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Abstract

Objective:

Pen needles (PN) for subcutaneous insulin therapy have become smaller; 5 mm PNs are now the shortest

in use. We evaluated the safety, efficacy and patient ratings of a new 4 mm� 32 gauge (G) PN.

Research design and methods:

Subjects with type 1 and type 2 diabetes and HbA1c 5.5% to 9.5% participated in a randomized

non-inferiority cross-over trial, at four U.S. centers. Subjects used 4 mm� 32G PNs and either

5 mm� 31G PNs (4/5 mm) or 8 mm� 31G PNs (4/8 mm) in two, 3-week treatment periods; order of

needle use was controlled. Subjects were either ‘low dose’ or ‘regular dose’ users (highest single insulin

dose� 20 units and 21–40 units, respectively). Percent absolute change in serum fructosamine (% |� Fru|)

was the primary endpoint; unexplained, severe hypo- or hyperglycemia was a secondary measure. Leakage

at injection sites and pain measured by visual analog scale were tertiary measures. Equivalent glycemic

control was defined á priori as % |� Fru| (including 95% CI) within 20%; 40 subjects per subgroup provides

90% power at a¼ 0.05.

Clinical trial registration:

The study was registered on clinicaltrials.gov (identifier: NCT00928057).

Results:

Of 173 subjects randomized, 168 completed the study, and 163 were included in the fructosamine analyses

– 83 and 80 in the 4/5 mm and 4/8 mm groups, respectively. Subjects were 56% male, mean 52.6 yrs,

63% type 2. Baseline HbA1c¼ 7.5� 1.0% and fructosamine 301� 55.1mmol/L. Mean % |� Fru| was

4.9% (95% CI 3.8, 6.0) and 5.5% (4.5, 6.4), respectively, for the 4/5 mm and 4/8 mm groups, meeting

glycemic equivalence criteria; results were similar in both dose groups. The median |� Fru| was 11.0mmol/

L (8.0, 13.0) and 13.5mmol/L (9.8, 18.0) for the 4/5 mm and 4/8 mm groups, respectively. Unexplained,

severe hypo- and hyperglycemic episodes were infrequent and not different between PNs. The 4 mm PN

was rated significantly less painful and preferred by approximately 2/3 of subjects (p50.01). All three PNs

had similar reported injection site leakage.

Limitations:

The study was of relatively short duration, in adults in the U.S. Further trials in other patients (e.g., GLP-1

users, pediatrics, obese) should be performed.

Conclusions:

The 4 mm� 32G PN provided equivalent glycemic control compared to 31G, 5 mm and 8 mm PNs with

reduced pain, no difference in insulin leakage and was preferred by patients.
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Introduction

Since the first syringe designed specifically for insulin
treatment in 1924, subcutaneous insulin delivery options
have progressed from glass to disposable plastic syringes,
thinner and shorter needles, insulin pens and pen needles
(PNs), and insulin pumps. Insulin pens are available for
many insulins and are reported to improve the ease, con-
venience and accuracy of insulin delivery1–6. As insulin
pen use has expanded, shorter and thinner PNs – i.e. 5 and
6 mm, 31–33 gauge (G) – have been introduced. These
smaller PNs reduce the discomfort and pain associated
with subcutaneous injections compared with larger and/
or longer needles7,8. Studies comparing only fine-gauge
pen needles [31-33G] to each other have shown inconsis-
tent patient ratings of relative pain and preference
between such devices9–11. However, many educators and
practitioners remain skeptical that short needles can be
used in all of their patients, particularly those who are
obese; the most commonly used PN length today – both
in the U.S. and worldwide (nearly half of all patients) –
remains 8 mm12.

Injection technique is an important aspect of insulin
injection therapy, for both consistent insulin delivery
and to reduce patient discomfort13–14. It includes (but is
not limited to) patient education and factors such as
needle length, gauge and injection site; site rotation; use
of angled or straight needle insertion; and possible use of
a lifted skin fold by the patient. Today, the shortest PN
available is 5 mm in length. This study evaluated a new
4 mm� 32G PN compared to two marketed PNs
(5 mm� 31G and 8 mm� 31G) – all manufactured by
BD (Becton, Dickinson & Co., Inc., Franklin Lakes, NJ).
Outcomes include not only safety and efficacy but also
subject-reported injection pain and leakage from injection
sites, and overall preference between needles.

