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Abstract

Background

Frequency of insulin pen use, despite its higher costs, is increasing to substitute the tradi-

tional use of insulin vials. This study aims to report insulin pen use frequency and its associ-

ated factors among participants of the STEPS survey 2016 in Iran, which was conducted

based on the World Health Organization (WHO) STEPS methodology.

Methods

In this cross-sectional study, 19,503 (mean age of 46.03±0.13) out of 30,541 participants of

the Iran STEPS survey were included (Inclusion criteria: aged >25 years old and availability

of their demographic, clinical, and laboratory results for serum glucose, HbA1c, and lipid

profile). Clinical and demographic characteristics, a frequency of use of each diabetes melli-

tus treatment type, and the association of insulin pen use with health outcomes are reported

using descriptive analysis and propensity score modeling.

Results

There were 1,999(10.85%) individuals diagnosed with diabetes in the population, while

1,160(56.87%) cases were taking antihyperglycemic treatments. In this subset, 240

(21.14%) individuals administered insulin with or without using oral agents at the same time.

52.28% of participants who were under insulin therapy used insulin pens. None of the socio-

economic determinants, including gender (p-value = 0.11), type of residential areas (p-value

= 0.52), years of schooling (p-value = 0.27), wealth index (p-value = 0.19), marital status (p-
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value = 0.37), and insurance types (p-value = 0.72) were significantly different among

groups using insulin pens and insulin vials. Moreover, in the propensity score modeling, pen

usage was not associated with a lower heart attack and ischemic stroke histories, systolic

blood pressure, serum lipid profile, blood glucose, or HbA1c levels.

Conclusion

Results showed that the use of the higher-costing insulin pens compared to traditional vials

and syringes is not associated with improved glycemic control and better lipid profile in our

sample. Future studies are needed to confirm these findings and to compare other aspects

of insulin pen use, including adherence to treatment and cost-effectiveness.

Introduction

The increasing trends in prevalence and disability-adjusted life years (DALYs) attributed to

diabetes are calling for actions to address the health and financial burdens of this disease. It

has been shown that improving glycemic control with therapeutic interventions (ranging from

lifestyle modification to oral antidiabetic medications and insulin injections) reduce diabetes

mellitus complications.[1–3]

Insulin therapy is one of the most effective interventions to maintain glycemic control,

which results in preventing the incidence and progression of diabetes complications.[4] How-

ever, there are several obstacles that lower frequency of use and adherence to insulin therapy,

including needle phobia among patients, social stigma linked with insulin injection, errors in

dosage adjustment, high costs of insulin, and injection pain.[5, 6] Insulin delivery method

(using insulin pens or the traditional way of using vial and syringes) is another contributor to

insulin usage in patients with diabetes. Multiple studies showed that insulin pen users take

insulin more persistently and as a result, fewer hypoglycemic events compared to insulin vial

users are reported in this group.[7–9] Moreover, Eby et al. reported that although in adults

with type 2 diabetes insulin pens may impose the higher financial burden to healthcare systems

than other insulin forms, insulin pen users have lower health-related costs, due to fewer hospi-

talizations and shorter length of stay.[10] However, the superior efficacy of insulin pens in

maintaining glycemic control in patients with diabetes has been questioned in several studies.

[11, 12]

Recent studies have reported an increasing trend in insulin pen use in developed countries.

[13, 14] However, given the high burden of diabetes and the reported benefits in insulin pen

application, data on the prevalence of insulin therapy in Iran are scarce. The present work is

aimed to study insulin usage prevalence, frequency in use of insulin pens compared to insulin

vials, and their associated factors, as well as to compare health outcomes in patients with diabe-

tes taking insulin pen with insulin vial users, based on the nationally representative data of

STEPS 2016 study in Iran.

Methods

This study aims to estimate the frequency of insulin pen use among Iranian adults with diabe-

tes and to study contributors to insulin pen usage based on data from the STEPS survey 2016.
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Study design and participants

In this study, we used data of a large-scale cross-sectional survey, STEPS 2016, which was

nested within non-communicable disease (NCD) risk factor surveillance project. To run the

STEPS 2016 survey in Iran, we used the suggested World Health Organization (WHO) STEP-

wise approach toward NCD risk factor surveillance (STEPS). Moreover, the WHO advised

countries to modify risk factors and core variables of the study to meet the local and regional

interests of them.[15] The full study protocol is presented elsewhere.[16] Briefly, Iranian resi-

dents (with Iranian nationality) aged more than 18 years (above 25 years old for lab tests),

were surveyed in 3 phases. In phase 1, participants were asked about their sociodemographic

characteristics, lifestyle data, medical histories, and history of known risk factors for NCD.

Phase 2 and 3 of this study gathered information on anthropometric and laboratory tests,

respectively.

The target population was selected through systematic cluster random sampling frame

from rural and urban areas of 31 provinces of Iran, though later one province (Qom) declined

to participate in the survey. For the selected subjects, a pre-designed digital questionnaire was

completed as the first phase of the study. Out of the 31,050 subjects who were selected to enter

the study, 30,541 completed the first phase. Following that, in the second phase, physical mea-

surements of 30,042 of this sample were collected and were added to the database. However,

only subjects aged more than 25 years were invited for the third phase, which consisted of

serum and urine samples collection. 19,778 individuals participated in phase 3. Herein, we

analyzed data of all participants, aged�25 years old and had available laboratory results for

serum glucose, HbA1c, and lipid profile (19,503 subjects).

