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Background: T2DM patients can be treated with both Insulin or/and non-insulin antidiabetic 

drugs. Biguanide-derivate is the first-line antidiabetic that is cost-effective and safe. DPP-4Is are 

antidiabetic drugs that can be used to treat old patients and those with kidney failure. While 

SGLT2-inhibitors and GLP-1analogues can be used by T2DM patients with cardiovascular 

problems and those with overweight. The initiation of antidiabetic drug is influenced by several 

factors such as patient characteristic, physician’s knowledge and guidelines. Aim: The aim of 

this study was to study the type of antidiabetic medication initiated to naïve T2DM patients, how 

age and sex affect the choice of medication and difference in prescribing between Primary 

healthcare centers in Region Uppsala. Methods: The study was a cross-sectional based on health 

record data from Region Uppsala. The study included 2473 T2DM patients that were initiated 

antidiabetic medication between January 2019 and December 2020.  Results: Non-insulins 

accounted for 88 % and insulins for 21.1% of the prescriptions. The proportion of men that 

received both insulin and non-insulins were higher than women. The proportion of patients that 

received insulins was higher for the age group 80 years and older. The proportion of men that 

received SGLT2- inhibitors was higher than for women, while women received more GLP-1-

analogues. There was a variation between PHCs, but non-insulins were mostly prescribed at all 

PHCs. Conclusions: Initiation of antidiabetic drugs to naïve T2DM patients in region Uppsala 

fallowed the guidelines.  There are some differences in prescription pattern between the two 

sexes and the age groups.  
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Populärvetenskaplig sammanfattning 

Nyinsättning av diabetsläkemedel till naiva typ 2 patienter följer rekommendationerna för 

Region Uppsala. Största andelen av typ 2 diabetespatienter var insatta på icke-insulinläkemedel 

och detta är i enlighet med rekommendationerna. Läkare i region Uppsala   förskrev mer 

långverkandeinsulin till alla patienter oavsett ålder eller kön. Detta är inte i enighet med 

rekommendationerna. Studien visade att mer kvinnor fick GLP-1-analoger och mer män fick 

SGLT2-hämmare. Skillnaden i förskrivning kan bero på samsjuklighet som hjärtkärlsjukdomar 

eller övervikt. Andra faktorer som kan förklara skillnader mellan könen kan vara skillnad i 

effekt. Män får mer viktreduktion från SGLT2-hämmare än kvinnor. Det fanns också skillnad i 

förskrivning mellan vårdcentralerna i Region Uppsala. Variationen kan förklara med patienternas 

ålder och kön, men vissa variationer kan beror på att läkarna håller på att adaptera nya riktlinjer. 

 

Studien som utfördes i Region Uppsala visade att läkarna generellt följer riktlinjer. Men man såg 

att läkarna förskrev mycket långverkandeinsulin och att det finns könsskillnader i 

förskrivningsmönstret av diabetsläkemedel. Denna studie gav en hypotes om hur förskrivningen 

ser ut. Denna hypotes kan användas för att utföra mer studier där samband mellan förskrivning 

och patientskarakteristika (ålder, kön samsjuklighet med diabetes) studeras mer djupt. På detta 

sätt kan förskrivningen av diabetsläkemedel förbättras och patienterna för ut det bästa effekten 

av behandlingen. Denna studie visade att läkare i Region Uppsala tar hänsyn till patientens ålder 

och kön. Men mer studier behövs med större population. Man behöver också studera hur den 

olika vårdcentralen förhåller sig till de nya riktlinjer som trycker på mer användning av GLP-1-

anloger, DPP4-hämmare och SGLT2-hämmare. Dessa läkemedel kan användas för patienter med 

typ 2 diabetes och har olika samsjukligheter. Dessa tre grupper har goda effekter, men det 

innebär också ökad kostnad för samhället om de förskrives till patienter som inte är i behov av 

dem.  

 

Denna studie var ett tvärsnitt studie baserad på journaldata frånregion Uppsala. Studien 

inkluderade alla patienter diagnostiserade med typ 2 diabetes och är över 18 år.   Studien 

inkluderade 2473 naiva typ 2 diabetespatienter (patienter som inte har haft diabetesläkemedel 

tidigare) nyinsatta på diabetesläkemedel ATC-code A10 (A10A= insuliner och A10B icke-
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insuliner). Användningen av journaldata kan vara ett etiskt problem, därför en etisk ansöka 

lämnades in till etiska nämnden i Region Uppsala och ansökan var godkänd. För att avidentifiera 

patienter byttes personnummer mot ett Id-nummer och patinterna födelades till 4 åldersgrupper.  

Vårdcentraler av identifierades genom att avidentifiera namnen på vårdcentralerna och dela in 

dem i 4 grupper baserad på antal nyinsatta diabetespatienter. Deskriptiv statisk med proportioner 

användes för att jämföra skillnader i förskrivning av diabetsläkemedel mellan kön, ålder och 

vårdcentraler.  Databearbetades med hjälp av dataprogrammet ”Microsoft Excel 2016”. 
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1. Introduction 

1.1 Prevalence and epidemiology of type 2 diabetes  

Diabetes is a complex chronic disease, affecting 422 million people over the age of 18 

worldwide (1-2). The global prevalence for diabetes is 8.3 % and type 2 diabetes mellitus 

(T2DM) accounts for 90 % of the diabetes cases (2). The prevalence for T2DM is slightly higher 

in men compared to women (3).  

The global prevalence and the incidence of T2DM is increasing in the world (mostly in low and 

middle-income countries), due to the aging population and increasing obesity. Since T2DM is a 

progressive disease, it is challenging to estimate the real prevalence. In total half of all diabetics 

are remaining undiagnosed. (4-5). 

T2DM affects 60 million people in Europe, 10.3% of men and 9.6 % of women over the age of 

25 (6). In Sweden the prevalence of diabetes is stable, and it is estimated to be 5.5 %.  The value 

varies from region to region, based on patient characteristics and sociodemography. (7-8). 

1.2 Type 2-diabetes Mellitus 
1.2.1 definition and diagnosis 

T2DM is a metabolic disease, also known as adult-diabetes (2). T2DM is characterized by 

insulin resistance and decreased insulin production from Beta-cells in the pancreas. The results 

of the insulin resistance are decreased uptake of glucose into muscle cells and increased glucose 

secretion from the liver.  The consequence of the disease is chronic hyperglycemia (elevated 

blood-glucose levels) (2,9).  

Patients with T2DM can be diagnosed through fasting glucose test, glucose-value in the blood 

two hours after intake of 75 g glucose-solution (OGTT) or HbA1c-value. HbA1c are proteins 

that bind glucose in the bloodstream and can be used to estimate  the glucose levels over the last 

weeks/months (7).  

 

For asymptomatic patients, two positive tests are required to establish the diagnosis of T2DM 

and only one test is required for patients with symptoms (see table 1). Individuals without T2DM 

have HbA1c value below 42 mmol/mol. T2DM patients have a HbA1c-value above 48 
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mmol/mol. There is also a group with pre-diabetes (42 < HbA1c < 48) and these patients have a 

higher risk to develop T2DM (7). 

Table 1: value used to diagnose T2DM 

  Plasma glucose-value (mmol/mol) HbA1c (mmol/mol) 

  Venous Capillary   

Fasting[J3]  ≥ 7.0 ≥ 7.0   

OGTT ≥11.1 ≥ 12-2   

HbA1c     ≥ 48 

 

1.2.2 risk factors and complications  
The major risk factors behind development of T2DM are family history of T2DM, increased age, 

unhealthy diet, pre-diabetes, high body mass index (BMI) and physical inactivity (1,10). 

Socioeconomic status is linked to the risk of developing T2DM. The Risk of T2DM is higher 

among groups with low socioeconomic status. It appears that socioeconomic indicators such as 

income and education are associated with a higher T2DM risk in women than men (4). 

Chronic hyperglycemia is linked to several complications. T2DM patients have a higher risk for 

organ collapse, comorbidity and mortality (1-2). The disease affects the heart, blood vessels, 

nerves, eyes and kidneys. T2DM is a major cause of blindness, kidney failure, heart attack, 

stroke and lower limbs amputation (2).  Cardiovascular complications linked to T2DM are 

associated with higher risk of mortality (11). To minimize the risk of cardiovascular 

complications and mortality, effective treatment is necessary (7).  

 

1.3 Treatment and care  
Type 2 diabetes treatments should be individualized. The target value for glucose level should be 

adjusted after the patient age and comorbidity. T2DM patients are recommended weight 
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reduction if they have problems with overweight or obesity, in combination with increasing 

physical activity and a healthier diet. If lifestyle changes do not lower the glucose levels, 

medication should be initiated (11). 

