflect χ2 analyses.

TABLE 2. Mean A1C (%) by Participant Characteristics
Participant Characteristics Mean (SD) n P

Sex 0.745

Male 8.6 (1.8) 24

Female 8.7 (1.5) 35

Race 0.016

African American or Hispanic 9.5 (1.7) 14

White 8.3 (1.5) 43

Education 0.004*

Some high school 9.5 (1.5) 8

High school degree or some college 9.0 (1.7) 31

Associate’s degree or higher 7.8 (1.3) 20

Annual household income (USD) 0.568

<20,000 9.1 (1.7) 19

20,000–39,999 8.4 (1.7) 17

40,000–79,999 8.9 (1.7) 9

≥80,000 8.3 (1.5) 9

Medical insurance 0.005*

Medicaid or none 9.7 (1.7) 7

Medicare 8.7 (1.7) 26

Private or Workers’ Compensation 8.2 (1.4) 26

Injection method 0.736

Pen 8.6 (1.6) 44

Syringe 8.8 (1.7) 15

Diabetes type 0.034

Type 1 8.0 (1.0) 13

Type 2 8.9 (1.8) 46

TABLE CONTINUED ON P. 30 →
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TABLE 2. Mean A1C (%) by Participant Characteristics 
continued from p. 29

Participant Characteristics Mean (SD) n P

Insulin regimen 0.567

Fixed dose 9.2 (1.0) 7

Multiple injections with algorithm 8.7 (1.8) 48

Insulin-to-carbohydrate ratio 8.1 (0.9) 4

Confident in determining correct dose 0.005*

Not at all — 0

Somewhat 9.6 (0.9) 10

Moderately 9.7 (2.4) 9

Very 8.2 (1.4) 40

Confident in proper injection 0.115*

Not at all — 0

Somewhat 9.8 (0.5) 4

Moderately 9.1 (2.2) 6

Very 8.5 (1.6) 49

Administers correct insulin dose  0.334*

Always 8.5 (1.8) 33  

Usually 8.9 (1.6) 18  

Sometimes or never 9.0 (1.2) 8  

Administers insulin at correct times  0.007*

Always 8.0 (1.2) 17  

Usually 8.7 (1.7) 29  

Sometimes or never 9.6 (1.8) 13  

Insulin adjustment required  0.296

Always 9.2 (2.1) 13  

Usually 8.3 (1.5) 18  

Sometimes or never 8.7 (1.5) 28  

Number of hypoglycemic episodes in the past year 0.712

0 8.7 (1.7) 52

≥1 8.9 (1.0) 7

Diabetes numeracy: total correct 0.116*

0–1 9.1 (1.8) 23

2 8.5 (1.7) 20

3 8.3 (1.2) 16

Skin problems at injection site  0.208

None 8.5 (1.5) 36  

Lipohypertrophy and other problems 9.0 (23) 23  

Rotates injection sites 0.359

Always 8.6 (1.7) 43  

Not always 9.0 (1.5) 15  

*P values associated with test for linear trend.
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and syringe users, nor did they differ 
on any other characteristics.

Participants were quite confident 
in their ability to properly inject 
insulin, with 93.3% responding that 
they were “moderately” or “very” 
confident, but they were somewhat 
less confident in their ability to 
choose the correct dose, with 83.3% 
responding that they were “moder-
ately” or “very” confident (Table 1).

BIAS Rubric
Overall, 81.9% (± 10.8%) of the total 
observations were recorded as correct. 
Syringe users had fewer errors than 
pen users. Thus, the mean (SD) to-
tal BIAS score for syringe users was 
89.1% (± 9.0%) compared to 80.8% 
(± 10.4%) for pen users (t[58] = 2.82, 
P = 0.007). Because the skills needed 
differ somewhat between the groups 
(i.e., syringe users draw up insulin, 
whereas pen users prime the pen), 
we stratified subsequent analyses by 
mode of insulin delivery. 

Preparation. Participants cor-
rectly performed preparatory steps for 
insulin injection in 82.9% (±  15.3%) 
of observations. Pen users, who cor-
rectly performed 76.6% (±  13.1%) of 
preparatory observations, performed 
significantly worse than syringe users, 
who were 100% accurate (t[58] = 
7.10, P <0.001). The most frequent 
preparatory steps omitted by pen 
users related to priming and included 
“presses button to see drop of insulin 
while holding pen vertically” (15.9% 
correct) and “turns the dose dial to 2 
units” (40.9% correct).

