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ABSTRACT 

Type 2 diabetes (T2D) is a major public health problem. The main concern of 

T2D is the increasing prevalence, life threatening complications, and huge 

costs of the management of T2D. Several factors, such as age, sex, 

socioeconomic status, area of living and obesity may affect the achievement 

of treatment targets for T2D patients. In addition, co-morbidities are very 

common in T2D patients which further complicates the treatment and 

increases the cost of management of T2D. Cardiovascular diseases (CVDs) 

and mental disorders are common co-morbidities associated with T2D. CVD 

is a major contributor of T2D mortality and mental disorders affect the self-

management of T2D patients. T2D patients with comorbid diseases are often 

reported having worse quality of diabetes care, more complications and poor 

achievement of treatment targets. 

The aim of this study is to explore the treatment outcomes for different 

patient groups of the T2D cohort of North Karelia, Finland from 2011–12 to 

2015–16, encompassing all T2D patients in the 13 municipalities of the 

region. Specifically, the study assesses the disparities between the process of 

care and treatment outcomes among T2D patients with and without CVD or 

mental disorders, also considering the age and sex. 

This study is designed as a register-based retrospective cohort study using 

the data from the regional electronic health records (EHR) of North Karelia, 

Finland from the period of 2011 to 2016. All the patients who had visited the 

public healthcare with a diagnosis of T2D (ICD-10 code E11) were identified 

from the regional EHRs. The study included 10,190 T2D patients who were 

alive at the end of 2012 and aged more than 20 at baseline (2011–12). At the 

end of 2016 there were 8,429 T2D patients alive and available for the follow 

up. Data on patients’ age, sex, HbA1c and LDL levels, permanent diagnoses 

and e-prescriptions were used in the study. Two process indicators and two 

intermediate outcome of care indicators were used to assess the quality of 

T2D care. HbA1c and LDL monitoring and management rates were analysed. 

Glucose lowering medications were categorised into five groups and lipid 
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medications were categorized into four groups. The effect of intensification 

and de-intensification of different treatment lines on achievement of 

treatment targets by different patient groups was also analysed in this study. 

Basic characteristics of patients were described with counts, percentages, and 

mean values. Achievement of treatment targets by different patient groups 

and use of medications were expressed with percentages. Logistic and linear 

regression models with generalised estimating equations (GEE) were used. 

Along with unadjusted results, age and sex adjusted results were presented. 

P-values of less than 0.05 were interpreted as statistically significant. 

Transition plots were used to illustrate the fluctuation of achievement of 

treatment target and trend of use of glucose lowering medications by 

different patient groups during the follow-up. 

For the whole T2D cohort of North Karelia, the monitoring of HbA1c 

levels improved but a gradual deterioration was observed in the achievement 

of target HbA1c levels. In contrast to that, LDL monitoring and the 

achievement of target LDL levels improved during the follow-up. This study 

did not find any sex difference in the monitoring of HbA1c and LDL levels 

during the follow-up. However, there was some difference in the 

achievement of LDL targets and males showed better LDL control compared 

with females. Comparing the quality of diabetes care for T2D patients with 

and without mental disorders, improvement in the monitoring of HbA1c and 

LDL levels among all T2D patient groups, except those with dementia was 

found. The achievement of HbA1c targets declined while the achievement of 

LDL targets improved for all patient groups irrespective of having mental 

disorders. Comparing different medication groups with the achievement of 

treatment targets for T2D patients with and without co-morbidities showed 

that metformin was the primary choice of treatment for all patient groups. 

However, the use of metformin alone declined during the follow-up and the 

use of metformin and/or other non-insulin medications increased. T2D 

patients who had both mental disorders and CVD were mostly treated with a 

combination of insulin and non-insulin medication. A rise in the use of 

insulin alone was also observed among this group during the follow-up. A 

deterioration in the achievement of HbA1c treatment targets was observed 
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during the follow-up despite the intensification of medication among all 

patient groups. However, the achievement of LDL treatment targets 

improved during the follow-up. In present study, many patients with 

T2D+Any mental disorder (AMD) and T2D+CVD+AMD were not using any 

lipid lowering medication, both at the baseline and follow-up. 

In nutshell, the monitoring of HbA1c and LDL levels improved during the 

follow-up for the T2D cohort of North Karelia, Finland irrespective of sex and 

co-morbidities. Patients had equal access to follow-ups. However, the 

achievement of glycaemic treatment targets declined for all T2D patients 

regardless of having CVD, mental disorders, or intensified treatments. It 

seems that maintaining the recommended glycaemic target in the long run is 

difficult for T2D patients as several factors affect the achievement of the 

treatment targets. Improvement in the achievement of LDL targets was 

observed in general for all T2D patients during the follow-up. However, sex 

disparities in the achievement of LDL treatment targets are a matter of 

concern. Females had higher LDL levels compared with males, which needs 

more attention. The large number of T2D patients with CVD and AMD not 

using any lipid lowering medication is also a concerning issue, increasing the 

risk of CVD events for this group. Active monitoring of patients, tailored 

treatment and intense patient education regarding T2D management needs 

attention to improve the quality of T2D care. 
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TIIVISTELMÄ 

Tyypin 2 diabetes (T2D) on suuri kansanterveysongelma. Haasteena ovat 

T2D:n esiintyvyyden lisääntyminen, komplikaatiot ja suuret kustannukset. 

Ikä, sukupuoli, sosioekonominen asema, asuinalue ja lihavuus ovat tekijöitä, 

jotka vaikuttavat hoitotavoitteiden saavuttamiseen T2D-potilailla. Lisäksi 

liitännäissairaudet ovat hyvin yleisiä T2D-potilailla, mikä entisestään 

vaikeuttaa hoitoa ja lisää T2D-hoidon kustannuksia. Sydän- ja 

verisuonisairaudet ja mielenterveyshäiriöt ovat yleisiä T2D:n  

liitännäissairauksia. Sydän- ja verisuonisairaudet ovat merkittävä 

kuolleisuuden aiheuttaja diabetesta sairastavilla potilailla, ja 

mielenterveyshäiriöt vaikeuttavat potilaiden omahoidon onnistumista. T2D-

potilailla, joilla on samanaikaisia sairauksia, raportoidaan usein huonompaa 

diabeteksen hoidon onnistumista ja enemmän komplikaatioita. T2D:n 

komplikaatiot ovat kuitenkin estettävissä ja hoidon kustannuksia voitaisiin 

vähentää laadukkaalla diabeteksen hoidolla. 

Tämän tutkimuksen tavoitteena on selvittää hoidon toteutumista ja 

hoitotuloksia Pohjois-Karjalan T2D-kohortissa, joka kattaa kaikki diabetesta 

sairastavat alueen 13 kunnassa. Tutkimuksessa arvioidaan iän ja sukupuolen 

mukaan eroja hoitoprosessissa ja hoitotuloksissa T2D potilailla, joilla on tai 

ei ole sydän- ja verisuonisairauksia tai mielenterveyshäiriöitä. 

Tutkimus on toteutettu rekisteripohjaisena retrospektiivisena 

kohorttitutkimuksena, jossa on käytetty Pohjois-Karjalan alueellisten 

sähköisten terveyskertomusten tietoja vuosilta 2011-2016. Kaikki potilaat, 

jotka olivat käyneet julkisessa terveydenhuollossa T2D-diagnoosilla (ICD-10 

koodi E11) tunnistettiin alueellisista sähköisestä potilastietojärjestelmästä. 

Tutkimukseen osallistui 10 190 T2D-potilasta, jotka olivat elossa vuoden 

2012 lopussa ja olivat lähtötilanteessa yli 20-vuotiaita (2011-12). Vuoden 

2016 lopussa 8 429 T2D-potilasta oli elossa ja käytettävissä seurantaan. 

Tässä tutkimuksessa käytettiin tietoja potilaiden iästä, sukupuolesta, HbA1c- 

ja LDL-tasoista, pysyvistä diagnooseista ja sähköisistä resepteistä. 

Kansainvälisesti hyväksyttyjen hoidon laadun mittausindikaattoreiden 
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perusteella määriteltiin kaksi prosessia (HbA1c- ja LDL-mittaukset) ja kaksi 

välitulosta (HbA1c- ja LDL-tavoitteen saavuttaminen) kuvaavaa 

indikaattoria. Tutkimuksessa analysoitiin HbA1c:n ja LDL:n seurantaa ja 

hoitotulosten saavuttamista. Glukoosia alentavat lääkkeet luokiteltiin viiteen 

ryhmään ja lipidilääkkeet neljään ryhmään. Tutkimuksessa analysoitiin 

glukoosi- ja lipidihoidon tehostamisen ja vähentämisen vaikutusta eri 

potilasryhmien hoitotavoitteiden saavuttamiseen. 

Potilaiden perusominaisuudet kuvataan lukumäärillä, prosenttiosuuksilla 

ja keskiarvoilla. Hoitotavoitteiden saavuttaminen eri potilasryhmissä ja 

lääkkeiden käyttö raportoidaan prosentteina. Tutkimuksessa käytettiin 

logistisia ja lineaarisia regressiomalleja yleistetyillä estimointiyhtälöillä 

(GEE), koska toistuvat mittaukset voidaan ottaa huomioon tällä mallilla. 

Vakioimattomien tulosten lisäksi esitettiin iän ja sukupuolen mukaan 

vakioidut tulokset. P-arvot, jotka olivat alle 0,05, tulkittiin tilastollisesti 

merkitseviksi. Siirtymäkaavioita käytettiin havainnollistamaan hoidon 

tavoitteen saavuttamisen vaihtelua ja glukoosia alentavien lääkkeiden 

käyttötrendiä eri potilasryhmissä seurannan aikana. 

HbA1c-tasojen seurannassa havaittiin parannusta. HbA1c-tavoitteen 

saavuttaminen kuitenkin heikkeni vähitellen. Sitä vastoin LDL-seuranta ja 

LDL-tavoitetason saavuttaminen paranivat seurannan aikana. Tässä 

tutkimuksessa ei havaittu sukupuolten välistä eroa HbA1c- ja LDL-tasojen 

seurannassa. LDL-tavoitteen saavuttamisessa oli kuitenkin eroa ja miehillä 

oli parempi LDL-kontrolli naisiin verrattuna. 

Verrattaessa diabeteksen hoidon laatua T2D-potilailla, joilla oli tai ei ollut 

mielenterveysongelmia, havaittiin HbA1c- ja LDL-tasojen parantuneen 

seurannassa kaikissa T2D-potilasryhmissä dementiaa sairastavia lukuun 

ottamatta. HbA1c-tavoitteiden saavuttaminen heikkeni ja LDL-tavoitteen 

saavuttaminen parani kaikissa potilasryhmissä mielenterveyshäiriöistä 

riippumatta. 

Metformiini on ensisijainen hoitovaihtoehto kaikille potilasryhmille. 

Pelkän metformiinin käyttö väheni seurannan aikana ja metformiinin ja/tai 

muiden ei-insuliinilääkkeiden käyttö lisääntyi. T2D-potilaita, joilla oli sekä 

sydän- ja verisuonisairauksia että mielenterveysongelmia, hoidettiin 



 

9 

enimmäkseen ei-insuliinilääkkeiden ja insuliinin yhdistelmällä. Pelkän 

insuliinin käytön kasvua havaittiin myös tässä ryhmässä seurannan aikana. 

Seurannan aikana havaittiin HbA1c-hoitotavoitteen saavuttamisen 

heikkenemistä lääkityksen tehostamisesta huolimatta kaikissa 

potilasryhmissä. LDL-hoitotavoitteen saavuttaminen parani kuitenkin 

seurannan aikana. Tässä tutkimuksessa monet potilaat, joilla oli T2D ja 

mielenterveysongelma tai T2D, sydän- ja verisuonitauti ja 

mielenterveveysongelma, eivät käyttäneet mitään lipidejä alentavia lääkkeitä 

lähtötilanteessa eivätkä seurannassa. 

HbA1c- ja LDL-tasojen seuranta parani seurannan aikana Pohjois-

Karjalan T2D-kohortissa sukupuolesta ja liitännäissairauksista riippumatta. 

Potilailla oli yhtäläinen pääsy seurantatutkimuksiin. Glykeemisen 

hoitotavoitteen saavuttaminen kuitenkin heikkeni kaikilla T2D-potilailla 

riippumatta tehostetusta hoidosta. Näyttää siltä, että suositellun glykeemisen 

tavoitteen ylläpitäminen pitkällä aikavälillä on vaikeaa T2D-potilaille, koska 

useat tekijät vaikuttavat hoitotavoitteiden saavuttamiseen. Parantumista 

LDL-tavoitteen saavuttamisessa havaittiin yleisesti kaikilla T2D-potilailla 

seurannan aikana. Sukupuolten väliset erot LDL-hoitotavoitteen 

saavuttamisessa ovat kuitenkin huolestuttavia. Naisilla oli korkeammat LDL-

tasot kuin miehillä, mikä vaatii enemmän huomiota. Niiden potilaiden suuri 

määrä, jotka eivät käytä lipidejä alentavia lääkkeitä, on myös huolestuttavaa 

sydän- ja verisuonitautitapahtumien riskin lisääntymisen näkökulmasta. 

Potilaiden aktiivinen seuranta, räätälöity hoito ja intensiivinen potilasohjaus 

vaativat huomiota hoidon laadun parantamiseksi. 
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1 INTRODUCTION 

Diabetes has become a common chronic disease globally. The prevalence of 

diabetes in the total global population has increased during the last few 

decades from 4.5% in 2000 to 10.5% in 2021. Around 537 million people 

around the world have diabetes and among them 90% have type 2 diabetes 

(T2D). This is alarming because T2D affects the quality of life of the 

individual and poses a huge financial and resource burden on healthcare 

systems. Additionally, T2D patients suffer from severe microvascular or 

macrovascular complications during the disease course reducing their 

wellbeing (International Diabetes Federation 2021a). It has been observed 

that microvascular complications such as retinopathy start to develop as 

early as 7 years before the diagnosis of T2D and about 21% of T2D patients 

have diabetic retinopathy at the time of diagnosis (Harris 1993). 

Furthermore, it has been found that almost 7.3% of T2D patients already 

have microalbuminuria at the time of diagnosis (Adler et al. 2003). T2D-

related complications can lead to disabilities, such as lower limb amputations 

or visual impairments and are also major contributors towards premature 

death among working age adults (Fowler 2011). 

Complications related to T2D are a major concern because their 

management is more expensive than the management of the disease itself 

(Chevreul et al. 2014). T2D has a huge economic impact on healthcare 

expenditure worldwide. It can be observed that the cost of T2D management 

is almost nine times higher for patients with multiple complications 

compared with those who have only T2D (Al-Maskari et al. 2010). In Finland 

the cost of management has been found to be almost four times higher for 

those with additional diseases compared with those who only have T2D 

(National Institute for Health and Welfare 2021). 

In addition, co-morbidities are also frequent among T2D patients. The 

duration of T2D, aging and high body mass index (BMI) are found to be the 

major contributors to having a comorbidity and thus also in developing more 

complications (International Diabetes Federation 2021a). Co-morbidities 
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such as cardiovascular diseases are found to be associated with T2D 

frequently. It has been observed that among T2D patients almost 32% suffer 

from CVDs (Einarson et al. 2018). They are also considered important factors 

for T2D mortality (Einarson et al. 2018; International Diabetes Federation 

2021a). Furthermore, T2D patients often suffer from mental disorders. 

Mental disorders are a special concern because they affect the self-

management of T2D patients. These patients often fail to achieve treatment 

outcomes because of the poor medication adherence and self-management 

ability, which leads to further complications (Goldberg et al. 2007; 

Nowakowska et al. 2019; Piette & Kerr 2006; Robinson et al. 2018, 2013). 

Nevertheless, the management of T2D is complicated because of the 

progressive nature of the disease, co-morbidities, and heterogeneity of the 

patients. Despite multiple, well established and evidence-based guidelines 

regarding the management of T2D patients, sub-optimum achievement of 

the treatment targets often occurs (Stone et al. 2013). The main goal of the 

treatment of T2D patients is to improve the glucose levels and quality of life 

of the patient; reduce the risks of complications and avoid hypoglycaemia 

(Working group set up by the Finnish Medical Society Duodecim 2020). 

Recent guidelines suggest following individualized treatment targets for T2D 

patients based on their baseline glucose levels, age and associated co-

morbidities (Buse et al. 2020; Davies et al. 2018). Generally, T2D treatment 

starts with lifestyle modification and then adding pharmacological treatment 

if the treatment targets are not achieved (Working group set up by the 

Finnish Medical Society Duodecim 2020). Evidence suggests that the timely 

intensification of glucose lowering treatment helps to improve the glucose 

levels of T2D patients (Buysman et al. 2018). 

The quality of diabetes care for different patient groups has been studied 

earlier internationally (Desai et al. 2002; Frayne et al. 2005; Jones et al. 

2004; Krein et al. 2006) and the association of different treatment options 

and the achievement of treatment targets among certain treatment groups 

has also been analyzed (Bashier et al. 2019; Turner 1998; Turner et al. 1999). 