Physical and biochemical measurements

Anthropometric measurements in this study included height (evaluated using a standard

height ruler) and weight (measured in an upright position by a calibrated scale). Blood pres-

sure of patients was measured in sitting position by digital devices (BM 20, Beurer, Germany)

after 5 minutes of rest. This assessment was repeated two more times, each after 5 minutes of

rest. The average of second and third assessments was used for interpretation.

Samples of venous blood were collected from eligible individuals following 12 hours of fast-

ing. Using the autoanalyzer (Cobas C311 Hitachi, Tokyo, Japan), serum was assessed for levels

of fasting plasma glucose (FPG), HbA1c, high-density lipoprotein cholesterol (HDL), total

cholesterol, and triglycerides (TG). Low-density lipoprotein cholesterol (LDL) was calculated

through Friedwald formula if the TG level was less than 400 mg/dL.[17] All the laboratory

samples were transferred to a central laboratory to be assessed by one autoanalyzer to prevent

inter-laboratory comparisons bias.

Definitions

Diagnosis of diabetes was established based on subjects’ self-reports (being under treatments)

or FPG levels of�126 mg/dl. Hypertension was defined as systolic blood pressure�140

mmHg or diastolic blood pressure�90 mmHg or use of antihypertensive medications. Body

mass index (BMI) was calculated by dividing a person’s weight in kilograms by the square of

height in meters. BMI was categorized into 4 classes, underweight (BMI less than 18.5), normal

weight (BMI�18.5 and<25), overweight (BMI�25 and<30), and obese (BMI�30 kg/m2).

Wealth index (WI) was calculated by the Principal Component Analysis method (PCA), using

the questionnaire data related to the home area, the number of rooms in the house, family

assets, and home appliances that the family possessed. The calculated WI were categorized

into its quintiles, where the first quintile showed the poorest income status and the fifth was
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the richest category. Years of schooling was the number of years which an individual had suc-

cessfully finished and it was categorized into 4 subgroups (0, 1–6, 7–12, and>12 years of

schooling).

To assess individuals’ physical activity, STEPS survey 2016 used the Global Physical Activity

Questionnaire version 1 (GPAQ 1), developed by the World Health Organization (WHO).

The GPAQ consists of 16 questions related to frequency, intensity, duration, and setting

(transport-related, at work, and leisure time) of the respondent’s physical activity. Then, gath-

ered data were converted to Metabolic Equivalent Tasks (METs), the ratio of an individual’s

working metabolic rate compared to the resting metabolic rate that shows the intensity of

physical activity. Moderate intensity activities and vigorous intensity activities were assigned a

value of 4 and 8 METs, respectively. Finally, the total MET-min score was calculated through

the sum of all MET-minutes per week.[18]

Statistical analysis

To make our results representative for the whole population of Iran, we used three sampling

weights related to each phase of the study in our analyses. These include the questionnaire,

anthropometric, and laboratory weights. Each of these weights consisted of provincial, house-

hold, same age-sex group, specific non-response in each step, sampling, and individual non-

response weights. We used these three weights in all of our analyses. Additionally, for the

national estimates, we adjusted the weights for the population of Qom province, which was

missing in our samples.

We used descriptive statistics to report the prevalence of diabetes and its awareness rate

among our participants. Moreover, we showed and compared demographic and clinical char-

acteristics of patients with diabetes between males and females, using t-tests and Chi-square

tests. Several logistic regression models were built to assess roles of insulin pen use in serum

levels of FPG, HbA1C, LDL, HDL, total cholesterol, and triglyceride, besides systolic blood

pressure and histories of heart attacks and ischemic strokes in the past years. All models were

controlled for effects of socioeconomic factors (types of insurance, the residential areas, years

of schooling, wealth index, age, sex, and BMI). Then, propensity score modeling was used to

assess causal relationships; we studied the contributing effects of using insulin pen on health

outcomes (the aforementioned variables) in patients with diabetes. Additionally, by adopting

this methodology, the possible problem with the non-random distribution of pen device use

was addressed.[19, 20]

Throughout this work, quantitative and qualitative variables were shown as the mean ±
standard error of the mean (SEM) and number (percentage), respectively. Statistical analyses

were performed using Stata version 14 (Stata Corporation, College Station, TX, USA) and R

software (R Foundation for Statistical Computing, Vienna, Austria), and propensity score

modeling was conducted using MatchIt package (version 2.4–21) for R software. P-values less

than 0.05 were considered as statistically significant.

Ethical considerations

All participants were informed about the methods and goals of the study. Survey participation

was voluntary and written informed consent forms were obtained from all of the participants.

The final dataset was de-identified for analysis and the ethical approval for the study was

obtained from the ethical committee of the National Institute for Medical Research Develop-

ment (NIMAD) (ID: IR.NIMAD.REC.1394.032).
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Results

In this study, we included 19,503 subjects from 30 provinces of Iran (excluding Qom prov-

ince), who were aged more than 25 years and had available laboratory results. Our study popu-

lation consisted of 8,969(45.98%) men and 10,534(54.01%) women, with a mean age of 46.03

±0.13 among both genders (47.18±0.19 and 46.70±0.18 for men and women, respectively; p-

value = 0.07).

Characteristics of patients

Using the mentioned criteria for diagnosis of diabetes, there were 1,999(10.85%) individuals

with diabetes in our study population and the average age of adults with diabetes was 58.87

±0.32, while the difference of mean age in men and women wasn’t statistically significant

(59.16±0.49 and 58.66±0.42 in men and women, respectively; p-value = 0.44). A total 1,493

(74.63%) subjects were aware of their disease status, among which 587 were men and 906 were

women (70.33% of all men with diabetes and 77.74% of all females with diabetes; p-

value = 0.01).

