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Introduction 
 
Diabetes is a relatively common disease (1); and a 
top priority for achieving Universal Health Cov-

erage (UHC) especially in the low and middle in-
come countries (1, 2). In Iran in 2016 the preva-

Abstract 
Background: Exploring and analyzing the cost of medicines is an important tool for their management and 
planning. This study aims to analyze the utilization and costs of parenteral anti-diabetic medications during the 
past decade and predict the future trend of these medications from 2021 to 2031 in people that are covered by 
Iran Health Insurance Organization (IHIO). 
Methods: This study was based on secondary analysis of data routinely reported to IHIO from 2011 to 2019. 
For each drug, the Defined Daily Dose (DDDs) and DDDs per 1000 inhabitants per day were calculated for 
the last 9 years according to the WHO protocol. Then a regression analysis was used to predict the utilization 
trend of each drug for the following 10 years.  
Results: The overall utilization of injectable antidiabetic drugs has constantly increased during the last nine 
years. This increasing trend is estimated to continue during the next decade. 
Conclusion: In Iran, the increase in the diabetic population and better access in the future will be the main 
reasons for the increase in the utilization of various insulins. The increasing trend of utilizing injectable anti-
diabetic drugs in Iran might be partly due to new patients and partly because of improvement in patient access 
to new treatments. This also suggests that, compared to the average in the commonwealth countries, Iranian 
diabetic patients has faced lack of drug utilization in the past decade that is gradually reducing. 
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lence of diabetes was reported 8.87% for men, 
11.03% for women, and 9.95% in total (3). This 
disease influences low and middle income coun-
tries in particular, as 77% of all diabetic patients 
worldwide live in those countries (4). Among the 
six WHO regions, the Eastern Mediterranean 
Region (EMRO) had the highest diabetes rate of 
13.8% in 2016. The prevalence of diabetes is es-
timated to enhance by an average of 9.9% by 
2045 (95% CI: 7.5 to 12.5%). 
In the United States, it was estimated that, out of 
the 7$ spent on health, one dollar is spent on di-
rect or indirect care associated with diabetes (5). 
In Iran currently over 90% of the population are 
insured by a basic insurance organization; about 
half of the population (about 40 million) are in-
sured by the Iran Health Insurance Organization 
(IHIO) (6). Diabetes is one of the most burden-
some diseases in Iran but the majority of anti-
diabetic medications are available in Iran; alt-
hough a significant proportion of them are im-
ported. The IHIO covers a wide range of anti-
diabetic drugs including the relatively more ex-
pensive injectable pen arbitrators. The cost of 
anti-diabetic drugs of the IHIO in 2017 were 
2,253,660 million Rials, that was about 10% of 
the total drug costs (7). In the same year, in 
IHIO, the top four more expensive anti-diabetic 
drugs, including three injectable insulin drugs 
(glargine, aspart Mix, aspart fast), and an oral 
drug (metformin), accounted for about 83% of 
the total cost of anti-diabetic drugs (7, 8). 
Diabetes is a very costly disease, especially insu-
lins or parenteral anti-diabetic. Major plan and 
decisions for cost containment and rational drug 
use of the parenteral antidiabetic drugs depend 
on trend analysis of utilization and cost of them. 
Despite the importance of utilization and cost 
trend of the parenteral antidiabetic drugs in Iran, 
there remains a paucity of evidence on future 
parenteral utilization antidiabetic drugs in the na-
tion scale and for the IHIO. Assessing the trend 
of anti-diabetic drugs utilization can assist policy 
makers in the process of resource allocation and 
planning for the future which is the subject of 
this study.  

The main aim of this study was to investigate uti-
lization analysis of parenteral anti-diabetic drugs 
in coverage of the IHIO in the past decade and 
to predict the future trend of the utilization be-
tween 2021 and 2031 on a national scale. 
 

