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ABSTRACT
Aim: To determine the pattern and blood glucose control of anti-diabetic medication in type 2 
diabetes mellitus (T2DM) from 2012 to 2016 in Iran. Method: This cross-sectional retrospective 
study was conducted among patients with T2DM in five main diabetes centers in two 
provinces in Iran. Patients with at least 5 years of recorded data were included in the study. The 
prescribed medicines, HbA1c level, and the percentage of patients with poor, moderate and 
good control during the study time were extracted from the patients’ profiles. The extracted 
data were summarized and analyzed using StataCorp software. Results: A total of 842 patients 
were met our inclusion criteria; 54% of them were women. The mean age of the patients was 
60.85 years old. The prescription of all insulin products (20% to 25%), dipeptidyl peptidase 
4 (0% to 3%), meglitinides (4% to 10%), and alpha-glucosidase inhibitors (0% to 2%) were 
increased during 2012 to 2016. However, the prescription rate of metformin (46% to 40%), 
sulfonylureas (24% to 15%) and thiazolidinediones (6% to 5%) were reduced during the study 
time. Metformin was the most commonly prescribed oral blood glucose lowering agent. The 
proportion of the patients with good and moderate HbA1c control were increased from 27.4% 
to 37.9% and 59% to 72% respectively. Also the proportion of the patients with poor control 
(Hba1c>9%) decreased from 15% to 12%. However, these changes were not statistically 
significant with 95% confidence interval and p<0.05.Conclusions: Our study showed that the 
pattern of administration of diabetic drugs did not change during the five years significantly 
and also did not have an appropriate impact on HbA1c control. This can increase the risk of 
micro and macro vascular complications, decreasing the quality of life of the patients and 
consequently imposing considerable costs to the patients and the health system. Our findings 
suggest that the diabetes cares in Iran need to be improved promptly and appropriately.
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Highlights

Type 2 Diabetes (T2DM) is one of the most 
prevalent chronic diseases which was the 
seventh leading cause of death in 2016 
worldwide [1]. The main goal of drug therapy 
in diabetic patients is to control their blood 
glucose levels and consequently to control 
their complications. As the control of 
blood glucose gets worse, the patient will 

encounter a number of micro and macro 
vascular complications [2,3]. The American 
Diabetes Association (ADA) recommends that 
diabetic patients should be treated in such a 
way that glycosylated hemoglobin (HbA1c) 
reaches less than 7% [4]. Nevertheless, most 
diabetic patients still have not achieved 
the recommended goals [5-8]. Though diet 
and lifestyle are very effective in controlling 
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blood glucose, but it usually fails and leads 
to oral drug therapy. If drug therapy fails at 
the second step, oral multiple-therapy will be 
applied. Multiple-therapy will get optimized 
and it will be switched to oral-injectable 
multiple therapies in the final steps [9]. With 
widespread changes in medication therapies 
to reduce hyperglycemia, recommendations 
for controlling blood glucose levels have 
changed over the years In regard to these 
changes in diabetes management, the 
trend in the utilization of glucose-lowering 
therapies as well as their ability to control 
blood glucose are also of great importance 
[7].The utilization of medication is defined 
by the WHO as marketing, prescription, 
distribution and drug usage in the community 
and particular emphasis has been given to its 
medical, social and economic consequences. 
Drug utilization studies try to synchronize 
the information of drugs consumptions in 
various types of disease, the outcome of 
treatment, and quality of care to consider 
the ultimate goal of whether drug therapy 
is rational or not [10]. Different studies have 
shown different patterns of anti-diabetic 
utilization among different countries [11-
14]. For example, Lipska and colleagues 
examined the pattern of utilization and the 
ability to achieve control of hyperglycemia 
in the United States between 2006 and 2013 
in different regions of the United States. Their 
findings, in addition to the big variation in the 
utilization of blood glucose lowering agents, 
showed that the proportion of people with 
HbA1c less than 7% (as an indicator of good 
control) decreased and poor control (>9%) 
increased during that period of time. They 
revealed that over the last eight years, despite 
dramatic changes in the consumption of 
hyperglycemic agents, the overall blood 
glucose control was not improved, and 
poor control exists among nearly a quarter 
of the youngest patients [9]. Yurgin et al., 
also investigated the utilization pattern and 
the ability to achieve blood glucose control 
and found that only 52.7% of the patients 
achieved the targets for HbA1c; and insulin-
treated patients were in the worst situation 
compared to HbA1 targets [8]. In 2012, more 
than 4.5 million adults in Iran suffered from 
diabetes. It was anticipated that more than a 
quarter of them had not yet been diagnosed 
[15]. The number of Iranian population with 
diabetes is expected to reach 9.2 million in 