In this study and among the adult population with diabetes, there were 1,174 people

(57.90% of all subjects, 441 men and 733 women) with hypertension, 104 people (4.91% of

total, 64 men and 40 women) with heart attack in past year, and 41 people (1.88% of total, 19

men and 22 women) with stroke in past year. Moreover, our results showed that in our popula-

tion there were 14 underweight people (0.66% of total, 10 men and 4 women), 376 people

(20.43% of total, 200 men and 176 women) with normal weight, 774 overweight people

(40.19% of total, 365 men and 409 women), and 760 people (38.72% of total, 224 men and 534

women) with obesity.

For the whole adult population with diabetes, means of HbA1c (%), LDL (mg/dL), HDL

(mg/dL) and adjusted MET were 7.87±0.05 (7.85±0.08 in men and 7.89±0.06 in women; p-

value = 0.73), 95.57±0.93 (93.38±1.59 in men and 97.11±1.14 in women; p-value = 0.06), 39.24

±0.31 (35.93±0.42 in men and 41.65±0.41 in women; p-value =<0.001), and 1,302.02±72.02

(1,832.11±144.13 in men and 939.07±66.51 in women; p-value =<0.001), respectively.

Treatment in patients with diabetes

The results showed that 1,160(56.87%) adult patients with diabetes were taking antihyperglyce-

mic medical treatments, out of which 240(21.14%) individuals administered insulin with or

without using oral agents concurrently. Moreover, 52.28% of patients who were under insulin

therapy used insulin pens. Table 1 represents a complete overview of treatment coverage for

diabetes in Iranian adult patients with diabetes.

Table 1. Treatment status and regimens among patients with diabetes.

Total

N (%)

Male

N (%)

Female

N (%)

P-value

No treatment 839 (43.13) 374 (46.89) 465 (40.42) 0.01

Receiving treatment 1,160 (56.87) 453 (53.11) 707 (59.58) 0.01

Oral antihyperglycemic agent 1,087 (78.86) 420 (81.09) 667 (77.43) 0.33

Insulin pen devices 136 (11.05) 54 (10.75) 82 (11.25)

Insulin vial and syringes 104 (10.09) 33 (8.16) 71 (11.33)

Categorical variables are shown as number (percentage). Chi-square test was used to compare variables between male and female, whenever applicable.

https://doi.org/10.1371/journal.pone.0221462.t001
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Determinants of insulin pen administration

In order to compare socioeconomic determinants in patients using insulin pens and those

using traditional vials and syringes, our results showed that none of the determinants, includ-

ing gender (p-value = 0.11), type of the residential areas (p-value = 0.52), years of schooling

categories (p-value = 0.27), WI quartiles (p-value = 19), marital status (p-value = 0.37), or

insurance types (p-value = 0.72) were statistically significantly different among these two

groups (Table 2).

Diabetes outcomes in patients using insulin pens

We further studied levels of FPG, HbA1c, LDL, HDL, and systolic blood pressure in patients

taking insulin pens and vials (Fig 1). We compared FPG, HbA1c, LDL, HDL, BMI, and systolic

blood pressure among patients using insulin pen and insulin vial users, stratified for the gender

of participants and their age groups (adults [30� age<60] and senior adults [�60]). Our anal-

yses showed comparable health outcomes in two groups of patients; no significant differences

in serum levels of markers, systolic blood pressure, or BMI. We further built several logistic

regression models to assess the association of insulin pen use with health outcomes (the FPG,

HbA1C, LDL, HDL, total cholesterol, and triglyceride serum levels, in addition to systolic

blood pressure and histories of heart attacks and ischemic strokes), adjusted for effects of dif-

ferent socioeconomic factors. No statistically significant association between insulin pen use

Table 2. Association of patients’ demographic status and administration of insulin pen or vial.

Variables Insulin vials

N (%)

Insulin pens

N (%)

P-value

Gender Male 33 (30) 54 (40.11) 0.11

Female 71 (70) 82 (59.89)

Area type Urban 84 (79.95) 106 (76.89) 0.52

Rural 20 (20.05) 30 (23.11)

Years of schooling 0 year 36 (35.16) 40 (30.12) 0.27

1–6 year(s) 27 (24.27) 48 (34.51)

7–12 years 32 (30.65) 31 (22.72)

>12 years 9 (9.91) 17 (12.65)

Wealth index Quartile 1 (poorest) 10 (10) 18 (14.4) 0.19

Quartile 2 34 (30.84) 28 (19.58)

Quartile 3 25 (25.62) 29 (22.27)

Quartile 4 21 (21.68) 31 (24.19)

Quartile 5 (richest) 12 (11.86) 27 (19.55)

Marital status Never married 0 (0) 1 (0.83) 0.37

Married 80 (78.26) 116 (84.87)

Divorced 2 (1.89) 1 (0.69)

Widow 21 (19.85) 18 (13.62)

Insurance Type No Insurance 5 (4.5) 7 (5.5) 0.72

Iran Health Insurance 28 (27.74) 48 (35.84)

Social Insurance 52 (50.35) 56 (40.64)

Army Insurance 8 (8.01) 9 (7.01)

Imam committee Insurance 1 (0.82) 2 (1.51)

Other Insurance 9 (8.59) 14 (9.49)

Categorical variables are shown as number (percentage). Chi-square test was used to compare variables between males and females.

https://doi.org/10.1371/journal.pone.0221462.t002

Insulin pen use in Iran

PLOS ONE | https://doi.org/10.1371/journal.pone.0221462 August 28, 2019 6 / 12

https://doi.org/10.1371/journal.pone.0221462.t002
https://doi.org/10.1371/journal.pone.0221462


and these health measures were shown in our study. Moreover, by adopting propensity score

modeling (MatchIt), we assessed the effects of insulin delivery method on health outcomes in

patients with diabetes treated with insulin. We showed that pen usage was not associated with

health outcomes (Table 3).