 

Region Uppsala is a part of DIAREG. DIAREG is a network of drug committees and medical 

expertise from different regions, that works together to produce recommendation lists for 

diabetes patients (12). The list includes recommendations about effective, safe and cost-effective 

drugs. The list serves as guidelines to enhance the quality of physicians prescribing (12). There 

are three “Recommendation lists”: a list for children, adults and the elderly. The 

“recommendation list “for the adult is updated every other year and it can be updated earlier if 

necessary.  These lists are mainly produced for physicians working in primary health care, but 

the list can be used by Hospital specialist and other medical expertise (12) 

 

 

Table 2: Antidiabetic agents that are recommended in “Recommendation list” for Region 

Uppsala  
Drug group Line of drug Drug name  When to prescrib 

Biguanide 

derivative  

(A10BA) 

First line 

drug  

Everyone but the elderly and fragile. 

Insulin 

(A10A) 

Second line 

drug 

Patients with low endogenous insulin production 

 Everyone with normal health (inclusive the elderly and fragile)  

Those with nocturnal hypoglycaemia receives long-acting 

insulin   

Sulphonyl

ureas 

(A10BB) 

Second line 

drugs  

Everyone with normal health (exclusive the elderly and fragile)  
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Meglitinide  

(A10BX) 

 

Second line 

drug 

-Everyone with normal health (inclusive patients with an eGFR 

<30 ml/min and with caution by the elderly and fragile) 

GLP-1 

analogues 

(A10BJ) 

 

- Patients with CVD and those that suffer from obesity (BMI 

>35).  

SGLT2-

inhibitors 

(A10BK) 

- Patients with CVD and/or heart failure. These drugs are 

appropriate for use by patients with T2DM who also suffer 

from obesity, BMI >35. 

DPP4-

inhibitors(

A10BH)  

- Patients with reduced kidney function (eGFR <30ml/min) and 

the elderly and fragile 

 

 

1.3.1 Target values 
T2DM treatment should be individualized, and the target value should be adjusted based on the 

patient's condition (7). In T2DM treatment, good glucose control is required to avoid T2DM 

complications (12). According to the National Board of Health and Welfare, the target value for 

Hba1c should be ≤ 52 mmol/mol (11) For new diagnosed and health patients the target Hb1c 

value can be even lower ≤ 42 mmol/mol (12). For the elderly and fragile there is no target 

HbA1C-value, the aim of the treatment is to avoid hypo- and hyperglycemia (but usually a value 

up to 70 mmol/mol are accepted) (11-12). The blood pressure should be < 140/85 mmHg. For 

those with kidney failure, the blood pressure should be <130 mmHg (8). The LDL -target value 

should be <2.5 mmol/L and for patient with heart failure or atherosclerosis, the target value 

should be <1.8 mmol/L (8). 
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1.4 glucose-lowering agents  
The recommendations for Region Uppsala contain several glucoses lowering medications that 

can be prescribed to T2DM patients. The list contains both first line and second-line antidiabetic 

medications (12).    

1 

.4.1 Biguanide derivative- first-line antidiabetic medication   

Metformin is the first-line antidiabetic agent, according to the national guidelines and the 

recommendation list (11-12). Metformin is Oral antidiabetic drug with the ATC-code A10BA02 

(13). The substance belongs to the Biguanide class (ATC: A10BA) and was originally found in a 

plant, French lilac (Galega officinalis) (13-14). Metformin was first approved in Europe in 1957 

(15).  

Metformin has been used over 40 years; therefore, it has a well-documented effect on T2DM 

complications, safe and it is cost-effective (12). It is prescribed as first-line medication, if it is 

tolerated (12). The recommended daily dose is 2g, with a cost of 0.84 kr/day (14, 16). Metformin 

can be prescribed as monotherapy or in combination with other drugs. such as insulin and 

sulfonylurea (12).  

Effect: Metformin is first line non-insulin drug. Metformin performs its glucose-lowering effect 

through decreases the glucose secretion from the liver, increases insulin sensitivity and reduces 

the uptake of glucose in the intestinal (14). Metformin reduces the HbA1c-value with 

approximately10 mmol /mol, without weight gaining or risk for hypoglycemia (16). Metformin 

reduces the risks for cardiovascular outcomes in patients with T2DM and all causes of mortality 

(14, 17). For patients with overweight, the substance reduces the risk for: cardiovascular 

complications, mortality, kidney failure and eye injuries related to T2DM (12).  

Combination: Metformin with ATC-code A10BA02 can be used in combination with 

sulfonylureas and Insulin (M2). These combinations are cost-effective, but less beneficial for the 

patients (11). SUs is associated with hypoglycemia. Metformin can also be combined with DPP-

4Is, SGLT2-inhibitors and GLP-1- analogues (11).  

Contraindications and side effects:  Metformin can be prescribed to all patients, except the 

elderly and the fragile (12). Metformin should not be prescribed for patients with eGFR lower 

than 30 ml/min. There is a risk for lactic acidosis in patients suffering from kidney failure (12). 
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1.4.2.  Second line antidiabetic drugs   
The second-line antidiabetic drugs are prescribed as monotherapy if metformin not tolerated or 

in combination with metformin (11-12).   

1 

.4.2.1 Insulin  

Frederick Banting and John Macleod developed insulin in 1921. In 1923 the discovery of insulin 

received the Nobel Prize (1). This year marks the 100 years of the remarkable discovery of 

insulin (1). Insulin is the oldest antidiabetic agent and was used as first-line medication for the 

treatment of patients suffering from diabetes. Insulin was the first line medication, until 

the discovery of sulfonylureas and biguanide-analogues (18). 

Insulin is used as a second-line medication for T2DM patients, if metformin is not tolerated or 

the patients did not obtain good glycemic control with only non-insulins drugs (12). It appears 

that after 6-10 years, nearly 50 % of all T2DM patients need to use insulin to maintain good 

glucose control (19). It is challenging to maintain stable glucose control with insulin; therefore, 

physicians hesitate to prescribe insulin (19).  When insulin is prescribed to T2DM patients, it 

requires monitoring of the plasma-glucose at home to find the appropriate daily dose 

(19).  Therefore, healthcare should educate their T2DM patients about insulin treatment, to 

achieve good glucose control (12).  There are three types of insulin: fast-, intermediate- and 

long-acting insulin (12). All three types are administrated through subcutaneous injections.  
 

Insulin Lispro is a fast-acting insulin with the ATC-code A10AB04 (13). Fast-acting-insulin has 

fast onset (15-30 min) and short duration (19). According to the recommendation list, this insulin 

is prescribed to T2DM patients with low endogenous insulin production. Fast-acting insulin 

should be prescribed in combination with medium-acting or long-acting insulin (12). The daily 

treatment cost varies from 6.20-6.75 kr/day (16)  

 

Insuman basal is intermediate-acting insulin with ATC-code A10AC01 (13). The active 

substance is Insulin Human (isophane) and this insulin is recommended as a second-line 

treatment for T2DM patents (12). According to the recommendation list, Insuman is adequate 

treatment for the elderly and those with eGFR < 30 ml/min (12). The daily cost for the treatment 

varies from 6.19-6.50 kr/day (16).  
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Insulin glargine with the ATC-code A10AE04 is a long-acting insulin and the last insulin-

analogues in the recommendation list (12,13). Long-acting insulin belongs to the new insulin 

formulations, with a long duration (more than 24 h) (19). Insulin glargine should be prescribed 

for T2DM patients with nocturnal hypoglycemia (12).   The daily treatment cost varies from 

11.15-14.50 kr/day (16).    

 

Lantus was the first product with insulin glargine as an active substance, but when the patent 

expired several biosimilar has been introduced (20).  Abasaglar ® is biosimilars to Lantus ® 

mentioned in the recommendation list (12). Insulin is a biological drug; therefore, it is 

complicated to produce 100 % identical generic drug. A biosimilar of insulin glargine is a 

product with similar structure and effect, but not completely identical with the original product 

(20).  However, in Sweden the price of insulin still high, but that does not affect the patients (7). 

Insulin treatment is fully covered by the government (21).  

 

1.4.2.2 Sulphonylureas  

The first-generation sulfonylureas (SUs) were discovered in early 1940 and was introduced to 

the market in the beginning of 1960.  In the end of 1960, the second-generation SUs was 

introduced to the market (22).  SUs with the ATC-code A10BB is the second line non-insulin 

drug according to the recommendation list (12-13). SUs can be used for monotherapy or in 

combination with metformin or Insulin (12). 

There are three sulphonylureas (SUs) available in Sweden: Glibenclamide, Glipizide and 

Glimepiride. Glibenclamide is not subsidized when it newly initiated to T2DM patients, because 

this substance is associated with higher risk of hypoglycemia (12,22). Furthermore, Glipizide 

and Glimepiride are cheaper alternatives and associated with a lower risk of hypoglycemia. 

Glipizide and Glimepiride with ATC code A10BB07 respectively A10BB12 are second 

generation SU (13.22). Both substances are listed in the recommendation list as second line non-

insulin drug and can be combined with metformin (12). Whoever, the prescribing of SUs is 

decreasing in Sweden, this year both Glibenclamide and Glipizide will be removed from the 

market (24).  
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Effect: SUs stimulates insulin secretion from beta cells in the pancreas (22). This antidiabetic 

agent reduces the HbA1c-value with approximately 10-15 mmol/mol (23). When it comes to the 

effect both Glipizide and Glimepiride are regarded equal (12).  

