
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=iedd20

Expert Opinion on Drug Delivery

ISSN: 1742-5247 (Print) 1744-7593 (Online) Journal homepage: https://www.tandfonline.com/loi/iedd20

Efficacy and safety of a needle-free injector in
Chinese patients with type 2 diabetes mellitus
treated with basal insulin: a multicentre,
prospective, randomised, crossover study

Ying Xing, Xiaomin Xie, Jing Xu, Jianrong Liu, Qingzhen He, Wenjuan Yang,
Nana Zhang, Xiaomiao Li, Li Wang, Jianfang Fu, Jie Zhou, Bin Gao, Jie Ming,
Xiangyang Liu, Jingbo Lai, Tao Liu, Min Shi & Qiuhe Ji

To cite this article: Ying Xing, Xiaomin Xie, Jing Xu, Jianrong Liu, Qingzhen He, Wenjuan
Yang, Nana Zhang, Xiaomiao Li, Li Wang, Jianfang Fu, Jie Zhou, Bin Gao, Jie Ming,
Xiangyang Liu, Jingbo Lai, Tao Liu, Min Shi & Qiuhe Ji (2019): Efficacy and safety of a needle-
free injector in Chinese patients with type 2 diabetes mellitus treated with basal insulin: a
multicentre, prospective, randomised, crossover study, Expert Opinion on Drug Delivery, DOI:
10.1080/17425247.2019.1649251

To link to this article:  https://doi.org/10.1080/17425247.2019.1649251

View supplementary material Accepted author version posted online: 30
Jul 2019.
Published online: 05 Aug 2019.

Submit your article to this journal Article views: 19

View related articles View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=iedd20
https://www.tandfonline.com/loi/iedd20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/17425247.2019.1649251
https://doi.org/10.1080/17425247.2019.1649251
https://www.tandfonline.com/doi/suppl/10.1080/17425247.2019.1649251
https://www.tandfonline.com/doi/suppl/10.1080/17425247.2019.1649251
https://www.tandfonline.com/action/authorSubmission?journalCode=iedd20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=iedd20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/17425247.2019.1649251
https://www.tandfonline.com/doi/mlt/10.1080/17425247.2019.1649251
http://crossmark.crossref.org/dialog/?doi=10.1080/17425247.2019.1649251&domain=pdf&date_stamp=2019-07-30
http://crossmark.crossref.org/dialog/?doi=10.1080/17425247.2019.1649251&domain=pdf&date_stamp=2019-07-30


ORIGINAL RESEARCH
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Ying Xinga*, Xiaomin Xieb*, Jing Xuc, Jianrong Liud, Qingzhen Hee, Wenjuan Yangf, Nana Zhanga, Xiaomiao Lia,
Li Wanga, Jianfang Fua, Jie Zhoua, Bin Gaoa, Jie Minga, Xiangyang Liua, Jingbo Laia, Tao Liua, Min Shia and Qiuhe Ji a*

aDepartment of Endocrinology, Xijing Hospital, Fourth Military Medical University, Xi’an, Shaanxi, China; bDepartment of Endocrinology, The first
People’s Hospital, YinChuan, China; cDepartment of Endocrinology, The Second affiliated hospital of Xi’an Jiaotong University, Xi’an, China;
dDepartment of Endocrinology, Changan Hospital, Xi’an, China; eDepartment of Endocrinology, Xi’an Gaoxin Hospital, Xi’an, China; fDepartment of
Endocrinology, Shaanxi Aerospace Hospital, Xi’an, China

ABSTRACT
Objective: To evaluate the efficacy and safety of a needle-free injector in Chinese patients with type 2
diabetes mellitus treated with basal insulin.
Methods: 62 patients with type 2 diabetes were enrolled in a multicenter, randomised, prospective,
open-label, crossover study. All patients received subcutaneous insulin glargine administered by
a needle-free injector or a glargine pen for 7 ~ 14 days, and were then crossed over after wash out.
Results: Patients in the insulin needle-free injector (NFI) and glargine pen (GP) groups achieved similar
fasting blood glucose control . However, the dosage of insulin required to achieve the target FBG level
in the NFI group was lower than in the GP group (16.14 ± 5.13 U/day vs 19.25 ± 6.20 U/day, respectively;
p = 0.0046). This difference was more significant in patients who received higher insulin dosages
compared with those receiving lower dosages. Use of the needle-free injector was also associated
with significantly less pain (p < 0.001) and less fear of injection (p < 0.001) than glargine pens.
Conclusion: The use of a needle-free injector can significantly lower the dosage of insulin required to
achieve good glycemic control and reduce topical adverse reactions and the fear of injections as well,
which help to improve patient compliance.
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1. Introduction