Discussion

We conducted a cross-sectional study on 19,503 Iranian adults, urban or rural residents, to

investigate the status of diabetes treatments in Iran and to assess roles of insulin pen devices in

glycemic control improvement compared to insulin vials. Our results showed that among

patient with diabetes who received insulin, 52.28% of cases used insulin pens, while there were

no statistically significant differences in different demographic status (e.g. years of schooling,

WI, marital status, insurance type, gender, and urban or rural resident area type) in subjects

using insulin pens compared to insulin vials users. Clinical and laboratory outcomes also did

not show statistically significant differences among patients with different insulin delivery

forms.

Fig 1. Comparison of health outcomes in patients using insulin pen and insulin vial. Serum levels of HbA1c (A), fasting plasma glucose (B), triglyceride (C),

systolic blood pressure (D), low-density lipoprotein (E), and high-density lipoprotein (F) are shown in patients with diabetes using insulin pen and individuals

using insulin vial, using box plot and whiskers.

https://doi.org/10.1371/journal.pone.0221462.g001

Table 3. The estimated effect of insulin pen administration on health outcomes and comorbidities in patients

with diabetes under insulin therapy (based on the MatchIt model).

Variable Average effect (95% confidence interval)

FPG 9.74 (-10.01–29.89)

HbA1c 0.33 (-0.12–0.79)

LDL -1.48 (-10.34–7.51)

HDL 1.23 (-1.41–3.91)

Total cholesterol -1.46 (-13.39–10.81)

TG -16.07 (-55.44–26.15)

Systolic blood pressure -4.56 (-10.47–1.39)

Heart attack history 0.00 (-0.05–0.06)

Ischemic stroke history 0.01 (-0.02–0.06)

Low-density lipoprotein cholesterol, LDL; High-density lipoprotein cholesterol, HDL; Triglycerides, TG; BMI, Body

mass index; Fasting plasma glucose, FPG

https://doi.org/10.1371/journal.pone.0221462.t003
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Diabetes is the 5th cause with the highest DALYs among the non-communicable diseases

in Iran, imposing 767,461 DALYs to the Iranian healthcare system only in 2016.[3] Consider-

ing the increasing burden of this disease, quality-essential interventions are required to both

reduce the incidence of diabetes and also to improve the quality of diabetes treatments.

Although the efficacy of regular insulin injection in developing and maintaining glycemic con-

trol has been highlighted in several reports, roles of insulin delivery forms in this regard are

still a subject for debate.[2, 12]

Several studies reported that persistence and adherence to insulin therapy were higher in

those subjects who used insulin pens and showed that both all-cause healthcare costs and

annual treatment costs were lower in this group of patient with diabetes [7, 21–23] and reports

on use of insulin pens among Indian and Lebanese populations showed that insulin pens are

simpler, safer, and more convenient to use.[24, 25] However, there is a growing body of evi-

dence showing that different insulin delivery forms are not associated with health-related out-

comes among patients with diabetes; a systematic review and meta-analysis on the efficacy of

pen devices and insulin vials showed that there were no significant differences in the number

of patients achieving HbA1c treatment goal (<7%) among those who used insulin pens or

vials (though the study reported improvements in the number of hypoglycemic events and

mean but not clinically significant change of HbA1c in the group of adult patients treated with

insulin pens).[12] Moreover, a multi-center study in the United States showed a negligible dif-

ference in glycemic control between patients taking prefilled, disposable pens and syringes.

[26]

Furthermore, in a nationally representative trend analysis of the insulin delivery method in

the United States, authors showed that between 2005 to 2011 among patients with type 2 dia-

betes, who initiated insulin therapy, frequency of administrating insulin pen for basal, meal-

time, and mixtures analogs had increased dramatically, while this growth happened

concurrently with a significant drop in initiating traditional insulin vials use.[13] Shahraz et al.

used data of the National Health and Nutrition Examination Survey (NHANES) in the United

States to investigate the health outcomes of patients with diabetes over time. Their results

showed that over 2007 to 2014, the mean HbA1c level as an indicator of glycemic control in

patients with diabetes did not change significantly.[27] Considering this result and the

increased use of insulin pens in the United States over the similar time period, it can be con-

cluded that despite a shift toward pen devices use among patients with diabetes, there were no

improvements in glycemic control in this group of patients. In this study, we got similar results

on the efficacy of insulin pen and we showed that use of pen device (compared to insulin vials

use) do not improve glycemic control (in terms of fasting serum glucose and HbA1C levels).

Moreover, our results were evident that lipid profile, hypertension, and risk of heart attack and

ischemic stroke do not differ among groups with different methods of insulin delivery.

Javanbakht et al. in a prevalence-based cost of illness study in 2009, showed that patients

diagnosed with type 2 diabetes consume approximately 9% of Iranian total health expenditure,

while the average medical cost per capita was more than 840 USD in that year and the larger

subcomponent of this measure is attributable to complication of diabetes and its medications.