 

Contraindications and side effects: This group of antidiabetic agents is associated with risk for 

hypoglycemia and weight gain (12). Some observational studies suggest that SUs is associated 

with cardiovascular outcome (22).  A meta-analysis by Phung et al. shows that SUs compared 

with others non-insulin, were associated with cardiovascular events such as stroke, myocardial 

infarction, cardiovascular hospitalization and cardiovascular related deaths (25). An 

observational study based on population from the UK, suggests that patients treated with SUs has 

reduced survival (26). There are some observational study and Meta-analysis that shows the 

association between SU and cardiovascular outcome, but the answer remains unclear. There are 

no clinical trials that compare the effects of SU with placebo (22).  However, SUs should not be 

prescribed for the elderly, those with renal and liver impairments (12,22).  

 

1.4.2.3 Meglitinide analogues  

Repaglinide is the first meglitinide analogue (ATC-code: A10BX) that has been used 

(26).  Repaglinide is a second line non-insulin drug with the ATC-code A10BX02 (12-13). The 

drug was introduced to the market in 1997 and it has similar mechanism of action as SUs, but 

different molecular structure (26-27).    

Effect: Repaglinide is a second line non-insulin drug with the ATC-code A10BX02 (12-13). 

Repaglinide stimulates the secretion of insulin from beta cells, through inhibition of ATP-

dependent potassium channels. It reduces the Hba1c-values with approximately 10 mmol/mol 

(16.26). The drug has a faster effect than SUs and shorter duration (26-27).  

Combinations: Repaglinide can be used as monotherapy or add-on therapy to metformin. 

Clinical studies have shown that combinations of metformin and repaglinide give a better 

glucose lowering effect, than using only the one or the other treatment alone (26-27). 

Repaglinide Has a lower risk of hypoglycemia compared to SUs (26). This drug should be taken 

before each meal, while some SUs is administered once a day. This administration scheme is 

better for treatment adherence, but the treatment costs per day will be higher compared with 
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SUs (23). Repaglinide can be used by patients with eGFR < 30 ml/min, but like SUs it causes 

weight gain for all patient groups (see table 1) (23,27). 

1.4.3.1 Thiazolidinones  

Pioglitazone with ATC-code A10BBG03 is a non-insulin drug (13). This substance is a 

thiazolidinones derivative and was introduced to the market in late 1990 (28)  

 

Effect: Pioglitazone performs its glucose lowering effect through reducing peripheral insulin 

resistance and reducing the glucose production in the liver (29).  The HbA1c-lowering effect is 

similar to that gained from metformin and SUs. This drug can be used as monotherapy or add-on 

therapy to: metformin, insulin or SU:s (29).  

 

Contraindications and side effects: the prescribing of Pioglitazone is limited, due its side effect 

(28). This drug is associated with heart failure, fractures (higher risk in women), edema and 

bladder cancer (12,28). Furthermore, Pioglitazone causes weight gain, because of glucose uptake 

to the adipose tissue and the edema (16). Pioglitazone should not be prescribed for patients with 

heart failure or for patients that have or had bladder cancer (12).  

 

1.4.4 New antidiabetic agent  
During the last 15 years the non-insulins antidiabetic drug were introduced to the market. DPP4-Is and SGLT2-

inhibitors are peroral antidiabetic drugs, while GLP-1-analogues are injectable non-insulin drugs (12). 

 

1.4.4.1 Dipeptidyl peptidase-4-inhibitor 
Dipeptidyl peptidase-4-inhibitor (DPP-4Is) is non-insulin drug with the ATC-code A10BH 

(13).  In 2006, Sitagliptin was approved by the American Food and Drug Agency (22). In 2007, 

sitagliptin was approved in Sweden (11).  
 

Effects: DPP-4Is inhibit the enzyme that cleaves the incretin hormone in the intestinal: GLP-1 

(glucagon-like-peptide-1). This hormone stimulates insulin secretion from Beta-cells (30).  DPP-

4Is lower the HbA1c with approximately 5-10 mmol/mol (16). Saxagliptin (onglyza ®), 

Linagliptin (Trajenta ®   and sitagliptin (Januvia ®) are three DPP-4IS agents mentioned in the 

recommendation list (12).  
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DPP-4Is have less impact on the HbA1c-value compered to metformin. Therefore, this non-

insulin drug group is not subsidized, if it prescribed as first-line medication. According to the 

Swedish dental and pharmaceutical benefit Agency (31), the cost of the treatment is higher than 

the benefit (if it prescribed as first-line medication). However, DPP-4Is can be prescribed as add-

on therapy to metformin or as monotherapy if metformin is not tolerated. The combination of 

metformin and DPP-4Is is regarded beneficial (less risk of hypoglycemia) (31).  
 

DPP-4Is are recommended for the elderly and fragile and for patients with kidney failure (eGFR 

<30 ml/min) (12).  DPP-4Is are recommended for the elderly and fragile, because they have 

lesser risk for hypoglycemia (do not reduce the HbA1c as much as the other antidiabetic agents) 

(12,23). Linagliptin can be prescribed to patients with kidney failure, because this substance is 

eliminated via the liver (16, 23).  
 

DPP-4is are not associated with weight gain and have less side effects (23). There are long time 

studies for the effect of the safety of sitagliptin and saxagliptin (16). In a randomized clinical 

trial 14, 671 were assigned to sitagliptin or placebo as add on therapy. The patients were 

followed under 3 years and the aim was to study cardiovascular outcomes. The study showed no 

difference on cardiovascular outcome or cardiovascular related death, between sitagliptin and 

placebo (32). 
 

Contraindications and side effects: According to the recommendation list, saxagliptin should 

not be prescribed for patients with heart failure (16). In a clinical trial, patients were assigned to 

saxagliptin or placebo. The patients were followed under 2.1 years and the aim was to study 

cardiovascular outcomes. The study showed that saxagliptin increased the risk for hospitalization 

for heart failure (33). 

 

1.4.4.2 Glucagon-like-peptide-1 (GLP-1) analogues 

Glucagon-like-peptide-1 (GLP-1) analogues are one of the new antidiabetic agents (23).  GLP-1-

analogues are injectable antidiabetic agents with the ATC-code A10BJ (13). The first GLP-1-

analogue was approved in 2005 by the FDA, in 2007 GLP-1-analogues was approved in the 

Swedish market (11, 27). There are three GLP-1 analogues mentioned in the recommendation 

list: dulaglutide, liraglutide and semaglutide (12).  



 18 

 

Effects: GLP-1-analogues stimulate insulin secretion from beta-cells and reduce glucagon 

secretion (27). This analogue reduces the HbA1c with approximately 10-15 mmol/mol (23). 

GLP-1 analogues are peptide; therefore, they must be injected (27) It is administered 

subcutaneously once daily; there are some analogues that can be administered once a week 

(dulaglutide and semaglutide) (16, 23).   
 

The benefit of GLP-1-analogues is weight reduction with 2-4 kg, and low risk for hypoglycemia 

(16, 23). GLP-1-analogues reduced mortality, risk for non-fatal myocardial infarction, stroke and 

serious hyperglycemia (34). There are in vitro studies and in vivo studies in animals suggesting 

that GLP-1-analogues protect beta cells from apoptosis (27). This effect will delay the reduction 

of beta-cells, which is good for insulin secretion in patients with T2DM (27). According to the 

recommendation list, GLP-1-analogues are recommended to T2DM patients with cardiovascular 

diseases and patient with BMI >35 kg/m2 (12). 

 

1.4.4.3 Sodium-glucose-cotransporter-2 inhibitors  

Sodium-glucose-cotransporter-2 inhibitors (SGLT2-inhibitors) are non-insulin drugs with the 

ATC-code A10BK (13). In 2013, this non-insulin drug group was approved in Sweden (11). 

There are three SGLT2-inhibitors mentioned in the recommendation list: dapagliflozin, 

empagliflozin and canagliflozin (12).  

 

Effect: SGLT2-inhibitors inhibit the SGLT2-receptor in the kidneys (23). These receptors are 

located in the proximal tubule. Through these receptors 90 % of the glucose are reabsorbed to the 

bloodstream (23, 27). This non-insulin drug group reduces the reabsorption and increases the 

extracted glucose amount in the urine (23). With SGLT2-inhibitors 30–40-gram glucose is 

filtered per day and that gives a weight reduction of 2-3 kg (12, 23). SGLT2-inhibitors reduce the 

HbA1c-value with approximately 10 mmol/mol and the risk for hypoglycemia is lower compared 

to other drugs (23). The effects of SGLT2-inhibitors are reduced with reduced GFR. There is no 

effect gained from SGLT2-inhibitors the GFR < 45 ml/min (12).  
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According to the recommendation list this group is recommended for T2DM patients with CVD, 

heart failure and/or patients with BMI > 35 (12).  In an RCT, 17150 patients with T2DM were 

assigned to dapagliflozin or placebo. The study showed that dapagliflozin reduced cardiovascular 

related death and hospitalization for heart failure for T2DM patients compared to placebo 

(35).  In other RCT, 7020 T2DM patients were assigned to empagliflozin or placebo. The result 

from this RCT showed lower risk of cardiovascular outcomes and cardiovascular related death 

compared to placebo (36).  