Since the advent of insulin in 1921, it has brought hope to
countless people with diabetes mellitus. With the increase in
the number of people with diabetes over the past few dec-
ades, especially type 2 diabetes, the number of patients who
require insulin injection therapy has increased rapidly.
Whereas patients with type 1 diabetes will begin to receive
insulin once they have been diagnosed, in patients with type 2
diabetes, the function of islets will gradually decrease as the
disease progresses. As well as these patients, insulin therapy is
also required for patients with severely impaired liver and
kidney function, those who can not tolerate oral treatment
regimens, and patients with acute elevations of blood glu-
cose [1,2].

Although insulin therapy is effective in lowering blood
glucose levels, it also poses some problems for patients. For
example, high-dose insulin injections may increase body
weight [3], thereby increasing insulin resistance, and resulting
in patients requiring more insulin to maintain control of blood
glucose concentrations. In addition, the way in which insulin is

injected itself is painful. The pain caused by a single injection
of more than one needle per day can result in fear of injec-
tions, anxiety, and even depression. Moreover, metal insulin
needles can produce a foreign body reaction under the skin,
cause an allergy, or an inflammatory reaction leading to sub-
cutaneous bruising and redness [4]. The way insulin is infused
subcutaneously through syringes is not perfect. High doses of
insulin concentrating under the skin may not be conducive to
the smooth release and absorption of insulin [5]. For these
reasons, research into new insulin dosage forms that can be
taken orally or absorbed through the skin and mucous mem-
branes has continued, for example resulting in the develop-
ment of oral, topical and nasal spray insulin preparations [5–7].
Thus far, however, these methods are still at a relatively early
stage, both in terms of technology and their clinical validation
in the diabetic population.

Needle-free jet injectors deliver insulin at high velocity into
subcutaneous tissue and distribute insulin over a larger area
than a syringe [8]. The QS-M needle-free injector (Beijing QS
Medical Technology Co. Ltd, China) was approved for insulin
injection by the China Food and Drug Administration in 2012.
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Previous studies showed regular insulin and rapid-acting insu-
lin analogues administered by the QS-M needle-free injector
resulted in earlier and higher insulin exposure than conven-
tional insulin pens, resulting in a significant decrease in
plasma glucose concentrations as compared with the conven-
tional pen injections [9–12]. Currently, however, there are few
studies on the application of needle-free injectors in patients
treated with basal insulin. This study aimed to evaluate the
efficacy and safety of the QS-M needle-free insulin injector in
Chinese patients with type 2 diabetes mellitus being treated
with basal insulin.

2. Methods

2.1. Patients and inclusion/exclusion criteria

This study was approved by the local institutional review
boards of the participating centres. Written informed consent
was obtained from all participants before beginning the trial,
which has been registered with the ClinicalTrial.gov
(NCT03420040). Sixty-five patients with type 2 diabetes who
were being treated with insulin glargine were recruited for the
study at 6 hospitals in China.

Inclusion criteria were: age between 18 and 70 years; a diag-
nosis of type 2 diabetes more than half a year ago; body mass
index (BMI) in the range 18 to 30 kg/m2; a daily dose of insulin
glargine ≥12 U,but less than 50 U administered for ≥1 month.
The patients were taking 1 to 3 oral antihyperglycaemic drugs
(not including secretagogues) and had fasting venous blood
glucose concentrations in the range 5.0–9.0 mmol/L. Exclusion
criteria were (1) there is conflict of interest with this research;
(2) blood glucose control is not good enough to participate in
this study, such as repeated hypoglycemia, diabetic ketoaci-
dosis or hyperosmolar coma; (3) serious diabetic complications
such as diabetic foot, diabetic nephropathy and so on; (4)
severe cardiovascular events occurred in the last 6 months;
(5) the application of hormone or immunosuppressant, or low
immunity defect; (6) the use of non steroidal anti-
inflammatory drugs; (7) the use of sulfonylureas and insulin
secreting agents; (8) a person with a history of cancer; (9)

a history of unstable or rapid progressive renal disease; (10)
an unstable history of major mental illness; (11) the history of
hemoglobin (such as sickle red cell anemia, thalassemia, iron
granulocytic anemia); (12) women who are pregnant or are
breastfeeding; (13) in the near future there is a clear infection,
such as urinary tract infection and pneumonia; (14) recent
important visceral hemorrhage, such as gastric hemorrhage
and cerebral hemorrhage, etc; (15) skin diseases such as exfo-
liative dermatitis, pustular sore and infection of pyogenic
bacteria; (16) the history of acute pancreatitis or pancreatect-
omy; (17) the researchers believe that it may lead to any
situation in which the subject is unable to complete the
study or may cause significant risk to the subject; (18) the
results of the laboratory examination are as follows: A. AST> 3
times the upper limit of normal or ALT> 3 times the upper
limit of normal; B. The creatinine clearance rate was <60 ml/
min; C. anemia caused by any cause of the disease; D. The
results of pregnancy test in women of childbearing age were
positive.