However, it is difficult to draw coherent conclusions based on prior results 

because of the differences in study design, area, population, and organization 
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of different healthcare systems. In Finland, information on the effect of 

different glucose lowering and lipid lowering medication on achievement of 

treatment targets is scarce. Additionally, knowledge on the achievement of 

treatment targets among patients with multiple co-morbidities is missing. At 

present, it is not fully clear how well the guidelines are followed and whether 

the treatment targets are achieved. Therefore, this study intends to provide 

up-to-date information about the quality of T2D care and the achievement of 

diabetes treatment targets among different patient groups by considering 

age, sex and co-morbidities in North Karelia, where a regional electronic 

health record (EHR) database enables flexible data retrieval of patient 

information. 
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2 REVIEW OF THE LITERATURE 

2.1 Type 2 diabetes 

2.1.1 Definition and pathophysiology 

T2D is a metabolic disorder characterised by hyperglycaemia due to insulin 

deficiency and/or insulin resistance. Insulin resistance occurs when insulin is 

unable to reduce the plasma glucose levels by decreasing the glucose 

production from the liver and increasing the glucose utilization in skeletal 

muscle and adipose tissue (Fujimoto 2000). It not only poses a risk to an 

individual at risk of T2D but is also a major contributor to developing CVD. It 

has been shown that there is an association between insulin resistance and 

the risk of developing CVD (Gast et al. 2012) and several molecular 

mechanisms are involved behind this association (Ormazabal et al. 2018). 

Furthermore, insulin secretion is reduced due to the dysfunction of β-cells 

which interrupts the maintenance of normal glucose levels typically known as 

insulin deficiency. The presence of one or both pathological states (insulin 

deficiency and resistance) further increases the hyperglycaemic state 

resulting in the onset of T2D (Galicia-Garcia et al. 2020). 

2.1.2 Challenges in the management of type 2 diabetes  

T2D is a progressive disease, and a major cause for the progression is a 

decline in β-cell function. It is believed that the reduction of β-cell function 

starts even before the diagnosis of T2D and continues for the entire course of 

the disease (Fonseca 2009). Large prospective studies and randomised 

clinical trials have show that β-cell deterioration continues even after the 

treatment (Kahn et al. 2006; Turner et al. 1999; UK Prospective Diabetes 

Study (UKPDS) Group 1998; United Kingdom prospective diabetes study 

(UKPDS) 1995). In UKPDS studies, treatment with metformin, sulfonylurea 

and insulin initially reduced HbA1c levels when compared to lifestyle 

treatment. However, after a follow-up of 11 years the HbA1c level had 
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increased considerably (UK Prospective Diabetes Study (UKPDS) Group 

1998; United Kingdom prospective diabetes study (UKPDS) group 1998). In 

the Diabetes Outcome Progression Trial (ADOPT), treatment with single 

antidiabetic medication failed over time. It was observed that the cumulative 

incidence of single antidiabetic medication failure at five years of follow-up 

was 15% for rosiglitazone, 21% for metformin and 34% for glyburide (Kahn et 

al. 2006). Fonseca (2009) studied the deteriorating β-cell function with the 

progression of T2D and in his review, he noticed that HbA1C rose by 1.0 

HbA1c%/2 years despite the treatment (Fonseca 2009). This phenomenon 

worsens the glycaemic control and subsequently gives rise to diabetes-related 

complications (Lee et al. 2021). Findings from Fonseca et al., UKPDS and 

ADOPT studies show that, although antidiabetic medication lowers the 

HbA1C levels initially, failure to maintain the glucose levels is observed in the 

long run. Thus, to maintain good glycaemic control and avoid complications 

tailored treatment strategies with appropriate glucose-lowering medications 

are needed (Working group set up by the Finnish Medical Society Duodecim 

2020). 

2.1.3 Consequences of the poor glucose management 

T2D patients suffer from several vascular complications during their disease 

course despite having antidiabetic medications, disease progression 

monitoring (Stolar 2010) and guidelines for the management of T2D 

(American Diabetes Association 2021a; Buse et al. 2020; Working group set 

up by the Finnish Medical Society Duodecim 2020). A large prospective 

observational study evaluating the association between prolonged exposure 

to hyperglycaemia and the risk of having complications showed that the 

development of complications for T2D patients was significantly associated 

with hyperglycaemia (Stratton et al. 2000). 

Prolonged exposure of high glucose level leads to several vascular 

complications such as diabetic neuropathy, nephropathy, and retinopathy 

among T2D patients: also known as microvascular complications (Faselis et 

al. 2019). A recent literature review by Faselis et al. found that about a 
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quarter of T2D patients had diabetic nephropathy and retinopathy and about 

half of the study population suffered from diabetic neuropathy (Faselis et al. 

2019). A study from the USA examining the costs related to the management 

of microvascular complications of T2D between the year 2003 and 2004 

showed that about 15,326 patients suffered from microvascular 

complications and among them 61% had peripheral neuropathy, 28% had 

diabetic retinopathy and 19% had nephropathy. T2D patients who had 

microvascular complications consumed more healthcare resources compared 

to those without complications due to prolonged hospital stays, more visits to 

the physician and having more prescriptions for glucose lowering 

medications. Moreover, the average total cost of management of T2D 

patients with microvascular complications was USD 14,414 per patient, 

whereas the cost was about USD 8,669 for those without any microvascular 

complications (Pelletier et al. 2009). The challenge with microvascular 

complications is that the development starts even before the diagnosis when 

patient has impaired glucose tolerance and accelerates during the disease 

course (Stolar 2010). Thus, it is important to detect and manage 

microvascular complications among T2D patients as early as possible to 

achieve better treatment outcomes (Faselis et al. 2019). 

Macrovascular complications of T2D usually include cardiovascular 

diseases (CVD), cardiomyopathy, arrhythmias, cerebrovascular diseases, and 

peripheral artery diseases (Viigimaa et al. 2019). Several risk factors such as 

hyperglycaemia, dyslipidaemia, hypertension (HTN) and being underweight 

or overweight have been found to influence the development of CVD among 

T2D patients (Lastra et al. 2014; Shan et al. 2017; Wang et al. 2021). 

The pathogenesis of CVD due to hyperglycaemia is a complicated process. 

However, studies have suggested some theories about the association of 

hyperglycaemia and the development of CVD (Chawla et al. 2016; Paneni et 

al. 2013). It has been observed that hyperglycaemia rises the production of 

reactive oxygen species (ROS) leading to inactivation of nitric oxide (NO) 

(Paneni et al. 2013), which later alters the endothelial function and 

endothelial disfunction is considered as one of the main reasons for the 

development of CVD (Huang et al. 2017). 
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Dyslipidaemia is considered a key risk factor for the development of CVD 

among patients with T2D. High plasma triglyceride (TG), low HDL 

cholesterol and a high level of small dense LDL-cholesterol are the typical 

characteristics of diabetic dyslipidaemia (Stefanović et al. 2019). Omodanisi 

et al. investigated the prevalence of dyslipidaemia among T2D patients in 

South Africa and found that among males almost 94% and about 84% of 

females had dyslipidaemia (Omodanisi et al. 2020). It is important to 

manage lipid levels to prevent the risk of CVD among T2D patients. National 

and international guidelines suggest aggressive management of lipid levels 

either via behaviour change or lipid lowering medication for both primary 

and secondary prevention of CVD (American Diabetes Association 2021b; 

Working group set up by the Finnish Medical Society Duodecim 2022). 

A study in Brazil estimating the prevalence of risk factors and their 

association with diabetes complications noticed that almost 70.9% of T2D 

patients had high blood pressure and it was the most common complication 

among the study cohort (Silva et al. 2017). T2D patients with HTN were 

found to be at a higher risk of developing CVD and chronic kidney disease 

(CKD). Faulty initiation of the renin angiotensin aldosterone system, 

oxidative stress, inflammation, problems with insulin-mediated 

vasodilatation, increased sympathetic nervous system activation, changes in 

the immunity system and atypical management of sodium by the kidney were 

some factors that caused the co-existence of HTN and T2D (Lastra et al. 

2014). A Finnish study with 49,775 subjects aged 25–74 with T2D and HTN 

at the baseline assessed the incidence and mortality of CVD during the 

follow-up. The study showed that when T2D and HTN occurred individually 

they increased the risk of having CVD both for males and females. The 

combination of HTN and T2D further raised the chance of having CVD 

significantly especially for females. The risk of incident CHD among women 

with HTN was 1.52 to 2.37 depending on the level of BP. For those with T2D 

the risk was 5.63 and if the patient had both HTN and T2D the risk was as 

high as 6.10 to 7.41, again depending on the BP level (Hu et al. 2007). 

The main aim of the management of T2D patients is to improve the 

quality of life of the patient and prevent or delay the onset of complications 
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(American Diabetes Association 2021a; Working group set up by the Finnish 

Medical Society Duodecim 2020). A large prospective observational study 

including data from 38 countries investigated the effect of vascular 

complications of T2D on the quality of life of T2D patients. The study showed 

that the occurrence of peripheral artery disease and neuropathy were 

associated with a poor physical quality of life, and having cerebrovascular 

disease was related to a reduced mental quality of life (Arnold et al. 2022).  

2.1.4 Common co-morbidities of type 2 diabetes 

Co-morbidities are common for T2D patients. Common co-morbidities 

observed in T2D patients include CVD, HTN, hyperlipidaemia, obesity and 

depression (Akın & Bölük 2020; Ekoru et al. 2019; Pantalone et al. 2015). A 

study investigating the comorbidity burden of T2D in a large English primary 

care cohort found that on average more than one co-morbidity were present 

at the time of diagnosis for the whole T2D cohort (1.4±1.3; mean±SD) and 

among those living in a deprived area the mean number of comorbidities 

ranged from 1.3±1.3 to 1.4±1.4 in the least deprived area and the most 

deprived area, respectively. In addition, the prevalence of depression 

increased and was expected to affect 33% of females and 15% of males 

diagnosed with T2D by 2027 (Nowakowska et al. 2019). A study analysing 

data of 4,545 T2D patients from primary care services in Rovaniemi Health 

Centre also noticed the presence of additional diseases at the time of 

diagnosis among almost 93% of T2D patients (Heikkala et al. 2021). Cicek 

and colleagues investigating the association of T2D with multiple co-

morbidity clusters noticed that some of the frequently occurring co-

morbidities for T2D patients were HTN, microvascular conditions, lipid 

disorders, CVD, and depression (Cicek et al. 2021). 

The most common and serious co-morbidities associated with T2D are 

cardiovascular diseases (CVD). Adults with T2D have higher risk of CVD 

compared to those without T2D (International Diabetes Federation 2016). 

However, CVD can act as both complication and comorbidity for T2D 

patients because it can develop as a consequence of macrovascular 
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complications (Huang et al. 2017) or be present already from the beginning 

as it also shares some common risk factors with T2D (Leon 2015). A 

systematic literature review assessing the prevalence of CVD among T2D 

patients showed that CVD affects about 32% of T2D patients globally and it is 

a major cause of death (Einarson et al. 2018). 

Mental disorders are also common among T2D patients. A retrospective 

observational study of 63,365 T2D patients in Spain assessed the prevalence 

of comorbid mental disorders and their connections with T2D outcomes and 

found that one in every five T2D patients had at least one mental health 

problem such as depression, anxiety, schizophrenia, or substance use 

disorder (Inmaculada et al. 2020). The prevalence of depression among T2D 

patients was over 20% in Spain in 2011 and 23% in Vietnam in 2019 and both 

studies observed an association between T2D and depression (Salinero-Fort 

et al. 2018; Tran et al. 2021). A meta-analysis by Anderson et al. investigating 

the prevalence of comorbid depression among adults with T2D showed that 

the chances of having comorbid depression doubles with the presence of T2D 

(Anderson et al. 2001). A large prospective cohort study noticed a significant 

association between the use of anti-diabetic medication (both oral glucose-

lowering agents and insulin) and depression (OR 1.802). Painful injections of 

insulin and frequent self-monitoring of glucose levels have been found to 

increase the stress level leading to depressive symptoms among T2D patients 

(Brilman & Ormel 2001). Despite the treatment, poor achievement of 

treatment targets by T2D patients may lead to a deterioration of mood, 

elevation of stress levels, poor life satisfaction, and all these changes together 

might influence the incidence of depression among T2D patients (Salinero-

Fort et al. 2018). Depression along with T2D also increases the probability of 

having CVD (Katon et al. 2005; Zhang et al. 2005). 

Furthermore, the literature has shown that T2D patients are at a higher 

risk of suffering from cognitive impairment and dementia (Biessels et al. 

2006; Cukierman et al. 2005). A meta-analysis of prospective observational 

studies showed that there is 73% increased risk of dementia among T2D 

patients (Gudala et al. 2013). Haroon et al. investigating the risk of dementia 
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in newly diagnosed elderly T2D patients found a 16% increase in the risk of 

dementia (Haroon et al. 2015). 

2.2 Burden and costs of type 2 diabetes 

2.2.1 Type 2 diabetes disease burden in Europe 

Diabetes mellitus is one of the fastest growing public health problems that 

has already reached a global epidemic status. Based on the 10th edition of the 

Diabetes Atlas of the International Diabetes Federation (IDF), around 537 

million people are living with diabetes worldwide, and it is projected to be 

783 million by 2045. In Europe, around 61 million people aged 20–79 were 

suffering from diabetes in 2021 and the number is expected to increase to 69 

million by 2045. Among those who are suffering from diabetes, over 90% 

have T2D (International Diabetes Federation 2021a). The number of T2D 

cases in Germany is expected to increase from 6.9 million in 2015 to 8.3 

million by 2040 (Tönnies et al. 2019). At present around 4 million people in 

England are living with T2D (Diabetes UK 2019). In France, the prevalence 

of T2D increased from 11.5% to 12.1% in males and 7.9% to 8.4% in females 

during 2010 to 2017, respectively (Fuentes et al. 2020). The Hellenic 

National Nutrition and Health Survey data from Greece was analysed by 

Magriplis and his colleagues to estimate the prevalence and proportion of 

undiagnosed T2D patients. The prevalence of T2D in Greece was 5.2% among 

the whole study population, but the prevalence was even higher among the 

older patient group (13.7% in adults aged >60 years). This study also 

observed that about 27.3% of adults had impaired fasting glucose (IFG) and 

about 40% of the patients were undiagnosed (Magriplis et al. 2021). 

About 21.9 million people with diabetes are still undiagnosed in the 

European region (International Diabetes Federation 2021a). It has been 

observed that risk factors for the development of T2D-related complications 

start to increase during the undiagnosed period (Harris & Eastman 2000), 

and about one third of T2D patients have one or more complications present 

even at the time of diagnosis (Gedebjerg et al. 2018). The huge number of 
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undiagnosed T2D patients and upward trend of incidence and prevalence of 

T2D are concerning because they can put tremendous pressure on healthcare 

systems and expenditure (International Diabetes Federation 2021a). 

The prevalence of T2D doubled in Finland from 2006 to 2018 and it has 

increased by 7.8% per year (Laine et al. 2020). In addition, deaths due to 

diabetes also increased from 2,753 patients in 2011 to 9,338 patients in 2021 

(International Diabetes Federation 2021b, 2011). The chances of having T2D 

increase with age (Magriplis et al. 2021) and the proportion of elderly T2D 

patients has increased in Finland (Laine et al. 2020). Although the 

management of T2D has been good in Finland (Lamidi et al. 2020), the 

growing prevalence of the disease and number of elderly T2D patients 

signifies that T2D is going to be one of the major public health problems and 

economic challenges in the near future. 

2.2.2 Costs of type 2 diabetes 

The management of T2D is not only complicated but also costly. In addition, 

the management of complications related to T2D poses an additional 

economic burden (Chevreul et al. 2014). The direct global cost of diabetes 

management was 966 billion USD in 2021 and it is expected to increase up to 

1.05 trillion by 2045. According to the IDF report, Europe was the 3rd 

highest region in the total diabetes-related health expenditure (USD 189 

billion) among the seven IDF Regions such as Africa, Europe, Middle East 

and North Africa, North America and Caribbean, South and Central America, 

South-East Asia, and Western Pacific (International Diabetes Federation 

2021a). Hex et al. investigated the economic burden of diabetes in the UK 

and found that the direct cost of T2D management was £ 8.8 billion in 2010–

11 and it is expected to be as high as £ 15.1 billion by 2035–36 (Hex et al. 

2012). In France, direct expenditure for T2D management was about 8.8 

billion euros already in 2013 (Charbonnel et al. 2018). A study estimating the 

mean annual cost of treatment of T2D in Greece found that the total annual 

cost for the management of T2D patients was about 7,111 euros/person and 

the cost was even higher for those with poor glycaemic control (Migdalis et 
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al. 2015). In 2011, the direct diabetes management costs in Finland were 

1,300 euros / person/year without additional diseases and 5,700 

euros/person/year when associated with additional diseases (National 

Institute for Health and Welfare 2021). 

