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INTRODUCTION

DM is a global health threat, which is a category of metabolic disease characterized
by hyperglycemia that occurs due to abnormalities in insulin secretion, insulin performance,
or both. Insulin resistance has been recognized as the cause of Type 2 DM (PERKEN!I,
2021). Based on the International Diabetes Federation(IDF, 2019). DM is a long-term
(chronic) disease that is found when there is an increase in blood glucose levels due to
insufficient insulin production in the pancreas or when insulin cannot be used efficiently by
the body. The incidence of DM is estimated at 537 million adults aged 20-79 vyears
worldwide 10.5% of all adults in this age category have DM. Based on estimates in 2021,
by 2030 it is estimated that 643 million and by 2045 783 million adults aged 20-79 years
could be living with DM (IDF, 2022).

The varying use of drug therapy (single oral antidiabetic therapy, combined
antidiabetic therapy, single insulin therapy, and combined insulin therapy) will result in
differences in the length of stay of a patient which is influenced by blood sugar levels and
HbA1C so that an analysis is needed regarding the relationship between drug use patterns
and the length of stay of patients with diabetes mellitus. (Versita et al., 2022).

Treatment patterns can be divided into monotherapy with the use of a single drug,
combination therapy, and therapy of type 2 DM with comorbidities. The general pattern of
use of antidiabetics is monotherapy (metformin; sulfonylurea/gained; alpha-glucosidase
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inhibitor; thiazolidinedione; DPPV IV inhibitor; SGLT-2 inhibitor; GLP-1 agonist) for HbA1lc
<7.5%, combination of two drugs (sulfonylurea/gained; alpha-glucosidase inhibitor;
thiazolidinedione; DPPV IV inhibitor; basal insulin; SGLT-2 inhibitor; GLP-1 agonist) as first-
line with HbAlc =7.5% and a combination of three drugs as second-line
(sulfonylurea/gained; alpha-glucosidase inhibitor; thiazolidinediones; dppv iv inhibitor; basal
insulin; SGLT-2 inhibitor; GLP-1 agonist) with HbAlc =7.5%. Meanwhile, for HbAlc >9%
with reduced clinical symptoms, a combination of 2/3 drugs with additional insulin is given.
However, if clinical symptoms worsen, insulin or insulin identification is given. (PERKENI,
2021).

The prescription pattern was analyzed and adherence to treatment guidelines was
done by comparing with the 2021 PERKENI guidelines. Factors affecting the complexity of
a patient's drug regimen include changes in pharmacokinetic and pharmacodynamic
properties of drugs, severity of disease stage, chronic diseases, drug interactions,
polypharmacy, and ICU environment. (Chiang et al.,, 2021). The prescription pattern was
analyzed and adherence to treatment guidelines was done by comparing with the 2021
PERKENI guidelines. Factors affecting the complexity of a patient's drug regimen include
changes in pharmacokinetic and pharmacodynamic properties of drugs, severity of disease
stage, chronic diseases, drug interactions, polypharmacy, and ICU environment.

METHODS
Analysis of treatment patterns was carried out by recording with a form that had been
made, the data was classified based on the drug category used monotherapy, combination
therapy, or therapy with comorbidities. Univariate SPSS analysis of treatment patterns
(number) of type 2 DM patients.

RESULTS AND DISCUSSION

Mechanisms of Type Il Diabetes Occurrence

Mechanism of action of Type 2 DM drugs according to Padhi et al.,, (2020) by reducing
insulin secretion from B-cells of islets of Langerhans, resulting in increased glucagon
secretion from a-cells of islets of Langerhans and increased glucose production in liver
cells, then neurotransmitter dysfunction and insulin resistance in the brain that causes
lipolysis, increased glucose reabsorption by the kidneys, There is a reduction in the effect of
incretin in the small intestine and decreased or decreased glucose absorption by peripheral
tissues such as skeletal muscle, liver, and adipose tissue is the occurrence of damage or
removal of the pancreas, such as pancreatitis, pancreatic cancer, and trauma can damage
beta cells or reduce them impact less insulin, resulting in diabetes. If the damaged pancreas
is removed, diabetes will occur due to the loss of beta cells. (Kahn et al.,, 2014). Certain
drugs can affect beta cells or cause impaired beta cell function, these drugs include niacin,
certain diuretics, antiepileptic drugs, psychiatric drugs, and drugs to treat HIV, pentamides,
glucocorticoids, diabetes drug intolerance, or even statins. (Kalra et al., 2011)Type 2 DM is
an interaction of genetics and lifestyle factors that play a vital role, fat or obesity can
increase the risk of disease.