The study was approved by the Xijing Hospital Ethics
Committee, which is attached to the Fourth Military Medical
University.

2.2. Study design

This was a multicenter, prospective, randomized, crossover
study, to evaluate the efficacy and safety of the QS-M needle-
free injector in Chinese patients with type 2 diabetes mellitus
treated with basal insulin. The study design and the flow of
patients in the trial is shown in Figure 1.

The first phase of the study was a run-in period of insulin
administration (7 ~ 14 days) during which the investigator
instructed patients on how to master the injection techni-
ques, so that they were proficient with both the QS-M
needle-free injector and glargine insulin pen injections
(Lantus, SoloSTAR; Sanofi, Paris, France). Both the type and
dosage of oral medication the patients were taking before
enrollment in the study were unchanged. A blood glucose
meter (Bayer Ascensia Breeze2) was used to monitor the
blood glucose concentration 7 times daily on the first

Figure 1. Study design and the flow of patients in the trial. NFI, needle-free injector; GP: glargine pen.
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and second days, and the insulin dose was adjusted to
achieve the target blood glucose concentration (fasting
blood glucose, 4.4–6.0 mmol/L). Patients who achieved the
target were then randomised to either the glargine insulin
pen or QS-M needle-free injector groups for 7 ~ 14 days as
first phase of treatment. The type and dose of oral medica-
tion were remained the same as which were taken during
the run-in phase. Insulin titration was then performed
according to the attending physician’s instruction to achieve
the target fasting blood glucose level (4.4–6.0 mmol/L) by
SMBG, and then the blood glucose level was monitored 7
times a day by SMBG for 2 consecutive days before the
washout period. Venous fasting blood glucose concentra-
tions were also measured at the last day of first phase.
Patients who still met the inclusion criteria then entered
the second trial period. After a washout period, during
which all patients from both arms were injected with glar-
gine pen for 7 ~ 14 days. The original QS-M needle-free
injector group was crossed over to receive glargine pen
injections, and the original glargine pen group was crossed
over to receive QS-M needle-free injections. And other pro-
cedures were similar to the first treatment phase.

2.3. Endpoints

The main efficacy parameter was the amount of insulin used to
achieve the same blood glucose level with the use of the QS-M
needle-free injector or glargine pen. The primary outcome is
a composite of the chang in fasting blood glucose at the final
visit relative to baseline of each phase, and insulin dosage to
maintain this glucose level. The secondary outcome are the rate
of side effects of injection and the pain score in each group.

2.4. Safety and tolerance assessment

After finishing all treatment phases, a questionnaire survey
form was provided for each patient to assess their acceptance
and tolerance in use of the QS-M injector and the Lantus pen.
The form included a few short-answer questions for the
aspects of operation convenience, a fear of injection, accep-
tance, and skin injuries (bleeding, bruise, red and swollen). An
injection- associated pain score was rated from 0 – no pain to
10 – pain as bad as you can imagine.

2.5. Evaluation of the glycemic variability

According to the Experts Consensus on Management of
Glycemic Variability of Chinese Society of Endocrinology
(CSE), standard deviation of blood glucose (SDBG), postpran-
dial blood glucose excursions (PPGE), and the largest ampli-
tude of glycaemic excursions (LAGE) was calculated
respectively [13]. In brief, finger tip glucose level of fasting,
before and 2 h postprandial of each meal and before bedtime
were obtained through SMBG using a glucometer (Bayer
Ascensia Breeze2) given by researcher. SDBG, LAGE and PPGE
were calculated by reported equation after finishing all
phases, and target standards of each GV parameters recom-
mended by CSE are SDBG<2.0 mmol/L, PPGE<2.2 mmol/L and
LAGE<4.4 mmol/L [14–17].