[28] Prefilled insulin pens are more expensive than insulin vials in developed, developing, and

underdeveloped countries and the insulin products prices are rising over time.[29–31] In Iran,

although insurance plans cover around 90% and 95% of the insulin pens and insulin vials

costs, respectively, the price of insulin pen (adjusted to 1 mL 100 IU/mL), still is near six times

the price of the insulin vials.[32, 33] Considering the above-mentioned facts and the back-

ground of Iranian economic inflation, we showed that health-related benefits (in terms of gly-

cemic control and serum lipid profile impairments) in patients using insulin pens are

insignificant.
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We showed that the frequency of insulin pen and vials uses were not significantly different

within groups with different socioeconomic characteristics. An explanation for this observa-

tion could be the improved access to basic health insurance coverage (covering insulin pen)

after launching of health sector transformation plan in Iran, which may exacerbate the unnec-

essary healthcare costs in this regard.[34]

Although our results showed that insulin pens do not have superiority over insulin vials in

controlling diabetes outcome in our sample, we cannot underestimate the patient preference

for insulin pens. Considering the high cost of Insulin pens, future cost-effectiveness studies,

which assess different types of insulin delivery, are needed in this field. Moreover, it is pivotal

to consider the roles of Health Technology Assessment in policy-making, in order to recognize

the proper model of insurance coverage for these drugs, given that currently the health trans-

formation plan is being undertaken in Iran.[35]

Although we are reporting insulin pen use in a large sample of the Iranian population, our

results may have been tempered by a couple of limitations. First, the Qom province denied to

participate in Iran STEPS 2016 survey, and thus was dropped out from our analysis. We tried

to address this shortcoming by calculating the non-response weight for Qom province and

considering it in our analysis, which made our results representative of the national popula-

tion. Moreover, the cross-sectional nature of this study limits its power to establish a causal

association between glycemic control measures and the use of insulin pens in patients with

diabetes. We highly recommend longitudinal studies on the role of insulin delivery methods

assessing glycemic control among patients over time. Additionally, per STEPS questionnaire,

data on the time period patients were taking the medications were not available for this study.

Moreover, given the fact that currently in Iran, all insulin vials are human insulin and all insu-

lin pens are analog, there may be a controversy surrounding the superiority of analogs over

human insulin. However, the WHO Expert Committee on the Selection and Use of Essential

Medicines concluded that there is no significant difference in the effectiveness of therapy

between human and analog insulins. Furthermore, there is an inevitable chance of recall bias

regarding the histories of heart attacks and ischemic strokes, and although we tried to mini-

mize this bias by defining our survey question carefully, the potential impacts of this bias on

our study findings cannot be fully addressed. Finally, in this study, although the majority of

participants with diabetes had type 2 diabetes, we did not exclude patients with type 1 diabetes.

Conclusion

This study is the first nationally representative study reporting patterns of insulin therapy,

especially using pen devices and the associated health outcomes in an adult population with

diabetes in Iran. Although there is a need to evaluate other aspects of insulin pen use, such as

subjects’ preferences and adherence to therapy in cost-effectiveness and longitudinal studies,

considering the increasing trend in diabetes prevalence and health charges attributed to this

cause, our results showed that use of the higher-costing insulin pens is not associated with

improved glycemic control, better lipid profile, or reduced heart attack and ischemic strokes in

adult patients with diabetes in Iran.

Acknowledgments

The authors would like to acknowledge the technical support of deputy for research and tech-

nology and deputy of public health of the Ministry of Health and Medical Education. Also, we

would like to express thanks to the Islamic Republic of Iran’s National Institute for Health

Research. Moreover, authors wish to thank Hossein Zokaiee (Non-Communicable Diseases

Research Center) for his technical support.

Insulin pen use in Iran

PLOS ONE | https://doi.org/10.1371/journal.pone.0221462 August 28, 2019 9 / 12

https://doi.org/10.1371/journal.pone.0221462


Author Contributions

Conceptualization: Hedyeh Ebrahimi, Farhad Pishgar, Sedighe Moradi.

Data curation: Sedighe Moradi, Shirin Djalalinia, Saral Rahimi.

Formal analysis: Hedyeh Ebrahimi, Farhad Pishgar, Moein Yoosefi, Hamidreza Jamshidi, Far-

shad Farzadfar.

Funding acquisition: Farshad Farzadfar.

Investigation: Moein Yoosefi, Hamidreza Jamshidi, Farshad Farzadfar.

Methodology: Hedyeh Ebrahimi, Farhad Pishgar.

Project administration: Hedyeh Ebrahimi, Farhad Pishgar, Nazila Rezaei, Mitra Modirian,

Rosa Haghshenas.

Resources: Shirin Djalalinia, Bagher Larijani.

Software: Moein Yoosefi.

Supervision: Niloofar Peykari, Hamidreza Jamshidi, Alireza Esteghamati, Bagher Larijani,

Farshad Farzadfar.

Validation: Nazila Rezaei, Shohreh Naderimagham, Alireza Esteghamati.

Visualization: Nazila Rezaei, Niloofar Peykari.

Writing – original draft: Hedyeh Ebrahimi, Farhad Pishgar, Sedighe Moradi.

Writing – review & editing: Moein Yoosefi, Sedighe Moradi, Nazila Rezaei, Shirin Djalalinia,

Mitra Modirian, Niloofar Peykari, Shohreh Naderimagham, Rosa Haghshenas, Saral

Rahimi, Hamidreza Jamshidi, Alireza Esteghamati, Bagher Larijani, Farshad Farzadfar.

References

1. Nathan DM. The diabetes control and complications trial/epidemiology of diabetes interventions and

complications study at 30 years: overview. Diabetes Care. 2014; 37(1):9–16. Epub 2013/12/21. https://

doi.org/10.2337/dc13-2112 PMID: 24356592; PubMed Central PMCID: PMC3867999.