Respondents in this study were 100 respondents, the number of respondents was
calculated based on the Slovin formula. The frequency distribution of respondent
characteristics can be seen in Table 1:
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Table 1. Frequency Distribution of Respondent Characteristics at X Hospital in 2022

NO Characteristic Frequencies Percentages
1 Age (years)
<45 13 13%
>45 87 87%
2 Type of Gender
Male 54 54%
Female 46 46%
3 Concomitant Diseases
Available 97 97%
Not available 3 3%
4 LOS
<5 hari 62 62%
>5 hari 34 36%
5 Therapeutic outcomes
Reached 100 100%
Not achieved 0 0%

Oral anti-hyperglycemia drugs can be given as single or combination therapy, in
emergencies with severe metabolic decompensation, for example: ketoacidosis, severe
stress, rapid weight loss, or the presence of ketonuria. (PERKENI, 2015). An alternative
definition for polypharmacy is the use of more drugs than medically necessary
(Herdaningsih et al,, 2016).

Drug polypharmacy is divided into 3 types, namely, duplication, opposition, and
alteration. Duplication is when two drugs with the same effect are given simultaneously, it
can increase the risk of side effects. Opposition is when two drugs with opposite effects are
administered together, which can result in a decrease in the effectiveness of one or both
drugs. Alteration is the change in the function or performance of absorption, distribution,
metabolism, and excretion of a drug due to other drugs. The tendency of polypharmacy
practices and the possibility of drug interactions is increasing. Oral anti-hyperglycemia
drugs can be given as single or combination therapy, in emergencies with severe metabolic
decompensation, for example: ketoacidosis, severe stress, rapid weight loss, or the
presence of ketonuria. (PERKENI, 2015).

Data obtained based on the frequency of demographic distribution of patients, T2DM
aged> 45 years as much as 87% (N: 100) which is more than the population aged under 45
years, this is generally influenced by physiological conditions and the presence of
complications with comorbidities that have an impact on the worsening of the disease in
the presence of diabetes. (Chen et al.,, 2023). Research by Chen, 2023 explains that the
odds ratio of T2DM patients aged 50-59 is much higher than those under 50 years of age.

Males outnumbered females by 54% (N: 100) in this study, which is synergistic with
the global prevalence that states that the T2DM population is predominantly male. The
prevalence of type 2 diabetes is also characterized by gender differences. Gender
differences in diabetes prevalence are related to reproductive life: that is, men have more
diabetes before puberty, whereas women have more diabetes after menopause and in old
age (IDF, 2021)
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T2DM is prone to disease complications, in this study there were 97% of patients
with comorbidities with severe disease severity, including most T2DM patients also
experience acute or chronic complications (PERKENI, 2021) Hyperglycemia is associated
with several potentially life-threatening microvascular and macrovascular complications,
including heart failure, coronary artery disease (CAD) and chronic kidney disease (CKD).
Due to these complications, diabetes poses a risk of reduced quality of life and a high
economic burden, making it a critical chronic disease to address. (Soeatmadiji et al., 2023).

The following are the classifications of oral diabetes by drug mechanism of action:
Treatment Patterns of T2DM Patients

The treatment pattern of T2DM respondents in this study can be divided into
monotherapy and combination therapy, as shown in Table 2 below:

Table 2. Treatment Pattern Characteristics of T2DM Patients

NO Characteristics Frequencies Percentage
1 Number of Drug ltems received
<5 drugs 10 10%
5 drugs 9 9%
>5 drugs 81 81%%
2  Treatment Pattern
Monotherapy 64 64%
Combination Therapy 36 36%