2.6. Sample size and statistical analysis

The study compared the amount of insulin used to achieve
the same blood glucose level administrated by QS-M needle-
free injector or glargine pen. In the sample size estimation
process, α = 0.025, Z1-α = 1.96（one-tailed u-test.）,β = 0.1,
Z1-β = 1.282（ one-tailed u-test.）；б = 6.000（according to
results of pre-trial and equal standard deviations in two
groups）. It is considered that 3 IU reduction of insulin is
meaningful. According to PASS 11.0 (NCSS. LLC), a sample
size of 22 for needle-free and glargine pen groups. Assuming
a drop-out rate 20% (which is not expected to be exceeded),
the sample size will be adjusted to 27 subjects per treatment
group. Considering the convenience of grouping subjects to
the six centers, the sample size is enlarged to 30 cases per
group, 10 cases per center, so the total sample size for this
study is 60 . The computer generates random number table.
Then using the random number table, the test group and
control group were assigned according to the order of enroll-
ment.Data were analysed for the full analysis set (FAS), which
included all patients who were randomised to receive insulin
by at least one injection method and had a baseline efficacy
evaluation, and for the per-protocol set (PPS) which included
patients in the full analysis set who were compliant with the
treatment protocol and who: (1) completed each treatment
regimen; (2) did not violate the inclusion/exclusion criteria;
and (3) had insulin dosage data available at baseline and the
end of the study. The safety analysis set (SS), included all
patients who received at least one treatment after randomisa-
tion. Demographic data and baseline characteristics were sum-
marised for each patient using frequency distribution and
summary statistics, and baseline comparisons were performed.
Analysis of the primary outcome included insulin dosage to
achieve the same fasting blood glucose level after insulin
injection via a needle-free injector or a glargine pen.
Consistent with a normal distribution, a t-test was used to
compare changes in the amount of insulin used with the 2
injection methods. Consistent with skewed data, nonpara-
metric tests were also used to compare changes in insulin
levels between the 2 different injection methods. Point esti-
mates and two-sided 95% confidence intervals were calcu-
lated for mean changes between the groups.

3. Results

3.1. Basic characteristics of patients

Of the 65 patients originally recruited for the study, 3
patients subsequently dropped out. The remaining 62 patients
included 47 males and 15 females with a mean age of
52.71 ± 12.14 years. The baseline characteristics of the 62
randomised patients are shown in Table 1.

3.2. Fasting blood glucose levels

62 patients received both the needle-free injector and glar-
gine pen insulin injections sequentially. At the end of the
study, fasting blood glucose obtained by SMBG during the
last 7 days in each treatment period showed a trend of lower
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fasting glucose when patients using needle-free injector com-
paring to the insulin pen (Figure 2).

3.3. Insulin dosage changes

At the end of the study, the dose of insulin required to achieve
the target fasting blood glucose level was significantly lower
in the needle-free injector group than in the glargine pen
group (16.14 ± 5.13 U/day vs 19.25 ± 6.20 U/day, respectively;
p = 0.0046). Overall, the same patients who received both
injections had mean insulin doses that were 3.11 U/person
lower when they were treated with the needle-free injector

compared with the glargine pen injections (Figure 3(a,b)).
More interestingly, when different dosages of insulin were
taken into account and patients were divided evenly into 3
separate groups according to whether they received a high
insulin dose, a middle insulin dose, or a low insulin dose with
Glargin pen, the difference gap of the insulin dose required to
achieve the target fasting blood glucose level between the
needle-free injector and glargine pen groups increased pro-
portionally with the increase of total insulin dose (Figure 3(c)).

3.4. Effects of the injection devices on blood glucose
variability

Blood glucose variability is one of the important indicators for
evaluating blood glucose control. Diabetic patients with similar
fasting blood glucose control may have different risk of compli-
cations due to different levels of blood glucose variability. In this
study, the 3 indicators of blood glucose variability that were
assessed, via self-monitoring of blood glucose (SMBG), were the
standard deviation of blood glucose (SDBG), postprandial blood
glucose excursions (PPGE), and the largest amplitude of glycae-
mic excursions (LAGE). The means of these 3 indicators were
similar between the needle-free injector and glargine pen
groups. Although higher trends of PPGE and SDBG in needle-
free group, proportions of patients reached target standards of
each GV parameters did not differ significantly between the two
treatment groups (Supplemental Fig 1A, B, C).

3.5. Safety and tolerability

All 62 patients completed a treatment acceptability question-
naire at the end of the study. Local adverse reactions such as
redness and swelling at the injection site (5.6% in NFI vs 13%in
GP) and,bruising (5.6% in NFI vs 29.6% in GP) were signifi-
cantly less frequent in the needle-free injector group than in
the glargine pen group (Figure 4(a,b)). Patients felt more
comfortable with the needle-free injector and similar work-
ability to operate and acceptability comparing to the Glargin
pen. Moreover, needle-free injector significantly reduced their
injection fears (9.3% in NFI vs 66.1% in GP) (Figure 4(c,d)).
Injection pain scores were also significantly reduced in the

Table 1. Baseline characteristics of the patients (n = 62).