Inadequate glucose control is directly related to higher chances of 

hospitalization and increased medication costs and thus to higher healthcare 

costs (Mata-Cases et al. 2020). Stegbauer et al. explored significant cost 

contributors and cost-saving opportunities of diabetes management in his 

cost analysis review on T2D. He found that a major contributor to healthcare 

costs for T2D patients are hospitalisations and prescriptions. The direct costs 

of T2D management were mostly related to the self-management of blood 

glucose and prescriptions in Germany, while hospitalisations due to diabetes 

and prescriptions were the main contributor to the higher cost of T2D 

management in France. The prevention of diabetes-related complications 

including maintaining glycaemic control was suggested as the best way to 

reduce the costs related to T2D management (Stegbauer et al. 2020). 

2.3 Monitoring and achievement of treatment targets 

Regular monitoring of T2D patients provides the opportunity to plan and 

tailor management strategies and thus avoid complications (Working group 

set up by the Finnish Medical Society Duodecim 2020). In Europe, 

guidelines for the management of T2D patients are available in almost every 

country. However, sub-standard achievement of treatment targets is often 

observed, and it seems that adherence to the guidelines for the management 

of T2D is inadequate (Maier et al. 2008).  

2.3.1 Glucose and lipid monitoring 

A study investigating the levels of adherence to the guidelines for the 

management of T2D in eight European countries (Belgium, France, 

Germany, Italy, Ireland, Sweden, the Netherlands, and the United Kingdom) 

found that on average over 90% of the T2D patients had their glucose level 
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(HbA1c level) checked and over 80% of patients had their LDL level checked 

in the past 12 months. However, variations in the glucose and lipid 

monitoring were observed between these countries. HbA1c measurements 

varied ranging from 94.7% in Ireland to 99.3% in the Netherlands. The 

largest variation was observed in LDL measurements between the countries 

ranging from 63.5% in Sweden to 96.8% in the Netherlands (Stone et al. 

2013). 

Analysing the monitoring and quality of care for patients with T2D in 

North Karelia, Finland, Tirkkonen et al. found that almost 83% of the 

patients had their HbA1c measurements taken and about 75% of patients had 

had LDL level measurements in 2011–12 (Tirkkonen et al. 2014). However, a 

study examining the trends in the measurement rates of HbA1c and LDL 

levels among T2D patients noticed that measurement rates of HbA1c and 

LDL declined over the time. The annual HbA1c measurement rate was 78.1% 

in 2012 and dropped to around 76% in 2017. LDL measurement rates showed 

less fluctuation being 69.1% in 2012 and reducing slightly to about 68.5% in 

2017 (Lamidi et al. 2020). 

Several factors such as young age, newly diagnosed T2D patients and 

lower income are responsible for the inadequate measurement of HbA1c and 

LDL among T2D patients (Lewing et al. 2022). A systematic literature review 

by Grinstova et al. analysed the disparity in the quality of diabetes care. The 

study found that poor achievement of process of care indicators were 

associated with a low socioeconomic status and living in deprived areas 

(Grintsova et al. 2014). In Finland, poor area level socioeconomic status was 

associated with lower measurement rate of HbA1c (Sikiö et al. 2014). 

2.3.2 Management of glucose and lipid levels 

The main concern for T2D patients is the development of diabetes-related 

complications and several landmark studies have shown that good glycaemic 

control can reduce the chances of developing long-term complications among 

T2D patients (Ismail-Beigi et al. 2010; The ADVANCE Collaborative Group 

2008; United Kingdom prospective diabetes study group & Turner 1998). 
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Keeping glucose levels within the recommended level (HbA1c <7% or < 53 

mmol/mol) is one of the utmost important goals in the management of T2D 

(American Diabetes Association 2021a; Working group set up by the Finnish 

Medical Society Duodecim 2020). Several guidelines are available for the 

management of T2D (American Diabetes Association 2021c; Buse et al. 

2020; Davies et al. 2018; Working group set up by the Finnish Medical 

Society Duodecim 2020) but poor achievement of glycaemic control is often 

reported. 

Stone and his colleagues analysed the data of 7,597 T2D patients from 

medical records of both primary and specialised care to observe the quality of 

diabetes care in different European countries. The study reported that only 

about half of the population (53.6 %) achieved the treatment targets for 

HbA1c <7% or 53 mmol/mol. Variation in the achievement of the glucose 

target was also observed between the countries. The highest achievement of 

the glucose treatment target was observed in the Netherlands (70.5%) 

whereas in Italy the achievement of the glucose target was as low as 35.7% 

(Stone et al. 2013). 

The national diabetes register of Sweden enables the country to follow the 

treatment outcomes of T2D regularly. A current analysis showed that about 

56.4% of T2D patients in primary care achieved HbA1c < 6.9% or 52 

mmol/mol (Swedish National Diabetes Register (NDR) 2020), which is lower 

than the general HbA1c recommendation (HbA1c <7% or 53 mmol/mol) 

according to different guidelines (American Diabetes Association 2021a; 

Working group set up by the Finnish Medical Society Duodecim 2020). It 

seems that achievement of HbA1c treatment targets among Swedish T2D 

patients could be higher if they also used the cut-off point of HbA1c <7% or 

53 mmol/mol. 

In addition to glycaemic control, the management of lipid levels is also 

extremely important as T2D patients are at higher risk of developing CVD 

(International Diabetes Federation 2021a). Abnormal LDL-cholesterol is 

considered one of the major risk factors for the development of CVD 

(Stefanović et al. 2019). With the reduction of LDL levels by 1 mmol/l T2D 

patients can reduce the risk of CVD by 22% (Cholesterol Treatment Trialists’ 
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(CTT) Collaborators et al. 2008). In a study by Stone et al., 55% of T2D 

patients achieved the treatment target of LDL < 2.6 mmol/l. Variation in the 

achievement of lipid treatment targets was very high among the European 

countries despite setting and keeping the target LDL level higher (2.6 

mmol/l) (Stone et al. 2013) than the present recommendation (<2.5 mmol/l) 

(Working group set up by the Finnish Medical Society Duodecim 2020). 

Better achievement of the LDL target was observed in Ireland (76.9%), 

whereas the lowest achievement of the LDL target was observed in Germany 

(30.7%) (Stone et al. 2013). Lipid levels of T2D patients are also registered in 

the diabetes register of Sweden and they have reported that about 62.1% T2D 

patients achieved the recommended treatment target of LDL <2.5 mmol/l 

(Swedish National Diabetes Register (NDR) 2020). 

A population-based study from Denmark examined the trends in HbA1c 

and LDL measurements and treatment outcomes among T2D patients 

initiating glucose lowering medication for the first time. The study found an 

improvement in the achievement of the treatment targets (HbA1c <7% or 53 

mmol/mol) from 54% in 2000 to 81% in 2016. However, poor HbA1c levels 

at the baseline and before treatment were associated with greater reduction 

in glucose levels post treatment. The trend of lipid control was also assessed 

in the study, and they noticed huge improvements in the achievement of the 

lipid treatment targets among T2D patients in Denmark. The achievement of 

the target lipid level (LDL <2.6 mmol/l) improved from 23% in 2000 to 65% 

in 2016 (Knudsen et al. 2020). Changes in diagnostic criteria, updating the 

treatment guidelines, and multiple treatment options are some important 

factors influencing the improvement in care (The American Diabetes 

Association 2019). 

In Finland, a national diabetes register is not available but information 

about the quality of diabetes care has been reported in different evaluations. 

In 1993, the treatment outcomes for T2D were evaluated by analysing the 

data from 51 randomly selected health centres in different regions of Finland. 

The study reported poor HbA1c control (median HbA1c 8.4% units) among 

T2D patients, but they could not provide any information about the lipid 

control (Valle et al. 1999). Later in 2000–2001 outcomes of care were 
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analysed in the Development Programme for the Prevention and Care of 

Diabetes in Finland (DEHKO) which provided information both about 

glycaemic and lipid control. They noticed an improvement in the glucose 

control (median HbA1c 7.6% units). LDL levels were not within the 

recommended level (LDL <2.5 mmol/l) but were not extremely poor either 

(median 3.1 mmol/l) (Valle & Tuomilehto 2004). DEHKO replicated the 

investigation of care outcomes again in 2009–2010. Within an almost eight-

year window period from the first evaluation the study observed significant 

improvements in HbA1c and LDL levels among T2D patients. In 2009–2010, 

the median HbA1c level was 6.7% units and the LDL level was 2.4 mmol/l 

(Valle & working group 2010). A unique database established for the 

Diabetes in Finland (FinDM) project provided an opportunity to monitor the 

quality-of-care of T2D patients nationwide from 1964 to 2017 (Arffman et al. 

2020a). Information on the incidence and prevalence of T2D, co-morbidities 

and the quality of care among T2D patients were provided in separate 

evaluations using the FinDM database (Arffman et al. 2020b, Arffman et al. 

2020a; Winell et al. 2018). Data on the quality of diabetes care is available 

from a few separate evaluations from the North Karelia region of Finland as 

well, where EHRs were established and easy access to data was enabled 

(Lamidi et al. 2020; Tirkkonen et al. 2014). Tirkkonen et al. analysed the 

treatment outcomes among a T2D cohort from North Karelia during the 

period of 2011–2012. The study reported that the proportion of patients 

achieving glucose treatment targets was about 72% and the achievement of 

lipid treatment targets was only about 55% in 2011–12 (Tirkkonen et al. 

2014). A recent study by Lamidi et al. reported deterioration in the 

achievement of the treatment targets for HbA1c from 72.7% to 67.3%, while 

the achievement of the LDL treatment targets improved from 53.4% to 59.5% 

between years 2012–2017 (Lamidi et al. 2020). 
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2.4 Treatment outcomes among patients with co-

morbidities 

It is reported that co-morbidities complicate the diabetes management and 

make it difficult for patients and healthcare professionals to focus solely on 

T2D management, which may lead to poor treatment outcomes (Hussain & 

Chowdhury 2019; Piette & Kerr 2006). However, the association between co-

morbidities and the achievement of the treatment targets is not fully 

understood. A study assessing the influence of the comorbidity type and 

severity on treatment prioritization and self-management of T2D patients 

showed that the presence of a higher number of co-morbidities reduced the 

prioritization of the disease (T2D) by the patient and lowered the self-

management ability (Kerr et al. 2007). However, Bayliss et al. observing the 

association of incidence of comorbid conditions with glycaemic control found 

no significant change in HbA1c levels before and after the onset of co-

morbidities (Bayliss et al. 2011). 

2.4.1 Patients with type 2 diabetes and cardiovascular disease 

A study observing the effect of glycaemic control on the association of 

endothelial dysfunction and CVD among T2D patients found that poor 

glycaemic control negatively affects the endothelial function and increases 

the chances of having CVD (Chen et al. 2021). Studies investigating the 

association of glycaemic control and CVD outcomes have shown uncertain 

results. The large prospective UKPDS study showed that each 1%-unit 

reduction in HbA1c concentration reduces the chances of having a 

myocardial infarction (MI) by 14% (Stratton et al. 2000). In contrast, the 

ADVANCE and ACCORD studies showed no significant benefit of intensive 

glucose control on the reduction of CVD (Action to Control Cardiovascular 

Risk in Diabetes Study Group (ACCORD) 2008; The ADVANCE 

Collaborative Group 2008). However, the reduction of glucose levels has 

been found to reduce the incidence of CVD among those with a short 

duration of T2D, but the chance of hypoglycaemia needs to be taken into 
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consideration as it increases the chances of CVD mortality (Leon 2015; 

Mannucci et al. 2013). 

Minimizing the incidence of major CVD events among T2D patients is one 

of the major objectives of the management of T2D (American Diabetes 

Association 2021a; Working group set up by the Finnish Medical Society 

Duodecim 2020). A study assessing the cardiovascular benefit of glucose 

lowering medication found that glucagon-like peptide1 (GLP-1) receptor 

agonist and sodium-glucose cotransporter 2 (SGLT2) inhibitors provide 

cardiovascular protection without causing hypoglycaemia, but dipeptidyl 

peptidase-4 inhibitors (DPP4) failed to show any beneficial effect (Avogaro et 

al. 2018; Patti et al. 2020). Scheen et al. investigating the cardiovascular 

effect of a newer non-injectable glucose lowering medication reported that 

SGLT-2 inhibitors significantly reduced major cardiovascular events, all-

cause mortality and hospitalizations due to heart failure (HF) (Scheen 2018). 

Because of the strong evidence that glucose lowering medication has 

cardioprotective benefits these are now being considered by the guidelines as 

a pharmacological treatment choice for the management of T2D patients 

(Buse et al. 2020; Davies et al. 2018). Newer guidelines suggest using GLP-1 

receptor agonists and SGLT2 inhibitors for the treatment of T2D irrespective 

of the baseline HbA1c levels, history of prior CVD or individualised treatment 

target to prevent adverse CVD outcomes among T2D patients (Buse et al. 

2020; Davies et al. 2018). 

The management of hyperglycaemia alone is not enough to prevent CVD 

among T2D patients. A large study showed that intensive glucose lowering 

therapy did not significantly reduce CVD events (Ismail-Beigi et al. 2010). 

Thus, additional risk factors such as high TG levels, decreased HDL levels 

and elevated LDL levels which cause the development of CVD among T2D 

patients need to be considered in the T2D management plan (Stefanović et 

al. 2019; Working group set up by the Finnish Medical Society Duodecim 

2022).  Statins are considered a first line therapy for the treatment of lipid 

abnormalities among T2D patients (Working group set up by the Finnish 

Medical Society Duodecim 2022). The benefits of statin therapy for the 

reduction of CVD events among T2D patients was observed by Naeem et al. 
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and they noticed a significant reduction in CVD events among T2D patients 

who were in statin therapy. The study also suggested including statin therapy 

in T2D management for patients over 40 years of age (Naeem et al. 2018). It 

has been observed that, among the T2D patients aged 74 years or more statin 

treatment reduces CVD events, but after the age of 84 years the effect of 

statins is not significant in the reduction of CVD outcomes (Ramos et al. 

2018). Khalil et al. investigated whether all T2D patients require statin 

therapy regardless of the baseline cholesterol level and they recommended 

that T2D patients aged between 40 to 75 years, whose LDL level is >1.8 

mmol/l or with an atherosclerotic cardiovascular disease (ASCVD) score ≥ 

7.5% are suitable candidates for starting statin therapy to reduce adverse 

CVD outcomes (Khalil et al. 2019). 

2.4.2 Patients with type 2 diabetes and mental disorders 

The association of mental disorders and the achievement of glycaemic targets 

has remained unclear despite extensive research. Studies have shown 

contradictory results regarding the association of mental disorders and 

glycaemic control. Some studies have reported poor glycaemic control among 

patients with mental disorders (Góis et al. 2018; Papelbaum et al. 2011), 

while others have found no relation (Akpalu et al. 2018; Mansori et al. 2019). 

A study analysing the function of depression on glucose control found that 

depression affects the progression of T2D. Depressive T2D patients face 

difficulties in the continuous monitoring of glucose levels, motivation for 

physical exercise, managing a healthy diet and in the adherence to 

medication, which might lead to poor glycaemic control (Nascimento et al. 

2014). A meta-analysis by Groot et al. showed that depression was strongly 

linked to several diabetes-related complications such as diabetic retinopathy, 

nephropathy, neuropathy, macrovascular complications, and sexual 

dysfunction (de Groot et al. 2001). 

T2D patients are found to be at increased risk of developing dementia 

(Gudala et al.). Reduction in the self-management ability that leads to poor 

treatment outcomes is the main concern for T2D patients with comorbid 
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dementia or cognitive impairment (Munshi 2017). A population based 

Chinese study reported the relation between poor glycaemic control and 

impairment in cognitive and physical functioning (Jia et al. 2021). A study in 

Mexico investigated the association of glycaemic control and cognitive 

performance and reported that HbA1c ≥ 8% or 63.9 mmol/mol is associated 

with poor cognitive performance (Mimenza-Alvarado et al. 2020). However, 

the beneficial effect of strict glycaemic control on improvement of cognitive 

function remained indistinct. A study assessing the effect of better glycaemic 

control on cognitive functions among elderly patients with T2D reported 

beneficial effects of improved glycaemic control on certain areas of cognition 

(Meneilly et al. 1993). In contrast, Tuligenga et al. investigated the effect of 

intensive and standard glycaemic control on cognitive decline among T2D 

patients and reported no effectiveness of intensive glucose control on the 

prevention of cognitive decline among T2D patients. Instead, it may cause 

more episodes of hypoglycaemia among the patients (Tuligenga 2015). A 

systematic review on the effects of different modes of treatment and level of 

glycaemic control on the cognitive function of patients with T2D reported 

that no specific treatment or treatment strategy have a superior effect on the 

prevention or delay of cognitive impairment (Sastre et al. 2017). 

2.5 Type 2 diabetes treatment guidelines 

2.5.1 Treatment goals 

The main treatment goal in the management of T2D patients is to reduce the 

HbA1c and LDL levels, prevent or delay the complications and improve the 

quality of life of the patient (American Diabetes Association 2021a; Buse et 

al. 2020; Davies et al. 2018; Working group set up by the Finnish Medical 

Society Duodecim 2020). Based on national and international guidelines, 

keeping the HbA1c levels at 7% or less (≤ 53 mmol/mol) is the general 

treatment goal for adults with type 2 diabetes. However, stricter (HbA1c < 

6.5% or 48 mmol/mol) or relaxed treatment targets (<8% or 64 mmol/mol) 
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can be decided based on the patient characteristics (American Diabetes 

Association 2021a). 