The number of drugs received by patients in this study is divided into three main
classifications, namely, patients who received <5 drug items as much as 10%, 5 drug items
as much as 9%, and >5 drug items as much as 81%. This is due to the critical condition at
the time of admission varies greatly, and geriatric conditions are also a factor in patients
receiving many drugs at one time. Type 2 diabetes mellitus (T2DM) is a cause of
considerable polypharmacy, explained by the need to treat microvascular and
macrovascular complications, but also due to the presence of comorbidity groups. Elderly
diabetic patients are at particular risk for polypharmacy for various reasons: Multimorbidity
(arterial hypertension, solid or hematologic malignancies, chronic heart failure, etc.), age-
related pharmacokinetic variability in the setting of liver or kidney disease, lack of
adherence (voluntary or involuntary-in psychiatric disorders), and others. In addition, elderly
patients are more likely to use over-the-counter drugs and herbal supplements, which may
lead to drug interactions (Annani-Akollor et al,, 2019; Lipska et al., 2016; Mortazavi et al.,
2016; Noale et al., 2016).

T2DM respondents in this study received T2DM therapy as follows:

Table 3. Drug Data of DMT2 Patients of RSDM X 2022

Therapy pattern Drug Name Amount Percentage
Monotherapy
Biguanide Metformin 32 32%
Sulfonylureas Glimepiride 1 1%

Alpha-glucosidase Acarbose 1 1%

80



Type |l Diabetes Mellitus And Anti-Diabetic Therapy Okky Intan Mawarni et,al
Patterns In Hospital X, Central Java

Therapy pattern Drug Name Amount Percentage
Human premixed :
Ryzodeg
Analog rapid acting : 30 30%
Insulin aspart (Novorapid)
Insulin Insulin glulisine (Apidra)

Insulin lispo (Humalog)

Analog long acting :
Insulin detemir (Levemir)

Combination Therapy
Sulfonilurea

+ alfaglucosidase inhibitor 7 7%
ADO + biguanide

+ DPP4 inhibitor + biguanide+ SGLT2
ADO-+insulin Biguanide + insulin aspart 21 21%

Insulin aspart

+ insulin gargine

+ insulin premix 8 8%
Insulin+insulin + insulin detemir

+ insulin gluisin

Insulin lispo

+ insulin detemir

+ insulin glargine
TOTAL 100 100%

The use of monotherapy in this study was 64% combined therapy as much as 36%,
this condition is due to T2DM being a secondary diagnosis, so blood sugar can still be
controlled by giving monotherapy with metformin. Clinically, metformin is recommended as
a first-line glucose-lowering therapy, along with lifestyle changes. The use of monotherapy
is generally considered based on the first line of treatment for reasons of good treatment
effectiveness, minimal hypoglycemia, safe to use for obese patients, improved cardio
outcomes in respondents with heart disease, and cost-saving drug prices.

Meanwhile, the consideration of choosing combination therapy is generally related to
the reason for the price of drugs that vary because most respondents with combination
therapy are patients with duplicate comorbid diseases or T2DM as comorbid, so the drugs
used vary in type and price. According to PERKENI, the first line used in combination
therapy is low-dose metformin thiazolidinedione or acarbose. However, if the patient
receives 3 drug combinations at the same time oral antihyperglycemic drugs whose output
does not reach the therapeutic target can use a combination of insulin or a combination of
DPP4 inhibitors or SGLT2 inhibitors.

The choice of metformin monotherapy as the main line according to instructions
(American Diabetes Association, 2022), of various pharmacologic agents have been
evaluated for diabetes prevention, and metformin has the strongest evidence base. First-

81



Type |l Diabetes Mellitus And Anti-Diabetic Therapy Okky Intan Mawarni et,al
Patterns In Hospital X, Central Java

line therapy depends on comorbidities, patient-centered medicine factors, and management
needs and generally includes metformin and comprehensive lifestyle modification. Other
drugs (glucagon-Llike peptide 1 [GLP-1] receptor agonists, sodium-glucose cotransporter 2
[SGLT2] inhibitors), with or without metformin based on glycemic needs, are appropriate
initial therapy for individuals with type 2 diabetes with or at high risk for atherosclerotic
cardiovascular disease (ASCVD), HF, and/or chronic kidney disease (CKD). Metformin
should be continued after initiation of insulin therapy (unless contraindicated or not
tolerated) for ongoing glycemic and metabolic benefits.