2. Zoungas S, Arima H, Gerstein HC, Holman RR, Woodward M, Reaven P, et al. Effects of intensive glu-

cose control on microvascular outcomes in patients with type 2 diabetes: a meta-analysis of individual

participant data from randomised controlled trials. Lancet Diabetes Endocrinol. 2017; 5(6):431–7. Epub

2017/04/04. https://doi.org/10.1016/S2213-8587(17)30104-3 PMID: 28365411.

3. Global, regional, and national disability-adjusted life-years (DALYs) for 333 diseases and injuries and

healthy life expectancy (HALE) for 195 countries and territories, 1990–2016: a systematic analysis for

the Global Burden of Disease Study 2016. Lancet (London, England). 2017; 390(10100):1260–344.

Epub 2017/09/19. https://doi.org/10.1016/s0140-6736(17)32130-x PMID: 28919118; PubMed Central

PMCID: PMC5605707.

4. Owens DR. Clinical evidence for the earlier initiation of insulin therapy in type 2 diabetes. Diabetes

Technol Ther. 2013; 15(9):776–85. Epub 2013/06/22. https://doi.org/10.1089/dia.2013.0081 PMID:

23786228; PubMed Central PMCID: PMC3757533.

5. Tziomalos K. Barriers to insulin treatment in patients with type 2 diabetes mellitus. Expert Opin Phar-

macother. 2017; 18(3):233–4. Epub 2017/01/10. https://doi.org/10.1080/14656566.2017.1280462

PMID: 28067057.

6. Ng CJ, Lai PS, Lee YK, Azmi SA, Teo CH. Barriers and facilitators to starting insulin in patients with

type 2 diabetes: a systematic review. Int J Clin Pract. 2015; 69(10):1050–70. Epub 2015/07/07. https://

doi.org/10.1111/ijcp.12691 PMID: 26147376.

7. Cheen HH, Lim SH, Huang MC, Bee YM, Wee HL. Adherence to premixed insulin in a prefilled pen

compared with a vial/syringe in people with diabetes in Singapore. Clinical therapeutics. 2014; 36

(7):1043–53. Epub 2014/06/11. https://doi.org/10.1016/j.clinthera.2014.05.009 PMID: 24913030.

8. Slabaugh SL, Bouchard JR, Li Y, Baltz JC, Meah YA, Moretz DC. Characteristics Relating to Adherence

and Persistence to Basal Insulin Regimens Among Elderly Insulin-Naive Patients with Type 2 Diabetes:

Insulin pen use in Iran

PLOS ONE | https://doi.org/10.1371/journal.pone.0221462 August 28, 2019 10 / 12

https://doi.org/10.2337/dc13-2112
https://doi.org/10.2337/dc13-2112
http://www.ncbi.nlm.nih.gov/pubmed/24356592
https://doi.org/10.1016/S2213-8587(17)30104-3
http://www.ncbi.nlm.nih.gov/pubmed/28365411
https://doi.org/10.1016/s0140-6736(17)32130-x
http://www.ncbi.nlm.nih.gov/pubmed/28919118
https://doi.org/10.1089/dia.2013.0081
http://www.ncbi.nlm.nih.gov/pubmed/23786228
https://doi.org/10.1080/14656566.2017.1280462
http://www.ncbi.nlm.nih.gov/pubmed/28067057
https://doi.org/10.1111/ijcp.12691
https://doi.org/10.1111/ijcp.12691
http://www.ncbi.nlm.nih.gov/pubmed/26147376
https://doi.org/10.1016/j.clinthera.2014.05.009
http://www.ncbi.nlm.nih.gov/pubmed/24913030
https://doi.org/10.1371/journal.pone.0221462


Pre-Filled Pens versus Vials/Syringes. Adv Ther. 2015; 32(12):1206–21. Epub 2015/11/14. https://doi.

org/10.1007/s12325-015-0266-5 PMID: 26563324; PubMed Central PMCID: PMC4679781.

9. Asche CV, Luo W, Aagren M. Differences in rates of hypoglycemia and health care costs in patients

treated with insulin aspart in pens versus vials. Curr Med Res Opin. 2013; 29(10):1287–96. Epub 2013/

07/20. https://doi.org/10.1185/03007995.2013.825590 PMID: 23865725.

10. Eby EL, Boye KS, Lage MJ. The association between use of mealtime insulin pens versus vials and

healthcare charges and resource utilization in patients with type 2 diabetes: a retrospective cohort

study. J Med Econ. 2013; 16(10):1231–7. Epub 2013/07/10. https://doi.org/10.3111/13696998.2013.

823091 PMID: 23834480.

11. Horne J, Bond R, Sarangarm P. Comparison of Inpatient Glycemic Control with Insulin Vials Versus

Insulin Pens in General Medicine Patients. Hosp Pharm. 2015; 50(6):514–21. Epub 2015/09/26. https://

doi.org/10.1310/hpj5006-514 PMID: 26405343; PubMed Central PMCID: PMC4568112.

12. Lasalvia P, Barahona-Correa JE, Romero-Alvernia DM, Gil-Tamayo S, Castaneda-Cardona C, Bayona

JG, et al. Pen Devices for Insulin Self-Administration Compared With Needle and Vial: Systematic

Review of the Literature and Meta-Analysis. J Diabetes Sci Technol. 2016; 10(4):959–66. Epub 2016/

02/28. https://doi.org/10.1177/1932296816633721 PMID: 26920639; PubMed Central PMCID:

PMC4928229.