Subjects and methods

Subjects diagnosed with type 1 or type 2 diabetes and using
an insulin pen at least once per day for two months or more
were recruited at four clinical centers in the United States.
Additional inclusion criteria were: BMI 18–50 kg/m2,
HbA1c 5.5–9.5%, and subjects being willing to monitor
blood glucose at least four times per day and to maintain
their non-insulin treatment regime during the study.
Exclusion criteria were physical conditions which would
make them unable to perform study procedures, recent
history of unstable diabetes including ketoacidosis or
hypoglycemic unawareness, bleeding disorders, or
pregnancy.

Study conduct is outlined in Figure 1. At study Visit 1,
subjects provided informed consent, and were screened
including HbA1c. They were also assigned prospectively

to an insulin dosing group (low or regular) based on their
pre-study regimen to help ensure balance between the
groups comparing the different size PNs: the largest
single insulin doses allowed were �20 units for the low
dose group, and 21–40 units for the regular dose group.
There was no upper limit on total daily insulin dosage.
At Visit 2, qualified subjects’ baseline fructosamine was
drawn. Subjects were randomized to either the 4/5 mm
or 4/8 mm comparison group using an investigator site-
and dose-group-specific computer-generated list of sequen-
tial numbers developed by BD Biostatistics, and were pro-
vided study PNs. The order of PN use was also randomized
(no subject used all three PNs). After 21� 3 days, subjects
returned for Visit 3 and received the alternate PNs. Three
weeks later subjects returned for the fourth/final visit.
When using the 4 or 5 mm PNs, subjects were advised to
inject straight in (90�), with no pinch up. For the 8 mm
PN, subjects were directed to use pinch-up at the abdomen
and thigh. Actual injections were not observed.
Fructosamine was again measured at study visits 3 and 4,
where subjects also rated relative injection pain via a val-
idated 150 mm visual analog scale (VAS)15,16 (Figure 2A).
All HbA1c and fructosamine tests were performed by
Covance Central Laboratory in Indianapolis, IN.

The primary study objectives were to demonstrate
equivalent glycemic control (as defined) with the
4 mm� 32G PN compared to 31G, 5 mm and 8 mm PNs.
Secondary objectives were to evaluate A) % |D Fru|
between the 4 mm� 32G and the other PNs in low dose
and regular dose groups, and B) occurrence of severe, unex-
plained hypo/hyperglycemic events. Tertiary objectives
were to evaluate A) occurrence of insulin leakage reported
by subjects at injection sites, and B) perceived pain
between the study PNs used by each subject, with the
VAS. Additionally, a survey was administered at the end
of the treatment periods regarding subjects’ overall PN
preference, ease of use, and pain.

For inclusion in the study, subjects were instructed to
self-monitor blood glucose four times per day, primarily as
a safety measure. They were also instructed to record all
adverse events (AEs) in a log (including hypo- or hyper-
glycemic events and unusual injection pain) as well as any
occurrences of insulin leakage from the skin with the date/
time of the injection, dose, injection site and technique
used (angle and pinch-up). A visual scale was provided for
subjects to estimate size of leakage (Figure 2B). Study staff
reviewed the contents of the log at each study visit and
recorded AEs and leakage events on case report forms.
Blood glucose levels550 mg/dL and/or requiring assistance
for treatment were categorized as severe, as were levels
4450 mg/dL and/or requiring treatment in an emergency
room or hospital. All of these events were also character-
ized as unexplained if there was no identifiable cause for
the event (such as dosing error, skipping a meal,
unplanned exercise, intercurrent illness, etc.).
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Power calculations and statistical methods

Fructosamine measurements reflect average blood glucose
concentration during the past 2–3 weeks17–19. The princi-
pal endpoint is the percent absolute change in fructosa-
mine, or % |D Fru|, calculated as:

100%
Fru4mm � Fru5mm or 8mm

�
�

�
�

Fru5mm or 8mm
:

Since this metric uses the absolute value of the bias, the
average reflects both positive and negative differences
between PNs, which add rather than cancel – it is a con-
servative indicator of BG stability. Dividing the bias by the
fructosamine level with the comparator PN produces a
relative measure. A related metric is the absolute change
in mmol/L fructosamine, or |D Fru|, given by
Fru4 mm � Fru5 mm or 8 mm

�
�

�
�.