Drawing up insulin. Pen users 
dialed the correct number of insu-
lin units in 78.5% of observations, 
whereas syringe users were correct 
in 83.8% of observations. Thus, ~20% 
of these insulin users did not self- 
administer the correct dose. Observed 
omissions included “draws in the air” 
(62.5% correct) and “inserts needle 
into vial and plunges the needle in to 
push air in” (75% correct).

Injection. Participants correctly 
performed steps for injecting insulin 
in 87.9% (± 13.4%) of observations. 

For pen users, the mean correct injec-
tion score was 88.1% (± 13.7%). The 
most frequently observed omission 
was “holds pen in place for 10 sec-
onds” (61.4% correct). For syringe 
users, the mean correct injection 
score was 87.5% (± 12.9%).

Poor Performers 
We examined the characteristics that 
discriminated between those who 
scored above versus below the median 
overall scores. For pen users, two fac-
tors associated with scores below the 
median (median = 76.9%) were being 
on Medicaid or having no insurance, 
and having type 1 diabetes (100% of 
type 1 diabetes patients scored be-
low the median compared to 58.3% 
of those with type 2 diabetes). For 
syringe users, the median score was 
88.5%, and no patient characteristics 
discriminated between those scoring 
above or below the median. 

Skin Problems or Nonrotation 
of Injection Site 
Overall, 25.4% of participants re-
ported that they did not always ro-
tate their injection site. Also, 38.3% 
of participants had lipohypertrophy 
or other skin problems at their usual 
injection site. These problems were 
higher among pen users than syringe 
users (45.5 vs. 18.8%, P = 0.060). 
There was a trend for type 2 diabetes 
patients to have more injection site 
problems than those with type 1 di-
abetes (44.7 vs. 15.4%, P = 0.105).

Diabetes Numeracy
Only 28.3% of participants answered 
all three problems correctly, 33.3% 
had two correct answers, 28.3% had 
one correct answer, and 10% had no 
correct answers, with no significant 
difference between pen and syringe 
users. The DNT problem that as-
sessed numeracy concerning insu-
lin-to-carbohydrate ratios might not 
have been relevant to the majority of 
participants, who were prescribed in-
sulin algorithms and were not using 
this skill. Only 6.7% of participants 
were using insulin-to-carbohydrate 
ratios to determine insulin doses, 

possibly because providers were con-
cerned about poor numeracy skills.

Insulin-Related Behaviors
Overall, 56.9% of participants report-
ed that they did not always check the 
expiration date on their vial or pen, 
and 13.6% reported that they some-
times used expired insulin. Although 
only 9% of pen users gave an incor-
rect answer when asked about in-
sulin duration (i.e., how long they 
used a pen once it had been opened), 
37.5% of syringe users gave incorrect 
answers (P = 0.018). When asked 
about their actual behavior in the 
past 1–2 months, 13.3% reported 
that they “sometimes” or “never” 
took the correct dose, 21.7% that 
they “sometimes” or “never” took 
insulin at correct times, and 48.3% 
that they “sometimes” or “never” ad-
justed insulin doses based on blood 
glucose values, food, or exercise, al-
though 86.7% of participants were on 
regimens that would require insulin 
adjustment. There were no differences 
in these reported behaviors between 
pen and syringe users.

Relationship of Participant 
Characteristics and Skills to 
Glycemic Control
Four patient characteristics were sig-
nificantly related to A1C (Table 2). 
These included education level (those 
with less education had higher A1C 
levels), race (African Americans and 
Hispanics had higher A1C levels 
than whites), insurance (those with 
Medicaid or no insurance had higher 
A1C levels than those with private in-
surance), and diabetes type (those with 
type 2 diabetes had higher A1C levels 
than those with type 1 diabetes). In ad-
dition, participants who reported that 
they sometimes or never administered 
insulin at correct times (P = 0.007) 
and those who reported having little 
confidence in their ability to deter-
mine correct doses (P = 0.005) had 
significantly higher A1C levels. There 
was a trend for those with the poorest 
diabetes numeracy to have higher A1C 
levels (P = 0.116). BIAS scores were 
not associated with A1C level. 
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Two participant characteristics 
were significantly related to mean 
blood glucose level. These included 
education level (those with less edu-
cation had higher mean glucose levels 
[254.8 ± 87.9 vs. 167.5 ± 30.1 mg/dL]) 
and race (African Americans and 
Hispanics had higher mean blood 
glucose levels than whites [222.6 
± 63.6 vs. 179.9 ± 49.4 mg/dL). 
Participants who reported that they 
had little confidence in their ability 
to determine correct insulin doses 
(P <0.001), who reported less often 
administering insulin at correct 
times (P = 0.010), and who reported 
sometimes or never rotating injec-
tion sites (P = 0.006) had higher 
mean blood glucose levels. BIAS 
scores were not associated with mean 
blood glucose levels. 