The use of monotherapy drugs in this study was dominated by metformin in the
biguanide antidiabetic group. Metformin has periodic pharmacokinetics after digestion with
a half-life of about 5 hours, absorbed by organic cation transporters without being
metabolized in the body and widely distributed to various tissues such as the intestines,
liver, and kidneys. The main route of elimination is through the kidneys. Metformin is
contraindicated in patients with advanced renal insufficiency, indicated by a glomerular
filtration rate (GFR) <30 mL/min/1.73 m2, if metformin is used when GFR is significantly
reduced, the dose should be reduced and the patient should be advised to discontinue
treatment if nausea, vomiting, and dehydration appear from other causes (to prevent
ketoacidosis). It is important to assess renal function before starting treatment (Chaudhury
etal., 2017)

Metformin has an excellent safety profile, although it can cause gastrointestinal
disturbances including diarrhea, nausea, and dyspepsia in nearly 30% of subjects after
initiation. The introduction of metformin at low doses often improves tolerance. Extended-
release preparations rarely cause gastrointestinal problems. Very rarely, metformin may
cause lactic acidosis, especially in subjects with severe renal insufficiency. Another potential
problem arising from the use of metformin is the decrease in drug efficiency as diabetes
progresses. Metformin is highly efficient when insulin production is sufficient; however,
when diabetes reaches a state of B-cell failure and results in a type 1 phenotype, metformin
loses its efficacy. Metformin may cause vitamin B12 and folic acid deficiency (Fogelman et
al., 2017). This needs to be monitored, especially in elderly patients. Although very rare, in
patients with metformin intolerance or contraindications, other initial oral class drugs can
be used (Chaudhury et al., 2017)

As for insulin as monotherapy in research, the types of insulin used are rapid-acting
analog (rapid-acting insulin) and long-acting analog (long-acting insulin). Rapid-acting
analogs are commonly used as postprandial (after-meal) blood sugar control with an onset
of 5-10 minutes, a peak of action of 1 to 2 hours, and a duration of action of 4-6 hours
(PERKENI, 2022). In this study, rapid insulin was commonly used by patients with a history
or diagnosis of CKD. Decreased renal function leads to prolongation of insulin half-life and
decreased insulin requirements, patients with stage 4 to 5 CKD (eGFR,30 mL/min/1.73 m2)
often have delayed gastric emptying; administration of rapid-acting insulin after meals can
help to match the insulin peak with the timing of the postprandial blood glucose peak.
Postprandial rapid-acting insulin with dose adjustment for the amount eaten may help
patients with a wide range of food intake (Marathe et al., 2017).

Insulin aspart was also used as monotherapy in this study, insulin novorapid is a
rapid-acting insulin that controls the target with use after meals to achieve blood glucose
concentrations, or reduce blood glucose in response to blood glucose measurements (Melo
et al,, 2019). The total daily insulin dose is usually between 0.4 to 1 unit/kg per day,
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divided into long-acting insulin and rapid-acting insulin, such as insulin aspart. The average
dose regimen given in this study ranged from 4-4-4 iu sc to 14-14-14 iu sc, depending on
the needs of the respondents. In T2DM, insulin aspart is commonly added for further
glycemic control in addition to oral medications or long-acting insulin. The recommended
starting dose for patients with type-2 diabetes mellitus can be one of the following options:
4 units per meal, 0.1 units/kg per meal, or 10% of the basal dose. If hemoglobin Alc is less
than 8%, consider reducing the basal insulin dose when adding insulin aspart with meals
(Melo et al., 2019)

The use of long-acting insulin in this study was necessary to successfully achieve
blood sugar targets. When starting insulin treatment for T2DM, daily injections of long-
acting insulin can be used to lower glucose levels. If needed, rapid-acting insulin can be
added at mealtimes. The insulin dose should be chosen carefully as too much insulin can
result in life-threatening low blood glucose concentrations. To avoid overdose, a long
iterative process called titration is used to gradually increase the amount of long-acting
insulin injected so that the fasting glucose concentration reaches the normal range. Based
on the self-measured fasting blood glucose (SMBG) value, the patient adjusts the daily
insulin dose until the desired glucose concentration is achieved. This can take several
months. Unfortunately, many patients never reach the treatment goal as the burdensome
task of titration and lack of confidence in the medication can lead to adherence issues
(Arnolds et al., 2013; Khunti et al., 2020)