A previous BD study20 showed the natural log of fruc-
tosamine had a standard deviation of 0.2. Assuming the

205 Subjects Consented 

32 Excluded 
• 15 – HbA1c out of range 
• 4 – not using insulin pen 
• 3 – using insulin < two months 
• 2 – age >75 
• 8 – other 

173 Randomized 

89 assigned to 4 mm/5 mm group 
• 49 low dose 
• 40 regular dose 

84 assigned to 4 mm/8 mm group 
• 48 low dose 
• 36 regular dose 

83 Primary Objectives Analysis (4/5 mm) 
• 2 excluded – Data Out of Window 

80 Primary Objectives Analysis (4/8 mm) 
• 2 excluded – Data Out of Window 
• 1 excluded – Missing Data (see text) 

85 completed (4/5 mm) 
• 2 – lost to follow-up 
• 2 – discontinued due to 

Adverse Event

83 completed (4/8 mm) 
• 1 – withdrew consent 

168 Completed Study 

163 in Primary Objectives Analysis 

Primary Analysis (4/5 mm) 
• 47 low dose 
• 36 regular dose 

Primary Analysis (4/8 mm) 
• 45 low dose 
• 35 regular dose 

Figure 1. Study flow diagram. Subject flow in protocol, indicating screening, randomization, and follow-up.

–75 mm 0 mm +75 mm

Much More PainfulAs PainfulMuch Less Painful

(A) Visual analog scale for pain evaluation - not to scale

Scale for reporting leakage by subjects(B)

0
0

1ml
1+

10ml
2+

20ml
3+

50ml
4+

Figure 2. (A) Visual analog scale for pain evaluation – not to scale. VAS used
to assess difference in pain between the pen needles used in the two study
periods. Scale is 150 mm in length, and anchored at the mid-point with ‘no
difference’ in pain between the two needles. Subjects were asked to mark
the scale to indicate the difference (if any) they felt. Marks to the right
indicate more pain and to the left, less pain. The order of needle use was
adjusted for in the analysis. (B) Droplet size chart – not to scale. Visual scale
provided to patients to estimate injection leakage: 0¼ no leakage reported;
1þ�1mL volume; 2þ�10 mL; 4þ�50 mL. Ratings of 5 were entered if
patients believed leakage exceeded 50 mL. 10 mL¼ 1 unit of U-100 insulin.
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average D Fru would be 5%20 and an equivalence accep-
tance criterion (including 95% CI) of 20%, 40 subjects
were required to be in each subgroup (low and regular
dose in 4/5 mm and in 4/8 mm groups) to provide 90%
power for a non-inferiority test with a¼ 0.05. Hence,
there were about 80 subjects in each of the 4/5 mm and
4/8 mm groups, and 160 subjects in the entire study.
Analysis of Variance (ANOVA) linear models were used
to calculate the % |D Fru| for the 4 and 5 mm PNs, and for
the 4 and 8 mm PNs, separately. The models were defined
as the natural log of fructosamine adjusted for the effects of
subject, dose group, investigator site and PN sequence to
produce 95% CIs for the mean % |D Fru| between the
4/5 mm and 4/8 mm PNs, which were then compared to
the equivalence criterion.

Leakage incidents were summarized with counts, per-
centages and averages. Hypoglycemic events and AEs were
summarized with counts of the number of subjects that
experienced events and the overall number of events.
Pain scores were graphically summarized and analyzed
with one-sided t-tests, and responses to the subject
survey were analyzed by a paired comparison t-test (same
sample). For all analyses, a¼ 0.05.

The study was conducted in compliance with Good
Clinical Practices (GCP). The protocol was reviewed
and approved by Copernicus Group IRB (Research
Triangle Park, NC) and registered on clinicaltrials.gov
(Identifier: NCT00928057).

Results

Subject flow

The study was conducted from June to November 2009.
Subject flow is shown in Figure 1. Five of 168 subjects who
completed Visit 4 were not included in the primary end-
point analysis – four due to data collected outside of
defined time windows for fructosamine (�7 days). One
additional subject’s (#426) fructosamine level was reported
at Visit 3 as 71 mmol/L – far below the physiological range.
Both baseline (Visit 2) and Visit 4 levels for this subject
were nearly the same – 226 and 232 mmol/L. The results
implied a 70% decline in average blood glucose in the first
treatment period, and a 4200% increase in the second
period – with no corresponding clinical events. These
data indicate laboratory error so this subject was excluded
from the D Fru analyses, but is included in all other anal-
yses, as are the four subjects above.