Methods 
 
Ethical code was IR.TUMS.SPH.REC.1399.257. 
This study was based on secondary analysis of 
data that are routinely collected for all the medi-
cations prescribed and used by the people cov-
ered through the IHIO. The central database of 
the IHIO was used to collect data for injectable 
anti-diabetic drugs used by the insurance from 
2011 to 2019 and were covered by the IHIO. The 
data was collected and analyzed according to the 
recommended WHO Drug Utilization Study 
method (9, 10). The cost of prescribed injectable 
drugs that were received by the patient and were 
covered by the IHIO were calculated. By design-
ing the data collection form, the necessary data 
for processing and analysis were collected and in 
the next step these data were sanitized. Because 
the data were related to the individual use of the 
insured and included in the details, Defined Daily 
Dose (DDD) calculations were summarized first 
in terms of urban and provincial geography and 
later in national and national regions. For each 
studied drug the "DDD" and "DDDs per 1000 
inhabitants per day"(DID) were calculated ac-
cording to the WHO Anatomical Therapeutic 
Chemical(ATC)/DDD methodology or Drug 
Utilization Study method as follows.  a) The 
standard ATC codes and the names of the anti-
diabetes drugs were identified as declared by the 
WHO. b) The ATC codes were used to collect 
data from the IHIO database and import them 
into a pre-structured excel datasheet.  
Drug names that were inconsistent or outdated 
were removed from the list using a systematic 
pre-defined process. c) The DDD level of each 
selected drug was calculated for the years 2008 to 
2019. d) The DID of each drug was also meas-
ured at both provincial and national level. The 
following formula was used to calculate the DID 
(9, 10): 
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DID = DDD×1000/365×Population 
e) In the last step, the trend of DDD and DID 
was compared for each drug and each year from 
2011 to 2019. Then a regression model was used 
for each drug or drug group to predict the future 
trends for the years 2021 to 2031. The goodness 
of fit, statistical method, and the following as-
sumptions were used to run this model.  
• The best regression model was identified 

based on the maximum amount of R2. 
• In selecting the best model, equations that 

intersected the axis of lengths (time) over the 
next decade were avoided as they equated the 
value to zero and negative. 

• The annual population growth rate was con-
sidered in each of the funds and the total 
population covered by the IHIO. This was 
particularly essential for calculating DIDs. 

• Structurally important conditions, processes, 
and results including diagnosis, control, and 
treatment management as well as other fac-
tors (prevention, treatment, and rehabilita-
tion) of diabetes have been supposed to be 
constant in both decades. 

• Sanction conditions and lack of national 
funding for valuable injectable anti-diabetic 
drugs (both vials and pens) were not consid-
ered as they were the subject of other studies. 

f) After the best regression model was identified 
and selected, the prediction of each utilization 
indicator for each injectable antidiabetic drug was 
predicted for years 2012 to 2019. The trend anal-
yses were carried out using Excel 2016, STATIS-
TICA V10, and Joinpoint Trend Analysis Ver-
sion 4.7.0.0 software. 
 
Results 
 
Results for years 2011 to 2019 
By 2020, a total of 105 anti-diabetic drugs with 
ATC code were defined by the WHO (11). 76 

Seventy six of these drugs had a DDD, of which 
69 drugs were oral use, 35 were injection, and 1 
was inhaled drug. From this list of 105 anti-
diabetic drugs, a 22.9% of the injectable drugs 
and 8.7% of the oral drugs were covered by the 
IHIO. 
From 2011, the list of anti-diabetic drugs that 
have been covered by the IHIO has gradually 
expanded. The total population covered by the 
IHIO has also increased significantly. Therefor 
the utilization of injectable analog anti-diabetic 
drugs has increased significantly in the past dec-
ade. This increasing trend is expected to continue 
over the next 10 years. The greatest increase was 
seen in pen insulin and to some extent in insulin 
vials. Long-acting and fast-acting insulins would 
be associated with the greatest increased utiliza-
tion in the next decade. The highest utilization in 
the trend of the last and the next ten years be-
longs to aspart and the lowest utilization belongs 
to beef insulin vial. 
Table 1 displays number of DDDs per 1000 in-
habitants per day for diabetes injectable drugs. In 
this indicator, the population factor was taken 
into account and the amount of utilization in a 
unit of one thousand people was assessed. The 
amount of this indicator is similar to the DDD 
indicator, where vial insulins were decreasing and 
pen insulins were increasing in the last decade. 
There are however some exceptions to this 
marker similar to the previous marker that was 
described. 
 