2030 [16]. Although several studies have been 
conducted on the pattern of administration 
of anti-diabetic drugs in Iran [17,18] but none 
of these studies have been large enough to 
be generalized to the country. The aim of 
this study was conducted to evaluate the 
prescription pattern and their effectiveness 
in controlling blood glucose in patients with 
type 2 diabetes in public and private clinics in 
two of the country’s largest provinces; Tehran 
and Isfahan.

Methods

This cross-sectional retrospective study was 
conducted among patients with T2DM in 
five main diabetes centers in two provinces in 
Iran; Tehran and Isfahan. Inclusion criteria 
for the patients included diagnosis of type 2 
diabetes, the use of anti-diabetic medications 
for the past 5 years, the existence of clinical and 
pharmacological data for the patient over the 

period, and ongoing referral to the relevant 
treatment center. For data collection, we first 
visited the diabetes centers, randomly selected 
patients’ profile, and extracted the patient’s 
records that were included. These records were 
including age, weight, HbA1c, and name and 
dose of prescribed drugs. Then we checked the 
profile of the patients and separated the files that 
were active, and the reason for this was that, 
firstly, the files and information were needed 
which should be within the desired time frame, 
and secondly, if there was a defect in the recorded 
information, we contacted to the patients and 
invited them to the centers to amend the recorded 
data. In the centers where the number of eligible 
patients were greater than the required numbers, 
according to the patient’s case number and based 
on the random number table, the samples were 
selected randomly; and where the numbers 
of eligible patients were less than the required 
number, all statistical population were included 
to the study. The prescribed medicines, HbA1c 
level, and the percentage of patients with poor, 
moderate and good control during the study time 
were extracted from the patients’ profiles. Anti-
diabetic medications were classified according to 
the pharmacological classification. The study was 
approved by the Ethics Committee (IR.TUMS.
PSRC.REC.1396.1991) at Tehran University of 
Medical Sciences and all the patients provided 
written informed consent.

 � Statistical analysis

All statistical analysis was performed using 
StataCorp 2014. Descriptive analysis was 
performed for each year and various variables. 
One-way ANOVA was used to evaluate the data 
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by applying 95% CI.

Result

 � Patients and clinical characteristics
Fifty-four percent of the participants in the study 
were women and the mean ± standard deviation 
of patients’ age was 60.85 ± 9.75 years old, with 
the minimum and maximum age of 23 and 
90 years old. The mean ± standard deviation 
of patients’ BMI was 29, 19 ± 4.65, with the 
minimum and maximum of 18.34 and 60.33 kg/
m2 and the diabetes age was 12.43 ± 8.01. The 
summary characteristics of the T2DM  patients 
are shown in TABLE 1.

 � Treatment pattern of anti-diabetic drugs 

The treatment pattern of the patients was 
categorized into 5 groups; no medication 
(group I), single oral medication (group II), oral 
medications (group III), only insulin therapy 
(group IV), and combination therapy (insulin 
plus oral medication) (group V). The highest 
proportion of diabetic patients in 2012 were 
in group III (38.67%) followed by group II 
(25.85%) and then group V (24.64%). In 2013, 
a massive shift observed in percentage of group 
V so that it increased to 40.28% (p-value<0.05). 
However the percentage of group III and II 
decreased to 31.26 % (p-value<0.05) and 15.83% 
(p-value>0.05) respectively. In years 2014 and 
2015, group III had the most proportion of the 
total prescriptions (37.87%, p-value>0.05) and 

the position of group V was changed to second 
(29.85%, p-value>0.05), but the other groups 
remained almost unchanged. Again in 2016, 
group V was the most prescribed anti-diabetic 
medicines (36.67%). A comparison of double 
two-step test confirmed that between 2012 and 
2016, only changes in group V were statistically 
significant (p-value<0.05). Group I had the 
lowest proportion during the study period and 
its flactuations were not statistically significant. 
A summary of the distribution pattern of the 
patients in different groups in 2012-2016, is 
shown in FIGURE 1.