Demographics

Subjects were 56% male, with mean age nearly 53 years
(range 18 to 76); 78% were Caucasian and 63% type 2
diabetes. Overall, mean BMI was 31.0 kg/m2 and ranged

from 20 to 49 kg/m2; 52% of subjects were obese (BMI
430 kg/m2). Subjects’ demographic characteristics were
evenly distributed throughout all study subgroups, shown
in Table 1. Regular dose subjects took twice as much insu-
lin each day as low dose subjects, on average. Single insulin
doses ranged between 2 and 40 units. Most subjects (65%)
had been diagnosed with diabetes for �10 years and 58%
were treated with insulin for �6 years; only 7% had used
insulin51 year. In addition to insulin, 68 (42%) subjects
were treated with oral hypoglycemic agents and/or pram-
lintide or exenatide: 63% (65 of 103) of the type 2 subjects
were treated with oral hypoglycemic agents and 12% were
injecting pramlintide or exenatide.

The PNs used prior to the study were predominately
from BD and Novo-Nordisk. The most frequent needle
length was 8 mm (59%), followed by 5 mm (30%), 6 mm
(8%) and 12.7 mm (2%). Baseline HbA1c in all subjects
was 7.5� 1.0% (SD) and fructosamine 301� 55.1 mmol/L.
These measures were similar across the two needle-length
comparison groups and the two insulin dose subgroups,
shown in Table 1.

Glycemic control

The mean % |D Fru| was 4.9% (95% CI 3.8, 6.0) between
4 and 5 mm PNs, and 5.5% (4.3, 6.4) between 4 and 8 mm
PNs. There was no statistical difference between the two
PN groups: the p-values were 0.878 and 0.927, respec-
tively. Figure 3A displays these differences overall and
for each subgroup compared to the 20% equivalence cri-
terion. Similarly, Figure 3B shows median |D Fru| in
mmol/L. The distribution of % D Fru (positive and nega-
tive) is shown in Figure 4. In the 4/5 mm group, approxi-
mately 67.5% of fructosamine changes were within� 5%,
and 89.2% within� 10%. In the 4/8 mm group, 51.9%
of these changes were within� 5%, and 86.4% with-
in� 10%. For patients who used the 5 mm PN first
followed by the 4 mm PN, fructosamine was 0.8% lower
with the 4 mm PN; when used in the opposite order fruc-
tosamine was 0.3% lower with the 4 mm PN. For patients
who used the 8 mm PN first then the 4 mm PN, fructosa-
mine was 0.7% higher with the 4 mm PN; when used in
the opposite order fructosamine was 3.5% higher with the
4 mm PN.

Correlation between insulin dose and change in glyce-
mic control was evaluated by comparing D Fru following
the first study period (Visit 3) with the greatest single daily
dose at baseline (Visit 2) – no relationship was found (data
not shown). Substantive changes in insulin doses during
the study were infrequent – 21 subjects reported any
change in insulin dosing, and only 13 had dose changes
410%. In an additional post hoc analysis, BMI did not
correlate with D Fru in either the 4/5 mm or 4/8 mm PN
groups, (p¼ 0.719 and 0.737, respectively), shown in
Figure 5.
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Pain

VAS scores were available for 68 subjects in the 4/5 mm
group, and 69 in the 4/8 mm group – a number of ratings
were collected outside the study visit� 3-day time

window. The VAS pain score was 11.9 mm less for the

4 mm PN vs the 5 mm PN, and 23.3 mm less for the

4 mm PN vs the 8 mm PN. Both differences are statistically

significant, p50.02, in Table 2.
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Figure 3. (A) Mean of percent absolute changes in fructosamine for 4 vs 5 mm (N¼ 83) and 4 vs 8 mm (N¼ 80) subjects. Left: All subjects, N¼ 163. Middle:
low dose group, N¼ 92. Right: regular dose group, N¼ 71. Glycemic equivalence for pen needles was defined as percent absolute fructosamine changes
including CIs within 20% (dashed line). (B) Median of absolute changes in fructosamine for 4 vs 5 mm (N¼ 83) and 4 vs 8 mm (N¼ 80) subjects. Left: All
subjects, N¼ 163. Middle: low dose group, N¼ 92. Right: regular dose group, N¼ 71.

Table 1. Demographics – includes all subjects in primary outcome analyses.

