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Abstract 

Background: In the past few decades, the incidence and prevalence of type 2 diabetes mellitus 

(T2DM) has increased dramatically and age of disease onset has declined. This is mainly explained 

by the obesity epidemic. Cardiovascular disease is the most common cause of mortality in patients 

with T2DM and from a cardiovascular perspective, there is evidence suggesting that early-onset 

T2DM is a more aggressive disease than usual-onset T2DM. Persons with early-onset T2DM have 

been reported as being more obese, having poorer glycemic control and display a more pronounced 

dyslipidemia than those with usual-onset T2DM.  

Aim of this study: The aim of this study was to evaluate, in relation to age at diagnosis: 1) clinical 

characteristics at diagnosis and 2) trajectories in CVD risk factors over several years in patients with 

T2DM. 

Patients and methods: Data was obtained from the Swedish National Diabetes Register (NDR), 

where we identified patients who were defined epidemiologically as T2DM and had a listing in the 

NDR between 2002 and 2012. We included patients who were examined at the year of diagnosis.  We 

restricted follow-up time to a maximum of 10 years. Our final cohort consisted of 100,606 patients 

contributing 679,420 observations. Continuous outcome variables were analysed using a mixed effect 

model for repeated measures. Dichotomous outcome variables were analysed using a corresponding 

mixed generalized linear model with a logistic link function. 

Results: HbA1c levels at diagnosis were highest in patients diagnosed under the age of 50 years and 

decreased gradually with increasing age at diagnosis. Patients with early-onset T2DM also displayed 

the worst progress in glycemic control. The youngest patients had the highest BMI at diagnosis; nearly 

70% of them were obese. All age groups displayed a reduction in BMI during follow-up, and the 

youngest patients displayed the most pronounced decrease. Systolic blood pressure decreased during 

follow-up in patients diagnosed at 50 years of age or older, but remained unchanged in patients 

diagnosed under the age of 50 years. HDL cholesterol and triglycerides displayed similar trends. In 

both cases younger patients had poorer characteristics at diagnosis. Considering HDL, patients in the 

age range of 18 to 79 displayed an increase during follow-up, but the oldest age group remained 

unchanged. Furthermore, triglyceride levels decreased slightly during follow-up, with the youngest age 

group displaying the steepest decline. eGFR levels were highest in the youngest patients and rapidly 

decreased as patients were diagnosed in older ages. Patients in the oldest age group had the highest 

prevalence of microalbuminuria at diagnosis. The odds of having microalbuminuria increased in all 

age groups with increasing duration of diabetes, with no obvious differences in relation to age. 

Conclusion: Patients with early-onset T2DM have a more adverse cardiovascular risk profile at 

diagnosis and poorer progression of glycemic control, compared to patients diagnosed at an older 

age. These individuals, because of their young age, will have very high lifetime risk of developing 

CVD. This means that we should pay more attention to this patient group. We argue that screening for 

diabetes in young obese patients should be performed generously and evidence based interventions 

should be implemented promptly. 
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1 Background 

1.1 Diabetes mellitus 

1.1.1 Diabetes mellitus in general 

Diabetes mellitus (DM) is a disease that occurs when the body’s ability to produce or utilize insulin is 

diminished. Insufficient production or action of insulin impairs the transport of glucose into muscles, fat 

tissue and the liver, since these tissues depend heavily on insulin to maintain glucose metabolism. 

The ensuing increase in plasma glucose, termed hyperglycemia, deranges vascular physiology 

(among other processes) which leads to devastating and life-threatening complications if left untreated 

(1). 

There are two main types of DM: Type 1 diabetes mellitus (T1DM) and type 2 diabetes 

mellitus (T2DM). In high-income countries approximately 7-12% of those who have DM have T1DM 

and 87-91% have T2DM. Other less common types are gestational diabetes mellitus, latent 

autoimmune diabetes in adults (LADA), monogenic diabetes mellitus and secondary diabetes mellitus, 

which arises as a complication of other diseases (1, 2). 

1.1.2 Prevalence and incidence 

In 2015, it was estimated by the International Diabetes Federation (IDF) that 415 million adults 

worldwide have DM and by 2040 this number is expected to have increased to 642 million. About 5 

million adults died from DM in 2015 and to put this in perspective, adults who died from AIDS, 

tuberculosis or malaria in 2013 were 1.5 million, 1.5 million and 0.6 million, respectively. It is estimated 

by the IDF that one in two adults with DM is undiagnosed, putting them at greater risk of developing 

complications. Although T1DM is less common than T2DM, it is more common among children and in 

2015 the number of children with T1DM reached half a million (1). 