Severe Hypoglycemia
Approximately 11.7% of participants 
reported that they had experienced at 
least one severe hypoglycemic event in 
the past year. They were more likely 
to be African American or Hispanic 
(trend P = 0.051), to be poor (trend 
P = 0.060), to sometimes use expired 
insulin (P = 0.028), and to have poor-
er diabetes numeracy (P = 0.019).

Discussion
In this observational study of am-
bulatory, insulin-using adults with 
diabetes, we were dismayed by the 
high percentage of participants who 
demonstrated problems with site 
selection and rotation and report-
ed using expired insulin, not taking 
recommended insulin doses, and not 
taking insulin at correct times—all 
behaviors that would likely affect 
glycemia. Also, a relatively low level 
of diabetes numeracy was found that 
could possibly contribute to errors.

There was also a high prevalence 
of errors related to insulin self- 
administration. In this small sam-
ple, a significant percentage omitted 
or improperly completed important 
steps, including making mistakes 
in preparing for injection, drawing 
up insulin (syringe users), priming 
(pen users), preparing correct doses, 

and injecting insulin. Pen users were 
particularly vulnerable to omissions. 
Each of these steps is considered 
to be important for the delivery of 
prescribed insulin doses to establish 
good glycemic control and avoid 
hypoglycemia. The fact that ~20% 
of participants did not administer 
the correct dose of insulin is partic-
ularly concerning. Glycemic control 
was poorer in those who lacked con-
fidence in their ability to choose 
correct doses and who reported less 
often administering insulin at the 
correct times. It was also poorer in 
minority patients and in those with 
less education. 

We did not find any relationship 
between observed insulin adminis-
tration skills and glycemic control. 
This may be related to the small 
sample size and overall poor glyce-
mic control. Also, we used a scoring 
system developed for the study that 
has not been validated and does not 
reflect the fact that different insulin 
self-administration steps are more 
dangerous or important than others. 
For example, a few “minor” errors 
may have less of an effect on glycemia 
than one “major” error.

Previous work that has examined 
insulin administration has focused on 
patients who intentionally omit insu-
lin. For example, Peyrot et al. (13) 
reported that >50% of respondents 
to an Internet survey reported inten-
tionally omitting insulin, and 20% 
reported doing so regularly. These 
authors identified several correlates 
of intentional omission, which led to 
an editorial calling for efforts to bet-
ter understand patients’ attitudes and 
beliefs that create psychological resis-
tance to use of insulin (14). Focusing 
on compliance leads to recommen-
dations to patients to adhere more 
closely to their prescribed self-care 
regimen and to providers to increase 
the dosage or frequency of insulin 
prescribed (15). 

Our data suggest that significant 
proportions of patients may make 
errors in insulin use and adminis-
tration that may affect glycemia. 

These errors do not relate to compli-
ance, and they are not remedied by 
increasing the dosage or frequency 
of prescribed insulin. Patients in this 
study had had diabetes for a mean of 
15 years, had suboptimal glycemic 
control, and experienced episodes of 
severe hypoglycemia. Most of them 
had at least a high school education, 
and they attended a multidisciplinary 
diabetes clinic at which diabetes 
education is available. Yet, the vast 
majority of them believed that they 
were taking their insulin correctly, 
whereas the evidence presented here 
suggests otherwise. We believe these 
data reinforce the need not only to 
ask patients what they are doing 
related to insulin delivery, but also to 
ask them to demonstrate their tech-
niques and knowledge. Providers 
must reassess frequently (i.e., have 
patients perform “show and tell”), 
especially when patients are experi-
encing hypoglycemia, wide glycemic 
excursions, or otherwise poor glyce-
mic control.

Strengths of the study include 
direct observations of insulin self- 
administration technique and avail-
ability of A1C and blood glucose data 
from meter downloads. One limita-
tion is the small sample size. We 
hypothesize that, with a larger sample 
size, insulin self-administration errors 
would correlate with A1C and fre-
quency of hypoglycemia, but this will 
require further study. Also, approxi-
mately one-third of the patients did 
not bring their glucose meters to 
the visits. These patients were more 
likely to have a low income. Whether 
they forgot their meters or were not 
monitoring their blood glucose levels 
because of cost or other issues is not 
known. Finally, in future work, it 
will be important to assess two other 
factors that may relate to insulin use 
behaviors that we did not measure: 
1) previous diabetes education and 
2) patient perceptions of how often 
they “should” (or remember that they 
have been instructed to) test their 
blood glucose compared to provider- 
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recommended frequency of glucose 
monitoring.