All Subjects Subject Subgroups

4 mm/5 mm 4 mm/8 mm Regular dose Low dose

Number 164* 83 81 72 92
Age (Years) – Mean (SD) 52.6 (15.5) 54.4 (14.0) 50.8 (16.8) 51.3 (15.8) 53.6 (15.3)
BMI (kg/m2) – Mean (SD) 31.0 (6.1) 31.0 (6.0) 30.1 (6.3) 32.3 (6.1) 29.2 (5.9)
Gender, Male – Number (%) 92 (56%) 46 (55%) 46 (57%) 37 (51%) 55 (60%)
Race/Ethnicity – Number (%)

Asian 7 (4)% 3 (4%) 4 (5%) 4 (6%) 3 (3%)
Black/African American 24 (15%) 14 (17%) 10 (12%) 12 (17%) 12 (13%)
Hispanic/Latino 3 (2%) 2 (2%) 1 (1%) 1 (1%) 2 (2%)
White/Caucasian 128 (78%) 63 (76%) 65 (80%) 55 (76%) 73 (79%)
Other 2 (1%) 1 (1%) 1 (1%) 0 (0%) 1 (2%)

Diabetes Type
Type 1 Number (%) 61 (37%) 31 (37%) 30 (37%) 27 (38%) 34 (37%)

Insulin Doses – Mean (units)
Total Daily 46.6 47.4 45.7 64.8 32.3
Largest Single 20.5 21.3 19.6 29.0 13.8

HbA1c (%)
Mean (SD) 7.5 (1.0) 7.6 (1.0) 7.4 (1.0) 7.7 (1.0) 7.3 (1.0)
Min/Max 5.6/9.6 5.7/9.5 5.6/9.6 6.0/9.5 5.6/9.6

Fructosamine (mmol/L)
Mean (SD) 301 (55.1) 303 (60.8) 299 (49.0) 303 (54.8) 299 (55.7)
Min/Max 207/465 209/465 207/422 209/432 207/465

mm¼millimeters; SD¼ standard deviation; BMI¼ body mass index.
*includes subject #426 – see Methods.
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Table 2. Visual analogue scale (VAS) scores for pain.

Group N Mean Difference (mm) SD SEM 95% Upper Bound p-value (compared to 0 mm)

4 mm vs 5 mm 68 �11.91 46.27 5.61 �2.55 0.019
4 mm vs 8 mm 69 �23.26 35.25 4.24 �16.18 50.001

SD¼ standard deviation; SEM¼ standard error of the mean.
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Leakage

Insulin leakage or ‘backflow’ data are shown for each indi-
vidual PN length, with the events reported expressed in
both absolute numbers and as a rate per subject, in Table 3.
The average rates reported do not include the injections for
which patients did not report any leakage – such informa-
tion was not collected prospectively. For all the PNs, 1488
leakage events were reported; 838 (58%) when using the
5 and 8 mm PNs. A numerically smaller proportion of
patients using the 4 mm PN reported leakage than with
the 5 mm and 8 mm PNs. The mean reported droplet
sizes for all needle lengths at the abdomen, arm and
thigh injection sites were52þ (51 unit of insulin), and
did not differ between the three PNs. Nearly all leakage
reports were with injections at 90� – about 20% of events
reported with 4 mm and 5 mm injections were with pinch-
up, and 80% as instructed, without pinch-up (data not
shown).

Safety

Eighty-eight subjects experienced 413 AEs in the study.
The most common AEs reported were hypoglycemia fol-
lowed by injection site pain and hyperglycemia; these
accounted for 98% of all reported AEs. Rates for these
were not significantly different between the three PNs –
see Table 4. Unexplained severe hyper- and hypoglycemic
events are summarized in Table 5 – these were infrequent
and occurred at similar rates with all three PNs.

Two subjects discontinued the study due to AEs unrelated
to product usage. There were five serious adverse events
(SAEs) reported in the study, three of which occurred
while subjects used the 4 mm needle (one each of dyspnea,
hypoglycemia, and hypoglycemic seizure), and two that
occurred during use of the 8 mm needle (one case of dys-
pepsia and one myocardial infarction). None of these
SAEs was considered device-related by the investigators.

Preference survey

At Visit 4, subjects were asked which of the two study PNs
they preferred overall; responses are available for 140
(85%) subjects. Subjects preferred the 4 mm PN signifi-
cantly more than either the 5 mm or 8 mm PNs
(p50.05; Figure 6). Approximately four times as many
subjects preferred the 4 mm PN ‘a lot more’ as did subjects
who preferred either of the other two PNs similarly.