The prevalence of DM has been increasing during the past few decades (3, 4). The rise in 

incidence of T1DM has been reported being 3% per year in the past few decades (5). And a recent 

study observed that the incidence of T1DM is 2-3 times of what was previously expected for patients 

34 years of age and younger (6). In spite of that, the main reason for the increasing prevalence of DM 

is because of a progressive rise in the incidence of T2DM (3, 4). T2DM was once thought to be a 

disease of the elderly and middle-aged adults but age at disease onset has declined in recent years. It 

is now more frequently diagnosed in young adults and adolescents (7-9). T2DM can be categorized 

into early-onset T2DM, i.e. people diagnosed before the age of 45, and usual-onset T2DM, i.e. people 

diagnosed at or after the age of 45 (10). The reason for this decline in age of diagnosis is thought to 

be increasing obesity among young people. In the 1990s, obesity increased by 70% in people of ages 

18-29 years in the United States and in the same decade, T2DM increased by 70% in people of ages 

30-39 years (4, 11). One study observed an inverse relationship between body mass index (BMI) and 

age of diagnosis suggesting that obesity, instead of being a threshold risk factor, might be a 

continuous risk factor for T2DM onset (12).  
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1.2 Types of diabetes mellitus 

1.2.1 Type 1 diabetes mellitus 

T1DM is an autoimmune disease caused by an immune reaction directed at the insulin-producing beta 

cells of the pancreas. Although it is unknown what elicits this autoimmune process, it leads to a 

complete inability to produce insulin. This disease most often occurs in children and adolescents but 

can occur throughout the life span. People with T1DM require exogenous insulin every day to control 

their plasma glucose levels and will die without it (1, 13). 

1.2.2 Type 2 diabetes mellitus 

In T2DM the cells of the body become resistant to insulin, a phenomenon termed insulin resistance, 

and therefore cannot respond to normal levels of insulin. This is thought to be of major importance in 

the pathogenesis. Feedback mechanisms compensate by stimulating beta cells to increase their 

production of insulin, which is reflected by hyperinsulinemia. The increased workload on the beta cells 

eventually exhausts them and T2DM patients therefore often have beta cell dysfunction and ultimately 

insulin deficiency. Many people with T2DM display these metabolic derangements several years 

before diagnosis of diabetes and many therefore have evidence of complications at diagnosis. The 

cause of T2DM is not known but there are several known risk factors for developing the disease, for 

example sedentary lifestyle, obesity and heredity (1, 14). 

1.3 Pre-diabetes and glycemic control 

1.3.1 Pre-diabetes 

The term pre-diabetes refers to those that have elevated plasma glucose levels but below the 

threshold for diagnosis of DM. These patients are said to have impaired fasting glucose (IFG) or 

impaired glucose tolerance (IGT). Table 1 shows the World Health Organization’s (WHO) diabetes 

mellitus diagnostic criteria. IDF estimated that 318 million adults in 2015 had IGT. The incidence of 

IGT increases with age and it is a strong risk factor of developing T2DM (1, 15). Lifestyle interventions, 

such as physical exercise and healthy diet, have been effective in preventing progression from IGT to 

T2DM (16). 

 

Table 1: World Health Organization's diabetes mellitus diagnostic criteria (15). 

Condition Fasting glucose [mmol/L (mg/dL)] 2 hour glucose* [mmol/L (mg/dL)] 

Normal <6.1 (<110) <7.8 (<140) 

IFG ≥6.1 (≥110) & <7.0 (<126) <7.8 (<140) 

IGT <7.0 (<126) ≥7.8 (≥140) & <11.1 (<200) 

DM ≥7.0 (≥126) ≥11.1 (≥200) 

IFG = impaired fasting glucose, IGT = impaired glucose tolerance, DM = diabetes mellitus 

* 2 hours after 75 gram glucose load 
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1.3.2 Glycemic control 

Glycated hemoglobin (hemoglobin A1c [HbA1c]), is a good marker of the average concentration of 

plasma glucose in the last three months. It is recommended by the American Diabetes Association, for 

DM patients who are meeting treatment goals to have at least two HbA1c measurements conducted 

each year and for those not meeting treatment goals to have at least four. The recommended HbA1c 

levels for most non-pregnant adults are <53 mmol/mol (7%) (17). Studies have shown that elevated 

HbA1c is strongly associated with development of macrovascular and microvascular complications 

and premature death. Lower HbA1c levels are associated with fewer vascular complications (18, 19). 

In recent years HbA1c has been accepted as a diagnostic tool for DM (20, 21). Although this is true for 

both T1DM and T2DM, the focus from now on will mainly be on T2DM. 

1.4 Microvascular complications 

1.4.1 Nephropathy 

Hyperglycemia can damage the blood vessels in the kidneys, which might impair renal function. 

Chronic hyperglycemia may lead to severe chronic kidney disease and ultimately renal failure (1). The 

most frequent complication among people with early-onset T2DM is nephropathy. Microalbuminuria is 

present in up to 25% of people with T2DM at diagnosis; up to 42% after 5 years from diagnosis and up 

to 60% after 10 years from diagnosis. People with T2DM under the age of 18 more commonly have 

microalbuminuria and hypertension than their counterparts with T1DM. This suggests that early-onset 

T2DM may be more aggressive than T1DM regarding nephropathy (22, 23).   

One study reported that persons with early-onset T2DM had a 23-fold risk of renal failure 

compared to control subjects and a 4-fold increased risk compared to their T1DM counterparts. 

Approximately half of those diagnosed with early-onset T2DM developed end-stage renal disease 

after the 20-year follow-up period (24). 

1.4.2 Neuropathy 

DM can lead to nerve damage and can affect both somatic and autonomic nerves. It most commonly 

affects sensation in the feet and this can cause injuries to go unnoticed. Those injuries can progress to 

ulcerations that can get infected and in serious cases amputations are needed (1). 

Results from small cross-sectional studies have shown that up to 57% of pediatric T2DM 

populations may have neuropathy. However, a recent Canadian cohort study on youth under the age 

of 18 observed only a rate of 7.6% in the T2DM group and 5% in the T1DM group (25). Hence, it 

appears that neuropathy may arise earlier in T2DM than T1DM. This can, as early as 2 years after 

diagnosis, lead to foot ulcerations. These foot ulcerations are known to be the main reason for 

amputations in patients with DM (25). 