Characteristic Value

Sex, n (%):
Male 47 (75.8)
Female 15 (24.2)
Age, years 52.71 ± 12.14
Duration of diabetes, years 9.69 ± 5.75
Blood pressure, mmHg:
Systolic 126.19 ± 14.40
Diastolic 78.52 ± 8.12
Height, cm 169.73 ± 7.07
Weight, kg 71.53 ± 7.97
BMI, kg/m2 24.81 ± 2.17
Resting heart rate, beats/min 76.84 ± 8.32
Diabetic complications, n (%):
Diabetic retinopathy 1 (1.6)
Diabetic neuropathy 1 (1.6)
Coexisting conditions, n (%):
Hypertension 20 (32.3)
CVD 2 (3.2)
Hyperlipidemia 10 (16.1)
Fatty liver 1 (1.6)
Oral antihyperglycemic agents, n (%):
Metformin 50 (80.6)
Acarbose 43 (69.4)
Saxagliptin 1 (1.6)
Linagliptin 1 (1.6)
Other drugs, n (%):
Statins 8 (12.9)
CCBs 10 (16.1)
ARBs 6 (9.7)
ACEIs 2 (3.2)

Data are means ± SD.
ACEI, angiotensin-converting enzyme inhibitor; ARB angiotensin receptor
blocker; BMI, body mass index; CCB, calcium channel blocker; CVD, cardiovas-
cular disease.

Figure 2. SMBG of fasting glucose of 7 days before the end of each treatment period. Data are shown as mean±SEM. **p = 0.0376, ***p = 0.0151.
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needle-free injector group comparing to the glargin pen
group (mean scores, 2.61 ± 1.680 vs 4.8 ± 1.430) (Figure 5
(a)). The pain level was scored on a scale of 0–10 where 0 is
freedom from pain, 1–3 is mild pain, 4–6 is moderate pain, and
7–10 is severe pain. Almost 80% patients in the needle-free
injector group had mild pain scores (i.e. scores of 0–3), how-
ever, the pain scores increased to the moderate level when
patients shift in the glargine pen group (Figure 5(b)).

4. Discussion

Despite the use of effective combinations of oral medications,
the American Association of Clinical Endocrinologists (AACE)
guidelines and the consensus guidelines of the American
Diabetes Association (ADA) and European Association for the
Study of Diabetes (EASD) state that insulin is invariably the
most important treatment to maintain blood glucose stability
for diabetic patients with severe complications and patients
who are intolerant of oral medications [1]. As insulin analo-
gues and new premix formulations continue to become avail-
able for clinical use, the flexibility of insulin application
remains a priority. However, the way insulin is injected has
stagnated for a very long time compared with changing insu-
lin preparations [18]. To reduce the adverse effects associated

with injections, research into alternative methods of delivery
of insulin has continued [6–8,11,12]. Currently, needle-free
injectors seem to be the most feasible, convenient, stable
and economical method. Needle-free injectors, also known as
jet injections, are based on the principle of pressure jets,
pushing the liquid from micropores to form a very thin liquid
column, which instantly penetrates through the skin to the
subcutaneous tissue with a spray-like diffusion, resulting in
faster absorption and a more rapid effect [9–12]. As the
injected depth with the needle-free injection is limited, nerve
endings are stimulated only slightly, and the sting is not as
obvious as with needle injections [19,20].

Compared with needle syringes and insulin pens, the injec-
tion micropores produced by the jet through the high pres-
sure on the skin surface are only one-quarter and one-third
the diameter of insulin pens and the syringes, respectively
[20]. Consequently, when treating diabetes, the skin damage
caused by the spray is negligible. A cross-sectional survey of
the use of the insulin pens also showed that 35.26% of type 2
diabetic patients had lipohypertrophy, and 58.68% had symp-
toms of bleeding and bruising at the injection site [21]. The
QS-M needle-free injector used in this study has been proven
to be an effective alternative injection device to insulin pens in
previous studies [9,10]. Previous research has shown that the