 

Combinations: SGLT2-inhibitor can be used as monotherapy for T2DM patients or as add on 

therapy to metformin (11). This non-insulin drug group should not be combined with diuretics, 

because of risk dehydration (23).  

 

Side-effects and contradictions:  SGLT2-inhibitors are not recommended for the elderly and 

fragile, because there are not enough studies for this population (12).  This non-insulin drug can 

increase ketone production; therefore, it is not a suitable treatment for patients that have risk for 

ketosis (for example patients with type 1 diabetes mellitus) (23). Canagliflozin is associated with 

lower limbs amputation (11). The meta-analysis by Heyward et al showed that there is no 

consistent evidence between lower limb amputation and SGLT2-inhibitor exposure. Moreover, 

the authors suggest a further investigation of canagliflozin and the associated risk of low-limb 

amputation (27).   

 
1.5 Recommendation based on patient characteristics  
T2DM patients should receive individualized treatment, a treatment that is suitable for the 

patient's condition (23). Every patient has the right to receive equal treatment, regardless of sex, 

age, ethnicity social statues or personal economy (11).  
 

1.5.1 Recommendations based on age and sex 

Men and women should get equal treatment. It does not mean that both get the same treatment, 

but it means both have the right to receive suitable treatment that is suitable for their condition 

(11). Men and women are biologically different and there are ongoing studies that investigate the 
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effect difference between the two sexes.  However, there is no difference in antidiabetic 

recommendation until now (37). 
 

As mentioned earlier in the text Region Uppsala has three recommendation lists: 

recommendation list for children, one for adults and the last one is for the elderly and most 

fragile (12). The recommendation list for the elderly and fragile is intended for: those who are 

most sickly and usually patients with a great need of health care and nursing (12).  
 

New diagnosed adults should get intensive glucose-lowering treatment to avoid diabetes 

complications (12). When it comes to the elderly, most sickly and those with expected short life 

span, the focus is on symptomatic treatment (reduce risk for hypo- or hyperglycemia and 

malnutrition) (12).  
 

Metformin is the first-line medication according to the adults recommendation list; it should be 

used as long it gives good treatment effect (12).  When metformin does not give good treatment 

results, then second-line antidiabetic agents can be used as an alternative or add-on therapy (see 

table 1) (11). New initiation of metformin should be avoided for the elderly and fragile (12). 

Furthermore, ongoing treatment with metformin should not be discontinued, but patients’ eGFR 

and Vitamin B12 levels should be followed carefully (12).     
 

NPH-insulin is medium acting insulin that can be recommended as an alternative treatment for 

the elderly (11-12). If the treatment with NPH-insulin gives nocturnal hypoglycemia, long-acting 

insulins should be used instead (12). Long-acting insulin are also recommended for the elderly 

that live alone and unable of self-administration, to reduce home care visits (11).  
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Table 3:  Antidiabetic agents that are recommended for the elderly according to the recommendation list for Region 

Uppsala  

Antidiabetic agent Reason for the recommendation  
DPP4-Is (linagliptin) • Few side effects 

• Less risk for hypoglycemia  
• Linagliptin can be used for patients with kidney 

failure  

Insulin • When treatment with non-insulin drugs are not 
enough or not suitable 

• For patients with high fasting glucose values  

Antidiabetic agents that should don be prescribed or prescribed carefully  
Metformin • If the patient has multiple diseases, metformin 

should not be prescribed  
•  The daily dosage must be reduced for those with 

eGFR <60 ml/min and medication must be 
discounted if the eGFR <45 ml/min 

• Risk for life threatening lactic acidosis, if 
metformin is accumulated in the body  

Agents that stimulate insulin 
secretion such as SUs, and 
megitalides  

• Should not be initiated to the elderly  
• Treatment must be discontinued if eGFR is < 30-45 
• Repaglinide is taken before mealtime; therefore it is 

important to ensure the food intake of the patient.  
GLP-1-agonist This drug led to appetite- and weight reduction, 

therefore it is not suitable for patients with poor 
nutrition. 

Alpha-glycosidase-inhibitors • Not suitable for patient with eGFR < 25-30  
• Gastrointestinal side-effects  

Thiazolidones • Risk for peripheral edema and heart failure doubled 
compared to other antidiabetic drug  

• Should not be prescribed for patient with heart 
failure  

SGLT2-inhibitors • There are not enough studies for this patient's group 
• Risk for fungal infection, because of high glucose 

concentration in the urine. 
• The effect is reduced, with declining eGFR 
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1.5.2 Recommendation based on comorbidity  
T2DM is associated with several comorbidities such as: overweight, cardiovascular diseases, 

heart failure and kidney failure (11). The recommendation list for adults contains 

recommendations about antidiabetic drugs that are suitable for different comorbidities (see table 

4) (11). Patients with T2DM and have high risk for cardiovascular events, should receive 

intensive treatment with statins or other lipid-lowering agents (8). The reason for the 

recommendation is to reduce the risk of stroke and T2Dm complications (11).  

 

Table 4: Antidiabetic drug for treatment of T2DM patients with different comorbidities  

Disease  Recommended antidiabetic agent  

Overweight/obesity 

(BMI> 35) 

• Metformin: no weight gain  

• GLP-1 analogue (dulaglutide, liraglutide and 

semaglutide, gives weight reduction  

• SGLT2-inhibitors (canagliflozin dapagliflozin and 

empagliflozin), gives weight reduction  

Cardiovascular diseases  • Metformin 

• SGLT2-inhibitors (dapagliflozin and empagliflozin) 

• GLP-1-analogue (dulaglutide, liraglutide and 

Semaglutide) 

Heart failure  • Metformin 

•  SGLT2-inhibitors (dapagliflozin, empagliflozin, 

canagliflozin) 

Kidney failure (eGFR < 

30 ml/min) 

• DPP-4Is (liraglutide) 

• Insulin (insulin human and Insuman basal) 

1.6 factors affecting drug prescribing  

There are several factors that affect the choice of medication such as patient characteristics (age, 

sex, comorbidity etc.), product characteristic, the prescriber and guidelines (38).  

 

Product characteristic: The drug pharmacology, pharmacokinetic and pharmacodynamic, 

safety, effectiveness, administration pathway and price are factors that affect the prescribing. 
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(39-40). The pharmaceutical industry also plays a big role on prescribing, because they try to 

show how their product are different from other products in the market. The industry provides 

the physicians with evidence and samples to make them choose their products (41). 

 

The prescriber: The physician knowledge, experience and professional development are factors 

that affect the prescribing of a new drug (40-41). Physicians tend to prescribe medication based 

on what they have learned during their education period and not fallow the guidelines 

(4).  Physicians prescribing experience improve with time, number of patients and medication 

they come across during the journey (41). General prescribers usually observe specialists. 

Specialist choices of drugs influence the choice of general prescribers (39,41). A cohort study 

from Japan studied the difference in initiation of antidiabetic drug between specialists and non-

specialist. The study showed that specialists tended to follow the guidelines better than non-

specialist. The specialists were also prescribing more DPP-4Is than metformin, while non-

specialists were prescribing more metformin (42).  

  

Patients: The patient medical history, use of medication lifestyle and the relation between 

patients and physician are factors that affect the prescribing of a drug (39). Other factors that 

may affect the prescribing of drug are the patient’s age, sex and socio-economic status 

(education and income) (39,41). Patients with knowledge about a drug will usually request for it 

and almost all the time the physician will prescribe the drug (41).  

 

Why study initiation of new drugs  

There are many factors that affect the choice of new diabetes drug such as each patient HbA1c-

value, age, sex, BMI and comorbidity (39). However, it is also important to acknowledge that 

prescribing of new drugs in primary care is also influenced by a range of other factors including 

physician attitude, patient preferences, guidelines   and product characteristics (39). There are 

several antidiabetic drugs that have been introduced to the market such as GLP-1-analogues, 

DPP4-inhibitors and SGLT2-inhibitors (11). The new drugs increased the possibilities of more 

individualized treatment, but in the other hand it means increased costs and possibly lack of 

patient’s safety (4). Studying initiation of new diabetic agents, will shows how primary 
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healthcare centers follow the guidelines and how the patient characteristic influences the choice 

of medication.  

There is lack of knowledge when it come to the role of the primary healthcare in treatment of 

patient, quality of the given treatment and care to T2DM patients. There are also gaps when it 

come to the benefit of using electronical health records to improve the quality of healthcare 

system and the care given to patients. There are international, national and regional guidelines 

that affect the choice of medication and the quality of the given healthcare. The main goal of this 

study is to assess the choices of medication to T2DM patients in order to enhance the quality of 

the given treatment in Region Uppsala.  
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2. Aim and objectives 
The aim of this project Was to study newly prescribed antidiabetic drug for naïve diabetes 

patients in Region Uppsala. The specific questions are:  

• Which types of antidiabetic drugs were initiated to naïve type 2 diabetes patients? 