1.4.3 Retinopathy 

A great number of people with DM develop retinopathy. The hyperglycemia damages blood vessels 

that supply the retina and this can give rise to visual impairment and blindness. Good glycemic control 

reduces the risk of retinopathy (1). 
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The literature on retinopathy in early-onset T2DM varies (14). One study identified subclinical 

retinal abnormalities and compared the incidence of them in the following groups: T1DM, T2DM and 

controls. The retinal abnormalities were most common in the T2DM group (26). A recent Canadian 

cohort study on youth under the age of 18 observed a similar rate of ophthalmologic complications 

between T2DM and T1DM groups (25). A Swedish cohort study examined retinopathy and severe 

retinopathy between T2DM and T1DM groups at the age of 15-34. They reported similar rates of 

retinopathy but severe retinopathy was much higher in the T2DM group, both at diagnosis and after a 

10-year follow-up period (27). 

1.5 Other complications 

1.5.1 Cardiovascular complications 

The most common cause of mortality in patients with DM is cardiovascular disease (CVD), including 

myocardial infarction, stroke, peripheral artery disease and congestive heart failure. Risk factors for 

these complications include high blood pressure, high cholesterol and high plasma glucose (1). 

From a cardiovascular perspective, it looks as though early-onset T2DM is more aggressive 

than usual-onset T2DM. For example, early-onset T2DM patients have a 14-fold increase risk of 

developing myocardial infarction relative to age-matched controls but the usual-onset T2DM patients 

only have a 4-fold increase in risk of developing myocardial infarction relative to age-matched controls 

(10). A comprehensive Swedish study observed that younger age and worse glycemic control were 

correlated with excess risk of death from any cause and from CVD. (28) 

1.5.2 Pregnancy and diabetes mellitus 

Women with DM are at increased risk of complications during pregnancy and delivery. These include 

for example higher risk for miscarriage, macrosomia, congenital malformations, neonatal 

hypoglycemia and neonatal death. These risks can be reduced with good glycemic control. Increasing 

prevalence of women of childbearing age with T2DM has a big impact on maternity care since they 

more often have a poorer glycemic control than those with T1DM (29). Gestational diabetes mellitus 

(GDM) used to be defined as diabetes diagnosed during pregnancy. But because of the increased 

prevalence of women of childbearing age with T2DM the definition has changed. GDM is now 

classified as women diagnosed with DM in the second or third trimester and if they are diagnosed in 

the first trimester then that is classified as T2DM (17). Women with GDM are also at higher risk of the 

pregnancy-related complications discussed above. Usually after birth, the hyperglycemia associated 

with GDM vanishes, hence the name. However, theses women are at greater risk of developing T2DM 

in the future and a child who is exposed to hyperglycemia in utero is also at increased risk of 

developing T2DM early in their life (1). 

1.5.3 Non-alcoholic fatty liver disease 

The most frequent liver complication seen in children with T2DM is Non-alcoholic fatty liver disease, 

seen in about half of the children with T2DM (30). 
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1.6 Risk factors for developing type 2 diabetes mellitus 

The risk factors of developing T2DM are similar whether the onset is early or late in life. Table 2 shows 

the risk factors for developing T2DM in the youth (14). Most of the patients with early-onset T2DM are 

obese and genetic predisposition plays a big role as well. One study from the United Kingdom (UK) 

observed that the percentage of UK’s adolescents with T2DM who have a family history of T2DM was 

84%. It also showed that 95% of the adolescents diagnosed with T2DM were overweight and 83% 

were obese (31). Low physical activity plays a big role in obesity and, for children, there seems to be a 

dose-response relationship between decreasing physical activity and metabolic risk, for example 

insulin insensitivity (32). Different ethnic groups seem to differ in susceptibility to develop T2DM. The 

prevalence rates for black people in the UK are 3.9/100,000 and for those of South Asian origin are 

1.25/100,000 compared to 0.35/100,000 in white children (31). Worldwide, the ethnicities that have the 

highest risk of developing T2DM in childhood are Hispanics, South Asians, Japanese and Native 

Americans (14).   

 

Table 2: Risk factors for developing T2DM in the youth (14). 

Modifiable 

Obesity 

Low physical activity 

High sedentary behavior 

Socioeconomic status 

Non-modifiable 

Ethnicity 

Family history of T2DM 

Puberty 

Low birth weight 

Exposure to DM in utero 

Female sex 

Previous gestational diabetes 

 

1.7 Cardiovascular risk factors and risk management in patients with 

type 2 diabetes mellitus 

1.7.1 Cardiovascular risk factors  

Many studies have revealed a strong association between DM and CVD, for example excess mortality 

from CVD among DM patients (33, 34). Therefore, the American Diabetes Association considers DM a 

high-risk factor of CVD and recommends cardio-protective agents such as statins, aspirin and 

angiotensin-converting enzyme inhibitors for many patients (17). 
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When young people are diagnosed with T2DM they often have several risk factors for 

developing cardiovascular disease. American and Australian studies have reported that at diagnosis, 

26% of young people have hypertension, 80% have low high-density lipoprotein (HDL) levels and 10% 

have high triglycerides (TG) (23, 35, 36). A large cross-sectional study in the UK observed that the 

cardiovascular and metabolic risk profiles between people with early-onset T2DM (mean age 33.8) 

and people with usual-onset T2DM (mean age 66.9 years) were similar. It means that people in their 

30s diagnosed with T2DM are likely to have hyperlipidemia, hypertension and other cardiovascular 

risk factors similar to that of a person in their 60s diagnosed with T2DM (37). This lifetime exposure to 

cardiovascular risk factors among people with early-onset T2DM can progress to adverse 

cardiovascular outcomes earlier in life. 