Predicting the results for years 2021 to 2031  
According to the Fig. 1, the utilization indicator 
for all selected injectable antidiabetic drugs were 
associated with an increasing trend in the next 10 
years.  
DDDs in1000 inhabitants per day (DID) in All 
Type of Insulins 
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Table 1: Total number of DDDs per 1000 inhabitants per day for diabetes injectable drugs (insulins) 
 

DIDs  
 ATC 

Code 
TU 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Short-Acting 
Insulin (Vi-
als) 

  2.954 3.304 2.466 2.491 2.991 2.867 2.209 2.424 2.366 

Insulin (beef) A10A
B02 

100
0 

0.125 0.132 0.005 0.008 0.012 0.007 0.001 0.000 0.000 

Insulin (hu-
man) 

A10A
B01 

100
0 

0.736 0.864 0.731 0.802 1.009 0.876 0.794 0.957 0.930 

Combination 
Insulin 

A10A
B30 

100
0 

2.093 2.308 1.730 1.681 1.969 1.984 1.414 1.466 1.437 

Rapid-Acting 
Insulin (Vi-
als) 

  0.000
0 

0.000
0 

0.000
0 

0.0001
0 

0.0002
0 

0.0003
0 

0.0003
8 

0.0001
5 

0.0002
4 

Insulin glulis-
ine (Vial) 

A10A
B06 

300 0.000
0 

0.000
0 

0.000
0 

0.0001
0 

0.0002
0 

0.0003
0 

0.0003
8 

0.0001
5 

0.0002
4 

Rapid-Acting 
Insulin 
(Pens) 

  0.000 0.059 0.351 0.377 1.140 1.691 2.024 2.154 2.417 

Insulin aspart A10A
D05 

300 0.000 0.059 0.351 0.377 1.132 1.669 1.957 2.085 2.352 

Insulin glulis-
ine (Pen) 

A10A
B06 

300 0.000 0.000 0.000 0.000 0.008 0.021 0.067 0.069 0.065 

Long-Acting 
Insulin (Vi-
als/Pens) 

  0.000 0.043 0.246 0.314 0.777 1.157 1.379 1.611 1.721 

Insulin de-
temir (Pen) 

A10A
E05 

300 0.000 0.000 0.000 0.000 0.000 0.005 0.049 0.092 0.064 

Insulin 
glargine (Vi-
als/Pens) 

A10A
E04 

300 0.000 0.043 0.264 0.314 0.777 1.152 1.330 1.519 1.657 

Total Insu-
lins 

  2.954 3.407 3.063 3.181 4.908 5.715 5.612 6.189 6.505 

 

 
Fig. 1: Total amount of the prediction of the DDDs in anti-diabetes parenteral drugs (insulins) 
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Table 2 represents the regression equations of the 
best model for "DDD" in each of the injectable 
drugs and classes of anti-diabetes (insulin).  Table 

3 displays the regression equations of the best 
model for the “DIDs “in each of the injectable 
drugs and classes of anti-diabetes (insulin). 