• How did the patient age, Hba1c-level, sex, BMI and comorbidity affect the 

prescribing patterns? 

• Was there any difference in prescribing patterns of type 2-diabetes medication 

between different primary healthcare centers not explained by differences in patient 

characteristics? 
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3. Methods 
3.1 Study design Population 
This was a cross-sectional study based on secondary data collected from Region Uppsala 

electrical health records. The study included all patients who were initiated on an antidiabetic 

agent (ATC code A10) during 2019-2020. All patients had been diagnosed with type 2 diabetes 

mellitus- and over the age of 18.  Only naïve patients where included, classified as patients not 

receiving any prescription between November 2017-December 2018, as recorded in the medical 

record. 

 

3.3 Data Collection 

The data was collected from Region Uppsala health records database Cosmic. The collected data 

were sent in an Excel file with pseudonymized individual data. The data collection included all 

patients that were prescribed a drug between 2019-2020. The dataset contained information 

about the name of the public primary healthcare centers, the patient ages, sex, prescribed 

medications and last HbA1C-value (see appendix 1). 

 
3.3.1 Age, sex and comorbidity 
The data collection included all patients over the age of 18. To facilitate the data analysis, the 

patients were divided into 4 age groups; 18-49, 50-64, 65-79 and 80 years and older. The patients 

were separated by sex; men or women. The dataset included all patients that were diagnosed with 

T2DM. 

  

3.3.2 Type of patient and medication 
The dataset included naïve patient, i.e., those not receiving any diabetes medication earlier. 

All antidiabetic agents with the ATC-code A10 were included in this study (see table 1) and all 

diabetes drug prescriptions these patients received during 2019-2020. 
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Table 3: List of included antidiabetic agents and the ATC-code for each agent. 

ATC-code Antidiabetic agent 

A10BA Biguanide-analogues 

A10BB Sulphonylureas 

A10BF Alpha-glycoside-inhibitors 

A10BH DPP-4-inhibitors 

A10BK SGLT2-inhibitors 

A10BJ GLP-1-receptor-analogues 

A10AB Fast insulin 

A10AC Medium-acting insulin 

A10AE Long-acting-insulin 

  

3.3 Data analysis 
The dataset were extracted to an Excel file with encrypted patient-ids and aggregated 

information on age group and time of events to make any patient identification impossible. The 

variables were then further analyzed using “Microsoft Excel 2016” software. Proportions of 

patients initiated on different antidiabetic agents were assessed and compared between the sexes 

and the four age groups. 

 

3.4 Statistics 

Descriptive statistical analysis methods with proportions, mean and median were used to present 

the data. The impact of patient characteristics on the choice of drugs will be assessed with 

stratification analysis including age, sex and HbA1C-value. 
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3.5 Ethical considerations 

In this study personal heath data would be used which may be an ethical issue. All used data 

were anonymous, and the data were used only to answer the aim of this study.  To further make 

it impossible to identify any individual, patients were divided into different groups based on 

their: age and sex (see appendix 1) The data was only kept within the project and all analyses 

using more detailed data done within the region. The aim of this study was to assesse the choice 

of medication based on patient’s characteristic. The focus was on the prescription of new 

antidiabetic agents. The benefit of this study is to improve the quality of heath care that is given 

to diabetes patients, enhance the knowledge about type 2 diabetes treatments and to understand 

how the new diabetic medications were used.  An ethical application was submitted to the 

regional ethical review board and the application was approved. 
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4. Results 
4.1 Patient population   
This study included 2473 new initiated patients (naïve patients) over the age of 18. The women 

accounted for 43.1 % of the patient population (N= 1066) and the men accounted for 56.9 % 

(N=1407).  The number of patients initiated on T2DM drug treatment increased with age, but the 

number of patients were lowest in the oldest age group (80 years and older).  The majority of 

patients were found in the age groups 50-64 (34.0 % of all men and 32.2 of all women) and 65-

79 (39.2 % of all men and 38.7 % of all women) (see table 6).  Women were slightly older than 

men. 

 

Table 6:  Distribution of new intuited T2DM patients based on the sex and age.  

 Men (N=1407) Women (N=1066) Total (N=2473) 

Age Group N % N % N % 

18-49 years 266 18.9 205 19.2 471 19.0 

50-64 years 478 34.0 347 32.6 825 33.4 

65-70 years 552 39.2 413 38.7 965 39.0 

80+ years 111 7.2 101 9.5 212 8.6 

 

4.2 Antidiabetic drugs initiated to naïve patient   
From 1 January 2019 to 31 December2020, 6000 antidiabetic drug prescriptions were prescribed 

to naïve T2DM patients. There were 2656 initiations of medicines in these patients, i.e. The 

number of the prescribed antidiabetic drugs were higher than the number of included patients 

(N=2473), that gives 1.1 antidiabetic drug per patient. The non-insulin antidiabetic drugs (ATC-

code A10B) account for 87,9 % of all new initiated drugs and insulin analogues account (ATC-

code A10A) for 12.1 %.  
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4.2.1 non-insulin antidiabetic drugs, A10B  
Non-insulin derivates were prescribed to 94 % of the included T2DM patients. Biguanide 

derivates were prescribed to 82 % of the naïve T2DM patient, therefore it is the most common 

drug among non-insulin drugs (see figure 1). Metformin was the only prescribed biguanide-

derivate. DPP-4Is were prescribed to 15 % of T2DM patient and it is the next common non-

insulin drug after biguanide derivates. Within this group Sitagliptin was the most prescribed 

substance.  GLP-1-analoges were the third most prescribed non-insulin- antidiabetic drugs, 

followed by SGLT2-inhibitors. In the GLP-1-inhibitor group semaglutide, was most commonly 

used.  SGLT2-inhibitors were prescribed to 8 % of the patients. In this group Empagliflozin was 

the most commonly prescribed substance SUs was prescribed to 4 % of the T2DM patients.  

 

Furthermore, some other non-insulin antidiabetic drugs were also prescribed. These other drug 

groups were oral antidiabetic combinations, alpha-glucosidase-inhibitors, Thiazolidinones  and 

other antidiabetic drugs. These four groups were prescribed to 3 % of all patients (see figure 1, 

the bar with the title “others” represents these four groups).    

 

 

 
Figure 1: proportion of naïve T2DM patients initiated on non-insulin antidiabetics drugs (ATC-

code A10B)- Biguanide derivate, SU, DPP-4Is, GLP-1 analogues and SGLT2-inhibitors. Others 

include: peroral non-insulin combinations, alpha-glucosidase inhibitors, Thiazolidinones and 
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other antidiabetic drugs. The sum of all initiated drugs within this group is more than 100%, 

because some patients are initiated more than one prescription.  

 

4.2.2 insulin-analogues, A10A 
Insulin-analogues were prescribed to 13 % of included T2DM patients. Long-acting insulins was 

the most prescribed insulin-analogue, it was initiated to 7% of the T2DM patients. Insulin- 

glargine was most commonly prescribed within this group. Medium-acting insulins were 

initiated to more than 4 % of the included patients. Insulin Human was the only prescribed 

substance within this group. Fast-acting insulins were prescribed to 4 % of the patients and 

insulin aspart was dominating in this group. The least prescribed group was insulin 

combinations. 

 

 
Figure 2: The proportion of naïve T2DM patients initiated on different Insulin-analogues (ATC-

code A10A).  fast-acting insulin, medium-acting insulins, insulin combinations and long-acting 

insulins 
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4.3.1. Initiation of non-insulin-antidiabetic drugs based on the patient age  
Among all age groups biguanide derivate was the most common non-insulin antidiabetic drug 

and Metformin was the only prescribed substants for all age groups. The proportion of patients 

initiated biguanide derivates increased from the age group 18-49 to the age group 65-79 (79-85 

%). The proportion was lower among the oldest (80 years and older). SUs followed the same 

pattern as biguanide derivates with the proportion of the prescription being slightly higher in 

middle-aged (3 to 4 %), then lower in the oldest (3 %) (see figure 3). For all age groups Glipizide 

was the most prescribed Substance within the SU group.  

 

The proportion of patient initiated DPP-4Is increased with age. The proportion increased from 12 

% to 22 %. In the DPP-4Is group Sitagliptin was the most prescribed substance. GLP-1-

analouges were mostly prescribed in the age group 18-49 years. The proportion of patients 

initiated GLP-1-analoges decreased with increased age, the proportion decreased from 26 to 3 %. 

For the patients between 18-79 years old Semaglutide was the most prescribed substance. 

Patients that were 80 years and older received Liraglutide and Dulaglutide. 