Specific attributes of study PNs such as insertion pain,
ease of use or of delivering their insulin were also evaluated
by subjects at Visit 4. The 4 mm PN was significantly pre-
ferred over the 5 and 8 mm PNs for nearly all attributes
tested (p50.05; Figure 7).

Discussion

In adults with type 1 and type 2 diabetes, the 4 mm� 32G
pen needle provides equivalent glycemic control to 31G, 5
and 8 mm PNs. Percent absolute changes in fructosamine
were small, averaging 5 to 5.5% (median 11–13.5mmol/L),
and there was no suggestion of any trend in directional
change in blood glucose levels with the new pen needle.
The 4 mm� 32G PN was reported to be less painful, easier
to use, caused no additional leakage and was preferred to
the larger, longer needles by the study subjects.

Factors affecting patient perceptions of pain with injec-
tion therapy include needle diameter and length, tip sharp-
ness including bevel angularity, polishing and smoothness
of the cannula, as well as cannula lubrication. External
cannula diameter has been shown to be especially impor-
tant in several studies21,22 (and Hofman P. – personal com-
munication). There is good evidence that larger needle
diameter triggers greater nocireceptor reaction, meaning

Table 3. Leakage from injection sites for the 4, 5 and 8 mm pen needles.

Needle
Length

Subjects
(Number)

Subjects
Reporting

Leakage (%)

Total
Number

of Events

Mean Number of
Leakage Events

Reported

4 mm 164 72 (44) 650 9.0
5 mm 83 39 (47) 481 12.3
8 mm 81 45 (56) 357 7.9

Patient-reported events of leakage during both treatment periods of study.
All subjects used the 4 mm needle in one treatment period; about 50% of
subjects used either the 5 mm or 8 mm needle in the other period. Mean
number of leakage events reported was calculated using the number of
subjects who reported any leakage, only.

Table 4. Number (%) of randomized subjects with non-serious adverse
events (AEs) while using the pen needle indicated*.

Non-Serious AEs 4 mm
(N¼ 173)

5 mm
(N¼ 89)

8 mm
(N¼ 84)

Hypoglycemia 36 (20.8) 21 (23.6) 22 (26.2)
Injection Site Pain 27 (15.6) 11 (12.4) 11 (13.1)
Hyperglycemia 7 (4.0) 7 (7.9) 4 (4.8)

*Adverse events that occurred in single patients are not shown in table –
these included ligament sprain, needle breakage, nevus, osteoarthritis, skin
cosmetic procedure, and urinary tract infection.

Table 5. Severe unexplained hypoglycemic and hyperglycemic events (see
Methods for definition) among randomized subjects.

Needle Length
(Number Randomized)

4 mm
(N¼ 173)

5 mm
(N¼ 89)

8 mm
(N¼ 84)

Event
Hypoglycemia (%) 9 (5.2) 5 (5.6) 4 (4.8)
Hyperglycemia (%) 0 (0) 2 (2.2) 1 (1.2)

Number (%) of subjects with one or more events, by needle used at time of
event.
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greater pain, with other factors held constant21,22. A single
study in children did not support such findings, but was
conducted with all larger-diameter needles23.

The VAS evaluation in this study clearly showed sig-
nificantly less pain with the 4 mm� 32G PN: subjects
rated the new PN nearly 12 mm less painful than the
5 mm needle, and 23.3 mm less painful than the 8 mm
needle – a nearly two-fold larger change. Using the VAS
described with a center point anchor of ‘No difference,’
the maximum difference demonstrable would be 75 mm
between two devices/needles: the VAS score differences
are nearly 16% and 31%, respectively, of the maximum,
implying changes that can be appreciated by the subjects.
Other studies16,24 and our prior investigations suggest that
a 10 mm difference is clinically meaningful. The mean
differences seen with the 4 mm� 32G needle vs the
31G, 5 mm and 8 mm needles both exceed this threshold,
although the upper bound of the 95% CI fell within 10 mm
for the comparison to the 5 mm PN. Studies comparing
insulin delivery devices using a VAS measuring absolute
pain (e.g., without a central anchor) are more prone to
inaccurate findings9,10, since the absolute degree of pain
with today’s shorter length, smaller diameter (higher
gauge) needles is small25.