 
Table 2: Regression equations of the best model in the utilization indicator of "DDDs" in each of the parenteral 

anti-diabetes drugs and classifications (insulins) 
 
DDDs for Total Insulins - Regression Analysis 
Drug Name Regression Type Regression Equation R2 
Insulin (beef) Polynomial y = 52091x2 - 709873x + 2E+06 R² = 0.7928 
Insulin aspart Polynomial y = 194885x2 + 3E+06x - 6E+06 R² = 0.9688 
Insulin glargine Polynomial y = 149075x2 + 2E+06x - 4E+06 R² = 0.9786 
Insulin (human) Polynomial y = -81.161x2 + 1403.6x - 2241.7 R² = 0.7005 
Combinations Insulin Linear y = -551827x + 3E+07 R² = 0.2367 
Insulin detemir Polynomial y = 33237x2 - 170685x + 155513 R² = 0.817 
Insulin glulisine (Pen) Polynomial y = 22100x2 - 63183x + 850.45 R² = 0.8801 
Insulin glulisine (Vial) Linear y = 634458x + 9E+06 R² = 0.6795 
Total Insulins Power y = 3E+07x0.5057 R² = 0.8087 
DDDs for Total Insulin Classifications- Regression Analysis 
Drug Name Regression Type Regression Equation R2 
Short- Acting Insulin (Vials) Polynomial y = -23613x2 + 129796x + 4E+07 R² = 0.0071 
Rapid-Acting Insulin (Vials) Polynomial y = -81.161x2 + 1403.6x - 2241.7 R² = 0.7005 
Rapid-Acting Insulin (Pens) Polynomial y = 216985x2 + 3E+06x - 6E+06 R² = 0.969 
Long-Acting Insulin (Vials/Pens) Polynomial y = 182313x2 + 2E+06x - 4E+06 R² = 0.9796 
Total Insulins Polynomial y = 375603x2 + 5E+06x + 3E+07 R² = 0.9446 
 
Table 3: Regression equations of the best model for “DDDs per 1000 inhabitants per day “in each of the parenteral 

anti-diabetes drugs and classifications (insulins) 
 
DIDs for Total Insulins - Regression Analysis 
Drug Name Regression Type Regression Equation R2 
Insulin (beef) Polynomial y = 0.0042x2 - 0.0573x + 0.1851 R² = 0.7949 
Insulin aspart Polynomial y = -0.0056x2 + 0.389x - 0.6532 R² = 0.9936 
Insulin glargine Polynomial y = -0.0039x2 + 0.2731x - 0.457 R² = 0.9952 
Insulin (human) Polynomial y = 2E-05x2 + 0.0335x + 0.622 R² = 0.6686 
Combinations Insulin Exponential y = 2.282e-0.052x R² = 0.6291 
Insulin detemir Polynomial y = -0.0001x2 + 0.0101x - 0.0093 R² = 0.7548 
Insulin glulisine (Pen) Polynomial y = -0.0001x2 + 0.0121x - 0.0303 R² = 0.9754 
Insulin glulisine (Vial) Polynomial y = 1E-05x2 - 0.0004x + 0.004 R² = 0.0866 
Total Insulins Polynomial y = -0.0073x2 + 0.5802x + 2.0044 R² = 0.988 

DIDs for Total Insulin Classifications - Regression Analysis 
Drug Name Regression Type Regression Equation R2 
Short- Acting Insulin (Vials) Polynomial y = 0.0009x2 - 0.0942x + 3.1181 R² = 0.4127 
Rapid-Acting Insulin (Vials) Polynomial y = -6E-06x2 + 0.0001x - 0.0002 R² = 0.6849 
Rapid-Acting Insulin (Pens) Polynomial y = -0.0057x2 + 0.401x - 0.6835 R² = 0.9936 
Long-Acting Insulin (Vials/Pens) Polynomial y = 0.0067x2 + 0.1777x - 0.2962 R² = 0.9701 
Total Insulins Polynomial y = -0.0073x2 + 0.5802x + 2.0044 R² = 0.988 
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Based on Fig. 2, insulin aspart had the highest 
utilization or DDD in the last decade and is ex-
pected to have the highest utilization in the next 
decade as well. The lowest levels of the DDD 
were for beef insulin in the last decade and pos-

sibly in the next decade. Vial insulins, except hu-
man analog insulin, which is classified as short-
acting, had a decreasing trend in the past decade. 
Vial mixed insulin had also a declining trend, and 
this trend is expected for the next decade. 