A comprehensive study on T2DM patients in Sweden observed that hypertriglyceridemia (TG 

>4 mmol/L) was seen in about 3.4% of T2DM patients and those patients had significantly higher BMI, 

total cholesterol and HbA1c levels. Patients on lipid-lowering drugs had lower total cholesterol, LDL 

and HDL but higher TG compared to patients not on lipid-lowering drugs. In patients not taking lipid-

lowering drugs, the mean values of all blood lipids increased with age in women and decreased with 

age in men, except HDL, which increased with age in men. Patients who had LDL/HDL ratio ≥3 were 

approximately 17% of T2DM patients and were on average younger, had shorter duration of diabetes 

and less frequently used lipid-lowering drugs. The mean age in the groups ranged from 58.9 to 68.7 

years. This study therefore reports lipid-profile of older people with T2DM but not the youngest 

patients (38). 

1.7.2 Cardiovascular risk management 

Early-onset T2DM seems to be a more aggressive disease regarding cardiovascular risk and therefore 

requires stringent control of blood pressure, lipids, weight and blood glucose levels. If patients with 

early-onset T2DM have hyperlipidemia and/or hypertension it is recommended to treat those risk 

factors with statins and angiotensin converting enzyme inhibitors, respectively (39). 

During statin treatment, some have suggested using apolipoprotein measurements to anticipate future 

cardiovascular events, instead of LDL cholesterol. Apolipoprotein B (the primary apolipoprotein in 

chylomicrons, VLDL, IDL and LDL), apolipoprotein A1 (the primary apolipoprotein in HDL) and the 

apolipoprotein B/A1 ratio are measured. A small study comparing apolipoproteins between early-onset 

and usual-onset T2DM patients, both receiving statin treatment, reported significantly higher 

apolipoprotein B and B/A1 ratio in the early-onset T2DM group. Triglycerides and total cholesterol 

were also significantly higher in the early-onset T2DM group. Even though this was a small study it 

indicates that early-onset T2DM is more adverse in terms of cardiovascular risk factors and might 

need a more aggressive treatment (40). 

1.8 Treatment in type 2 diabetes mellitus 

Lifestyle changes, for example increased physical activity and to convert to a healthy diet, are still the 

cornerstone of treatment but early treatment with glucose lowering drugs is warranted (1). 
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1.8.1 Glucose lowering therapies 

For patients with T2DM, the American Diabetes Association recommends that the initial 

pharmacological intervention, if tolerated and not contraindicated, be metformin (17). Metformin is 

classified as an insulin sensitizer. Its major action is to decrease hepatic gluconeogenesis and 

increase peripheral glucose uptake by target tissues. Hyperinsulinemia is not a problem with 

metformin because it doesn’t stimulate insulin production (41). If monotherapy with metformin does not 

accomplish suggested HbA1c levels then it is recommended to add another oral agent, for example a 

glucagon-like peptide 1 receptor agonist, sulfonylurea, thiazolidinedione, or sometimes insulin (17).   

Currently, the only glucose-lowering drugs available for adolescents with T2DM are metformin 

and insulin (14). A comprehensive randomized trial reported metformin plus rosiglitazone treatment as 

superior to metformin monotherapy in adolescents with T2DM, indicating that adolescents and young 

adults with T2DM may need, earlier in the course of their disease, a more aggressive polypharmacy 

(36).  

1.8.2 Bariatric surgery 

In obese adult patients with uncontrolled T2DM, bariatric surgery with medical therapy has proven to 

result in better glycemic control compared to medical therapy alone. Other factors, such as weight loss 

and quality of life, appear to show better results in adult patients who have bariatric surgery (42). 

Although the question of whether it is a good idea to put an adolescent through surgery is valid, the 

benefits of that surgery must be considered. Bariatric surgery has resulted in notable weight loss and 

remission of T2DM in extremely obese adolescents (43). With increasing prevalence of obesity among 

adolescents, and our knowledge of CVD complications among people with early-onset T2DM, this 

treatment might be worth considering in selected adolescents. 

1.9 Early-onset type 2 diabetes mellitus 

One concern with the increasing incidence of early-onset T2DM is the potentially very high risk of 

developing CVD and premature death, compared to persons diagnosed later in life, as well as 

individuals without diabetes. The absolute risk of complications is not high among people with early-

onset T2DM and short disease duration. However, because of their young age, these individuals will 

be exposed to metabolic derangements for decades, leaving them at a very high lifetime risk of 

developing CVD. Indeed, microvascular complications emerge at a younger age in people with early-

onset T2DM than those with usual-onset T2DM. Prevalence of complications rise with increasing 

diabetes duration in all age groups, but people diagnosed with T2DM before the age of 40 have a 

greater increase in the rate of microvascular complications with increasing diabetes duration 

compared to those who are diagnosed after the age of 40 (44). 