The most common combination therapy in this study was with metformin and insulin
aspart as much as 22%, which insulin aspart is a human insulin analog with the mechanism
of inhibiting liver glycogen synthesis and promoting blood glucose absorption, thereby
normalizing blood glucose levels (Fullerton et al., 2018). However, insulin aspart has some
disadvantages such as rapid elimination speed and short mean residence time, metformin
reduces blood glucose levels, lowers body weight, and protects cardiovascular health in
T2DM patients (Zhao et al., 2022)

In the research conducted by Zhao et al, (2022) miglitol and metformin were
combined with insulin aspart, and their effectiveness and reliability in the treatment of
T2DM were compared the results showed that treatment with a combination of miglitol
and insulin aspart is suitable for T2DM patients whose blood sugar levels are not under
control, while combined treatment with metformin and insulin aspart is more suitable for
patients who want to lower blood sugar and blood fat through weight loss, and patients
with cardiac and renal insufficiency. While research by Zhao et al, (2022) explained that
metformin combined with insulin aspart to treat gestational DM and chronic hypertension
can effectively control blood glucose and blood pressure levels and reduce the risk of
adverse perinatal and neonatal outcomes, which provides a positive effect on clinical
treatment.

Another combination therapy of 2% was the use of insulin lispro with insulin glargine,
2% sulfonylurea, alpha-glucosidase, and 2% for combination therapy of insulin glargine
and premix. Research by Candido et al., (2018) insulin glargine plus insulin lispro provided
better glycemic control than insulin NPH plus RHI, as indicated by a significantly lower
HbA1lc after 16 weeks of treatment, along with an 8% lower 24-hour blood glucose AUC
(p=0.037). In addition, the symptomatic rate of nocturnal hypoglycemia was 44% lower
with insulin glargine plus insulin lispro compared to the comparator regimen (0.66 vs 1.18
episodes/month; p=0.001). (Ashwell et al., 2008). In addition, recipients of insulin analog
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therapy reported greater satisfaction with treatment (Ashwell et al., 2008). plus insulin RHI
or NPH plus insulin lispro. Insulin glargine plus insulin lispro provided better fasting blood
glucose and/or HbA1lc control than insulin NPH plus insulin lispro, and similar glycemic
control to insulin glargine plus RHI. (Brunetti et al., 2010). Half of these studies also found
that BBT with insulin glargine plus insulin lispro reduced the frequency of total nocturnal
hypoglycemia or severe nocturnal hypoglycemia (Fulcher et al., 2005) versus NPH insulin
plus insulin lispro (mean not turn hypoglycemia episodes per month). 1.2-2.0 vs. 3.2-3.6

Research conducted by Soeatmadiji et al., (2023), About 36.7% of patients started
single therapy and 13.6% of patients underwent combination therapy, more than 70% of
patients used metformin and/or sulfonylurea as first-line treatment. The use of combination
therapy with metformin and sulfonylurea was the most frequently used second-line
therapy, followed by triple combination therapy with metformin, sulfonylurea, and
dipeptidyl peptidase-4 inhibitors (DPP-4i). About 26.7% of patients used second-line
therapy for 11.3%. During the follow-up period, only 22.7% of patients remained on
monotherapy. The most frequently cited reason for switching from first-line to second-line
therapy was due to treatment failure. The choice for second-line therapy was based on
improved efficacy. Sulfonylureas were the most frequently discontinued treatment at all
follow-up time points, accounting for 6.7%, 8.7%, 8%, and 8.4% of the population at 6, 12,
24, and 36 months, respectively, followed by metformin and fixed-dose metformin + DPP-
4i,

CONCLUSION
The results of the distribution of the characteristics of T2DM respondents in
XSurakarta Hospital 2022 were mostly aged> 45 years as much as 87%, the most gender
was male as much as 54%, the most comorbidities were 97% of respondents, the most
treatment pattern was monotherapy as much as 64%, the highest number of drugs
received by patients was 81% with the criteria> 5 drugs.
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