 

 
 

Fig. 2: Total amount of DDDs for injectable diabetes drugs (insulins) and prediction of this indicator for the next 
decade 

 
Fig. 2 also shows that the total amount of DDDs 
for each of the injectable diabetes drugs (insulins) 
and their prediction for the next decade are in-
creasing for all drugs; apart from the beef and 
mixed insulins that are expected to have a de-
creasing trend. In addition, the largest rise in the 
next decade for the "DDD" belongs to injectable 
drugs (aspart and glargine, both of which are of 
the pen-type). 

Fig. 3 shows that the total amount of the DIDs 
for each of the injectable diabetes drugs (insulins) 
and their prediction for the next decade are in-
creasing for all drugs, except for the beef and 
mixed insulins that are expected to have a de-
creasing trend. In addition, the main increase in 
the next decade for the "DIDs" belongs to in-
jectable drugs (aspart and glargine, both of them 
are the pen-type). 
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Fig. 3: Total amount of DIDs in injectable diabetes drugs (insulins) and prediction of this indicator in the next decade 
 
Fig. 4 shows that the total amount of DIDs in 
each of the classes of short-acting (vial), fast-
acting (vial), fast-acting (pen), and long-acting 
(vial and pen) in injectable diabetes drugs (insu-
lins) and prediction of this indicator in the next 

decade are increasing for all drugs, except for vial 
short-acting insulins that are expected to have a 
decreasing trend. The main increase in the next 
decade for the "DIDs” belongs to the fast-acting 
pen drugs and long-acting pen and vial drugs.

 

 
 

Fig. 4:  Total amount of DIDs of injectable diabetes drugs (insulins) 
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This study shows that the utilization trend of the 
vial insulin is decreasing, and the utilization trend 
of the pen insulin is increasing with a significant 
slope for the next 10 years.  
 
Discussion  
 
This study explored the utilization trend of in-
jectable anti-diabetic drugs covered by the IHIO 
in the past decade and predicted the trend for the 
next ten years using standard regression models.  
This study showed that the use of all injectable 
antidiabetic drugs is increasing, except for vial 
insulins, which include beef, mixed, and glulisine 
insulins which had a decreasing trend. The high-
est increase were for pen insulins including as-
part, glulisine, detemir, and glargine. On the oth-
er hand, vial insulins including beef and mixed 
insulins had a decreasing trend in the past and are 
expected to have the same decreasing trend in the 
future. However, pen insulins, especially aspart, 
glulisine, detemir, and glargine are expected to 
have an increasing trend in the coming years. 
These findings are in line with similar studies in 
other countries that reported an increasing trend 
for pen insulins both when it was used as mono-
therapy (12) and when it was combined with an 
oral drug (13-15). In the Commonwealth coun-
tries, and regional countries such as the Arab 
countries of the Persian Gulf, the utilization of 
injectable drugs, including pen insulins in the 
form of monotherapy or combination with oral 
drugs, have been very high with an increasing 
trend (7, 12, 13, 16-21). Previous studies reported 
similar results for Iran (6, 7, 20, 22, 23); and 
worldwide (13, 24). These investigations have 
highlighted the affordability of oral antidiabetic 
drugs against pen insulins and concluded that 
their utilization will be higher (2, 4, 20). 
In Iran, because of the economic conditions and 
income of people covered by different Health 
Insurance Organizations, the availability and abil-
ity to pay for oral anti-diabetic drugs covered by 
the organizations is perhaps higher than injecta-
ble drugs (6, 20) and this might enhance the utili-