Persons with early-onset T2DM have been reported as being more obese than usual-onset 

T2DM patients. Glycemic control at diagnosis and follow-up is usually worse in the early-onset 

patients as are the blood levels for TG, HDL and total cholesterol/HDL ratio. The fact that early-onset 

patients, who will have longer disease duration, have a higher CVD risk profile than older patients is a 

somewhat new and serious challenge that has to be taken into account in diabetes management (45). 
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1.10 Aim of this study 

The aim of this study was to evaluate, in relation to age at diagnosis: 1) clinical characteristics at 

diagnosis and 2) trajectories in CVD risk factors over several years in patients with T2DM. 

  



 11 

2 Patients and methods 

2.1 Data sources 

Data from the Swedish National Diabetes Register (NDR) was the cornerstone of this thesis.  

2.1.1 The Swedish National Diabetes Register (NDR) 

The Swedish National Diabetes Register (NDR) is a nationwide clinical quality register that aims to 

support and monitor improvements in the quality of diabetes care. It was launched in 1996 by the 

Swedish Society for Diabetology and has been growing ever since. It now contains clinical data on 

about 90% of the adult patients (over 18 years of age) with DM (T1DM and T2DM) in Sweden. This 

data includes vast information on risk factors, treatment, clinical characteristics and complications of 

diabetes. In 2015, there were 384,124 people reported in the NDR and from 1996 to 2015 there have 

been a total of 643,431 people reported into NDR. NDR went online in 2002. This has allowed 

physicians to quickly monitor their patients and to see nationwide, county-by-county and clinic-by-clinic 

statistics for the purpose of comparison (46, 47). 

Trained physicians and nurses at specialist clinics or primary health care centers report to the 

NDR, at least annually, on their patients. They can report this information manually through the NDR’s 

website or, in some cases, it can be automatically transferred from the medical records. NDR 

encourages all specialist clinics and primary health care centers to report to the NDR but it is not 

mandatory. Nevertheless, in 2015 NDR obtained reports from all the specialist clinics and 95% of the 

primary health care centers. Before inclusion, an informed consent has to be provided from every 

patient (46, 47). 

2.1.2 Use of NDR in research 

NDR is one of the largest quality registers in the world, and to the best of our knowledge, it is the 

largest diabetes register in the world. Although NDR was not designed for research, the 

comprehensive nationwide data on risk factors, treatment, clinical characteristics and complications 

makes it a unique research database. Furthermore, the fact that every Swedish person has a unique 

personal identification number, which can be used to merge data from the NDR with any of the 

nationwide population registries held by the National Board of Health and Welfare, as well as Statistics 

Sweden, makes it even more powerful. Examples of such population registries are The Cause of 

Death Register, Prescribed Drug Register and The Cancer Register. This has allowed the NDR to 

conduct several high impact observational studies in recent years (47). 

2.1.3 Diabetes diagnosis 

In Sweden, the criteria used to diagnose DM is the WHO’s diagnostic criteria (15, 20, 21). Since 

January 2014, HbA1c has been accepted as a diagnostic tool but the last year of inclusion in the 

present study was 2012 so none of the patients in this study were diagnosed using HbA1c. 

Clinical classification into T1DM and T2DM has become more difficult with increasing obesity 

in young adults and adolescents, pushing the age at onset of T2DM down the age span. The fact that 

not everyone with T1DM exhibits autoantibodies also affects the diagnosis (48). Individuals with onset 
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in their 20s to 40s present a particularly difficult group, since subtypes like latent autoimmune diabetes 

in adults (LADA), which is similar to T2DM but includes autoantibodies, can occur here (49). 

The physician’s judgment of each patient’s diabetes type is available in the NDR; this variable 

is referred to as the clinical definition of diabetes type. However, in recent years, researchers from the 

NDR have employed an epidemiological definition of diabetes type, to be able to compare their studies 

to others in the literature that have been using similar criteria. The epidemiological definition of T1DM 

is as follows: patients diagnosed at the age of 30 years or younger and receiving insulin only. The 

epidemiological definition of T2DM is as follows: patients receiving dietary treatment only, or oral 

glucose-lowering agents only, or patients diagnosed at the age of 40 years or older and receiving 

insulin therapy or insulin and oral glucose-lowering agents. 

 We assessed how many patients in our cohort, all of which were defined as T2DM 

epidemiologically, also had T2DM clinical diagnosis. The result was that 97% of our cohort also had 

T2DM clinical diagnosis. 

Although the use of epidemiological classification of T1DM and T2DM poses some difficulties, 

we justify the use of it with the following statements: 

- The loopholes in the epidemiological classification (for example T1DM that at first 

received oral glucose-lowering agents, T1DM diagnosed after the age of 40 years 

and T2DM diagnosed before the age of 30 years and treated with insulin) are rather 

rare. 

- The assessment on this cohort showed 97% correlation between epidemiological 

and clinical classification. 

- These criteria have been approved by numerous reviewers. 

2.2 Study design 

This is an observational study, aiming to describe how CVD risk factors change over time from 

diagnosis depending on age at diagnosis. We hypothesized that individuals with early-onset T2DM 

would be on a poorer risk factor trajectory, i.e they would have worse progress in risk factor control, as 

compared to patients with usual-onset T2DM. 