Figure 3. (a) Mean and individual doses of insulin required in the two treatment groups. Filled circles refer to the glargine pen (GP) and empty circle refer to the
needle-free injector (NFI). Horizontal bars represent the corresponding mean values for all participants in each group, and the arrow shows the difference between
the two groups. **p = 0.0046. (b) The two data points of FBG for a particular individual connected by a line. (c) When different dosages of insulin were taken into
account and patients were divided evenly into 3 separate groups (according to whether they received a high insulin dose, a middle insulin dose, or a low insulin
dose with glargin pen), the differences in the insulin dose required to achieve the target FBG level between the NFI and GP groups for each dose level are shown.
NS, not significant; **p = 0.0062; ***p < 0.0001.
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use of the needle-free injector can increase the absorption
rate of insulin resulting in a faster onset of action time that
mimics physiological insulin secretion patterns [9–11,22]. The
present study showed that patients in the needle-free injector
group exhibited better acceptability, and had less uncomfor-
table feelings, fear of injections and pain than patients in the
glargine pen group. While the needle-free injector and the
glargine pen injections showed similar levels of patient con-
venience for operation, incidence of topical adverse reactions
such as bruising were significantly lower in the needle-free
injector group. Use of the needle-free injector was also asso-
ciated with significantly less pain than glargine pen injections.
It is known that a large number of people with diabetes who
receive insulin therapy have poor compliance, and the rejec-
tion of injections is an important reason for this. By reducing

the anxiety, tension and fear associated with injections, we
believe that patients’ compliance with treatment will be
greatly improved [23,24].

In this study, the most interesting finding was that the use
of a needle-free injector significantly reduced the insulin
dosage required for glycaemic control, and the degree of the
reduction was positively correlated with the insulin dose used.
Our results showed that in the group receiving the higher
insulin dose, the average insulin dose reduced almost 5U/
day (Figure 3(c)) when the needle-free injector was used,
which is equivalent to a reduction of about 150 U per month
of insulin injection. Patients who are receiving high-dose insu-
lin therapy also have increased risks of weight gain, edema,
and antibody production. Such patients can reduce these risks
by simply changing the injection method without changing

Figure 4. Adverse effects such as redness and swelling at the injection site and bruising were calculated in (a) Percentage of events in needle-free injector (NFI) and
glargine pen (GP) treatment, NS, not significant. **p = 0.001. Number of subjects with adverse effects are shown in (b) Percentage of injection satisfaction such as
fear of injection are shown in (c) NS, not significant. **p = 0.006, ***p < 0.001. (d) Number of subjects in each item of satisfaction questionnaire.

Figure 5. Injection pain scores for both needle-free injector (NFI) and glargine pen (GP) treatment from the questionnaire of patients by the end of the study are
shown in (a) With mean+SEM. **P < 0.001. (b) Pain score level was stratified into three sections, and patients percentage in each pain score section for NFI and GP
treatment are shown.
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the insulin form. And from the perspective of health econom-
ics, the use of insulin in the long run will not only change the
risks and prognosis for type 2 diabetic patients, but also save
social medical resources. The treatment used in this study was
insulin glargine, which is currently one of the most widely
used insulin in the world. Moreover, as basal insulin is the
one of the first-line insulin recommended by most guildlines
in the world, we believe that our findings will benefit the vast
majority of patients using basal insulin.

In the last 10 years, with the good performance of glucagon-
like peptide-1 (GLP-1) receptor agonists in clinical studies of
cardiovascular outcomes and the efficacy of these agents in
reducing blood glucose and producing weight loss, they have
been recommended for diabetic patients as a second-line com-
bination treatment option in addition to metformin by more
and more international guidelines. For example, in the latest
consensus recommendations of the ADA and EASD, it has been
clearly pointed out that GLP-1 receptor agonists are one of the
first choices for use in combination with metformin in patients
with type 2 diabetes who have a history of atherosclerotic heart
disease [2]. However, we shouldn’t ignore the fact that the way
of treatment with injections has become the biggest obstacle to
GLP-1 for its clinical application and compliance. As well as for
treatment of diabetes, the needle-free injector has good pro-
spects for clinical application of other drugs such as GLP-1
receptor agonists by changing the mode of administration.
Moreover, a large number of clinical studies have been con-
ducted on the use of needle-free injectors for growth hormone
treatment [25–27]. We believe that this type of injection repre-
sents a trend in the future of injection therapy.

The current study has some limitations. First, this trial was
an open-label study. We could not exclude possible biases
induced by recognition of the insulin injection way.
Moreover, the treatment phases were relatively short, and
we still do not know if the needle-free injection can remain
its advantage on side effects for a long term. Finally, the
insulin we use are basal insulin, whether needle-free injector
also lower the quick-acting insulin dose for same glycemic
control is also worth study in the future.

5. Conclusion

The use of a needle-free injector can lower the dosage of
insulin required to achieve good glycaemic control in patients
with type 2 diabetes. The results of this study indicate that the
benefits of a needle-free injector in the treatment of the type
2 diabetes may be superior to those of glargine pen injections,
not only by reducing the adverse effects associated with high
insulin dosages, but also by reducing topical adverse reactions
and the fear of injections, which should help to improve
patient compliance with insulin treatment.