zation of oral anti-diabetic drugs, or a combina-
tion pattern of two oral drugs, or a combination 
pattern of an oral and injectable drug, or a mono-
therapy pattern with an oral drug, as has been 
reported by studies from Southeast Asian coun-
tries(21, 25). Thus, paying attention to the selec-
tion of efficient oral drugs to be covered by 
IHIO is very important. 
Comparing the findings of this research with 
other similar international studies, the intensity 
and annual growth rate of injectable drug use in 
Iran are less than the international experience 
(11). Possible reasons for this might be the diffi-
cult access (presence of sanctions and the for-
eignness of pen insulins) and the fact that these 
drugs are more expensive in Iran, compared to 
North and Central American countries. 
Based on the results of this research, aspart pen 
insulin (fast-acting) and then glargine pen insulin 
(long-acting) had the highest growth rate in the 
past decade and they will perhaps have the same 
trend in the next decade, but aspart pen insulin 
alone will have the highest increase and use. 
Maybe one of the reasons for the increased use 
of this drug is the increase in gestational diabetes 
because of the increase in age and weight of 
pregnant mothers over the next decade. Thus, it 
is very important to pay attention to the lifestyle 
and quality of life of mothers to avoid and de-
crease the use of this drug along with paying at-
tention to the production, quality, and cost of 
this insulin. 
On the other hand, the rate of use of pen insulin 
drugs with long-term effects in the last and next 
decades, as in commonwealth countries, has an 
increasing trend (11). Possible reasons for this 
increase are easier use and fewer injections, supe-
rior technology, advertisement of pharmaceutical 
companies for diabetics, especially doctors, facili-
tating the prescription of such drugs by holding 
training courses on how to prescribe these medi-
cations by drug companies, as well as successful 
experience of prescribing and familiarity of phy-
sicians (with these drugs). 
In Iran and the pharmaceutical market, anti-
diabetic drugs that exist but are not covered by 
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health insurance include three oral drugs and 
eight injectable or mixed drugs. The absence of 
all injectable antidiabetic drugs in the insurance 
commissioner has probably put the most pres-
sure on the items that have been covered by the 
health insurance coverage. The compliance rate 
of the list covered by WHO (11) and IHIO in 
both oral and injectable parts is less than a quar-
ter. Thus, studies are required to assess the effec-
tiveness of the anti-diabetes drug list covered by 
this insurance organization. 
The major limitation of this study mainly was in 
the data collection stage and included the exist-
ence of unrelated and discontinuous data and 
inconsistencies of old and new insulin codes, in 
other words, dirty and unbalanced data, lack of 
access to other insurers data on a national scale, 
and in the statistical analysis, the limitation of this 
study was the existence of static preset assump-
tions and lack of attention to dynamic variables 
for modeling each insulin. 
 
Conclusion 
 
In this study, the utilization model of each inject-
able insulin was determined and the rate of in-
crease in the utilization of each in the next ten 
years was determined. Accordingly, managing the 
process of detection, diagnosis and treatment of 
diabetic patients can be the first and most basic 
step in containment and rationalizing the utiliza-
tion of injectable insulin. Next steps will be 
adopting a policy of rationalizing utilization of 
anti-diabetic drugs by reducing the prevalence of 
diabetes and altering the lifestyle and quality of 
life of the insurers by using health incentives, and 
second stage will be to develop clinical guidelines 
for high-utilization or expensive anti-diabetic 
drugs could be provided by IHIO, and strategic 
purchases should be made based on guidelines 
and clinical protocol. In the third stage, consider-
ing the increase of the new generation of anti-
diabetic drugs that are inexpensive or more effec-
tive and can be produced in this country, these 
drugs should be selected through selection in 
health technology evaluation studies and added 

to the benefit package of the IHIO or removed 
from the package in necessary cases. In the last 
stage, because of the increasing and upward trend 
of drug use, more attention should be paid by 
IHIO to the accessibility, justice, availability, and 
affordability of anti-diabetic drugs in Iran, espe-
cially for fast and long-acting pen insulins, that 
had and will have an increasing trend in the last 
and next ten years, and they are mainly produced 
outside of Iran and are expensive. 
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