Those who have short duration of diabetes, long life expectancy, no 

significant cardiovascular disease and are treated with lifestyle modification 

or metformin only are usually entitled to stricter glucose control if 

hypoglycaemia or other adverse effects can be avoided. In contrast, those 

who have a history of severe hypoglycaemia, serious complications, multiple 

co-morbidities, or those who fail to achieve the treatment targets despite 

proper self-management education, glucose monitoring, and effective doses 

of multiple glucose-lowering agents are entitled to relaxed treatment targets 

(American Diabetes Association 2021a). 

Table 1. General treatment goals of glucose, lipids and blood pressure in the care of 

T2D. 

Measure Target Remarks 

HbA1c concentration < 7.0 % (53mmol/mol) Unless there are severe hypoglycaemia 

Pre-prandial glucose 
concentration 

< 7 mmol/l In self-measurements, the standard level 

Postprandial glucose 
concentration  
(about 2 hours after the meal) 

< 10 mmol/l In self-measurements, the standard level 

LDL cholesterol level < 2.6 mmol/l All T2D patientsa 

< 1.8mmol/l T2D patients with high riskb of arterial disease 

< 1.4 mmol/l* T2D patients with very high riskc of arterial 
disease 

Blood pressure (mmHg) < 140/80 All T2D patients 

 < 130/80 T2D with high CVD risk 

a T2D patients <40-50 years, duration of diabetes <10 years and no other risk 
b  For example: T2D patient with retinopathy or albuminuria 
c T2D patients with dyslipidaemia, hypertension or smoking 
d Diabetic or non-diabetic nephropathy accompanied with albuminuria and the goal can be reached 
without harm 

* This is a new recommendation on updated dyslipidaemia guidelines (updated 12th January 2021). 
Source: (Working group set up by the Finnish Medical Society Duodecim 2020, Working group set up 

by the Finnish Medical Society Duodecim 2022). 

 
T2D patients are at a higher risk of having CVD and thus management of 

LDL levels are also crucial for them. Earlier general treatment goal for the 

management of LDL level among T2D patient was keeping LDL < 2.5 mmol/l 

and for those with history of CVD or at risk of CVD the target was LDL <1.8 

mmol/. However, according to the updated recommendation in the current 
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care guidelines, the general treatment goal is to keep LDL level in all patients 

to <2.6 mmol/l. In patients at high risk of arterial disease, LDL levels should 

be <1.8 mmol/l and for patients at very high risk of arterial disease, the LDL 

should be below 1.4 mmol/l. The general treatment goal for blood pressure 

for T2D patient is <140/80 mmHg. However, T2D patients with a CVD risk 

are recommended to keep their blood pressure at <130/80 if it can be 

achieved safely (Table 1). Additionally, weight management plays an 

important role in glucose control. Generally, a 5% weight loss is found to 

have a positive effect on glucose control. Motivating T2D patients to take 

regular exercise is also considered a part of the management goals for T2D. 

Regular physical exercise increases the insulin sensitivity, reduces the fasting 

plasma glucose levels, and lowers the blood pressure. In addition, quitting 

smoking and restricting alcohol use also play an important role in glucose 

management (Working group set up by the Finnish Medical Society 

Duodecim 2020, Working group set up by the Finnish Medical Society 

Duodecim 2022). 

2.5.2 Treatment path 

Lifestyle modification is the cornerstone for both the prevention and 

treatment of T2D and hyperglycaemia. It is well established that lifestyle 

modification can prevent or delay the onset of T2D (Tuomilehto et al. 2001; 

William et al. 2002). Lifestyle modification is effective at lowering glucose 

levels, improving lipid levels, and reducing diabetes-related complications 

(Funnell et al. 2008). A study conducted in Scotland and the Tyneside region 

of England including 49 primary care centres investigated the affect of 

intensive weight management of T2D patients and found that intensive 

lifestyle management leading to a 15 kg weight reduction can normalize the 

glucose metabolism and may even lead to the remission of T2D (Lean et al. 

2018, 2019). However, the progressive nature of the disease makes it difficult 

for the patient to keep the glucose level under control in the long term 

especially by only following a healthy lifestyle (Ahmad et al. 2014; Donnelly 

et al. 2018; Dubowitz et al. 2014; Wallace & Matthews 2002) and poor 
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achievement of treatment targets is often reported (Stone et al. 2013; 

Tirkkonen et al. 2014). Thus, additional glucose lowering medications are 

introduced along with diet and physical exercise even at the time of diagnosis 

(Working group set up by the Finnish Medical Society Duodecim 2020). 

The first choice of glucose lowering medication is metformin (American 

Diabetes Association 2021c; Working group set up by the Finnish Medical 

Society Duodecim 2020). However, patients treated with a monotherapy 

often fail to achieve the treatment targets (American Diabetes Association 

2021c; Maruthur et al. 2016). According to a large prospective study in the 

United Kingdom (UKPDS), during three years of follow-up only half of the 

patients who were in monotherapy achieved their treatment targets and by 

nine years 25% had achieved the treatment target (Turner et al. 1999). It is 

recommended to monitor glucose levels three to six months after prescribing 

metformin and guidelines suggest introducing an additional glucose lowering 

agent if the glucose levels are not controlled by monotherapy (American 

Diabetes Association 2021c; Working group set up by the Finnish Medical 

Society Duodecim 2020). 

The early initiation of combination therapy has been proven to be 

beneficial for the further reduction of HbA1c levels (Phung et al. 2014) 

without increasing the risk of hypoglycaemia or gastrointestinal (GI) side 

effects (Wu et al. 2014). It is also suggested to initiate a second medication 

stepwise along with metformin to avoid a sudden imbalance in the 

management of glucose levels. There is no specific order for the combination 

of second line medication. Usually, glinides, gliptins, GLP-1 receptor 

agonists, pioglitazone, SGLT2 inhibitors or sulfonylurea are used as second 

line medication (Working group set up by the Finnish Medical Society 

Duodecim 2020). Recent guidelines suggest starting GLP-1 receptor agonists 

and SGLT2 inhibitors as a second choice of medication with or without 

metformin (American Diabetes Association 2021c; Buse et al. 2020; Davies 

et al. 2018; Working group set up by the Finnish Medical Society Duodecim 

2020). Certain drug combinations available as a single tablet are also 

frequently used. Some of these readily available combinations are 

metformin-DPP-4 inhibitors, metformin-sulfonylureas, and metformin-
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pioglitazone (Hampp et al. 2014). The second line medication should be 

chosen carefully considering the age of the patient, comorbidity, possible side 

effects and chances of hypoglycaemia (American Diabetes Association 2021c; 

Working group set up by the Finnish Medical Society Duodecim 2020). 

Among the glitazones, only pioglitazone is used in Finland. One of the 

beneficial effects of glitazone is that it usually does not cause hypoglycaemia. 

However, side effects such as weight gain, deterioration of heart failure, fluid 

retention, increased risk of bone fractures in women and anaemia restricts 

the use of this medication (Working group set up by the Finnish Medical 

Society Duodecim 2020). 

If a T2D patient shows severe symptoms or fails to achieve an HbA1c 

target despite being treated with two or more oral glucose lowering agents, it 

is usually recommended to start with a lower basal dose of insulin along with 

oral agents (American Diabetes Association 2021c; Working group set up by 

the Finnish Medical Society Duodecim 2020). Usually, GLP-1 receptors 

agonists are preferred over insulin whenever possible if the baseline glucose 

level is <7% or 53 mmol/mol. The APOLLO trial showed that the 

management of the glucose metabolism was better among T2D patients 

when an oral glucose lowering medication was combined with insulin. They 

found a single dose of basal insulin in combination with an oral glucose 

lowering agent to be similarly effective as the use of prandial insulin three 

times a day (Bretzel et al. 2009). A study examining the safety and 

effectiveness of combination therapy with multiple oral glucose lowering 

drugs and insulin among newly diagnosed T2D patients showed that 

combination therapy significantly reduced the fasting and postprandial 

plasma glucose values (Ray & Mukherjee 2017). The use of combination 

therapy was not associated with hypoglycaemic events or weight gain (Bretzel 

et al. 2009; Tang et al. 2015). 

Nevertheless, if the patient has higher baseline HbA1c levels, weight loss 

or features of ketosis, insulin can be started immediately (Working group set 

up by the Finnish Medical Society Duodecim 2020). The literature shows 

that treatment with insulin for newly diagnosed patients can restore and 

maintain the β-cell function (Weng et al. 2008). It is suggested to start 
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insulin therapy as one daily basal insulin dose and then gradually adjust the 

dose based on the patient’s condition, side effects and the level of glycaemic 

control (American Diabetes Association 2021c; Swinnen et al. 2009; Working 

group set up by the Finnish Medical Society Duodecim 2020). An example of 

treatment plan for newly diagnosed T2D patients in the Finnish Current Care 

Guidelines is presented in Figure 1. 

 

Figure 1 Treatment plan for newly diagnosed T2D patients by Finnish Current Care 
Guidelines 2020 (Working group set up by the Finnish Medical Society 
Duodecim 2020). 

CVD is a major concern for patients with T2D. It is the most common and 

major complication that causes excess mortality among T2D patients 

(International Diabetes Federation 2019). Thus, it is important to manage 
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CVD risk factors such as high LDL levels carefully. Recent guidelines 

recommend initiating statin therapy anyway, whether the baseline LDL 

cholesterol level is normal or high or the patient has a prior history of CVD or 

not (Buse et al. 2020; Davies et al. 2018). In a systematic review and meta-

analysis of 52 randomized trials, Wang et al. found that CVD risk reduction is 

not dependent on the baseline LDL cholesterol concentration. There was no 

lower limit from which further reduction in LDL levels did not reduce the 

CVD risk (Wang et al. 2020). Similarly, to glucose control, it is also 

recommended to start the management of lipid levels along with lifestyle 

modification. However, lipid lowering medications can be started based on 

patient characteristics. Patients of all ages with T2D and CVD are suggested 

to start high intensity statins along with lifestyle modification (American 

Diabetes Association 2021b). 

Furthermore, it is important to follow a patient centred treatment 

approach during the selection of pharmacological agents for the T2D 

patients. Care givers need to pay attention to the effects of medication on any 

comorbid cardiovascular or renal diseases, the risk of hypoglycaemia or side 

effects, influence on weight, cost effectiveness and finally the patients’ 

preferences for any medication (American Diabetes Association 2021a). 

Guidelines suggest evaluating the effect of treatment regimens every 3–6 

months and adjusting the doses or changing the medication if needed to 

avoid therapeutic inertia (American Diabetes Association 2021a; Working 

group set up by the Finnish Medical Society Duodecim 2020). 
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2.6 Pharmacological agents for type 2 diabetes 

management 

2.6.1 Glucose lowering agents 

2.6.1.1 Metformin  

Metformin is the initial choice of pharmacological treatment for the 

management of T2D. It works through the reduction of hepatic glucose 

production. Metformin is widely accepted as the first line therapy for T2D 

patients because of its safety profile, effectiveness, and its low cost (Holman 

et al. 2008). It has been observed that metformin prevents weight gain and 

improves glycaemic control of T2D patients (Kooy et al. 2009). It also plays a 

role in the reduction of the risk of CVD and mortality (Maruthur et al. 2016). 

A systematic review investigated the probable cardioprotective mechanism of 

metformin among patients with T2D and HF. The study found that 

metformin improves the endothelial functions, reduces coagulability, 

oxidative stress, inflammation, monocyte adhesion and neointima formation 

and thus provides cardioprotective effects (Schernthaner et al. 2022). 

However, there are also some side effects of metformin. Diarrhoea, 

abdominal discomfort, and bloating may be considered less severe 

complications (American Diabetes Association 2021c). It also needs to be 

used cautiously for patient with kidney disease. Metformin is mainly excreted 

through the kidneys and prolonged deposition of the medication is often 

associated with lactic acidosis (Defronzo et al. 2016; Working group set up by 

the Finnish Medical Society Duodecim 2020). Another important side effect 

of metformin is vitamin B12 deficiency. In the Diabetes Prevention Program 

(DPP)/DPP Outcomes Study (DPPOS) it was found that the long-term use of 

metformin is associated with B12 deficiency and regular check-ups for 

vitamin B12 levels are recommended (Aroda et al. 2016) especially for those 

with anaemia and peripheral neuropathy (Working group set up by the 

Finnish Medical Society Duodecim 2020). 
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2.6.1.2 Other non-insulin medication 

Gliptins or DPP-4 inhibitors are glucose lowering medications that improve 

glucose-dependent insulin secretion and are moderately effective and safe. 

They can be combined with any oral antidiabetic drug safely. Alogliptin, 

linagliptin, saxagliptin, sitagliptin and vildagliptin are some gliptins that are 

used in Finland (Working group set up by the Finnish Medical Society 

Duodecim 2020). A study observing the effect of gliptin on glucose control, 

weight, blood pressure and blood lipids for T2D patients reported that gliptin 

reduces the HbA1c levels, body weight, blood pressure and LDL levels 

(Hussain et al. 2016). 

Another glucose lowering medication that has gained popularity recently 

are SGLT-2 inhibitors. These reduce glucose levels by preventing the 

reabsorption of glucose and accelerating the excretion of glucose through 

urine (Hummel et al. 2011). Besides lowering the glucose level, SGLT-2 

inhibitors also provide beneficial effects on weight management and blood 

pressure (BP) control. Studies have shown that SGLT-2 inhibitors reduce 

about 1 to 5 kg of body weight (Jan et al. 2012; Scheen 2014) and can 

significantly reduce both systolic and diastolic BP (Kalra 2014). It is 

recommended as the second line therapy for the management of T2D 

because of its CVD benefits, efficacy, and safety (Buse et al. 2020; Working 

group set up by the Finnish Medical Society Duodecim 2020). A large 

retrospective study including data from three major world regions and six 

countries with more than 400,000 T2D patients showed that SGLT-2 

inhibitors significantly lower the risk of all cause death, heart failure, MI and 

stroke (Mikhail et al. 2018). 

T2D patients with a known history of CVD or who are at high risk of CVD 

are suggested to be treated with GLP-1 receptor agonists (Buse et al. 2020). 

These increase glucose-dependent insulin secretion and reduce elevated 

glucagon levels. They also have a beneficial effect on weight loss. They cause 

minor side effects such as nausea at the start of the therapy which disappears 

gradually (Working group set up by the Finnish Medical Society Duodecim 

2020). A systematic review and meta-analysis including 236 trials assessing 

the efficacy of SGLT-2 inhibitors and GLP-1 agonists for the treatment of 
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T2D showed that SGLT-2 inhibitors and GLP-1 agonists significantly reduced 

the chances of all mortality and cardiovascular events (Zheng et al. 2018). 

However, despite the significant benefits, high cost, reimbursement policy 

and intolerance restrict the use of GLP-1 receptor agonists. In Finland, the 

reimbursement policy plays a vital role in the clinical use of medication. 

GLP-1 agonists were partially reimbursed during the study period (2011–

2016) and received a special reimbursement status in 2017. Thus, the use of 

GLP-1- agonists expanded after the study period (The Social Insurance 

Institution of Finland (Kela) 2022). 

Sulfonylureas and glinides are also widely prescribed medications for the 

treatment of hyperglycaemia among T2D patients. They both work by 

blocking the potassium channel of pancreatic beta cells and thus increasing 

the insulin secretion. However, both medications cause hypoglycaemia and 

weight gain. Therefore, they need to be used cautiously (Working group set 

up by the Finnish Medical Society Duodecim 2020).   

2.6.1.3 Insulin therapy 

More than half of the T2D patients eventually end up with insulin therapy 

(Working group set up by the Finnish Medical Society Duodecim 2020). 

Usually, the management of T2D starts with oral glycaemic agents and 

insulin therapy is considered as the final treatment option (American 

Diabetes Association 2021c; Working group set up by the Finnish Medical 

Society Duodecim 2020). Multiple insulin formulations with different 

durations of action are available for the management of hyperglycaemia. 

Instant acting insulin (insulin aspart, glulisine and lispro; effect begin within 

10–20 minutes), fast acting insulin (human insulin, lispro, aspart; effect 

begin within 30 minutes), intermediate acting insulin (Neutral Protamin 

Hagedorn insulin; effect begin within 30–60 minutes) and long-acting 

insulin (detemir, degludec, glargine; effect begin within 12–24 hours) are 

some examples of insulin therapy suggested in the guidelines (Working 

group set up by the Finnish Medical Society Duodecim 2020). The initiation 

of insulin treatment is often delayed by physicians due to the fear of injection 
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among patients and non-compliance leading the patient to be exposed with 

hyperglycaemia for a prolonged period (Nakar et al. 2007). 