2.2.1 Study population 

Patients who were defined epidemiologically as T2DM in the NDR and had at least one listing in the 

NDR between 1
st
 of January 2002 and 31

st
 of December 2012 were identified. The first inclusion year 

was set to 2002 since data on LDL-cholesterol and creatinine was not available before 2002. All 

patients who did not have information on age at diagnosis of diabetes were excluded. We intended to 

examine only newly diagnosed cases, which is why we also excluded patients who were not examined 

at the year of diabetes diagnosis. We restricted follow-up time to maximum of 10 years in each age-

category (i.e age at diagnosis of diabetes category) because the majority of patients in the oldest age 

group would die within that period. Thus, we studied patients who had zero years of diabetes duration 

when entered into the NDR and we followed them for up to 10 years. The follow-up is possible 

because reporting is done at least annually, which results in multiple measurements available for each 

patient. Our final cohort consisted of 100,606 patients contributing 679,420 observations. We 
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categorized the cohort into following age groups (age at diagnosis of diabetes equaled actual age due 

to inclusion critera): 18-39 years, 40-49 years, 50-59 years, 60-69 years, 70-79 years, 80 years and 

older. 

 

Figure 1: A flowchart of the inclusion criteria. 

 

 

2.2.2 Details on variables 

Glycemic control was estimated based on glycated hemoglobin (HbA1c) measurements. HbA1c 

measurements were calibrated nationwide with the HPLC Mono-S method and then converted into 

mmol/mol according to the International Federation of Clinical Chemistry (50). Systolic blood pressure 

(SBP) and diastolic blood pressure (DBP) were measured in mmHg as a mean of two measurements 

after 5 minutes of rest and with a cuff of correct size. Body mass index (BMI) was calculated as weight 

divided by the height squared. Blood lipid profile was estimated based on LDL-cholesterol (LDL), HDL-

cholesterol (HDL), triglycerides (TG) and total cholesterol measurements. They were all measured in 

mmol/L. Serum creatinine was measured in µmol/L and the estimation of glomerular filtration rate 

(eGFR) was carried out by the MDRD equation. Microalbuminuria was defined as at least two out of 

three urine samples, obtained within 1 year, with albumin/creatinine ratio 3-30 mg/mmol or a urinary 

albumin clearance 20-200 µg/min. All variables were assessed from 2002-2012. 

2.3 Ethics 

The aim of this thesis was to acquire knowledge on how CVD risk factors develop overtime depending 

on age at diagnosis of diabetes. Such knowledge can help us better understand the disease and 

whether or not it is more aggressive in young patients. This may have implications for interventions 

based on age at onset. Therefore, information provided by this study can be important in the process 

Included 
T2DM patients with listing in the 
NDR between January 1st 2002 

and December 31st 2012 
n = 442,117 

obs = 3,172,317 

Included 
Patients with age at diagnosis 

reported in the NDR 
n = 402,013 

obs = 2,940,483 

Included 
Patients that have measurements 

in the year of diagnosis and 
observations that have duration of 

DM 10 years or less 
n = 100,606 

obs = 679,420 

Excluded 
Patients that did not have any 
measurements in the year of 

diagnosis + observations that have 
duration of DM greater than 10 

years 
n = 301,407 

obs = 2,261,063 

Excluded 
Patients with age at diagnosis not 

reported in the NDR 
n = 40,104 

obs = 231,834 
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of improving health care for diabetic patients. Since this study did not include any interventions, the 

main ethical issue was violation of privacy.  

Every patient that is included in the NDR has to provide an informed consent beforehand. The 

patients are informed of the practice of NDR in quality control and that data can be used for research, 

but they have not given consent to any specific study. However, this study was conducted on a group 

level so data on individual participants is not presented nor available. Additionally, the researcher 

never saw the personal identification number, only a random number that was given to each individual 

upon inclusion. Thus, the risk of violating patient’s privacy is extremely low.  

Ethical approval to conduct this study was acquired from the Regional Ethical Review Board in 

Gothenburg, Sweden. 

2.4 Statistical methods 

Replicated observations on continuous variables such as HbA1c and lipids occur in the NDR and such 

values were removed prior to the analysis to facilitate the use of a mixed effect model for repeated 

measurements.  

The observations on continuous variables were analysed using a mixed effect model for 

repeated measures that contains a random patient effect, fixed effects of age group, time, and a time 

by age group interaction where time is a continuous variable. This allows for estimates of an intercept, 

i.e. the average at duration zero, and a slope parameter separate for each age group. The models 

also contained factors that, to the extent possible, adjust for confounding between age groups and 

gender, use of blood pressure lowering drugs, lipid lowering drugs, diabetes treatment, and smoking. 

All adjustment factors could not be included in all models due to convergence issues and it was not 

possible to include the oldest age group into the model regarding eGFR. 

The observations on dichotomous variables were analysed using a corresponding mixed 

generalized linear model with a logistic link function. 

The null-hypotheses that the intercept terms and slopes did not differ by age groups were 

tested using an F-test and the null-hypothesis that the slope is zero was tested using a t-test 

separately for each age group. The estimated slopes and intercepts were compared pairwise between 

consecutive age groups using a t-test. The estimated intercept and slope parameters are presented as 

least square estimates with 95% confidence intervals (CI). P-value of 0.05 was considered statistically 

significant. The graphical representation of the data is based on simple yearly averages. 

No adjustment for multiple comparisons has been made and thus the interpretations should 

focus on the overall patterns rather than the outcomes of single hypothesis tests. All statistical 

analysis was conducted with SAS (version 9.4) and R (version 3.2.3). 