Author contributions

Y Xing and X Xiaomin contributed equally to the study. Y Xing, X Xiaomin
and Q Ji conceived and designed the study. X Xiaomin, J Xu, J Liu, Q He,
W Yang, J Zhou, B Gao, J Ming, X Liu, J Lai, T Liu and M Sshi contributed to
the collection of data. N Zhang, X Liu, L Wang, J Fu and Y Xing analysed
and interpreted the data. Y Xing and X Xiaomin wrote the paper. J Ming
contributed to the writing of the manuscript. All authors contributed to

discussion, reviewed the manuscript critically for important intellectual
content and approved the final version to be published. Q Ji is responsible
for the integrity of the work as a whole.

Acknowledgments

Editorial assistance with the manuscript was provided by ContentEdNet,
Shanghai Ltd.

Funding

This study was supported by the National Key R&D Program: Multi-
factorial Integrative Management of Type 2 Diabetes (MiDiab)
[2017YFC1309803, 2017YFC1309804].

Declaration of interest

The authors have no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with
the subject matter or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or options, expert
testimony, grants or patents received or pending, or royalties.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose.

ORCID

Qiuhe Ji http://orcid.org/0000-0002-4008-2974

References

Papers of special note have been highlighted as either of interest (•) or of
considerable interest (••) to readers.

1. American Diabetes A. 9. Pharmacologic approaches to glycemic
treatment: standards of medical care in diabetes-2019. Diabetes
Care. 2019;42(Suppl 1):S90–S102.

• The American Diabetes Association (ADA) “Standards of Medical
Care in Diabetes” includes ADA’s current clinical practice
recommendations and is intended to provide the components
of diabetes care, general treatment goals and guidelines, and
tools to evaluate quality of care.

2. Davies MJ, D’Alessio DA, Fradkin J, et al. Management of hypergly-
cemia in Type 2 diabetes, 2018. A consensus report by the amer-
ican diabetes association (ADA) and the European association for
the study of diabetes (EASD). Diabetes Care. 2018;41
(12):2669–2701. 10.2337/dci18-0033.

3. Apovian CM, Okemah J, O’Neil PM. Body weight considerations in
the management of Type 2 diabetes. Adv Ther. 2019;36(1):44–58.

4. Guerci B, Chanan N, Kaur S, et al. Lack of treatment persistence and
treatment nonadherence as barriers to glycaemic control in
patients with Type 2 diabetes. Diabetes Ther. 2019;10(2):437–449.

• Poor persistence with and adherence to T2D medication can
have profound consequences for the patient, including non-
achievement of glycaemic goals and an increased risk of long-
term complications and mortality. And numerous potential
targets for improving treatment persistence and/or adherence
are identified

5. Baghban Taraghdari Z, Imani R, Mohabatpour F. A review on bioengi-
neering approaches to insulin delivery: a pharmaceutical and engi-
neering perspective. Macromol Biosci. 2019;19(4):e1800458.

6. Wong CY, Al-Salami H, Dass CR. Recent advancements in oral
administration of insulin-loaded liposomal drug delivery systems
for diabetes mellitus. Int J Pharm. 2018;549(1–2):201–217.

EXPERT OPINION ON DRUG DELIVERY 7



7. Setji TL, Hong BD, Feinglos MN. Technosphere insulin: inhaled
prandial insulin. Expert Opin Biol Ther. 2016;16(1):111–117.

8. Mitragotri S. Current status and future prospects of needle-free
liquid jet injectors. Nat Rev Drug Discov. 2006;5(7):543–548.

9. Guo L, Xiao X, Sun X, et al. Comparison of jet injector and insulin
pen in controlling plasma glucose and insulin concentrations in
type 2 diabetic patients. Medicine (Baltimore). 2017;96(1):e5482.

10. Hu J, Shi H, Zhao C, et al. Lispro administered by the QS-M
needle-free jet injector generates an earlier insulin exposure.
Expert Opin Drug Deliv. 2016;13(9):1203–1207.

11. Engwerda EE, Abbink EJ, Tack CJ, et al. Improved pharmacokinetic and
pharmacodynamic profile of rapid-acting insulin using needle-free jet
injection technology. Diabetes Care. 2011;34(8):1804–1808. 10.2337/
dc11-0182.

• Administration of insulin aspart by jet injection enhances insu-
lin absorption and reduces the duration of glucose-lowering
action.