In conclusion, our finding that 
errors in self-administration of insu-
lin are common in ambulatory adults 
with diabetes is of concern. These 
results strongly suggest that more 
attention to periodically reviewing 
and re-educating patients concern-
ing proper insulin self-administration 
should be considered, and this may 
be particularly important for those 
with lower income and education 
levels. Future work should focus on 
improving our methods and the fre-
quency of patient education to reduce 
errors, which, hopefully, will decrease 
episodes of both hyperglycemia and 
hypoglycemia.

Acknowledgments
The authors wish to acknowledge the 
contributions of our diabetes educators 
and physicians, as well as our patient 
participants. Findings from this research 
were presented at the American Diabetes 
Association’s 75th Scientific Sessions in 
June 2015.

Duality of Interest
Dr. Weinstock has received research 
support through her participation in multi-
center clinical trials with Calibra, Intarcia, 
Medtronic, Mylan, Novo Nordisk, and 

Sanofi. No other potential conflicts of inter-
est relevant to this article were reported.

References
1. Centers for Disease Control and 
Prevention. Age-adjusted percentage of 
adults with diabetes using diabetes medica-
tion, by type of medication, U.S., 1997–2011. 
Available from http://www.cdc.gov/diabetes/
statistics/meduse/fig2.htm. Accessed 5 May 
2015

2. Selvin E, Parrinello CM, Sacks DB, 
Coresh J. Trends in prevalence and 
control of diabetes in the United States, 
1988–1994 and 1999–2010. Ann Intern Med 
2014;160:517–525

3. Gregg EW, Li Y, Wang J, et al. Changes 
in diabetes-related complications in the 
United States, 1990–2010. N Engl J Med 
2014;370:1514–1523

4. Lipska KJ, Ross JS, Wang Y, et al. 
National trends in U.S. hospital admissions 
for hyperglycemia and hypoglycemia among 
Medicare beneficiaries, 1999 to 2011. JAMA 
Intern Med 2014;174:1116–1124

5. Weinstock RS, Xing D, Maahs DM, et 
al., for the T1D Exchange Clinic Network. 
Severe hypoglycemia and diabetic ketoaci-
dosis in adults with type 1 diabetes: results 
from the T1D Exchange clinic registry. J 
Clin Endocrinol Metab 2013;98:3411–3419

6. Bao J, Gilbertson HR, Gray R, et al. 
Improving the estimation of mealtime 
insulin dose in adults with type 1 diabe-
tes: the Normal Insulin Demand for Dose 
Adjustment (NIDDA) study. Diabetes Care 
2011;34:2146–2151

7. Geller AI, Shehab N, Lovegrove 
MC, et al. National estimates of insu-

lin-related hypoglycemia and errors 
leading to emergency department visits 
and hospitalizations. JAMA Intern Med 
2014;174:678–686

8. DiabetesinControl.com. Diabetes disaster 
averted #39: dialing in on insulin pens. 
Available from http://www.diabetesincontrol.
com/articles/practicum/11101-diabetes- 
disaster-averted-39-dialing-in-on-insulin-
pens. Accessed 28 June 2011 

9. DiabetesinControl.com. Diabetes disaster 
averted #30: syringe type mystery. Available 
from http://www.diabetesincontrol.com/
articles/practicum/10818-diabetes-disaster- 
averted-30. Accessed 28 June 2011 

10. Weinger K, Butler HA, Welch GW, La 
Greca AM. Measuring diabetes self-care: 
a psychometric analysis of the Self-Care 
Inventory-Revised with adults. Diabetes 
Care 2005;28:1346–1352

11. Cavanaugh K, Huizinga MM, Wallston 
KA, et al. Association of numeracy 
and diabetes control. Ann Intern Med 
2008;148:737–746

12. Huizinga MM, Elasy TA, Wallston 
KA, et al. Development and validation of 
the Diabetes Numeracy Test (DNT). BMC 
Health Serv Res 2008;8:96

13. Peyrot M, Rubin RR, Kruger DF, Travis 
LB. Correlates of insulin injection omission. 
Diabetes Care 2010;33:240–245

14. Weinger K, Beverly EA. Barriers to 
achieving glycemic targets: who omits insu-
lin and why? Diabetes Care 2010;33:450–452

15. Carmer JA, Pugh MJ. The influence of 
insulin use on glycemic control: how well 
do adults follow prescriptions for insulin? 
Diabetes Care 2005;28:78–83