2.6.2 Lipid lowering agents 

Controlling the risk factors of CVD including dyslipidaemia is an important 

aspect of T2D management as CVD is a major cause of mortality and 

morbidity for T2D patients (American Diabetes Association 2021a; 

International Diabetes Federation 2019). Management of LDL levels using a 

lipid lowering agent for T2D patients has been found to be associated with a 

reduced risk of having CVD and it is beneficial even for those without CVD 

(Ruokoniemi et al. 2011). It has been observed that about 88% of T2D 

patients need lipid lowering medication at some point (García-Ulloa et al. 

2021). 

Statins are the mostly used lipid lowering agents and the effectiveness of 

statin therapy in lowering the LDL level is well established (LaRosa et al. 

2005; Waters 2006). Lipid lowering medications are prescribed based on the 

patients’ profile and risk of atherosclerotic CVD (ASCVD) and HF (Table 2). 

Table 2. Recommended lipid lowering medication choices by different age groups 

and risk factors. 

Patient group 

(Age in years) 

Additional risk factors Medication 

40 - 75 Without ASCVD* risk aModerate-intensity statin + lifestyle modification 

20 - 39 With ASCVD* risk bHigh intensity statins + lifestyle modification 

50 - 70 Multiple ASCVD* risk High intensity statins 

All adults 10-year ASCVD* risk ≥ 20% Ezetimibe + maximum tolerable statin dose. 

*ASCVD - atherosclerotic CVD 

a - Atorvastatin (40–80 mg), Rosuvastatin (20–40 mg) 

b - Atorvastatin (10–20 mg), Rosuvastatin (5–10 mg), Simvastatin (20–40 mg), Pravastatin (40–

80 mg). 

Source: (American Diabetes Association 2021b) 

Ezetimibe works by preventing the absorption of cholesterol contained in 

food and bile from the small intestine and affects the plasma LDL cholesterol 

levels. It is usually prescribed in combination with statins. A combined dose 
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of statins and ezetimibe can reduce the LDL level by more than 50%. The 

combination of statins and ezetimibe reduces the risk of coronary and 

cerebrovascular disease, ischaemic heart disease and atherosclerotic 

cardiovascular events (Working group set up by the Finnish Medical Society 

Duodecim 2022). 

Another promising medicine that is evolving as a choice of treatment for 

the management of dyslipidaemia is proprotein convertase subtilisin/kexin 

type 9 (PCSK9). Based on the current care guideline of dyslipidaemia, it is 

suggested that PCSK9 inhibitors can be considered for high-risk patients for 

secondary prevention and for those who cannot use statins due to side 

effects. If the patient fails to achive the LDL-target even with the highest 

tolerated statin dose combined with ezetimibe, PCSK9 inhibitors can be the 

prefarable lipid lowering medication for them (Working group set up by the 

Finnish Medical Society Duodecim 2022). 

2.7 Factors affecting the treatment outcomes of type 2 

diabetes 

Despite guidelines on the management of T2D and discovery of several 

effective medications, poor achievement of treatment targets is often 

reported (Stone et al. 2013; Yakubu et al. 2020; Yosef et al. 2021). A cross-

sectional study extracting the data retrospectively from the medical records 

of T2D patients in eight European countries found that only 53.6% of T2D 

patients achieved the treatment target of HbA1c <7% (Stone et al. 2013). Low 

income and education levels, living in deprived area, clinical inertia, 

nonadherence to medication and non-adherence to lifestyle changes are 

some factors that are related to the poor achievement of treatment targets 

(Aloudah et al. 2018; Jennifer et al. 2018; Nadeau et al. 2016; Schmidt et al. 

2020; Toivakka et al. 2015). 

Among the factors that affect the achievement of treatment outcomes, 

clinical inertia and adherence to medication have been discussed intensively 

(Aloudah et al. 2018; Jennifer et al. 2018). Additionally, patients’ fear of 
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hypoglycaemic events can easily make them not follow the treatment 

recommendations (Andreozzi et al. 2020; Triplitt 2010). 

2.7.1 Non-adherence to lifestyle changes 

Lifestyle modification is the cornerstone intervention for the long-term 

management of T2D. Lifestyle intervention through diet, physical activity, 

and weight management can reduce the progression or incidence of T2D 

(Tuomilehto et al. 2001; Uusitupa et al. 2019). Despite the clear benefit of 

lifestyle changes, individuals with T2D often report difficulties in 

maintaining lifestyle changes (Schmidt et al. 2020). Poor health, lack of 

companions, lack of interest, and lack of time have been reported as barriers 

to the adherence to lifestyle changes (Moschny et al. 2011). A cross sectional 

study in Yemen in 2016 assessing the effect on HbA1c of patients’ adherence 

to lifestyle changes showed that the chances of good glycaemic control were 

almost five and two times higher for patients who adhered to diet and 

exercise compared with non-adherent T2D patients, respectively (Alhariri et 

al. 2017). 

2.7.2 Clinical inertia 

Delay in the initiation or intensification of medication by physicians despite 

indications is considered clinical inertia. Lack of time, not having clear goals 

for patients, fear of adverse effects, lack of knowledge about guidelines and 

insufficient skills in insulin initiation are some causes of physician-related 

clinical inertia. Additionally, some patient-related factors can cause clinical 

inertia such as not taking the disease seriously, low income and low literacy 

(Edelman & Pettus 2014; Giugliano et al. 2019). A study assessing barriers 

that affect the achievement of treatment targets found that 40–60% of T2D 

patients had poor glycaemic control, and therapeutic inertia was found to be 

the major contributor (Lawrence et al. 2017). 
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2.7.3 Non-adherence to the medication 

Adherence to medication is considered one of the most important factors in 

the achievement of treatment targets for T2D patients (DiMatteo 2004). 

However, non-compliance to taking medication is reported frequently. This 

occurs when a patient fails to start or continue the medication which the 

physician has recommended. Fear of adverse effects, complexity of 

treatment, cost of medication and disappointment in achieving the treatment 

targets are some of the reasons behind the non-adherence to medication 

(Giugliano et al. 2019). A study in Switzerland found that more than half of 

the patients were non-adherent to their glucose lowering medication (Huber 

& Reich 2016). Insulin therapy was two times more likely to result in non-

adherence to medication compared to oral glucose lowering medication 

(Aminde et al. 2019). 

The benefit of adherence to glucose lowering medication is indisputable. 

A systemic review showed that 13 out of 23 studies reported that good 

adherence to medication was associated with better glycaemic control (Asche 

et al. 2011). A retrospective cohort study of 2,463 patients also observed an 

association of medication adherence and glycaemic control for newly 

diagnosed T2D patients. They found that better adherence to medication 

improved the glucose control and reduced the need for hospital admissions 

(Lin et al. 2017). 

Furthermore, it was observed that good adherence to lipid lowering 

medication reduced the incidence of any major cardiac events by ≥80% when 

compared to patients with poor adherence and the relative risk reduction 

remained unchanged irrespective of prior CVD history (Ruokoniemi et al. 

2011). The incidence of ischaemic heart disease was 23% lower for those with 

better adherence to statins compared with non-adherent patients. This 

relation remained unchanged even when adjusted for age, sex, or history of 

CVD (Korhonen et al. 2016). Adherence to medication is a crucial factor for 

the achievement of treatment targets and the reduction of macrovascular 

complications (Lin et al. 2017; Ruokoniemi et al. 2011).  
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2.7.4 Hypoglycaemia 

Hypoglycaemia is the most concerning side effect for patients with T2D 

among all other side effects of glucose lowering medications. A study from 

the USA examining concerns about hypoglycaemia among adults with T2D 

reported that about 43.8% of insulin users and 27% of non-insulin users 

reported hypoglycaemic symptoms in the past week and 19.5% and 11.1% of 

insulin and non-insulin users reported at least one severe event within the 

past 6 months respectively (Polonsky et al. 2015). Hypoglycaemia can affect 

the patients’ employment, driving, exercising, and travelling. It is a major 

barrier to the achievement and maintenance of glucose levels (Frier 2008).  
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3 AIMS OF THE STUDY 

The general aim of this study was to explore the treatment outcomes among 

different patient groups of the T2D cohort of North Karelia, Finland from 

2011–12 to 2015–16, encompassing all T2D patients in the 13 municipalities 

of the region. Specifically, the study assesses the disparities between the 

process of care and the treatment outcomes of T2D patients with and without 

CVD or mental disorders, also considering the age and sex. 

 

The specific aims of the study were: 

 

1. To evaluate the overall follow-up and treatment outcomes of T2D 

cohort of North Karelia (Study I). 

2. To observe the effect of mental and memory disorders in the 

outcomes of T2D care (Study II). 

3. To assess the mode of treatments and their association with the 

achievement of treatment targets of T2D patients with and without 

co-morbidities (Study III). 
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4 METHODS 

4.1 Study design & setting 

This study utilized the data on all diagnosed T2D patients from the regional 

electronic health records (EHR) of North Karelia, in Finland, from 2011–12 

to 2015–16. There are 13 municipalities in North Karelia. A common 

electronic patient database system called Mediatri has been used by the 

municipalities since the beginning of 2011. It includes data both from 

primary and specialized care. The database contains information on the 

patients’ age, sex, place of residency, all permanent diagnoses, laboratory 

markers (HbA1c and LDL), demographic factors and information on e-

prescriptions. The data used in this study was extracted from the Mediatri 

database for the years 2011 to 2016. Information used for different studies 

(Study I, II and III) is explained in Table 3. 

Table 3. Information extracted from the EHR of North Karelia. 

Categories Study I Study II Study III 

Demographics Age Age Age 
Sex Sex Sex 

    
Laboratory  
markers 

HbA1c levels HbA1c levels HbA1c levels 
LDL levels LDL levels LDL levels 

    
Permanent  
diagnoses 

T2D  T2D 
T2D+Dementia 
T2D+Depression  
T2D+Other mental  
disorders  

T2D  
T2D+Dementia  
T2D+Depression  
T2D+Other mental  
disorders  
Cardiovascular diseases 

 

 
E-prescriptions None None Glucose lowering 

medications 
  Lipid lowering medications 

ICD codes of permanent diagnosis: T2D (ICD-10 code E11), Dementia (ICD-10 code F00-
F03 & G30), Depression (ICD-10 codes F32-F33), Other mental disorders (ICD-10 codes 
F20-F48 except F32-F33), cardiovascular diseases* (ICD-10 codes I20-25, I46, I48, I50, I63-
I66 (except I63.6) and G45). 

The ethics approval for the study was received from the Ethics Committee of 

the Northern Savonia Hospital District on 13 November 2012. 
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4.2 Participants 

All patients who utilised healthcare services from either primary or 

specialized healthcare with a diagnosis of T2D were identified from the EHRs 

and those with recordings of both E10 and E11 were checked by physicians to 

avoid diagnosis error between type 1 diabetes and T2D. A total of 10,190 

individuals had confirmed diagnoses of T2D (ICD-10 code E11) and were 

alive at the end of 2012. For the follow-up, patients who were aged 20 or 

older at the baseline (2011–12) and alive during the follow-up were included 

in the study (n = 8,429). In this study, the same T2D cohort of North Karelia 

has been followed up for the entire follow-up period (2011–12 to 2015–16) 

without including new cases (Study I, II and III) (Figure 2).  

 

 

Figure 2 Selection criteria and categorisation of participants. T2D – type 2 diabetes, 
CVD – Cardiovascular disease, AMD – Any mental disorder. 
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After that, the patients who had any mental disorders along with T2D 

were identified from the registered permanent diagnosis of EHRs. The 

mental disorder patient group were defined based on ICD-10 codes as 

follows: dementia (ICD-10 code F00-F03 & G30), depression (ICD-10 code 

F32-F33), other mental disorders (ICD-10 code F20-F48 except F32-F33) 

(Study II). Those who had any of the above-mentioned conditions were 

defined as a patient group with “any mental disorder (AMD)” and the 

patients with cardiovascular diseases were identified from the EHR including 

ICD-10 codes of I20-I25, I46, I48, I50, I63-I66 (except I63.6) and G45 

(Study III) (Figure 2). 

4.3 Variables 

To assess the quality of T2D care, four internationally accepted quality of 

care indicators were used. Two of these were process of care indicators and 

two were outcome of care indicators. To ensure sufficient time for the 

treatment to take effect, for the outcome indicators we included 

measurements for HbA1c at least three months after the diagnosis of T2D 

and LDL at least one month after the diagnosis of T2D. 

Guidelines suggest measuring the HbA1c levels of T2D patients at least 

once or twice a year, and the LDL level should be checked at least at one- to 

three-year intervals. Therefore, HbA1c and LDL measurements assessed for 

each two-year period (2011–12, 2013–14, 2015–16) were used as process of 

care indicators (Study I and II). 

In this study, an achievement of HbA1c < 7% or 53 mmol/mol and LDL < 

2.5 mmol/l were considered as outcome of care indicators (Study I, II and 

III). 

4.3.1 Variables and categorizations in Study I 

One of the aims of this study was to analyse the overall quality of T2D care by 

age and sex. HbA1c values were categorized as HbA1c < 7, 7–8.9 and ≥ 9% 
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units (< 53 mmol/mol, 53–74 mmol/l, ≥ 75 mmol/mol) for a descriptive 

analysis to observe the glucose control more specifically for the whole cohort. 

LDL levels were categorised as < 2.5 mmol/l and ≥ 2.5 mmol/l. Age was 

categorized into four groups such as 20–49, 50–69, 70–79, and 80 or over to 

describe the treatment outcomes by age. All the analyses were done 

separately by sex.  

4.3.2 Variables and categorizations in Study II 

The focus of Study II was to observe the effect of mental disorders on the 

achievement of treatment targets. The guideline’s general treatment goal for 

glucose management of T2D patient is HbA1c <7% or 53 mmol/mol 

(Working group set up by the Finnish Medical Society Duodecim 2020). 

Therefore, the HbA1c level was categorised as HbA1c < 7 % units or < 53 

mmol/mol = HbA1c target met, and HbA1c ≥ 7 % units or ≥ 53 mmol/mol = 

HbA1c target not met. Similarly, the LDL level categorised as LDL < 2.5 

mmol/l = LDL target met, and LDL ≥ 2.5 mmol/l = LDL target not met for 

the descriptive statistics and generalised estimating equation modelling. To 

observe the movement of patients based on their glucose control the 

transition plot variables were categorised as HbA1c level: < 53 mmol/mol = 

very good, 53–64 mmol/mol = moderate, 64–75 mmol/mol = poor and > 75 

mmol/mol = very poor control and LDL level: < 1.8 mmol/l = very good, 1.8–

2.5 mmol/l = moderate and > 2.5 mmol/l = poor control. 

4.3.3 Variables and categorizations in Study III 

Glucose medications were categorised into five groups based on the 

recommended intensification of treatment in the guidelines: 1) No 

medication, 2) Metformin only, 3) Metformin and/or other non-insulin 

medication, 4) Combination of insulin and non-insulin medication, and 5) 

Only insulin therapy (Table 4). 
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Table 4. Glucose lowering medication groups with Anatomic Therapeutical Chemical 

code. 

Medication groups Anatomic Therapeutical Chemical (ATC) code 

Metformin only A10BA02 
Metformin and/or other  
non-insulin medication 

A10BA, A10BB, A10BD, A10BG, A10BH, 

A10BK, A10BX and A10BJ 

Combination of insulin and non-insulin 

medication 

A10B+A10AB/ A10AC/ A10AD/ A10AE 

Only insulin therapy A10AB, A10AC, A10AD, A10AE 

Lipid lowering medications were categorised into four groups based on 

the use of statins and ezetimibe, such as 1) No therapy, 2) Low intensity 3) 

Moderate intensity and 4) High intensity statins or any statin along with 

ezetimibe (Table 5). 

Table 5. Lipid lowering medication groups with Anatomic Therapeutical Chemical 

code and strength. 

Medication group Anatomic Therapeutical Chemical (ATC) code 

Low intensity statins C10AA01 (10mg); C10AA02 (20mg); C10AA03 (10-20mg); 

C10AA04 (20-40mg); C10AA08 (1mg); C10BX02 

Moderate intensity statins C10AA01 (20-40mg); C10AA02 (40mg); C10AA03 (40-80mg); 

C10AA04 (80mg); C10AA05 (10-20mg); C10AA07 (5-10mg); 

C10BA01, C10BA03, C10BA04 

High intensity statins C10AA05 (40-80mg); C10AA07 (20-40mg); C10BA02; or any 

statin with ezetimibe (C10AA with C10AX09) 

Changes in the glucose lowering and lipid lowering treatment were 

categorised as: intensification, no change and de-intensification of treatment. 

Changes in treatment were calculated as: (Use of glucose lowering/lipid 

lowering medication in 2015–16 – Use of glucose lowering/lipid lowering 

medication in 2011–12). Positive (+) values reflect an intensification of the 

treatment, 0 indicates no change, and negative (-) values reflect a de-

intensification of the treatment. This categorisation was used to analyse the 

effect of changes in treatment on the achievement of treatment targets by 

different patient groups. 
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Considering the comorbid condition present along with T2D, patients 

were divided into 4 categories. 1) Only T2D, 2) T2D+CVD, 3) T2D+AMD, 4) 

T2D+CVD+AMD (Table 6). 