12. Engwerda EE, Tack CJ, de Galan BE. Needle-free jet injection of
rapid-acting insulin improves early postprandial glucose control in
patients with diabetes. Diabetes Care. 2013;36(11):3436–3441.
10.2337/dc13-0492.

13. Endocrinology CSo. Experts consensus on management of glyce-
mic variability of diabetes mellitus. Drug Eval. 2017;14(17):5–8.

14. Wang C, Lv L, Yang Y, et al. Glucose fluctuations in subjects with normal
glucose tolerance, impaired glucose regulation and newly diagnosed
type 2 diabetes mellitus. Clin Endocrinol (Oxf). 2012;76(6):810–815.

15. Tang X, Li S, Wang Y, et al. Glycemic variability evaluated by
continuous glucose monitoring system is associated with the
10-y cardiovascular risk of diabetic patients with well-controlled
HbA1c. Clin Chim Acta. 2016;461:146–150.

16. Xia J, Xu J, Li B, et al. Association between glycemic variability and
major adverse cardiovascular and cerebrovascular events (MACCE)
in patients with acute coronary syndrome during 30-day follow-up.
Clin Chim Acta. 2017;466:162–166.

17. Bonora E, Calcaterra F, Lombardi S, et al. Plasma glucose levels
throughout the day and HbA(1c) interrelationships in type 2 dia-
betes: implications for treatment and monitoring of metabolic
control. Diabetes Care. 2001;24(12):2023–2029.

18. A F. Insulin delivery device technology 2012: where are we after 90
years? J Diabetes Sci Technol. 2012;6:947–953.

19. Szmuk PSE, Ezri T. Use of needle-free injection systems to alleviate
needle phobia and pain at injection. Expert Rev Pharmacoecon
Outcomes Res. 2005;5:467–477.

20. Baxter J, Mitragotri S. Jet-induced skin puncture and its impact on
needle-free jet injections: experimental studies and a predictive
model. J Control Release. 2005;106(3):361–373.

21. J LQ J. Insulin pen injection technique survey in patients with type
2 diabetes in mainland China in 2010. Curr Med Res Opin. 2014;
Jun 30(6):1087–1093.

22. Sarno MJ, Bell J, Edelman SV. Pharmacokinetics and glucodynamics
of rapid-, short-, and intermediate-acting insulins: comparison of jet
injection to needle syringe. Diabetes Technol Ther. 2002;4
(6):863–866.

23. Zhang Y, Yu J, Kahkoska AR, et al. Advances in transdermal insulin
delivery. Adv Drug Deliv Rev. 2018. DOI:10.1016/j.addr.2018.12.006.

•• Different transdermal insulin delivery techniques and their
respective advantages and limitations are compared in this
review.

24. McLenon J, Rogers MAM. The fear of needles: A systematic review
and meta-analysis. J Adv Nurs. 2019;75(1):30–42.

•• This review searched more than 100 studies in the past half
century and proved that the fear of needles is common in
patients requiring preventive care and in those undergoing
treatment. Greater attention should be directed to interven-
tions which alleviate fear in high-risk groups.

25. Raimer-Hall D, Shea HC. Evolution of growth hormone devices:
matching devices with patients. Pediatr Nurs. 2015;41(2):72–77.

26. Rohrer TR, Ceplis-Kastner S, Jorch N, et al. Needle-free and
needle-based growth hormone therapy in children: a pooled ana-
lysis of three long-term observational studies. Horm Res Paediatr.
2018;90(6):393–406.

27. Brimhall DB, Petri N, D’Angelo P. Relative bioavailability of a single
4-mg dose of somatropin administered by subcutaneous injection
or by needle-free device and coadministered with the growth
hormone inhibitor octreotide acetate in healthy adult subjects.
Clin Ther. 2018;40(5):741–751.

8 Y. XING ET AL.

https://doi.org/10.1016/j.addr.2018.12.006

	Abstract
	1.  Introduction
	2.  Methods
	2.1.  Patients and inclusion/exclusion criteria
	2.2.  Study design
	2.3.  Endpoints
	2.4.  Safety and tolerance assessment
	2.5.  Evaluation of the glycemic variability
	2.6.  Sample size and statistical analysis

	3.  Results
	3.1.  Basic characteristics of patients
	3.2.  Fasting blood glucose levels
	3.3.  Insulin dosage changes
	3.4.  Effects of the injection devices on blood glucose variability
	3.5.  Safety and tolerability

	4.  Discussion
	5.  Conclusion
	Author contributions
	Acknowledgments
	Funding
	Declaration of interest
	Reviewer disclosures
	References