13. Perez-Nieves M, Jiang D, Eby E. Incidence, prevalence, and trend analysis of the use of insulin delivery

systems in the United States (2005 to 2011). Curr Med Res Opin. 2015; 31(5):891–9. Epub 2015/02/25.

https://doi.org/10.1185/03007995.2015.1020366 PMID: 25710707.

14. Lee LJ, Li Q, Reynolds MW, Engelman W. Trend analyses of insulin delivery systems in the United

States. J Diabetes Sci Technol. 2011; 5(5):1116–23. Epub 2011/10/27. https://doi.org/10.1177/

193229681100500512 PMID: 22027304; PubMed Central PMCID: PMC3208867.

15. Bonita R dCM, Dwyer T, Jamrozik K, Winkelmann R. Surveillance of risk factors for noncommunicable

diseases: The WHO STEPwise approach. Summary. Geneva: World Health Organization; 2001 [cited

2019]. Available from: https://www.who.int/ncd_surveillance/media/en/269.pdf.

16. Djalalinia S, Modirian M, Sheidaei A, Yoosefi M, Zokaiee H, Damirchilu B, et al. Protocol Design for

Large-Scale Cross-Sectional Studies of Surveillance of Risk Factors of Non-Communicable Diseases

in Iran: STEPs 2016. Arch Iran Med. 2017; 20(9):608–16. Epub 2017/10/20. doi: 0172009/AIM.009

PMID: 29048923.

17. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density lipoprotein cho-

lesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem. 1972; 18(6):499–502.

Epub 1972/06/01. PMID: 4337382.

18. Organization WH. Global physical activity questionnaire (version 2.0). Available from: http://www.who.

int/ncds/surveillance/steps/resources/GPAQ_Analysis_Guide.pdf?ua = 1.

19. Ho D, Imai K, King G, Stuart E. Matching as Nonparametric Preprocessing for Reducing Model Depen-

dence in Parametric Causal Inference. Political Analysis. 2007; 15:199–236.

20. Ho D, Imai K, King G, Stuart EA. MatchIt: Nonparametric Preprocessing for Parametric Causal Infer-

ence. 2011. 2011; 42(8):28. Epub 2011-06-14. https://doi.org/10.18637/jss.v042.i08

21. Cobden D, Lee WC, Balu S, Joshi AV, Pashos CL. Health outcomes and economic impact of therapy

conversion to a biphasic insulin analog pen among privately insured patients with type 2 diabetes melli-

tus. Pharmacotherapy. 2007; 27(7):948–62. Epub 2007/06/28. https://doi.org/10.1592/phco.27.7.948

PMID: 17594200.

22. Lee WC, Balu S, Cobden D, Joshi AV, Pashos CL. Medication adherence and the associated health-

economic impact among patients with type 2 diabetes mellitus converting to insulin pen therapy: an

analysis of third-party managed care claims data. Clinical therapeutics. 2006; 28(10):1712–25; discus-

sion 0–1. Epub 2006/12/13. https://doi.org/10.1016/j.clinthera.2006.10.004 PMID: 17157128.

23. Thethi TK. Comparing insulin vials to pens—comparison of charges, not healthcare benefits. J Med

Econ. 2013; 16(10):1228–30. Epub 2013/08/10. https://doi.org/10.3111/13696998.2013.832259 PMID:

23926888.

24. Ramadan WH, Khreis NA, Kabbara WK. Simplicity, safety, and acceptability of insulin pen use versus

the conventional vial/syringe device in patients with type 1 and type 2 diabetes mellitus in Lebanon.

Patient preference and adherence. 2015; 9:517–28. Epub 2015/04/08. https://doi.org/10.2147/PPA.

S78225 PMID: 25848231; PubMed Central PMCID: PMC4383149.

25. Singh R, Samuel C, Jacob JJ. A Comparison of Insulin Pen Devices and Disposable Plastic Syringes—

Simplicity, Safety, Convenience and Cost Differences. European endocrinology. 2018; 14(1):47–51.

Epub 2018/06/21. https://doi.org/10.17925/EE.2018.14.1.47 PMID: 29922352; PubMed Central

PMCID: PMC5954595.

26. Korytkowski M, Bell D, Jacobsen C, Suwannasari R. A multicenter, randomized, open-label, compara-

tive, two-period crossover trial of preference, efficacy, and safety profiles of a prefilled, disposable pen