Table 6. Different patient categories with International Classification of Diseases 

(ICD)-10 codes. 

Patient categories International Classification of Diseases (ICD) -10 codes 

Only T2D ICD-10 code E11 

T2D+CVD ICD-10 code E11 + ICD-10 code I20-I25, I46, I48, I50, I63-I66 

(excluding I63.6) and G45 

T2D+AMD ICD-10 code E11 + ICD-10 code F00-F03 & G30 or ICD-10 code F32-

F33, or ICD-10 code F20-F48 (except F32-F33) 

T2D+AMD+CVD ICD-10 code E11 + ICD-10 code I20-I25, I46, I48, I50, I63-I66 

(excluding I63.6) and G45 + ICD-10 code F00-F03 & G30 or ICD-10 

code F32-F33, or ICD-10 code F20-F48 (except F32-F33) 

T2D – type 2 diabetes, CVD – Cardiovascular disease, AMD – Any mental disorder 

4.4 Biochemical methods 

The methods of biochemical analyses were similar for all studies (Study I, II 

and III). HbA1c and LDL samples were analysed in the Eastern Finland 

Laboratory (ISLAB). The turbidimetric inhibition immunoanalysis method 

(TINIA) was considered for analysing the HbA1c, and the photometric direct 

enzymatic method was used to analyse the LDL. All the values were 

standardized to International Federation of Clinical Chemistry (IFCC) units. 

4.5 Statistical methods 

IBM SPSS Statistics for Windows v. 25 was used for the statistical analysis. 

Descriptive statistics such as counts, percentages and mean values were used 

to describe the basic characteristics of the patients and to observe the use of 

medications (glucose and lipid lowering medications) and the achievement of 

treatment targets (HbA1c < 7% or 53 mmol/mol and LDL < 2.5 mmol/l) by 

different patient groups (Study I, II and III). The LDL levels were normally 
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distributed. A logarithmic transformation was performed for the skewed 

independent variable, HbA1c. 

A chi-squared test was performed to observe the differences in the 

measurement rate and achievement of treatment target by age group and sex. 

An age-standardized univariate ANOVA test was carried out to examine the 

sex difference. One-sample t-test was used to observe the difference in the 

measurement rate and management of HbA1c and LDL between the follow-

up years (2011–12 vs. 2015–16) and it was performed separately for females 

and males (Study I). 

Differences in the measurement rate and management of HbA1c and LDL  

for patients with and without mental disorders were analysed using logistic 

and linear regression models with generalised estimating equations (GEE). A 

similar model was used to assess the differences in the use of medication and 

changes in the treatment during the follow-up by different patient groups. 

This model was preferred because it can consider repeated measurements 

(Study II and III). 

Transition plots were used to illustrate the fluctuation of patients’ HbA1c 

and LDL levels during the follow-up and to show the trend of changes in the 

use of glucose lowering medications by different patient groups during the 

follow-up (Study II and III). All adjusted and unadjusted (age and sex) 

results were reported. P-values of less than 0.05 were interpreted as 

statistically significant. 
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5 RESULTS 

5.1 Population characteristics 

A total of 10,190 diagnosed T2D patients who were aged 20 years or more 

and alive by the end of 2012 were included in this study at the baseline. 

During the follow-up until the end of 2016 altogether 1,761 T2D patients had 

died and therefore 8,429 patients were available for the full follow-up. Most 

of the patients were within the age range of 50–69 (n = 4,555) and the mean 

age was 66 years (SD 11). There were more males (53%; n = 4,476) than 

females (47%; n = 3,953) in this study (Study I). 

Table 7. Basic Characteristics of the patients (Study I, II and III). 

 
Number of 
patients, n (%) 

Proportion of 
females, % 

Age in years, 
mean (SD) 

HbA1c %, 
mean (SD)c 

LDL mmol/l, 
mean (SD)d 

Baseline (2011-12) a 

Only T2D 4809 (47) 48 65 (11) 6.5 (1.1) 2.6 (0.8) 
T2D+dementia 618 (6) 62 82 (6) 6.9 (1.2) 2.3 (0.7) 
T2D+depression 771 (8) 59 63 (13) 6.7 (1.3) 2.6 (0.8) 
T2D+other mental 
disease 

715 (7) 53 62 (12) 6.6 (1.3) 2.5 (0.8) 

T2D+AMD 1143 (11) 60 62 (13) 6.6 (1.3) 2.6 (0.8) 
T2D+CVD 3362 (33) 40 73 (9) 6.7 (1.1) 2.3 (0.7) 
T2D+CVD+AMD 876 (9) 55 75 (11) 6.8 (1.3) 2.4 (0.8) 
Total 10190 47 68 (11) 6.6 (1.1) 2.5 (0.8) 

Follow-up (2015-16) b 

Only T2D 4440 (52) 48 64 (10) 6.8 (1.1) 2.5 (0.8) 
T2D+dementia 248 (3) 66 80 (6) 7.0 (1.2) 2.1 (0.8) 
T2D+depression 641 (8) 61 61 (12) 7.0 (1.3) 2.5 (0.9) 
T2D+other mental 
disease 

597 (7) 53 60 (11) 6.9 (1.3) 2.4 (0.8) 

T2D+AMD 942 (11) 61 60 (12) 6.8 (1.3) 2.5 (0.9) 
T2D+CVD 2544 (30) 39 71 (9) 6.9 (1.2) 2.1 (0.8) 
T2D+CVD+AMD 503 (6) 55 71 (11) 7.0 (1.4) 2.2 (0.8) 
Total 8429 47 66 (11) 6.9 (1.2) 2.4 (0.8) 
a. Selection criteria of patients at baseline: Age ≥ 20, alive by the end of 2012. 
b. Selection criteria of patients at follow-up: Age ≥ 20, alive by the end of 2016. 
c. Mean HbA1c levels of patients whose HbA1c levels were measured both in 2011-12 and 2015-16. 
d. Mean LDL levels of patients whose LDL levels were measured both in 2011-12 and 2015-16. 
T2D – type 2 diabetes, CVD – Cardiovascular disease, AMD – Any mental disorder, SD – Standard 
deviation 

More female patients were found to be diagnosed with dementia (62%), 

depression (59%) and other mental disorders (53%) compared to males. 

Among the mental disorder patients, the mean age (82 years) was highest for 
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the dementia patients (Study II). Male patients mostly had only T2D (52%) 

and T2D+CVD (61%) with a mean age of 64 years and 71 years respectively 

(Study III). Multiple comorbid conditions (T2D+CVD+AMD) were more 

common among females (55%) compared to males (Study III) (Table 7). 

5.2 Process of care indicators 

The guidelines suggest measuring HbA1c levels at least once or twice a year 

and LDL levels at one-to-three-year intervals at least based on the baseline 

HbA1c and LDL levels respectively. For the process of care indicators, it was 

analysed whether the HbA1c levels or LDL levels were measured at least once 

during two-year intervals (2011–12, 2013–14, 2015–16). 

5.2.1 Follow-up of process of care by age and sex 

There were no sex differences in the measurement rates for the HbA1c levels 

(Figure 3). During the follow-up, an improvement in the measurement of 

HbA1c levels was observed in this study (78% in 2011–12 vs. 89% in 2015–16; 

P < 0.001). A statistically significant difference in the HbA1c measurement 

rates was also noticed between different age groups (P < 0.001). Young 

patients were poorly monitored compared to older patients both at the 

baseline and follow-up (Figure 4). 
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Figure 3 Measurement of HbA1c levels in 2011-12 and 2015-16 by age and sex. 

 

Figure 4 Proportion of all patients having HbA1c measured during the follow-up. 
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Figure 5 Measurement of LDL levels in 2011-12 and 2015-16 by age and sex. 

Both females and males were monitored equally for LDL levels (Figure 5). 

Improvements in the measurement of the LDL levels were observed during the 

follow-up (75% in 2011–12 vs. 85% in 2015–16, P =0.022). Differences in the 

monitoring of LDL levels were noticed between age groups (P < 0.001). Young 

patients between 20 to 49 years of age were found to be poorly monitored at the 

baseline but the monitoring improved during the follow-up (Figure 6). 

 

Figure 6 Proportion of all patients having LDL levels measured during the follow-up. 
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5.2.2 Follow-up of process of care by co-morbidities 

HbA1c monitoring improved for all patient groups during the follow-up 

(2011–12 to 2015–16) as follows: only T2D 78% vs. 89%, dementia 79% vs. 

83%, depression 78% vs. 89% and other mental disorders 82% vs. 89%. 

However, when the changes in the HbA1c measurement rates for patients 

with only T2D were compared to the changes in the HbA1c measurement 

rates for the mental disorder patient group, statistically significant 

differences in the changes of the HbA1c measurement rate during the follow-

up were observed only for the dementia patients (P < 0.001). Meaning that 

the improvement in HbA1c measurement among dementia patients was poor 

compared to the patient group with T2D only (Figure 7).  

 
 

Figure 7 Proportion of patients with and without mental disorders having HbA1c levels 
measured during the follow-up (2011-12 to 2015-16). 

The LDL measurement rate also improved during the follow-up for most 

patient groups during the follow-up (2011–12 to 2015–16): only T2D 75% vs. 

86%, depression 75% vs. 83% and other mental disorders 74% vs. 86%. 

Among those with dementia a slight decline was observed of 53% vs 51%. 

Similarly to the HbA1c measurement rate, a significant difference in the 
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changes in the LDL measurement rate was observed only for dementia 

patients when compared to patients with T2D only (P < 0.001) (Figure 8). 

 

Figure 8 Proportion of patients with and without mental disorders having LDL levels 
measured during the follow-up (2011-12 to 2015-16). 

5.3 Use of medications 

Metformin was the mostly used medication among all the patient groups at 

the baseline (only T2D 38% vs. T2D+CVD 32% vs. T2D+AMD 37%) except 

the patients with T2D+AMD+CVD. However, the use of metformin declined 

during the follow-up among all patient groups (P <0.001). Metformin and/or 

other non-insulin medications were used markedly more by patients with 

only T2D during the follow-up compared to other patient groups and the use 

increased during the follow-up (23% vs 27% in 2011–12 and 2015–16 

respectively, P < 0.001) except among those with T2D+AMD+CVD. The 

combination of insulin and non-insulin medication was mostly used by those 

with T2D+AMD+CVD (32% vs 33% in 2011–12 and 2015–16 respectively) 

(Figure 9 (A, B, C, D)). Only a slight movement of patients between different 

glucose lowering medication lines was observed during the follow-up (Figure 

10). 
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                                                             (A) 

 

 

                                                               (B) 
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                                                                (C) 

 

 

                                                               (D) 

Figure 9 Proportion of patients using glucose lowering medications during the follow-up 
by different patient groups. (A) Only T2D patients, (B) T2D patients with CVD, 
(C) T2D patients with any mental disorder, and (D) T2D patients with both CVD 
and any mental disorder. 
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Figure 10 Transition of patients within glucose lowering medication lines by different 
patient groups. (A) only T2D, (B) T2D & Any Mental Disorder (AMD), (C) T2D & 
Cardiovascular disease (CVD) and (D) T2D & CVD & AMD. Colour gradients 
indicate the medication categories; from grey colour at bottom upwards the 
categories are: No medication, Metformin only, Metformin and/or other non-
insulin medication, Combination of insulin and non-insulin medication and Only 
Insulin therapy (reproduced from study III).  

Many patients who had T2D+AMD (40% vs 36 %, P < 0.001) and 

T2D+AMD+CVD (31% vs 29%, P = 0.204) were not using any lipid lowering 

medication during the follow-up (2011–12 to 2015–16), although the 

situation slightly improved among those with T2D+AMD. These were 

significantly less compared with those who had T2D+CVD (18% in 2011–12 

and 14% in 2015–16, P < 0.001). Moderate intensity lipid lowering 

medications were more frequently used by T2D+CVD patients (57% in 2011–

12 and 56% in 2015–16, P = 0.178) during the follow-up. In addition, the use 

of high intensity lipid lowering medication increased significantly among 

T2D+CVD patients (16% vs 22% from 2011–12 to 2015–16, P < 0.001) during 
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the follow-up and compared with T2D+AMD+CVD patients (14% in 2011–12 

and 16% in 2015–16, P = 0.058) (Figure 11). 

 
 

                                                                (A) 

 
 

                                                               (B) 
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                                                                 (C) 
 

 
 

                                                                (D) 

Figure 11 Proportion of patients using the lipid lowering medication during the follow-up 
by different patient groups. (A) Only T2D patients, (B) T2D patients with CVD, 
(C) T2D patients with any mental disorder, and (D) T2D patients with both CVD 
and any mental disorder. 
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5.4 Treatment outcomes 

5.4.1 Follow-up of treatment targets by age and sex  

A decline in the achievement of glucose targets (HbA1c < 7% or 53 

mmol/mol) was observed both among females (75% vs. 67% in 2011–12 and 

2015–16 respectively, P < 0.001) and males (72% vs. 64% in 2011–12 and 

2015–16 respectively, P = 0.003) during the follow-up. Sex difference in the 

achievement of the targets disappeared during the follow-up (Females 75% vs 

males 72% in 2011–12, P = 0.014: Females 67% vs males 64% in 2015–16, P 

= 0.158). However, there were differences in the achievement of the glucose 

targets both among females (74% vs 77% vs 75% vs 71% in 2011–12, P = 

0.008 and 65% vs 70% vs 66% vs 62% in 2015–16, P = 0.023) and males 

(63% vs 73% vs 76% vs 69% in 2011–12, P < 0.001 and 51% vs 64% vs 67% vs 

58% in 2015–16, P < 0.001) by age group. Compared with younger females, 

elderly females achieved the treatment target poorly and the opposite trend 

was observed among males (Figure 12). A deterioration in the achievement of 

glucose targets was also observed for all age groups (Figure 13). 

 

Figure 12 Proportion of patients achieving the glucose treatment target (HbA1c < 7% or 
53 mmol/mol) by age and sex. 
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Figure 13 Proportion of all patients achieving the HbA1c target during the follow-up (2011-
12 to 2015-16). 

In contrast with the achievement of the glucose targets, an improvement in 

the achievement of lipid targets (LDL < 2.5 mmol/l) was observed both 

among females (52% vs 59% in 2011–12 and 2015–16 respectively, P = 

0.004) and males (58% vs 66% in 2011–12 and 2015–16 respectively, P = 

0.004) during the follow-up. There was a prominent sex difference in the 

achievement of the lipid targets (52% females vs 58% males in 2011–12, P < 

0.001 and 59% females vs 66% males in 2015–16, P < 0.001). Females had 

poor control compared to males during the follow-up (Figure 14). In 

addition, differences were also observed between the different age groups 

(42% vs 52% vs 61% vs 59% in 2011–12, P < 0.001 and 50% vs 61% 68% vs 

66% in 2015–16, P < 0.001). The achievement of the lipid targets was worse 

among young patient groups (Figure 15). 
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Figure 14 Proportion of patients achieving the lipid treatment target (LDL < 2.5 mmol/l) by 
age and sex. 

 

Figure 15 Proportion of all patients achieving the LDL target during the follow-up. 
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5.4.2 Follow-up of treatment targets by co-morbidities 

5.4.2.1 Achievement of treatment target by mental disorder 

patient groups (Study II) 

For patients with mental disorders whose HbA1c was measured both at the 

baseline and follow-up, the achievement of glucose treatment targets (HbA1c 

< 7% or 53 mmol/mol) was higher than among the patients with only T2D 

(75% in 2011–12 and 66% in 2015–16). The achievement of treatment targets 

declined during the follow-up among all patient groups: for patients with 

only T2D the figures were 75% vs. 66%, for those with dementia 64% vs. 53% 

(P < 0.001), with depression 71% vs. 60% (P = 0.013) and with other mental 

disorders 75% vs. 66% (P = 0.865) in 2011–12 and 2015–16, respectively. 

Significant difference in the changes in the achievement of the glucose 

targets were observed among dementia and depression patients when 

compared to patients with only T2D (Figure 16). A considerable number of 

patients among all patient groups were found to move from very good 

glucose control to moderate control during the follow-up (Figure 17). 

 

Figure 16 Achievement of the glucose treatment target (HbA1c < 7% or 53 mmol/mol) 
among patients with and without mental disorders during the follow-up (2011-12 
to 2015-16). 
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Figure 17 Transition of HbA1c levels of T2D patients with and without mental disorders at 
six-year follow-up. (A) T2D patients with no mental disorders (N=4763, se=0.3-
0.7%), (B) T2D patients with dementia (N=161; se=2.0-3.9 %), (C) T2D patients 
with depression (N=443, se=1.2-2.3%) and (D) T2D patients with other mental 
disorder (N=437, se=1.1-2.3%). Colour gradients indicate the HbA1c levels in 
mmol/mol: Green colour = HbA1c 20 – 53 mmol/mol, yellow = 53 – 64 
mmol/mol, dark red = 64 – 75 mmol/mol and black = 75 – 155 mmol/mol 
(reproduced from study II).  