 

For SGLT2-inhibitors, the proportion of patients initiated on this drug increased from the age 

group 18-49 to the age group 50-64 years (8- 9 %), then the proportion decreased to 5 % (see 

figure 3).  Empagliflozin was the most prescribed SGLT2-inhibitors among all ages.  
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Figure 3: Proportion of T2DM patients newly initiated non-insulin antidiabetic drugs according 

to patient age. A10BA= biguanide derivate, A10BB= SU, A10BH= DPP-4Is, A10BJ= GLP-1 

analogues and A10Bk= SGLT2-inhibitors 

 

 

4.3.2 Initiation of insulin-analogues drugs based on the patient age  
The proportion of T2DM patients initiated on fast-acting insulins varied between 4-9% between 

the different age groups. The proportion was almost equal (4 %) in the age groups: 18-49, 50-64 

and 65-79. The proportion was highest in the age group 80 years and older (9 %). Insulin aspart 

was the most common prescribed fast-acting insulin among all ages.  

 

The proportion of medium acting insulins varied between the age groups. The proportion of 

patients initiated on medium-acting insulin at age group 18-49 was 5 %. For the age group 50-64, 

the proportion was 3 %. The proportion increased to 4 % in the age group 65-70 years. The 

highest proportion of T2DM patients initiated medium-acting insulin was found in the age group 

80 years and older and the proportion was 9%. Insulin Human was the only medium-acting 

insulin prescribed to all patients.  
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The proportion of insulin combinations increased with age from 0.4 %-3 %. For long-acting 

insulin the proportion of patients initiated on this drug group decreased from 8-6% for the age 

groups 18-49, 50-65 and 65-79. The highest proportion of patients initiated long-acting insulin 

was found in the age group 80 years older. The calculated proportion was 11 % for this age 

group. The most prescribed long-acting insulin among all ages was insulin glargine ( 

 
Figure 4: Proportion of the new initiated insulin analogues drugs based on the T2DM patient’s 

age. fast-acting insulin, medium-acting insulins, insulin combinations and long-acting insulins 

 
4.3.3 Initiation of non-insulin antidiabetic drugs based on the patient’s sex  
The proportion of men initiated biguanide derivate was 84 % and for women the proportion was 

79 %. More men received SUs (compared to women. The proportion of men prescribed SUs was 

4.5 % and 2.9 for women. Glipizide was the most prescribed SU substance for both sexes. The 

proportion of men initiated DPP-4Is was 14 % and 16 % for women. Within the group of DPP-

4Is, Sitagliptin was the most prescribed substance for both men and women.  

 

The proportion of women that was initiated GLP-1analogues was higher than the proportion for 

men. The proportion of men initiated GLP-1-analouges was 10 % and the proportion for women 

was 16 %. The proportion of men that received SGLT2-inhibitors was 10 %. For women the 
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Liraglutide (GLP-1-analogue) was also a common prescribed, but more women received 

Liraglutide than men  

 

Figure 5: Proportionof the new initiated non-insulin antidiabetics drugs based on the T2DM 

patient’s sex. biguanide derivate, SU, DPP-4Is, GLP-1 analogues and SGLT2-inhibitors 

 
4.3.4 Initiation of insulins based on the patient’s sexes 

The proportion of men that received fast-acting insulin was 4 % and for women 4 %. More men 

were prescribed medium-acting insulins than women. The proportion of men that received 

medium acting insulins was 5 % and 3 % for women.   

The proportion of men that received Insulin combinations was 2 % and the proportion of women 

was 0.5 %.  The proportion of long-acting insulins. was almost equal between men and women. 

The proportion of men that received long lasting insulin was 7 % and for women the proportion 

was 7 %.   
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Figure 6: Proportion of patients initiated on insulins drugs based on the T2DM patient’s sex. 

fast-acting insulin, medium-acting insulins, insulin combinations and long-acting insulins 

 
4.4 Variation between Primary Healthcare Centers  
In this study 25 public primary healthcare centers (PHC) were included. The number of new 

initiated naïve T2DM patients varied between the PHC from less that 10 to more than 100 

patients. The prescription of non-insulin antidiabetic drug varied between the 25 PHCs. The 

proportions varied from 57 % to 100%. The proportion of prescribed insulin analogues varied 

from 0% to 43 %.  

 

The majority of patients were found in the age groups 50-64 and 65-79 years in all included 

PHCs.  The proportion of women varied from 32 % to 57 %. PHC 1 had the lowest proportion of 

naïve female patients and PHC 14 had the highest proportion. For men the proportion was 

between 43 % and 65 %. The lowest proportion of male patients was found in PHC 14 and PHC 

1 had the highest proportion of male patients. 
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Table 7: The table shows the name of PHC, number of naïve T2DM patients (patients that 

received antidiabetic drug for the first time) at each PHC ant the proportion of patients that 

received Insulins and non-insulins antidiabetic drugs at each PHC. Proportion of patient initiated 

on Biguanide-derivate, DPP4-inhibitors, GLP-1-analogues and SGLT2-inhibtors.  

PHC 
Number of 
patients 

Insulins 
(%) 

Non-
insulins 

Biguanide-
derivate DPP-4Is GLP-1-

analogues 
SGLT2-
inhibitors 

PHC 1 50-99 10% 97% 82% 25% 3% 6% 
PHC 2 < 10  0% 100% 75% 0% 25% 0% 
PHC 3 >100 17% 93% 79% 16% 13% 11% 
PHC 4 >100 13% 93% 88% 7% 6% 9% 
PHC 5 50-99 12% 96% 89% 21% 14% 10% 
PHC 6 55-99 9% 96% 84% 11% 4% 5% 
PHC 7 50-99 12% 97% 88% 18% 6% 6% 
PHC 8 50-99 8% 98% 88% 14% 10% 4% 
PHC 9 >100 15% 94% 82% 26% 13% 5% 
PHC10 >100 11% 96% 86% 16% 14% 13% 
PHC 11 >100 12% 93% 61% 12% 40% 10% 
PHC 12 50-99 18% 93% 82% 17% 10% 20% 
PHC 13 50-99 9% 96% 87% 9% 11% 6% 
PHC 14 <10 43% 57% 14% 29% 14% 0% 
PHC 15 >100 8% 96% 89% 12% 8% 10% 
PHC 16 >100 15% 92% 81% 11% 8% 6% 
PHC 17 10-49 10% 100% 90% 20% 17% 17% 
PHC 18 50-99 9% 96% 87% 16% 9% 6% 
PHC 19 > 100 11% 95% 84% 12% 11% 9% 
PHC 20 >100 13% 95% 79% 12% 17% 6% 
PHC 21 >100 15% 92% 78% 15% 11% 6% 
PHC 22 50-99 14% 95% 84% 31% 10% 5% 
PHC 23 10-49 14% 95% 95% 5% 0% 0% 
PHC 24 >100 15% 94% 78% 15% 14% 5% 
PHC 25 >100 17% 92% 84% 8% 10% 4% 
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4.4.1 Variation with focus on A10Ba, A10BH, A10BJ and A10BK  

For Biguanide derivate the proportion of new initiated T2DM patients varied from 14 % to 95 % 

(see table 7). PHC 14 had the lowest proportion of T2DM patients that received biguanide 

derivate. While PHC 23 had the highest proportion of patients that were received biguanide 

derivate.  

The proportion of naïve patients that received DPP-4Is varied from 0-31%. PHC 2 did not 

prescribe DDP-4Is to any of the patients, while PHC 22 had the highest proportion of patients 

that received DPP-4Is.  

 For GLP-1analouges the proportion of new initiated T2DM patients varied from 0 % to 40.  

PHC 22 did not prescribe GLP-1analouges to any of the patients, while PHC 11 had the highest 

proportion of patients that received DPP-4Is.  

The proportion of naïve patients that received SGL2-inhibitors varied from 0% to 20% see table 

7). PHC 2 did not prescribe SGL2-inhibitors to any of the patients, while PHC 12 had the highest 

proportion of patients that received DPP-4Is.   
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5. Discussion 
5.1 Result summary  
In this cross-sectional study using EHR data from Region Uppsala we found that T2DM patients 

newly initiated on diabetes medicines received more non-insulin antidiabetic drugs (A10B) than 

insulin-analogues (A10A). Metformin was the most commonly prescribed antidiabetic drug 

among all non-insulin antidiabetic drug and long-acting insulins (A10AE) were the most 

commonly prescribed insulins (A10AC). There were some age and sex differences with less 

metformin and more insulin being prescribed to the oldest, and more men received SGLT2-

inhibitors. We found that women received more GLP-1-analogues than men, with more women 

initiated on dulaglutide than men. We found also that a larger proportion of men were initiated 

on SU, where more women were initiated on long-acting insulins and more men initiated on the 

other insulin groups. There was a substantial variation in the choice of drugs between different 

PHCs with less biguanide derivate and more GLP-1-analagues and DPP-4Is prescribed to 

patients.  

 

5.2 Results Discussion  
5.2.1 Antidiabetic drugs initiated to naïve patients  
A larger proportion of naïve T2DM patients were initiated on non-insulin drugs. The most 

common prescribed drug was Metformin. This result was expected, because non-insulins are 

recommended to naïve T2DM patients (11).  The product characteristics such as price, 

pharmacology, effectiveness etc.  and patient characteristics such as age, sex and comorbidity 

affect the choice of treatment (42).  Metformin is the first-line medication according to the 

national guidelines and the recommendation list for Region Uppsala (11-12). Metformin is safe, 

cost-effective drug, with no weight gain and reduces cardiovascular outcomes in patients with 

T2DM (11, 14, 17). The second common prescribed non-insulin drug group was DPP-4Is and 

sitagliptin was the most prescribed substance within this group. This result was also anticipated. 