These VAS findings were also strongly supported by the
survey responses regarding needle attributes: the
4 mm� 32G PN was rated significantly more comfortable
and less painful, both for needle insertion and when inject-
ing insulin (Figure 7). In a previous study comparing a
29G, 12.7 mm PN with a 31G, 6 mm PN, patients rated
the smaller PN as more comfortable and causing less pain,
yet when double-blinded vehicle injections were per-
formed as part of that study with the same PNs, VAS
pain scores did not differ26. In aggregate, these findings
indicate the importance of psychological and perceptual
dynamics in pain assessments. Patients see the PN they use

every day in real world use, and these attributes influence
patient reaction to the needle and their acceptance of
insulin injection therapy.

Injection technique is also important for patient per-
ceptions of pain and overall satisfaction13–14. For the new
PN, subjects were instructed to inject straight in (i.e., at
a 90� angle) without using pinch-up (raising a skin fold).
Skin (epidermisþ dermis) thickness has been shown to
be �2.8–3.0 mm in nearly all adults, including obese dia-
betics at injection sites27,28; therefore, when inserted as
recommended in adults, the 4 mm PN will penetrate the
skin and enter the subcutaneous tissue reliably, with vir-
tually no risk of IM injection. In the accompanying
paper, calculations indicate that a 4 mm PN inserted at
a 90� angle should deposit insulin in the SC space
499.5% of the time – confirmed with magnetic reso-
nance imaging27. An angled injection, i.e. 45�, may
result in inadvertent intradermal medication delivery in
some cases, which has been associated with accelerated
insulin absorption29. The ‘straight-in’ technique without
skin fold should be easy for patients to perform and for
health care providers to instruct patients – including
those just starting insulin therapy – and may allow
more flexibility for use of certain sites, such as the
upper outer arm.

Although not studied directly, it appears that children
and adolescents can also use this 4 mm PN and injection
technique. Prior work has shown similar or slightly lower
skin thickness in younger populations vs adults30,31, and
one brief report demonstrated insulin delivery subcutane-
ously with a 4 mm PN inserted at 90� without pinch-up in
the thigh in children, adolescents, and lean adults32. It is
logical to assume the 4 mm PN will further reduce the risk
of inadvertent IM injection vs a 5 mm or 6 mm PN27.
Nevertheless, use of a lifted skin fold with the 4 mm PN
may be appropriate for some younger lean patients,
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42%*

16%*

20%*

12%

12% 14%

12%10%

11%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

 Which of the test pen
needles did you prefer on

an overall basis
(4 vs. 5 mm - N = 68)

 Which of the test pen
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an overall basis
(4 vs. 8 mm - N = 72)

Prefer 4 mm a lot more Prefer 4 mm a little more No preference

Prefer 5 or 8 mm a little more Prefer 5 or 8 mm a lot more

Figure 6. Survey question – ‘Which of the test pen needles did you prefer on an overall basis, the ones you tried first or the ones you tried second?’
*Combined ratings of ‘Prefer 4 mm a lot more’ and ‘Prefer 4 mm a little more’ – subjects prefer 4 mm over other test pen needle at 95% confidence level.
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especially in the limbs, and should be studied. This is
important because Hofman et al. raised some questions
about use of lifted skin folds in children and adolescents.
Specifically, they found that lifting a horizontal skin fold
in the abdomen increased subcutaneous thickness nearly
two-fold (192� 16%), but pinching the thigh increased it
by only 22� 6% – and in some subjects with510 mm of
thigh subcutaneous fat, actually reduced fat depth – leading
them to recommend angled injections with pinch-up
for 6 mm PNs31. Use of the thigh for insulin injection
therapy may carry a higher risk of inadvertent IM
injection, especially in thinner males.

There was no indication of increased skin leakage with
the new 4 mm� 32G PN. In fact, a numerically smaller
percentage of subjects reported leakage with the 4 mm
needle than with either the 5 mm or 8 mm needles.

Subjects indicated they injected at 90� with pinch-up in
about one-fifth of leakage events they reported with the
4 mm and 5 mm PNs; nearly all of the other reports were
with injections at 90� without pinch-up, as advised. It
appears there was no clear relation between reports of leak-
age and use of lifted skin folds with the short PNs – but
further study of injection site leakage (including the
relationship with BMI) is warranted. The percentage of
subjects reporting leakage events was much higher than
occurs in clinical use – doubtless reflecting the training the
participants received as part of the study to report such
events. The reports should not be assumed to be accurate
in terms of leakage volume – injections were not observed
and gravimetric measurement was not performed.
However, there is no reason to believe the reports were
biased among the three PNs. Overall, there is no evidence
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Figure 7. Summary of subjects’ preference on various pen needle attributes. 4 mm significantly preferred over other test pen needle at 95% confidence level
for all attributes except for Ease of Pushing Injection Button: 31–40 Units (N too small for testing).
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of any clinically untoward effect of the leakage events
reported.