 � Prescribing pattern in different age 
groups

In order to evaluate the pattern of prescribing 
drugs based on age groups, we first divided 
the drugs into 8 groups, based on their 
mechanism of action. These groups were 
insulins, Meglitinides, Dipeptidyl peptidase-4 
(DPP4), Sulfonylureas, Thiazolidinediones 
(TZDs), Alpha-Glucosidase Inhibitors 
(AGIs), Glucagon-like peptide 1 (GLP1), and 
Biguanides. Secondly the patients were 
classified into three main age groups; <45, 45-
65 and >65. Third, the total amount of each 
anti-diabetic groups in various age groups 
between 2012 and 2016 were calculated. The 
summary results of prescribing pattern in 
different age groups from 2012 to 2016 are 
shown in FIGURE 2. The results show that 
Biguanides was the most frequent prescribed 

Table 1: Baseline Characteristics of the Patients
Gender Number of patients (%)

Men 0.46
Women 0.54

Duration of diabetes illness (year)
≤10 0.48
>10 0.52

BMI (kg/m2)
Underweight (<18.5 kg/m2) 0.0

Normal range (18.5–24.9 kg/m2) 0.18
Overweight (25.0–29.9 kg/m2) 0.45

Obese (≥30 kg/m2) 0.37
Age (years)

<45 0.05
45-65 0.65
>65 0.30

The family history of T2DM
Yes 0.58
No 0.42

Marital status
Single 0.23

Married 0.77
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patients prescribed sulfonylureas in over 
65-year-old group decreased from 27% in 
2012 to 17% in 2016. Our results show that 
Biguanides, Insulins, and Sulfonylureas were 
three of the most widely used anti-diabetes 
medicines in all ages, respectively. Although 
the percentage of their consumption had 
some changes during the study time, these 
changes were not statistically significant 
(p-value>0.05).

 � Glycemic Control 

To study HbA1c variations, we divided HbA1c 
values   into the 6 levels; lower than 6%, 6%-
6.9%, 7%-7.9%, 8%-8.9%, 9%-9.9%, and 
more than 10%. Though the results show 
that the proportion of patients with good 
(HbA1c<7%) and moderate (HbA1c<8%) 
blood glucose control increased and the 
proportion of patients with poor glycemic 
control (HbA1c>9%) decreased during 
the study time, but the changes were not 
statistically significant (p-value>0.05). At the 
start of the study, only 27.4% of patients had 
HbA1c lower than 7%, but these patients 
increased to 37.9% (p-value>0.05) by 2016. 
Likewise the total number of moderate and 
good blood glycemic control increased from 
58.9% to 72% (p-value>0.05) in the same 
time. In 2012 the proportion of patients 
with poorly controlled blood glucose (more 

medicine in all ages during 2012 to 2016. 
However, the percentage and trend of the 
prescription were differing in various age 
groups. For instance, while the percentage of 
Biguanides in under 45 years old decreased 
from 52% to 42% between 2012 and 2016, 
it remained almost unchanged in the over 
65 years old patients at the same time. 
Nonetheless, the comparison of cumulative 
consumptions of Biguanides during the 
study period showed that the variations in all 
age groups were not statistically significant 
(p-value>0.05). Insulins was the second 
most frequent prescribed medicines (30%) 
in under 45-year group in 2012. Though the 
percentage of Insulins had some fluctuations 
between 2012 and 2016, but they remained 
the second during the study time in under 
45-year group. The position of Insulins in the 
45-65 age group was also the second, except 
in 2012. However, in over 65-year age group, 
Insulins were mainly in the third position, 
except in 2016. Sulfonylureas were the third 
most prescribed medicines in under 45-year 
old group during 2012 and 2014; but their 
position changed to fourth in the next years. 
They were the third in 45-65 years’ group but 
in year 2012. However, sulfonylureas had 
the second position in the group of over 
65 during the study time, except in 2016. 
This happened because the proportion of 