2.5 Bias and error 

When conducting epidemiological studies, it is impossible to exclude all bias and confounding. 

However, we tried to minimize those effects as possible. Error in epidemiological studies is often 

divided into two categories, random error and systematic error. 

 Random error is when our estimate deviates from the truth due to chance. When using a 95% 

confidence interval to represent our data we accept the fact that in 5 times out of a hundred our 
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estimated confidence interval does not include the true value. Therefore, there is always a chance of a 

random error. However, if we have a large data set with many observations our confidence interval 

(which is where our estimate lies) will be very narrow giving us high precision with possibly only small 

random error. This study is based on an extremely large data set. 

 Systematic error is when our estimate deviates from the truth due to some error we made in 

designing the study. It can be categorized into different kinds of bias (for example selection bias and 

information bias) and confounding.  

Selection bias is when our sample doesn’t reflect the population we are making assumptions 

about. Let’s take an example. If one wanted to estimate weekly consumption of fish among the 

Australian population, and would only get information from people in the age span 20-30, it would be 

seriously biased because people aged 20-30 are most definitely not a random sample of the whole 

Australian population. Selection bias is not much of an issue in our study because NDR has data on 

around 90% of the Swedish diabetic population. However, it becomes difficult to try to justify 

generalizability on the whole European diabetic population because Swedes are definitely not a 

random sample of Europeans. 

The main part of information bias that concerns this study is misclassification. That is when 

people are wrongly put in a category that they don’t belong to. Here comes into play the 

epidemiological definition on T1DM and T2DM. Because T1DM stops at age 30 and T2DM begins at 

40, for those using insulin, we miss out on those from ages 31-39. This was deliberately done because 

in this age span LADA is quite common. Also defining T2DM after 40 years makes it more probable to 

include only true T2DM. Not all patients are included in the NDR when they are diagnosed, so 

information on their treatment prior to inclusion is usually not attainable. Therefore, a 26-year-old 

person with T2DM may have been diagnosed four years prior and treated with oral glucose-lowering 

agents for the first 3 years and then started insulin treatment one year before inclusion into the NDR. 

This person would wrongly be diagnosed as T1DM by epidemiological definition in the NDR. 

Furthermore, young patients with T2DM that are put immediately on insulin, although not many, will be 

misclassified as T1DM. In the same manner, patients with T1DM diagnosed older than 40 years of 

age, although not many, will be misclassified as T2DM. However, all the patients only on diet 

treatment or only on oral glucose-lowering agents are most definitely correctly classified. 

Confounding is when the relationship that we observe between exposure and outcome is not 

correct because another underlying factor, which we possibly did not know about, is the reason for this 

relationship. That is to say, it influences both the exposure and outcome and affects the relationship 

that we observe. If the groups that we are observing, and trying to make assumptions about, differ in 

relation to a particular factor, for example gender or smoking, which affects the outcome, then this 

factor is called a confounder. It is possible to adjust for confounders in the analysis and we adjusted 

for medication, gender and smoking in most of the models. We can’t, however, completely rule out the 

possibility of unobserved confounders affecting our results. That is something that this study shares 

with all other observational studies. 
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3 Results 

3.1 Baseline characteristics 

Table 3 shows baseline characteristics in the overall cohort and stratified by age group. Baseline was 

defined as the patient’s first observation in the NDR. There were 44,925 women in the cohort 

representing 44.7% of the total cohort. The mean age in the age groups going from the youngest to 

the oldest age groups was: 33.6, 45.2, 55.0, 64.4, 73.9, 84.0. HbA1c at diagnosis slightly decreased 

from the youngest age group to the oldest. The proportion of patients with HbA1c greater than 53  

 

Table 3: Baseline characteristics stratified by age groups. 

Age groups Overall 18 - 39 40 - 49 50 - 59 60 - 69 70 - 79 80+ 

n 100606 3898 12097 23554 33943 19226 7888 

Females – n (%) 44925 

(44.7) 
1680 (43.1) 4504 (37.2) 8953 (38.0) 

13924 

(41.0) 

10896 

(56.7) 
4968 (63.0) 

Age [years] 62.0 (12.3) 33.6 (5.1) 45.2 (2.8) 55.0 (2.8) 64.4 (2.8) 73.9 (2.8) 84.0 (3.3) 

HbA1c [mmol/mol] 49.0 

[44.0, 59.0] 

52.0 

[44.0, 70.0] 

52.0 

[45.0, 67.0] 

50.0 

[44.0, 63.0] 

49.0 

[44.0, 57.0] 

48.0 

[44.0, 55.0] 

49.0 

[44.0, 56.0] 

HbA1c > 53 mmol/mol – 

n (%) 

30988 

(36.1) 
1481 (46.5) 4662 (45.8) 8177 (40.6) 9564 (33.1) 4905 (29.4) 2199 (32.3) 

BMI (kg/m
2
) 30.6 (5.7) 34.2 (7.7) 32.5 (6.5) 31.2 (5.6) 30.3 (5.2) 29.3 (5.0) 27.6 (4.5) 

BMI > 30 kg/m
2
 – n (%) 36432 

(48.6) 
1932 (69.2) 5568 (61.6) 9593 (53.9) 

12158 

(47.5) 
5726 (39.9) 1455 (27.2) 

Systolic BP [mmHg] 137.3 (17.3) 127.3 (15.2) 131.1 (15.8) 135.7 (16.6) 138.7 (16.8) 140.8 (17.6) 141.6 (18.7) 