The number of prescriptions per T2DM patient were 1.1, that means some of the included 

patients received more than one prescription. According to the national guidelines, Metformin 

can be combined with DPP-4Is (11). The combination of metformin and DPP-4Is is beneficial, 

due to a lower risk of hypoglycemia, no weight gain and it is cost-effective (31).  DPP-4Is can be 
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even used as monotherapy if metformin not tolerated, this group is even recommended for the 

elderly and those with kidney failure (11-12). According to the meta-analysis by McGovern et al 

showed that T2DM patients’ adherence to DPP-4Is was higher than the adherence for SU, due to 

the lower risk of hypoglycemia and no weight gain (43).  

 

T2DM patients were initiated on DPP-4Is received either sitagliptin or linagliptin, but sitagliptin 

were prescribed more than linagliptin. Sitagliptin was the first approved DPP-4Is (2006), while 

linagliptin were approved in 2012 (27). Sometimes the product characteristic affects the choice 

of the substance, but there was no deference between sitagliptin and linagliptin when it come to 

price, efficacy and safety (16, 40,44). The only deference between the two DPP-4Is was that 

linagliptin does not require dos adjustment for patents with kidney problems (44). However, 

physicians may have more open attitude toward sitagliptin because it has been approved for a 

longer time (40).   

 

GLP-1-analogues and SGLT2-inhibitors were prescribed to a larger proportion of T2DM patients 

than SU. This result was expected according to the guidelines and the recommendation list 

(11,12).  These two groups are associated with weight reduction and less risk of hypoglycemia 

(23). Moreover, these drug groups are suitable for T2DM patients with cardiovascular problems 

and patients with BMI > 35 (12). There are national and international discussions pointing 

toward more use of SGLT2-inhibitors and GLP-1-analogues, because of the cardioprotective and 

nephroprotective effect (24, 45). Dapagliflozin (antidiabetic drug) a SGLT2-inhibitor that was 

approved to treat patients with heart failure, during 2021 SGLT2-inhibitors may receive approval 

for a third indication for treatment of patients with renal diseases (45).  

 

GLP-1-analogues were prescribed to a larger proportion of patients than SGLT2-inhibitors. As 

mentioned earlier both groups are recommended for patients with cardiovascular problems and 

those with BMI > 35 (12). When it come to product characteristics there are differences between 

the two groups. GLP-1-analogues are injectable non-insulin drug administrated twice daily to 

once weekly, while SGLT2-inhibitors administrated orally and once daily (23). There is also 

price difference, GLP-1-analogues costs twice more than SGLT2-inhibitors (16). When it comes 

to the effect, GLP-1-analogues are associated with more weight reduction and help to reduce the 
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intake of food compared to SGLT2-inhibitors (46). This effect gained from GLP-1-analogues are 

favorable for the treatment of T2DM patients (11). Moreover, SGLT2-inhibitors are associated 

with a risk of genitourinary infections, that may be other factor that makes physicians in Region 

Uppsala chose GLP-1-analogues over SGLT2-inhibitors (46).  

 

Patients’ adherence and patient’s preference may even affect the choice (40). Thera are some 

GLP-1-analogues that can be administrated once weekly (16). The result from this study showed 

that semaglutide and liraglutide were prescribed to larger proportion of patients. Semaglutide is a 

substance that is injected once weekly and liraglutide is injected once daily (16). The option of 

choosing to administrate once daily or once weekly may enhance patient’s adherence, where they 

can choose the formulation that are more suitable for their preferences (46).  

 

There are three SGLT2-inhibitors mentioned in the recommendation list for region Uppsala: 

Empagliflozin, dapagliflozin and canagliflozin (12).  Empagliflozin was the most prescribed 

SGLT2-inhibitor for naïve T2DM patients in Region Uppsala. There is no price difference 

between the three substances, but empagliflozin reduces more the HbA1c-value than 

dapagliflozin (47).  Empagliflozin reduces also hospitalization risk for patients with heart failure 

and all cause of mortality (48).  Canagliflozin is associated with lower limbs amputation, that 

could be another reason for way physicians choose empagliflozin over canagliflozin (11,40).  

 

SU and the other non-insulin drug such as alpha-glucosidase inhibitors, Thiazolidinones and 

meglitinide analogue were prescribed to a smaller proportion of naïve patients. This result was 

expected. SU are cost-effective, but it is associated with a higher risk of hypoglycemia, weigh 

gain and not suitable for the elderly and most fragile (11). There are three SU mentioned in the 

recommendation list for Region Uppsala, but glipizide was the only SU prescribed. The reason 

for that is that the other two SU are removed from the Swedish market (24).  During 2021 

glipizide will be even removed from the Swedish market, therefor physicians are recommended 

to prescribe other non-insulin drugs than SU (49). Thiazolidinones are associated with fracture 

risk and bladder cancer (28).  Treatment with meglitinide analogue costs more than the treatment 

with SU or biguanide derivate (16). For these group the price and the side-effect may affect the 

choice (50).  
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As expected, larger proportion of T2DM patients were initiated on long-acting insulins 

compeered to other insulins. Globally long-acting insulins has been prescribed more than the 

other insulins, due to lower risk of hypoglycemia compared to medium-actin-insulins (50). 

Furthermore, some study suggest that long-acting insulins are more cost-effective, due to the 

lower risk of hypoglycemia complications (51). Other factors that may affect the choice of long-

acting insulins was the introduction of biosimilar (7). The introduction of biosimilar lowered the 

treatments cost with long-acting insulins (31).  In addition to the product characteristic, patient’s 

characteristic plays a role in the choice of the medication (40). Long-acting insulins are suitable 

for the elderly and fragile, those who live in special care homes and for patients with nocturnal 

hypoglycemia (11,12). Long-acting-insulins costs twice as much as short-acting and medium-

acting insulins (16). The price is not a problem, because the cost for insulins is fully covered by 

the Swedish government (21). Patient’s preferences may even influence the choice of medication 

(40). Long-acting insulins are administrated once daily compared to the other insulins, therefore 

better treatment adherence (43).  

 
5.2.2 initiation to naïve patients based on age  
The proportion of patients newly initiated on biguanide derivates were high at all four age 

groups. This result was expected. According to the reasons mentioned under 5.2.1, metformin is 

the first-line antidiabetic medication (11-12). The proportion of patients initiated on biguanide 

derivate was lower for the patients in the fourth age group. This result was also expected.  

Biguanide derivate are not suitable for those with GFR < 30 ml/min, the function of the kidney 

decreases with age (12).  The proportion of patients initiated on DPP-4Is increased with age. 

According to the recommendation list DPP-4Is are adequate treatment antidiabetic treatment for 

the elderly and those with reduced kidney function (GFR < 30 ml/min) (12). Among all ages 

sitagliptin was the most prescribed substance (see 5.2.1 for the reasons). Linagliptin was the 

second prescribed DPP-4Is, but not many patients were initiated to this substance. Linagliptin is 

a suitable treatment for treatment of T2DM patients with reduced kidney function (12). This 

substance does not require dose adjustment (23). Patient that received linagliptin may have renal 

diseases.  
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The proportion of naïve patients initiated on GLP-1-analogues were highest for those between 

18-49 years and lowest in the fourth age group (see figure 3). This result was expected according 

to the recommendation list. this drug reduces the weight and the apatite (46). These drug group 

are not suitable for the elderly, because the elderly have problems with intake of food (12). The 

other problem is that safety data is missing for the elderly (12).  

 

The proportion of patients initiated on SGLT2-inhibitors fallowed the same pattern as biguanide 

derivate (see figure 3). The lowest proportion of patients were found in the fourth age group. The 

effect of the SGLT2-inhibitors depends on the function of the kidney (23). When the kidney 

filtration decreases with age, the antidiabetic effect of these group fades away (23). The 

proportion of patients that were initiated on SU was the lowest, this result was expected 

according to the reasons mentioned in 5.2.1. The lowest proportion of patients initiated on SU 

was in the fourth age group.  SU should not be initiated for the elderly, due to the risk of 

hypoglycemia (12). Furthermore, it is not suitable for patients with GFR < 45 ml/min (the GFR 

decreases with age) (11-12).  

 

The proportion of patients initiated on insulins (see figure 4) were fluctuating between the four 

age groups. However, the highest proportion of patients initiated on insulins was found in the 

fourth age group. This result was anticipated, because insulins are suitable medication for the 

elderly (11-12). The proportion of patients initiated on long-acting insulins were high at all four 

age groups. This result was expected the reasons are discussed under 5.2.1.  