The achievement of the lipid targets improved during the follow-up for all 

patient groups. However, a significant difference in changes in the 

achievement of lipid targets during the follow-up was observed only among 

patients with other mental disorders (53% vs 62%) compared to patients with 

only T2D (55% vs 62%), P = 0.037 (Figure 18). A large number of patients in 

all patient groups with poor lipid control, moved towards moderate lipid 

control during the follow-up (Figure 19). 
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Figure 18 Achievement of lipid treatment target (LDL < 2.5 mmol/l) among patients with 
and without mental disorders during the follow-up (2011-12 to 2015-16). 

 

Figure 19 Transition of LDL levels of T2D patients with and without mental disorders at 
six-year follow-up. (A) T2D patients with no mental disorders (N=4437, se=0.6-
0.7%), (B) T2D patients with dementia (N=73; se= 5.1-5.8%), (C) T2D patients 
with depression (N=397, se=1.8-2.5%) and (D) T2D patients with other mental 
disorder (N=393, se=1.9-2.5%). Colour gradients indicate the LDL levels in 
mmol/l. Green = 0 – 1.8 mmol/l, yellow = 1.8 – 2.5 mmol/l and red = 2.5 – 11 
mmol/l (reproduced from study II). 
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5.4.2.2 Achievement of treatment target by multiple co-morbidity 

patient groups (Study III) 

Even after the intensification of medication, the achievement of glucose 

targets deteriorated for all patient groups during the follow-up (only T2D 

83.0% vs 63.4%; T2D+AMD 88.2% vs 66.9%; T2D+CVD 81.3% vs 63.4%; 

T2D+AMD+CVD 78.9% vs 56.1%). However, differences in the changes in 

the use of glucose lowering medication during the follow-up between 

different patient groups was not statistically significant (P = 0.683) and the 

results were unchanged even after adjustment for age and sex (Table 8). 

In contrast, for those whose medication was intensified, improvements 

were observed in the achievement of lipid treatment targets for all patient 

groups. Significant improvements were seen among T2D+AMD (16.3% vs 

57.0%) and T2D+AMD+CVD (34.8% vs 67.4%) patients during the follow-up 

and the differences in the changes in the use of lipid lowering medication 

during the follow-up between different patient groups remained statistically 

significant even after adjustment with age and sex (P = 0.043). In addition, 

the achievement of the lipid treatment targets was negatively affected by de-

intensification of lipid lowering medication among the T2D+AMD (44.4% vs 

14.8%) and T2D+AMD+CVD (43.8% vs 18.8%) patient groups during the 

follow-up (Table 9).  
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6   DISCUSSION 

6.1 Key findings 

In this register-based retrospective cohort study of 10,190 T2D patients, an 

improvement in the monitoring of HbA1c levels was observed. However, 

there was a gradual deterioration in the achievement of target HbA1c levels. 

Contrary to that, LDL monitoring remained steady, and a clear trend of 

improvement was noticed in the achievement of target LDL levels. No sex 

difference was found in the monitoring of HbA1c and LDL levels during the 

follow-up. However, there was a difference in the achievement of LDL targets 

and males showed better LDL control compared to females. 

Comparing the quality of diabetes care among T2D patients with and 

without mental disorders, it was noticed that there were improvements in the 

monitoring of HbA1c and LDL levels in all T2D patient groups, except those 

with dementia. The achievement of HbA1c targets declined and the 

achievement of LDL targets improved in all patient groups irrespective of 

whether they had mental disorders. 

The use of glucose lowering and lipid lowering medication was assessed 

and their association with the achievement of HbA1c treatment targets and 

LDL treatment targets among T2D patients with and without multiple co-

morbidities was also observed in this study. Metformin was the primary 

choice drug of treatment in all patient groups. However, the use of 

metformin alone declined during the follow-up and the use of metformin 

and/or other non-insulin medications increased. T2D patients who had both 

a mental disorder and CVD were mostly treated with a combination of 

insulin and non-insulin medication. A rise in the use of insulin alone was also 

observed among this group during the follow-up. Interestingly, deterioration 

in the achievement of HbA1c treatment targets during the follow-up was 

observed despite the intensification of medication among all patient groups. 

However, the achievement of LDL treatment targets improved during the 

follow-up. In this study, many patients with T2D+AMD and 
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T2D+CVD+AMD were not using any lipid lowering medication, both at 

baseline and follow-up. 

6.2 Interpretation of findings 

6.2.1 Monitoring and achievement of HbA1c and LDL levels 

among the whole type 2 diabetes cohort 

An improvement in the monitoring of HbA1c levels among all T2D patients 

was noticed during the follow-up (78% in 2011–12 to 89% in 2015–16) (Study 

I). A study examining the quality of T2D care in primary care settings of 

Catalonia, Spain by evaluating the clinical records of 23,501 T2D patients 

found an even more significant improvement in the HbA1c measurement rate 

(51.7% in 1993 to 88.9% in 2007) during a fifteen-year follow-up (Mata-

Cases et al. 2012). However, that study is older and thus the difference might 

reflect the overall improved management of T2D patients. Variation in the 

monitoring of HbA1c levels was observed in the Guideline Adherence to 

Enhance Care (GUIDENCE) study among different European countries 

(Belgium, France, Germany, Ireland, Italy, the Netherlands, Sweden and 

United Kingdom). GUIDENCE was a cross-sectional study which retrieved 

data retrospectively from medical records of T2D patients from primary and 

specialist care of different European countries between the years 2009–

2010. The study found that the HbA1c measurement rate varied from 94.7% 

(Ireland) to 99.3% (the Netherlands) (Stone et al. 2013). It seems that HbA1c 

monitoring was better in Finland compared to what was found in Spain 

(Mata-Cases et al. 2012) but lower than other European countries (Stone et 

al. 2013). However, the study in Spain was carried out ten years before the 

study of this thesis and the European study was carried out already in 2013. 

England and Wales provide reports on the care process and treatment 

outcomes almost every year on a national level. The latest report showed the 

HbA1c measurement rate improved from 90.9% in 2011–12 to 95.1% in 

2018–19 in England and Wales (The National Diabetes Audit 2016–17 2018; 

The National Diabetes Audit 2018–19 2018). The measurement rate of 
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HbA1c was higher in England and Wales compared to this study indicating 

that there is still room for improvement. 

The LDL monitoring rate also improved during the follow-up (75% in 

2011–12 to 85% in 2015–16) (Study I). A trend of improvement in the LDL 

measurement rate was also observed in the National Diabetes Audit (NDA) 

report of England and Wales. They showed an improvement in the LDL 

monitoring rate from 92.1% in 2011–12 to 92.7% in 2015–16 (The National 

Diabetes Audit 2016–17 2018). However, LDL monitoring varied from 66.9% 

(Germany) to 96.8% (The Netherlands) in different European countries 

(Stone et al. 2013). In the present study, LDL monitoring was better than in 

Germany, Italy, and Sweden (Stone et al. 2013) but lower than in England 

and Wales and other studied European countries (Stone et al. 2013; The 

National Diabetes Audit 2016–17 2018). 

The literature suggests that electronic health records (EHRs) are an 

efficient tool to support the management of chronic diseases like T2D by 

improving the process of follow-up of care indicators (Gill et al. 2001; 

O’Connor et al. 2005; Selby et al. 2001). An observational cohort study 

comparing the changes in the achievement of recommended interventions 

found that monitoring of HbA1c levels increased from 53% to 80.3% after the 

implementation of EHRs in a one-year follow-up (Gill et al. 2001). An 

electronic health records (EHRs) system was introduced in 2011–12 in North 

Karelia region which might partially explain the observed increase in the 

measurement rate of HbA1c and LDL levels in this study. 

Regular monitoring of HbA1c levels is recommended in current guidelines 

(Working group set up by the Finnish Medical Society Duodecim 2020). The 

benefits of the adherence to the guidelines have been shown earlier. A study 

in Australia examining the adherence to guidelines on HbA1c testing and 

outcomes for patients with T2D showed that patients with high adherence to 

the recommended guidelines for HbA1c testing had better control of their 

HbA1c levels over time (Imai et al. 2021). However, it is widely argued that 

improvement in the monitoring of HbA1c and LDL levels is not necessarily 

associated with better achievement of glycaemic targets (Grant et al. 2005; 

Mangione et al. 2006; O’Connor et al. 2005). A deterioration in the 
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achievement of glycaemic targets during the follow-up was observed in this 

study, despite the improvement in HbA1c monitoring (Study I). 

Deterioration in the achievement of the glycaemic targets over time was 

also observed among the whole Swedish national diabetes register 

population and Dutch Pediatric and Adult Registry of Diabetes (DPARD) 

cohort (Bak et al. 2021; Peterson et al. 2015). Factors such as aging, the 

duration and severity of the disease were found to have an influence on the 

deterioration of the achievement of glycaemic targets (Ahmad et al. 2014; 

Dubowitz et al. 2014; Tong et al. 2008). The loss of β-cell functioning as the 

disease progresses is one of the key reasons for the worsening of the 

achievement of treatment targets (Fonseca 2009). It has been found that 

inadequate β-cell functioning is associated with poor glycaemic control and 

may lead to treatment failure (Saisho 2015). According to the UKPDS study, 

the β-cell function decreased by almost 50% at the time of diagnosis among 

T2D patients and declined almost 5% annually as the disease progressed (UK 

Prospective Diabetes Study Group 1995). No effect of age on the HbA1c 

deterioration was noticed in the present study when glucose control among 

same age patients was analysed in a subgroup analysis. Therefore, the β-cell 

dysfunction as the duration of the diseases increases seems to be a possible 

cause for the observed deterioration in glycaemic control. Unfortunately, the 

disease history of the patients was not reliably available, so further analyses 

were not possible in this study. Furthermore, large trials like ACCORD 

(Action to Control Cardiovascular Risk in Diabetes Study Group (ACCORD) 

2008) and ADVANCE (The ADVANCE Collaborative Group 2008) failed to 

show the benefit of very strict glucose control, resulting in less strict and 

individualised glucose control recommendations for the management of T2D 

patients (American Diabetes Association 2021a). This change also partially 

explains the noted deterioration of the achievement of the glycaemic 

treatment targets in this study. 

In this study, an improvement in the achievement of LDL targets during 

the follow-up was observed (Study I). This study found that 63% of the whole 

T2D cohort achieved the recommended treatment target for LDL of < 2.5 

mmol/l. Data from the national diabetes register of Sweden showed lower 
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achievement of the recommended LDL targets (54.7%) compared to the 

present study (Nationella Diabetesregistret (NDR) 2017). However, a report 

from a Canadian national diabetes survey showed better achievement of the 

LDL targets (74.8%) compared to both Finland and Sweden (Leiter et al. 

2013). 

The prevalence of CVD is higher (Regassa et al. 2021) and mortality and 

morbidity due to CVD is common among T2D patients (Einarson et al. 2018). 

Thus, the management of CVD risk factors, such as elevated LDL cholesterol 

is highly important. It is suggested to start lipid lowering medication for all 

T2D patients irrespective of the baseline LDL levels (Betteridge 2005) or 

whether they have a CVD or not (American Diabetes Association 2021b). Sex 

disparity in the achievement of the LDL targets is observed frequently among 

T2D patients (Franconi et al. 2007; Franzini et al. 2013; Rossi et al. 2013). In 

this study, a significant improvement in the achievement of the LDL targets 

was observed in males compared to females during the follow-up (Study I). 

Finnish men have had a history of higher mortality rates due to CVDs 

compared to women and this may have resulted in strict monitoring of LDL 

levels among men leading to improvements in the LDL control (Puska et al. 

1985). Females are usually less serious about taking their medication and the 

pharmacokinetics (bioavailability, distribution, metabolism, and excretion) 

and pharmacodynamic parameters (drug action in central nervous system, 

cardiovascular system, energy metabolism and the immune system) of 

medications were different for females compared with males (Franconi et al. 

2007). In addition, it is well-known that women’s symptoms and risk factors 

are often taken less seriously and for example CVD diagnosis is more often 

missed (Keteepe-Arachi & Sharma 2017). A study in the USA analysing the 

gender differences concerning side effects of lipid lowering drugs showed 

that females are prone to change or stop using lipid lowering medication due 

to side effects. Among new statin users about 31% of women complained 

about worsening muscle symptoms, and among former statin users 63% 

females complained about new onset of muscle problems or worsening of 

earlier symptoms compared to 54% of males (Karalis et al 2016). These could 

be some reasons for the worse management of LDL levels among females. 
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6.2.2 Quality of care among patient with and without mental 

disorders 

T2D patients with mental disorders are often reported to receive less 

frequent HbA1c and LDL level monitoring and poorly achieve treatment 

targets (Piette & Kerr 2006). Prior studies show contradictory results 

regarding the quality of diabetes care for patients with and without mental 

disorders. Some studies have shown that patients with mental disorders are 

susceptible to poor quality of diabetes care (Frayne et al. 2005; Jones et al. 

2004) and others have found no disparities (Krein et al. 2006; Whyte et al. 

2007). Differences in the process of diabetes care indicators were observed in 

this study when dementia patients were compared to patients with only T2D 

(Study II). The results of this study are in line with the findings by Petrosyan 

et al. and Coopers et al. (Cooper et al. 2017; Petrosyan et al. 2014). A 

population-based retrospective cohort study of T2D patients with and 

without comorbid dementia from 2007 to 2009 from Ontario Canada 

showed that T2D patients with comorbid dementia received less 

recommended HbA1c (66%) and LDL-cholesterol (51%) tests compared to 

patients with only T2D (HbA1c test 69% and LDL test 71%) (Petrosyan et al. 

2014). Another study reported fewer primary care visits and annual weight 

and blood pressure monitoring among dementia patients compared to those 

without the condition (Cooper et al. 2017). A possible explanation for the 

observed differences in the process of care indicators could be that it is 

difficult for the patients with dementia to reach out to the regular healthcare 

services and instead they often prefer using emergency services (Frayne et al. 

2005). In the present study, dementia patients were older, and they might be 

aided by homecare services or treated in hospitals which may also lead to 

poor recording of follow-up measurements in the patient records. 

Deterioration in the achievement of the recommended level of HbA1c at 

<7% or 53 mmol/mol was observed among all T2D patients with and without 

mental disorders (Study II). A considerable number of patients with very 

good glycaemic control moved toward moderate glycaemic control during the 

follow-up irrespective of underlying mental disorders in the present study 

(Study II). It seems that keeping up good glycaemic control becomes 
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challenging for T2D patients regardless of mental disorders as the disease 

progresses. Evidence suggests that the progressive nature of T2D and gradual 

deterioration in the β-cell mass and function negatively influence the 

continuation of a good glycaemic control (American Diabetes Association 

2019; Fonseca 2009). This might partly explain the observed HbA1c decline 

in this study. Besides, the number of elderly patients is increasing in the 

present study region, and this might affect the choice of the treatment and 

recommended HbA1c targets. Newer guidelines suggest keeping less strict 

glycaemic targets for elderly patients as they are vulnerable to hypoglycaemia 

(American Diabetes Association 2019; Working group set up by the Finnish 

Medical Society Duodecim 2020). This might be a reason for the observed 

difference of changes in the achievement of the treatment targets (HbA1c 

<7% or 53 mmol/mol) between dementia patients and patients with only 

T2D (Study II). 

The dementia patients were elderly and less likely to achieve the 

recommended HbA1c target (HbA1c <7% or 53 mmol/mol) in this study. The 

primary goal of the management of older patients is to enhance the quality of 

life and self-care ability instead of aiming to achieve rigid glycaemic targets 

(Working group set up by the Finnish Medical Society Duodecim 2020). 

Therefore, it seems to be reasonable to witness a difference in HbA1c 

management in the dementia patient group compared to patients with only 

T2D. Individualised HbA1c targets might have been set by the care provider 

for this patient group for the management of glucose levels to avoid 

hypoglycaemia and other complications. Non-adherence to the medication 

could be an additional reason for the poor achievement of the glycaemic 

targets among dementia patients. Association of cognitive impairment and 

poor adherence to the medication has been identified in prior studies (Col et 

al. 1990; Insel et al. 2006; Nikolaus et al. 1996). It has been noticed that 

declining memory, lack of operational skills and decision-making functions 

in a person with cognitive impairment is the main reason for poor adherence 

to medication (Insel et al. 2006). 

A variation in the achievement of HbA1c targets was observed among 

depressive patients as well when compared to patients with only T2D. The 
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achievement of HbA1c targets declined among T2D patients with depression 

during the follow-up (Study II). The result of this study is in line with the 

findings by Frayne et al. (Frayne et al. 2005). Their study reported that the 

odds of poor achievement of HbA1c targets was 1.32 (1.30–1.35) among 

patients with mental disorders (Frayne et al. 2005). A study investigating the 

association of depression and the achievement of glycaemic targets found 

that depression increases the chances of achieving poor glycaemic target even 

after adjusting for several confounding factors (Crispín-Trebejo et al. 2015). 