Figure 1. Percentage of patients drug prescriptions (alone or in combination with other drugs). 
NIAD: non-insulin anti-diabetic drug, Comb: combination-therapy, mono: mono-therapy, T2DM, type 2 
diabetes mellitus.
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than 9%) was 15.6% of all patients and it 
decreased to 12.6% in 2016 (p-value>0.05). 
Nonetheless, the changes in the percentage 
of patients at each level of HbA1c were not 
statistically significant in the six-levels of 
HbA1c with 95% confidence interval and 
p<0.05. The percentage of patients and their 
level of HbA1c during the study time are 
shown in FIGURE 3

 � The trend in Glycemic Control

In the first quarter, the average of HbA1c 
was 7.921 (95% Confidence Interval [CI] 
7.81 to 8.03) (Std. Dev. 1.26), in March 2012 
and in the last quarter of the study period 
decreased to 7.40(SD: 0.05) to 7.40 (95% 
Confidence Interval [CI] 7.27 to 7.52) in March 
2017 (SD=0.06) (p-value<0.05). We checked 
the double-two comparison HbA1C, which 
included the extracted three-month values. 
Of the 189 possible scenarios, only HbA1C 
values at times 1, 2, and 3 with 17, 18, 19 and 
20 states, had a significant difference with the 
confidence level of 95% and p<0.05. In fact, 
the amount of HbA1C reduction has been 
significant between the first and the last year 
and was not significant with the other years. 

Discussion

To the best of our knowledge, the current 
study is one of the few studies that have 

been conducted with patient-level data for 
the evaluation of the pattern of anti-diabetes 
drug prescription and blood glucose changes. 
Previous studies were focused on a narrow 
area in a very short time period [17,18]. The 
aim of this study was to assess the pattern 
and the effect of anti-diabetes medication in 
type 2 diabetics at patient level. Our results 
demonstrated that greater percentage of 
women had the criteria for inclusion. This 
result are consistent the results of previous 
studies which found women to be more 
worried and likely to seek more care for their 
disease comparing with men [19,20]. While 
the pattern of anti-diabetes drugs showed 
an incremental trend from 2001 to 2012, in 
2012 insulins only accounted for 17% of total 
antidiabetic drugs consumption [21]. One of 
the most important reasons for this may be an 
insufficiency of physicians’ awareness about 
clinical guidelines [22], patient’s worrying 
about insulin injections [23] and also the 
high cost and unaffordability of novel insulin 
in the Iranian pharmaceutical market [23]. 
However, the Iranian Ministry of Health for 
the first time considered insulin as one of 
the drugs that should receive governmental 
subsidies to make it more accessible and 
affordable for all diabetes [24]. This policy was 
implemented by signing a memorandom of 
understanding between Health Insurance 

 Figure 2. Cumulative total anti-diabetic medicine prescription rates classified to three age groups 
from 2012 to 2016 
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Figure 3. Percentage of patients achieving glycemic control according to HbA1c intervals. HbA1c, 
glycated hemoglobin; T2DM, type 2 diabetes mellitus 

Organizations (HIOs) and ministry of health 
so that the ministry will pay the extra costs 
of new insulins to HIOs for coverage of these 
insulins. This policy affected the prescription 
pattern of new insulins in Iran in 2013 and led 
to a sharp increase in insulin consumption 
(p-value<0.05). Likewise, the combination of 
insulin with oral medications was increased 
importantly. Similar to other studies [8,25-
27]. Biguanides was the most prescribed 
drugs in the entire of the study period. 
Nonetheless it had a decreasing trend in 
both under 45 and 45-65 age groups; but the 
trend is almost stable for over 65 (FIGURE 
2). Sulfonylureas had a decreasing trend in 
45-65 and over 65 age groups. They were 
the second most commonly prescribed 

anti diabetes drugs. The decrease in the 
prescription of sulfonylureas can be due to 
the fact that some of them increase the risk of 
severe hypoglycemia and also led to weight 
gain as the disease progresses and replaced 
with the other blood glucose lowering agent, 
such as insulins [28].