 

5.2.3 initiation to naïve patients based on the patient sex  
More men were initiated on biguanide derivate and SGLT2-inhibitors. While mor women were 

initiated on DPP-4Is and GLP-1-analogues. According to the national guidelines and the 

recommendation lists there is no special recommendation for T2DM patients based on the 

patient’s sex (12).  The proportion of T2DM patients initiated on biguanide derivate was high for 

both men and women. This result was expected, because biguanide derivate is the first-line 

antidiabetic medication and the most cost-effective (12).  
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The proportion of women initiated on DPP-4Is was higher than the proportion for men (see 

figure 5). The proportion of women in the fourth age group was higher than for men (see table 

6). DPP-4Is are more suitable medication for the elderly, due to the lower risk of hypoglycemia 

(12. 23). There is no difference in effect of DPP-4Is between men and women, but some study 

showed that women treated with sitagliptin (DPP-4Is) had a lower risk of developing 

cardiovascular complications compared to men (52-53). These studies may influence the 

physician’s choice of medication and initiate more women on DPP-4Is (40).   

 

The proportion of women initiated on GLP-1-analogues was higher than men. There are no 

studies comparing difference in effect between women and men, but in general there is no 

recognizable difference in effect between the two sexes (54). According to the Swedish National 

Diabetes Register the proportion of women with BMI > 30 is higher than for men (8). GLP-1-

analogues are suitable for patients with high BMI, because this drug group is associated with 

more weigh reduction (46). More men and women were initiated on liraglutide and semaglutide, 

but women received more liraglutide than men. Liraglutide is injected once daily and 

semaglutide once weekly (16). Patient’s preferences may affect the choice of medication (40). 

The opportunity of choosing how to administrate enhance the patient’s adherence to the 

treatment (46).  

 

More men were initiated on SGLT2-inhibitors than women. SGLT2-inhibitors are suitable for 

patients with cardiovascular problems and heart failure (12). Men have a higher risk to develop 

cardiovascular complication than women, the comorbidity may be the reason behind prescribing 

more SGLT2-inhibitors for men (40,55). Men gets more weight reduction from SGLT2-

inhibitors than women, that may be other factors for why men receive more SGLT2-inhibitors 

(56).  

 

More men were initiated on short- and medium-acting insulins, while more women were initiated 

on long-acting insulins. Short-acting insulins are associated with more hypoglycemia in women 

compared to men (57-58). The drug effect and the patients need may influence the choice (40).   

Men may have higher Hba1c-value compered to women; therefore, insulin treatment is required 
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(11-12). The study population contained a higher proportion of women in the fourth age group 

(80 years and older), that may explain why more long-acting insulin are prescribed to women 

(12). Long-acting insulins are suitable for the elderly because of lower risk of nocturnal 

hypoglycemia, and it administrated once daily (better for patients’ adherence) (12, 40, 43).  

 

5.2.4 Difference between PHCs  
Non-insulins were prescribed to a larger proportion of patients at all 25 PHC. This result was 

expected (12). The proportion of non-insulin varied between the 25 PHCs.  The PHC that 

prescribed the lowest proportion of non-insulins had less than 10 newly initiated T2DM patients 

(se table 7). Patient’s age and needs may influence the prescription pattern (40-41).  

 

The  comparison between the 25 PHC  focused on the difference in initiation between biguanide 

derivate, DPP-4is, GLP-1-analogues and SGLT2-inhibitors. The reason for that was the new 

international and national Guidelines (24,45). The new guidelines were pointing toward 

increased usage of DPP-4is, GLP-1-analogues and SGLT2-inhibitors, because of their beneficial 

effects (see 5.2.1) (45).  PHC 11 prescribed more GLP-1-analogues and less biguanide derivate. 

This PHC had more than 100 newly initiated T2DM patients. PHC 11 had more men than 

women, the majority of the patients were found at the second and the third age groups. As 

described in 5.2.3 more women were initiated on GLP-1-analogues and more men initiated on 

bigrade derivate and SGLT2-inbitors. Patties age, sex and comorbidity may influence the choice 

(41). Other factors that make this PHCs prescribe more is adapting to the new international 

guidelines (24). In Region Dalarna physician were prescribing more GLP-1-analogues and 

SGLT2-analogues compared to other Regions in Sweden (45). The physician’s attitude toward 

these drugs are more open, due to their cardioprotective effects and nephroprotective effects. 

 

There was a variation between the 25 PHCs. The variation could be prescribed sometimes by the 

patients age, sex and the number of patients initiated at each PHC, but not all the time. Some of 

the vernation may be adaption to new guidelines or it may be the physicians sticks to the 

medication that they learned to use during there education (40,45)  
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5.3 Study strengths and limitations 
 
Strengths: A cross-sectional study was conducted to study the initiation of antidiabetic drug to 

naïve diabetes patients in Region Uppsala. This study was the first conducted study of this type 

in Region Uppsala with relatively big dataset. With the use of HER clinical data was extracted 

such as the patients Hba1c-value and diagnosis. It was also possible to extract patient’s data such 

as age and sex.  This type of study was appropriate to obtain a hypothesis about how the 

physicians-initiated antidiabetic medication to naïve T2DM patients and how the age and the sex 

affected their choices. The negative part with cross-sectional study is that the found association 

may be casual or not. Therefore, more investigations are needed in form of analytical studies, to 

investigate the association between the prescription pattern and the patients age and sex.  

 

Limitations: All clinical data could not be extracted within the project time frame. The data 

extraction took a long time, due to the pandemic situation caused by covid-19. Comorbid, BMI 

and GFR-value are examples of data that could not be extracted.  Since it took time to extract the 

clinical data, there was no time to preform a regression analysis to assess the medication choice 

at the 25 PHCs.   

 

weakness: The weakness with this study was that all included patients were not naïve T2DM 

patients. Some of the included patients may had been transferred from private PHCs (so they 

may had been treated earlier with antidiabetic drugs). In this case earlier clinical data would not 

be available. All the patients had not a HbA1c-value. The Hba1c value for those who had it were 

taken after the initiation of the antidiabetic drug. Therefore, these values could not be used to 

assess the choice of medication based on the Hba1c-value.  
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6. Conclusions 
In conclusion naïve T2DM patients in Region Uppsala were initiated more on non-insulin 

antidiabetic drugs than insulins. More patients were initiated on biguanide dravite fallowed be 

DPP-4Is. Biguanide derivate are cost-effective and safe, these are factors that influence the 

prescribing of this group. The factor that influences the choice of DPP-4Is are less hypoglycemia 

suitable for the elderly and those with reduced kidney function. Long-acting insulins were 

prescribed to a larger proportion of patients than the other insulins, the reason may be less risk 

for hypoglycemia, and it is administrated once daily (better patient’s adherence).  More men 

were initiated on biguanide derivate, and SGLT2-inhibitors compared to women. Men gain more 

weight reduction from SGLT2-inbitores compared to the effect gained from GLP-1-analogues, 

so this may explain the difference. Other explanation may be that men have more cardiovascular 

problems.  More women were initiated on DPP-4is and GLP-1-analogues then men. The 

proportion of women in the elder age group were higher, that may explain why more DPP-4Is. 

There was a variation between the 25 PHCs.  The variation sometimes could be explained be the 

number of patients, age and sex, but these factors could not explain all the variation. Further 

investigations are needed, where comorbidity and other clinical data are taken into consideration 

to assess the choice of antidiabetic medication.    
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8. Appendix I 

A1 
Variable ICD-10  Additional criteria 

Disease Förekomst av diagnoserna i kombination med E11: 
under de senaste 3 åren  

Diabetes type 2 E11  
Övervikt och Fetma  E66* (E66.0-E66.9)  X 
Heart failure  I50 X  
Ischemic heart diseases (-
hjärtinfarkt ingår i denna 
grupp) 

I20-I25  X  

Kidney failure  N17-N19 X  
Peripheral arterial disease I70-I79 X  
Stroke  I63.0-I63.9 (plus G45.9) X  
Hypertension  I10 X  
Alcohol disease F10-16 X  
Skadligt nikotinbruk F17 X  
 Hyperlipidemia, 
unspecified 

 

E78.5 x 

hypercholesterolemia E78.0  x 
 
 
 
Table A2 
Läkemedelsgrupp ATC 
  
Biguanide-analogues  A10BA 
Sulphonylureas  A10BB 
Alpha-glycoside-inhibitors  A10BF 
DPP-4-inhibitors  A10BH 
SGLT2-inhibitors  A10BK 
GLP-1-receptor-analogues  A10BJ 
Fast insulin  A10AB 
Medium-acting insulin  A10AC 
Long-acting-insulin  A10AE 
Lipidsänkandemedel 
(prevention) 

C10  

 
Table A3 
Andra variabler Kriterier  
Kön  
Ålder 
 

Alla över 18 år: 
Åldersgrupper: 
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18-49 
50-64 
65-79 
80- 
 

HbA1c Senaste mätning innan 
insättningen 

GFR Senaste mätning innan 
insättningen 

BMI Senaste mättning innan 
insättningen  

Blodtryck Senast mätning innan 
insättningen 

LDL-värdet  Senaste mätning innan 
insättningen 

rökare Ja/nej om det är möjligt att 
få fram 

Vårdcentralnamn  
SÄBO?  

 