Depressive patients often have poor motivation for self-care and less concern 

about the treatment, which leads to inadequate achievement of glycaemic 

target (Ciechanowski et al. 2000; Lin et al. 2004). Besides, the use of 

antidepression medication is also found to have a negative effect on glucose 

balance (Derijks et al. 2008). Antidepressant medication may cause weight 

gain (Berilgen et al. 2005), alter the secretion of insulin and affect insulin 

sensitivity (Holt 2019) leading to insulin resistance and poor glycaemia 

control among depressive T2D patients (Goldberg et al. 2007; Kahn & Flier 

2000). 

Patients with mental disorders are at increased risk of suffering from 

CVDs as well (Correll et al. 2017). Despite being at risk of CVD many patients 

with mental disorder are reported to have less access to healthcare services 

and low rate of treatments (Druss 2007; Mackin et al. 2007). However, this 

study observed an improvement in the achievement of the LDL targets 

among T2D patients with and without mental disorders (Study II). This 

study noticed that many patients with poor LDL levels moved towards 

moderate LDL levels irrespective of whether they suffered from mental 

disorders. Newer guidelines have suggested more specified treatment options 

for lowering glucose and lipid levels for the management of macrovascular 

risk factors (American Diabetes Association 2021b; Buse et al. 2020; Davies 

et al. 2018; Working group set up by the Finnish Medical Society Duodecim 

2022) and the health professionals in North Karelia have also actively 

implemented the guidelines in practices. This seems to be the reason for the 

observed improvement in the achievement of LDL target among all patient 

groups. 
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6.2.3 Use of medication and the achievement of treatment targets 

among patients with multiple co-morbidities 

The proportion of patients who were not using any glucose lowering 

medication declined among the patients with only T2D and increased among 

the T2D+CVD+AMD patient group during the follow-up (Study III). The 

continuation of good glycaemic control for a long term is problematic for 

T2D patients as the β cells dysfunction is already present at the time of 

diagnosis and increases as the disease progresses (Saisho 2015). Besides it is 

emphasized by the diabetes management guidelines to start glucose lowering 

medication if the glucose target is not achieved exclusively through lifestyle 

modification (American Diabetes Association 2021c; Working group set up 

by the Finnish Medical Society Duodecim 2020). In this study, a clear decline 

was observed in the proportion of those with no medication among T2D 

patients. On the other hand, T2D+CVD+AMD patients are older and among 

them the lack of motivation to take medication, low adherence, forgetfulness 

of medicine regimes, confusion in the use of multiple prescribed medications, 

and the fear of side effects such as hypoglycaemia may have influenced the 

patients not to take the medication (Asefzadeh et al. 2005; Kripalani et al. 

2012). 

The use of metformin as a primary medication for the management of 

T2D is widely accepted. Guidelines refer metformin as a first line medication 

for the treatment of hyperglycaemia (American Diabetes Association 2021c; 

Buse et al. 2020; Davies et al. 2018; Working group set up by the Finnish 

Medical Society Duodecim 2020). The findings of this study seem to be in 

line with the guidelines showing that metformin is the primary choice of 

medication for the treatment of T2D at the baseline (Study III). High 

efficacy, fewer side effects and the safety properties of metformin are the 

reasons for the widespread use of this medication (Flory & Lipska 2019; 

Inzucchi et al. 2015). However, vitamin B12 deficiencies, gastro-intestinal 

and kidney problems are observed among the T2D patients who have used 

metformin for a prolonged period (Aroda et al. 2016; Working group set up 

by the Finnish Medical Society Duodecim 2020). This might somewhat 
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explain the observed reduction in the use of metformin during the follow-up 

in this study population (Study III). 

It has been recognized earlier that a monotherapy with metformin alone 

is insufficient for the management of glucose levels of T2D patients in the 

long run (Maruthur et al. 2016) and guidelines suggest the introduction of 

additional glucose lowering agents if the monotherapy fails (American 

Diabetes Association 2021c; Working group set up by the Finnish Medical 

Society Duodecim 2020). The benefit of the early introduction of a 

combination therapy is validated by prior studies. It has been identified that 

the use of a combination therapy for the management of glucose levels 

provides improved and stable benefits compared to a monotherapy alone 

(Matthews et al. 2019). There are no specific recommendations regarding the 

choice of additional medication (American Diabetes Association 2021c; 

Working group set up by the Finnish Medical Society Duodecim 2020) but 

newer guidelines suggest starting GLP-1 receptor agonists and SGLT2 

inhibitors as secondary medications for those with and without a history of 

CVD (Buse et al. 2020; Davies et al. 2018). In this study, an increase in the 

use of metformin and/or other non-insulin medication was observed among 

all patient groups during the follow-up (Study III). This indicates that the 

need for adjustment in the medication for the better management of glucose 

levels were taken into consideration correspondingly. In the present study, 

T2D patients with multiple co-morbidities (T2D+CVD+AMD) and higher 

baseline HbA1c levels were mostly treated with combination of insulin and 

non-insulin medication both at the baseline and follow-up (Study III). A 

study investigating a combination therapy with oral hypoglycaemic agents 

and insulin showed that therapy with metformin, pioglitazone and a DPP-4 

inhibitor, together with a short course of once-daily basal insulin improves 

the glycaemic control and helps in the achievement of the treatment targets 

for patients with higher HbA1c levels without the risk of hypoglycaemia or 

weight gains (Ray & Mukherjee 2017). This justifies the observed treatment 

choice for this specific patient group (T2D+CVD+AMD) in the present study. 

Despite the intensification of glucose lowering medication, the 

achievement of the glucose treatment targets (HbA1c < 7% or 53 mmol/mol) 
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declined during the follow-up among all patient groups, and especially 

among those with multiple co-morbidities (T2D+CVD+AMD) (Study III). 

The association of multiple co-morbidities and suboptimum achievement of 

the glycaemic treatment targets was also observed by Harris et al., and Piette 

& Kerr (Harris et al. 2013; Piette & Kerr 2006). Non-adherence to 

medication due to a complex prescribed treatment regimen for several 

competing diseases and the advancement of T2D caused the poor 

achievement of the treatment targets among patients with multiple 

comorbidities (Ahmad et al. 2014; Donnelly et al. 2018; Harris et al. 2013; 

Piette & Kerr 2006). Besides this, the multiple co-morbidity group consists of 

elderly T2D patients. Chaudhury et al. investigating the effect of age and 

comorbidities on the intensification of treatment of T2D patients noticed that 

the treatment intensification was the lowest among older patients with 

comorbidity compared with younger patients without co-morbidities 

(Chaudhry et al. 2005). Age, non-adherence to medication, and a lack of 

effective intensification of medication may be possible reasons for the 

observed deterioration in the achievement of the treatment targets among 

T2D patients with multi-morbidities (Ahmad et al. 2014; Chaudhry et al. 

2005; Donnelly et al. 2018; Harris et al. 2013; Piette & Kerr 2006). 

The negative effect of antipsychotic medication on glucose control 

(Wirshing et al. 2002; Zhang et al. 2017) and a less strict glycaemic target for 

patients with CVD (American Diabetes Association 2021a) may be another 

reason for the observed poor achievement of the glycaemic targets among 

T2D patients with CVD and mental disorders. Although, the importance of 

early intensification of medication has been shown earlier (Bailey et al. 

2005), very little movement of patients from one glucose lowering 

medication group to another was observed in this study (Study III) indicating 

inadequate intensification of medication during the follow-up, which might 

have affected the achievement of the treatment targets. It remained unclear if 

the time of introduction and level of intensification of medication was 

sufficient for the different patient groups. Information regarding the 

intensification of medication needs to be monitored closely as it benefits the 
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patient in the achievement of treatment targets and thus delays and reduces 

the development and progression of complications (Bailey et al. 2005). 

Dyslipidemia and T2D have been identified as major risk factors for the 

development of myocardial infarction (Mortensen et al. 2016). It is suggested 

to start lipid lowering medications for T2D patients regardless of a history of 

CVDs (van Stee et al. 2018). However, a considerable number of patients 

especially with T2D+CVD+AMD were not using lipid lowering medication 

during the follow-up (Study III). This is a matter of concern, indicating a gap 

between given recommendations and adherence to the guidelines. It seems 

that T2D patients with mental disorders were inadequately managed despite 

having serious comorbidities such as CVD. Special attention needs to be 

given to this (T2D+CVD+AMD) patient group. 

The use of high intensity statin therapy was found to have an almost 

double benefit in lowering the LDL levels compared to low-intensity statins 

(Weng et al. 2010). Gant et al. suggested that intensifying statin therapy or 

switching to more effective medication could be helpful for the patients to 

achieve lipid treatment targets (Gant et al. 2018). This is in line with the 

findings of the present study. An improvement in the achievement of the 

lipid treatment targets in all patient groups whose treatment was intensified 

during the follow-up was observed (Study III). The highest achievement of 

treatment targets was seen among T2D+AMD and T2D+CVD+AMD patients 

whose treatment was intensified. Although these patients showed more 

improvement in the achievement of the treatment targets with an 

intensification of medication still many of them were not receiving any lipid 

lowering medication, indicating excess risk of suffering from severe CVD 

events. It would be wise to introduce lipid lowering medication to this group 

to avoid macrovascular complications. 

Furthermore, fewer than 75% of the T2D patients with CVD and 

CVD+AMD achieved the LDL target of < 2.5 mmol/l during the follow-up 

(Study III), keeping in mind that the real lipid treatment targets for any CVD 

patient should be LDL <1.8 mmol/l (Working group set up by the Finnish 

Medical Society Duodecim 2020). It could be said that there is still scope for 

improvement regarding the achievement of lipid treatment targets among 
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this study population and T2D patients with CVD and AMD need additional 

support. 

6.3 Methodological consideration 

The present study was carried out as a register-based retrospective cohort 

study. The large and comprehensive study sample was a major strength of 

this present thesis. It is acknowledged that a register-based study design is 

well suited for analysing the adherence to guidelines by the physicians or 

patients and the effect of medication. The follow-up of long-term benefits or 

harm can be analysed with this study design as the data collection from 

registries can be extended for a longer time compared to other studies 

including traditional data collection methods (Gliklich et al. 2014). 

Demonstration of the possibilities for using EHRs was another strong 

point of this study. Data collection from EHRs is cost effective and less time-

consuming (Casey et al. 2016; Farmer et al. 2018) which allows the inclusion 

of a large sample size in the analysis. Everyone who used any healthcare 

services can be found via the EHRs and thus the problem of selection bias 

can be avoided (Casey et al. 2016; Farmer et al. 2018). In this study, data 

collection from EHRs allowed the access to a large amount of real-time data 

on the whole T2D cohort of North Karelia. All diagnosed T2D patients living 

in North Karelia region were included in this study and information on a six-

year long follow-up period from both primary and secondary level care was 

available by collating the data directly from the regional EHRs of North 

Karelia. Valid data for all T2D patients was available if they had visited the 

services, thus the problem of non-responsiveness was avoided in the present 

study. However, it is observed that register data is sometimes not well 

equipped for research because some important information may be missing 

and diagnoses may be inaccurate or misclassified as the data may be built for 

billing purposes rather than for research (Agerbo 2009; Sørensen 1997). In 

this study a large set of information such as all the measurements, other 

diagnoses and prescriptions were available in the EHRs and the T2D 

diagnoses were checked by the physicians as well whenever there were 
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concerns for example when both E10 and E11 diagnoses were recorded. 

Sometimes there are concerns about reliability and missing diagnoses when 

using register-based data. However, in Finland the EHRs are reasonably 

reliable, and coverage of the recording diagnoses is increasing all the time 

(Ketola et al. 2019 and Mölläri and Saukkonen 2019). A study in Finland 

observing the reliability of register data showed that the prevalence of 

diabetes, coronary artery disease, asthma and COPD were almost the same in 

the studied population based on both population survey data and registry 

data (Laatikainen et al. 2020). 

Information on all HbA1c and LDL test results and e-prescriptions are 

registered directly in the EHRs in North Karelia. Therefore, information on 

the prescribed medication and HbA1c and LDL values used in this study is 

comprehensive and reliable. Additionally, all the municipalities of the study 

region use the same regional laboratory and standardized methods for HbA1c 

and LDL measurements, which ensured the comparability of laboratory data 

and results between patients living in different municipalities. 

Although there are several major strengths of this study, however it is not 

without limitations. All diagnosed T2D patients were included in the 

analyses, but some patients in the region might have remained undiagnosed 

or moved away from the region. The number of T2D patients who had moved 

out of the area was checked afterwards using the address data received from 

North Karelia region in 2015 and 2017. The number of those who had moved 

out of the area before 2015 and had not moved back by the end of the follow-

up amounted to 82 persons. The possible bias caused by movement of 

patients is thus marginal. Most of the T2D patients are treated by the public 

sector. In North Karelia, occupational healthcare is also mostly provided by 

the health centers. There are private service providers only in the capital of 

the province i.e. in Joensuu. However, there might be patients who used only 

private healthcare services or did not use the services at all during the follow-

up period. This limitation might have influenced the estimation of the 

achievement of the treatment targets especially as those using private 

services are usually younger. 
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In addition, even though information about the given prescription of 

medication was available from the EHRs, it was uncertain whether the 

patients actually bought the medication and used it as recommended. This 

might cause over or under estimation of the achievement of the treatment 

targets in relation to the use of medication. Another drawback was that 

hypertension and BMI were not possible to take into consideration in this 

study although they would bring very valuable information related to the 

management of T2D. EHRs are not usually designed for research purposes 

and therefore some information is not saved in a proper format so that it can 

be used in research. However, the format of the EHRs is constantly 

developing and may provide valuable information for quality-of-care 

research in the near future. 

In the present study, we analysed the achievement of treatment targets 

among different patient groups. The patient group “Other mental disorder” 

used in Study II included both less severe and severe mental disorder 

patients. It was not possible to analyse the achievement of treatment targets 

for these patient groups in detail as there were very few patients in each 

group. The heterogeneity of mental health patients in the “Other mental 

disorder” patient group thus might have caused some over or under 

estimation of the achievement of treatment targets among this group. 

6.4 Implications and scope of future research 

This study outlines the development of diabetes care in North Karelian 

municipalities for the period of 2011–12 to 2015–16. The achievement of 

glycaemic targets declined among all patients irrespective of co-morbidities 

or the use of medication, probably due to the advancing nature of the disease 

process. In contrast, access to the follow-ups improved and were similar for 

all patients regardless of being male or female or having a comorbidity. This 

is valuable information and needs to be taken into consideration when 

planning the development of services in the area. Focusing more on patient 

centred treatment and educating patients more intensively about disease 

management could be targeted in the future. 
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Regarding the management of cardiovascular risk factors, it was observed 

that females still have poorer management of LDL cholesterol and many T2D 

patients with CVD and AMD were not using any lipid lowering medication. 

This is another concerning piece of information because CVD is the major 

cause of mortality and morbidity among T2D patients, and the management 

of complications causes a greater economic burden compared to the 

management of T2D alone. Therefore, it would be wise to pay special 

attention to these patient groups in future to minimize the serious 

consequences of CVD among T2D patients. 

Furthermore, the study showed the effect of pharmacological 

management on the achievement of the treatment targets among different 

T2D patient groups in a real-life setting which will aid in visualizing the 

potential opportunities to upgrade T2D treatment strategies for T2D 

patients. 

This study provided valuable information regarding the quality of care 

using the regional EHRs and thus it can serve as an example of the benefits 

of using EHRs in future research. EHRs can be a good tool to regularly 

monitor the quality of care, to find the patients and patient groups that need 

additional support and to provide valuable information regarding the 

effectiveness of medications. It seems that a well-organized EHR can open 

endless opportunities for future research. Therefore, establishing and 

updating EHRs enabling easy and appropriate data extraction would be a 

wise investment. 

In this study, the patients were mostly middle aged or elderly. It would be 

interesting to observe the quality of care and cumulative comorbidity burden 

among young, newly diagnosed T2D patients. For that we would need more 

accurate information on disease history. Mental disorders and CVDs were 

considered as co-morbidities in the present study. However, observing the 

effect of renal disease or liver disease on treatment outcomes would also be 

interesting as those diseases may have an effect on the choice of glucose 

lowering medications.  
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7 CONCLUSIONS 

Advancement in the monitoring of HbA1c and LDL levels was observed 

during the follow-up of the whole T2D cohort of North Karelia irrespective of 

sex and co-morbidities. Males and females seemed to have equal access to 

follow-ups in the healthcare services. However, the achievement of the 

glycaemic treatment targets declined among all T2D patients regardless of 

whether they suffered from a mental disorder, CVD, or underwent intensified 

treatments. It seems that maintaining recommended glycaemic targets in the 

long run is difficult for T2D patients as age, co-morbidities, the progressive 

nature of the disease and gradual β-cell deterioration influence the care and 

achievement of the treatment targets. Active monitoring, tailored treatment 

and intense patient education regarding T2D management may reduce the 

chances of severe complications, improve patients’ quality of life and reduce 

the economic burden. 

The achievement of LDL targets improved in general among all T2D 

patients during the follow-up. However, sex disparities in the achievement of 

LDL treatment targets remained a concern. Females were at more risk of 

CVD compared to males which needs further attention. Finally, many T2D 

patients with CVD and AMD were not using any lipid lowering medication. 

This is alarming as it may increase the likelihood of severe CVD events and 

increased mortality among this group. 
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