A common perception is that obese patients ‘need’
longer needles for optimal subcutaneous insulin treatment,
although the evidence belies this26,33. If this were valid,
there should be a relationship between patient BMI and
change in glycemic control – which was clearly not the
case (Figure 5). No relationship (either by linear or qua-
dratic modeling) was found for D Fru and BMI with either
the 4/5 mm or the 4/8 mm comparisons. Two controlled
crossover studies in obese patients evaluated 6 mm versus
12.7 mm needles26, and 5 mm versus 8 mm needles33. Both
showed equivalent glycemic control (HbA1c) with the
different needle lengths tested, and little if any differences
in leakage or bleeding. Patients preferred the 6 mm needle
(which was also a finer gauge) to the 12.7 mm PN; there
were smaller (non-significant) differences in preference
favoring the 5 mm versus 8 mm PNs26,33. Shorter-length
pen needles appear to be safe and effective for insulin ther-
apy in obese diabetic patients.

Several previous studies evaluated different length nee-
dles for insulin therapy in other groups of patients. When
8 mm needles were first introduced, they were found to
provide unchanged glycemic control as the then-prevalent
12.7 mm needles20. Similar outcomes were obtained when
the 5 mm PN was first compared to 8 mm needles in both
adult and pediatric patients8. Insulin uptake (using 125I-
labeled human [regular] insulin) was previously shown to
be similar when injected at superficial and deep levels in
the subcutaneous tissue, in both abdominal and thigh loca-
tions34. Taken together, these studies indicate consistency
of insulin kinetics and effects when injected at different
depths within the SC space. Analogue insulin absorption
appears less variable than with human (regular, NPH)
insulin, both by anatomic site and injection depth, but
inadvertent IM injection should be avoided35.

In terms of insulin flow through the needle, subjects did
not report negative perceptions of the ease of delivering
their insulin with the thinner 32G needle. This may be
partially explained by laboratory tests that show it only
takes about one additional second for the 4 mm� 32G
PN to deliver the same dose as the 31G� 5 mm PN, up
to 80 units (BD Data on File). This difference is nominal
and was apparently of no concern to study subjects, who
still rated the 32G PN similar or easier to use (Figure 7).
The new PN uses the same ‘thin-wall’ technology as the
5 mm and 8 mm needles, which has been shown to be
preferred by patients when compared to other, ‘regular-
wall’ PNs36.

Conclusions from the study are strongly supported by
the data, but some limitations exist. The study was con-
ducted in adults in the U.S. for relatively short duration
(3 weeks for each treatment period) and was not blinded;
both investigators and subjects knew which PN they were
using. This may have influenced some subjective measures,

but not the fructosamine values. (Blinding in fact is not
possible in such a study). The subjects had to have injected
insulin with a pen for several months prior to participation
– they were not questioned if they had previously used
syringes, nor was prior use of any particular length
needle required. The distribution of pen needle lengths
used by the subjects is similar to that in the overall U.S.
market, and we believe the population studied reasonably
represents those taking insulin with pens. Further studies
should be conducted in other groups including children
and adolescents, and prospectively in obese patients
injecting higher insulin doses. Additional trials might
investigate variations in injection technique (use of skin
pinch/lifted skin fold), particularly in lean, younger
patients. The new 4 mm� 32G needle should also be eval-
uated for other diabetes medications given subcutaneously,
like GLP-1s (incretin agonists) or amylin agonists.

Conclusion

This study has demonstrated equivalent glycemic control
with a new 4 mm� 32G pen needle versus two marketed
pen needles (5 mm� 31G and 8 mm� 31G) in a diverse
group of adult, insulin-requiring patients with diabetes.
Absolute changes in fructosamine were small, about
5–5.5% on average (median 11–13 mmol/L) between the
4 mm and each of the other PNs, and relative changes were
distributed evenly around zero. The shorter needle was safe
and well tolerated, rated easier to use, did not increase skin
leakage, and was preferred by the majority of patients.
These findings support use of a 4 mm� 32G pen needle
for subcutaneous insulin injection therapy.
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