Insulin pen use in Iran

PLOS ONE | https://doi.org/10.1371/journal.pone.0221462 August 28, 2019 11 / 12

https://doi.org/10.1007/s12325-015-0266-5
https://doi.org/10.1007/s12325-015-0266-5
http://www.ncbi.nlm.nih.gov/pubmed/26563324
https://doi.org/10.1185/03007995.2013.825590
http://www.ncbi.nlm.nih.gov/pubmed/23865725
https://doi.org/10.3111/13696998.2013.823091
https://doi.org/10.3111/13696998.2013.823091
http://www.ncbi.nlm.nih.gov/pubmed/23834480
https://doi.org/10.1310/hpj5006-514
https://doi.org/10.1310/hpj5006-514
http://www.ncbi.nlm.nih.gov/pubmed/26405343
https://doi.org/10.1177/1932296816633721
http://www.ncbi.nlm.nih.gov/pubmed/26920639
https://doi.org/10.1185/03007995.2015.1020366
http://www.ncbi.nlm.nih.gov/pubmed/25710707
https://doi.org/10.1177/193229681100500512
https://doi.org/10.1177/193229681100500512
http://www.ncbi.nlm.nih.gov/pubmed/22027304
https://www.who.int/ncd_surveillance/media/en/269.pdf
http://www.ncbi.nlm.nih.gov/pubmed/29048923
http://www.ncbi.nlm.nih.gov/pubmed/4337382
http://www.who.int/ncds/surveillance/steps/resources/GPAQ_Analysis_Guide.pdf?ua
http://www.who.int/ncds/surveillance/steps/resources/GPAQ_Analysis_Guide.pdf?ua
https://doi.org/10.18637/jss.v042.i08
https://doi.org/10.1592/phco.27.7.948
http://www.ncbi.nlm.nih.gov/pubmed/17594200
https://doi.org/10.1016/j.clinthera.2006.10.004
http://www.ncbi.nlm.nih.gov/pubmed/17157128
https://doi.org/10.3111/13696998.2013.832259
http://www.ncbi.nlm.nih.gov/pubmed/23926888
https://doi.org/10.2147/PPA.S78225
https://doi.org/10.2147/PPA.S78225
http://www.ncbi.nlm.nih.gov/pubmed/25848231
https://doi.org/10.17925/EE.2018.14.1.47
http://www.ncbi.nlm.nih.gov/pubmed/29922352
https://doi.org/10.1371/journal.pone.0221462


and conventional vial/syringe for insulin injection in patients with type 1 or 2 diabetes mellitus. Clinical

therapeutics. 2003; 25(11):2836–48. Epub 2003/12/25. PMID: 14693308.

27. Shahraz S, Pittas AG, Saadati M, Thomas CP, Lundquist CM, Kent DM. Change in Testing, Awareness

of Hemoglobin A1c Result, and Glycemic Control in US Adults, 2007–2014. Jama. 2017; 318

(18):1825–7. Epub 2017/11/15. https://doi.org/10.1001/jama.2017.11927 PMID: 29136434.

28. Javanbakht M, Baradaran HR, Mashayekhi A, Haghdoost AA, Khamseh ME, Kharazmi E, et al. Cost-

of-illness analysis of type 2 diabetes mellitus in Iran. PLoS One. 2011; 6(10):e26864. Epub 2011/11/09.

https://doi.org/10.1371/journal.pone.0026864 PMID: 22066013; PubMed Central PMCID:

PMC3204988.

29. Hua X, Carvalho N, Tew M, Huang ES, Herman WH, Clarke P. Expenditures and Prices of Antihyper-

glycemic Medications in the United States: 2002–2013. Jama. 2016; 315(13):1400–2. Epub 2016/04/

06. https://doi.org/10.1001/jama.2016.0126 PMID: 27046369; PubMed Central PMCID: PMC4886177.

30. Sharma A, Bhandari PM, Neupane D, Kaplan WA, Mishra SR. Challenges constraining insulin access

in Nepal-a country with no local insulin production. Int Health. 2018; 10(3):182–90. Epub 2018/04/05.

https://doi.org/10.1093/inthealth/ihy012 PMID: 29617832.

31. Sharma A, Kaplan WA. Challenges constraining access to insulin in the private-sector market of Delhi,

India. BMJ Glob Health. 2016; 1(3):e000112. Epub 2017/06/08. https://doi.org/10.1136/bmjgh-2016-

000112 PMID: 28588966; PubMed Central PMCID: PMC5321364.

32. Food and Drug Administration of Iran [cited 2019 4/1]. Available from: https://irc.fda.gov.ir.

33. Iran Health Insurance Organization [cited 2019 4/2]. Available from: https://ihio.gov.ir.

34. Olyaeemanesh A, Behzadifar M, Mousavinejhad N, Behzadifar M, Heydarvand S, Azari S, et al. Iran’s

Health System Transformation Plan: A SWOT analysis. Med J Islam Repub Iran. 2018; 32:39. Epub

2018/08/31. https://doi.org/10.14196/mjiri.32.39 PMID: 30159290; PubMed Central PMCID:

PMC6108248.

35. Rahmany K, Barati M, Ferdosi M, Rakhshan A, Nemati A. Strategies for reducing expenditures in Iran’s

health transformation plan: A qualitative study. Med J Islam Repub Iran. 2018; 32:102. Epub 2019/03/

12. https://doi.org/10.14196/mjiri.32.102 PMID: 30854346; PubMed Central PMCID: PMC6401558.

Insulin pen use in Iran

PLOS ONE | https://doi.org/10.1371/journal.pone.0221462 August 28, 2019 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/14693308
https://doi.org/10.1001/jama.2017.11927
http://www.ncbi.nlm.nih.gov/pubmed/29136434
https://doi.org/10.1371/journal.pone.0026864
http://www.ncbi.nlm.nih.gov/pubmed/22066013
https://doi.org/10.1001/jama.2016.0126
http://www.ncbi.nlm.nih.gov/pubmed/27046369
https://doi.org/10.1093/inthealth/ihy012
http://www.ncbi.nlm.nih.gov/pubmed/29617832
https://doi.org/10.1136/bmjgh-2016-000112
https://doi.org/10.1136/bmjgh-2016-000112
http://www.ncbi.nlm.nih.gov/pubmed/28588966
https://irc.fda.gov.ir
https://ihio.gov.ir
https://doi.org/10.14196/mjiri.32.39
http://www.ncbi.nlm.nih.gov/pubmed/30159290
https://doi.org/10.14196/mjiri.32.102
http://www.ncbi.nlm.nih.gov/pubmed/30854346
https://doi.org/10.1371/journal.pone.0221462