Low prescription levels of the DPP4 group 
during the study period is due to the 
recent entry of this drug group to Iran’s 
pharmaceutical market [29]. The second 
explanation is that these drugs are still not 
covered by insurance organizations, thus the 
most of physicians refuse to prescribe DPP4 
to protect their patients from the high costs 
of these drugs. This is why there are very few 
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studies were conducted on the effectiveness 
of this drug group in the Iranian population 
[30,31]. The downward trend for insulin 
after 2013 suggests that the high cost of 
insulin was not the main reason for its low 
use, but the problem may be low awareness 
of the patients and the doctors; however, 
more precise studies are needed to clarify 
the exact cause of this decline. Decreasing 
HbA1c over time is one of the main goals 
of all care programs in patients with T2DM. 
If the amount of reduction is significant, 
this reduction has to lead to an optimum 
level of HbA1c, which is less than 7% [32]. 
Our study showed that the percentage 
of patients with poor glycemic control 
(more than 9%) was reduced. Although 
the percentage of patients with HbA1c less 
than 7% (good glycemic control) increased 
from 27.4% to 37.9%, this parentage in both 
(at the beginning of the study and at the 
end of the study) is much lower than other 
studies. Shahraz and colleague showed that 
this proportion from 2007 to 2014 was more 
than 54% of all patients [33]. However, the 
increase or decrease in the percentage of 
the level of HbA1C in the patients were not 
significant for any of the cut-offs. The amount 
of achievement of HbA1c control is shown in 
FIGURE 4. In addition to the importance of 
changes in the proportion of the patients in 
each interval (cut-offs) over the time, these 

changes could also show the effectiveness of 
the medication therapy for controlling blood 
glucose. Lawrence and colleague examined 
the use of insulin and their effect on HbA1c 
in a 4-year period and showed that after four 
years, HbA1C has been reduced by 1.2%-
2.4%; And nearly 40% of patients with HbA1c 
level higher than 9%, has fallen below 7% at 
the end of the study [34]. Blomenthal and 
colleagues also examined HbA1c changes 
over a ten-year period, and showed that the 
level of HbA1C higher than 11% had dropped 
by 3.2% during the study period. Likewise, 
HbA1C higher than 10-11 and 9-10 % was 
reduced by 1.7 and 1.2% respectively [35]. 
The results of our study showed a very small 
reduction in the amount of HbA1C (0.521%) 
over the five years. These achievements are 
not only very small compared with other 
studies, but also are considerably far from 
the defined goals by most of the clinical 
guidelines [4]; however the differences 
between the level of HbA1c in the first year 
compared to the last year was statistically 
significant. Since our results are only from 
patients who were continuously monitored, 
we can expect that managing diabetes is 
much worse in the rest of the patient. It is 
showed that the gap between the actual 
level of HbA1c and its optimum level can 
increase the risk of micro and macro vascular 
complications [36,37] and consequently can 
decrease the quality of life of the patients 

Figure 4. Trend of HbA1c change in the total population under study.

https://jamanetwork.com/journals/jama/fullarticle/2662879
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and impose considerable costs to both the 
patients and health system. 

Conclusion

Our retrospective study showed the pattern 
of administration of diabetic drugs did not 
change during the five years significantly, 
and did not have an appropriate impact on 
HbA1c control. This can increase the risk of 
micro and macro vascular complications, 
decreasing the quality of life of the patients 
and consequently imposing considerable 
costs to the patients and the health system. 

It is quite expected that the Hba1c control in 
the whole diabetic patients are worse than 
the studied patients. These findings suggest 
that the diabetes cares in Iran need to be 
improved promptly and appropriately. 

Limitations

Limited number of eligible patients in 
diabetes centers, uncompleted patients’ 
profiles, and limited number of provinces 
studied were three main limitations of our 
study. 
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