Systolic hypertension 

(>140 mmHg) – n (%) 

26766 

(32.6) 
375 (12.9) 1881 (19.7) 5463 (28.5) 9758 (35.1) 6528 (40.5) 2761 (42.2) 

Diastolic BP [mmHg] 79.7 (10.0) 79.6 (10.4) 81.7 (10.3) 82.0 (9.8) 80.0 (9.5) 77.2 (9.6) 74.9 (9.9) 

Diastolic hypertension 

(>90 mmHg) – n (%) 

29076 

(35.4) 
1023 (35.1) 4076 (42.6) 8510 (44.4) 

10021 

(36.1) 
4221 (26.2) 1225 (18.7) 

Total cholesterol 

[mmol/L] 
5.3 (1.2) 5.2 (1.2) 5.3 (1.2) 5.4 (1.2) 5.2 (1.2) 5.1 (1.1) 5.1 (1.1) 

Hypercholesterolemia 

(>6.2 mmol/L) – n (%) 

12208 

(18.2) 
369 (16.0) 1533 (19.5) 3438 (21.1) 4280 (18.1) 2002 (15.5) 586 (15.0) 

LDL cholesterol 

[mmol/L] 
3.1 (1.0) 3.1 (0.9) 3.2 (1.0) 3.2 (1.0) 3.1 (1.0) 3.0 (1.0) 3.0 (1.0) 

HDL cholesterol 

[mmol/L] 
1.2 (0.4) 1.0 (0.3) 1.1 (0.3) 1.2 (0.4) 1.3 (0.4) 1.3 (0.4) 1.3 (0.4) 

Triglycerides [mmol/L] 1.7 

[1.2, 2.4] 

1.9 

[1.3, 2.9] 

1.9 

[1.3, 2.8] 

1.8 

[1.3, 2.6] 

1.7 

[1.2, 2.3] 

1.6 

[1.2, 2.1] 

1.5 

[1.2, 2.1] 

Microalbuminuria – n 

(%) 
6110 (12.4) 208 (11.4) 721 (11.7) 1383 (11.6) 2010 (11.9) 1263 (13.5) 525 (16.4) 

eGFR [mL/min] 82.7 

[69.1, 98.0] 

106.5 

[91.8, 123.7] 

97.1 

[84.0, 112.2] 

89.6 

[77.2, 103.7] 

82.0 

[70.4, 95.2] 

72.3 

[60.5, 84.9] 

62.8 

[50.9, 75.1] 

Smokers – n (%) 14257 

(18.2) 
653 (23.8) 2423 (26.0) 4581 (24.7) 4828 (18.2) 1536 (10.1) 236 (3.9) 

Antihypertensives – n 

(%) 

57686 

(62.2) 
571 (16.2) 3918 (35.9) 11811 (54.5) 

21631 

(68.8) 

13816 

(77.1) 
5939 (81.3) 

Statins – n (%) 35582 

(38.4) 
416 (11.7) 2682 (24.3) 7762 (35.7) 

13960 

(44.5) 
8290 (46.5) 2472 (34.5) 
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Diabetes treatment – n 

(%) 
       

No medication 52491 

(52.2) 
1976 (50.7) 4921 (40.7) 11021 (46.8) 

18024 

(53.1) 

11375 

(59.2) 
5174 (65.6) 

Oral agents 38582 

(38.3) 
1922 (49.3) 5305 (43.9) 9943 (42.2) 

12962 

(38.2) 
6388 (33.2) 2062 (26.1) 

Insulin 5589 (5.6) 0 (0.0) 1125 (9.3) 1431 (6.1) 1657 (4.9) 896 (4.7) 480 (6.1) 

Insulin + oral agents 3944 (3.9) 0 (0.0) 746 (6.2) 1159 (4.9) 1300 (3.8) 567 (2.9) 172 (2.2) 

All continuous variables are represented as mean with standard deviation in parentheses, except for HbA1c, Triglycerides and eGFR, which are 

represented as median with interquartile range in brackets because of positively skewed distributions. Dichotomous variables are represented as 

number of patients with percentage in parentheses. BMI = body mass index, BP = blood pressure, eGFR = estimated glomerular filtration rate, 

HbA1c = glycated hemoglobin, HDL = high-density lipoprotein, LDL = low-density lipoprotein, n = number of patients. 

 

mmol/mol at diagnosis was greatest in the youngest two age groups and then rapidly decreased and 

was lowest in the 70-79 age group. The youngest patients had the highest BMI at diagnosis and 

nearly 70% of them were obese (BMI > 30 kg/m
2
) whereas only 40% of the patients in the 70-79 age 

group were obese at diagnosis and approximately 30% in the oldest age group. Systolic blood 

pressure at diagnosis was lowest amongst the youngest and steadily increased with increasing age at 

diagnosis. The same was true for the proportion of patients having systolic hypertension at diagnosis. 

The prevalence of patients with diastolic hypertension at diagnosis was highest among middle-aged 

patients, 40-59 years of age. Total cholesterol and LDL cholesterol was similar in all age groups as 

was the proportion of patients with hypercholesterolemia. HDL cholesterol was lowest in the youngest 

age group and increased slightly with increasing age at diagnosis. Triglycerides were highest in the 

two youngest age groups and decreased slightly with increasing age at diagnosis. Estimated GFR was 

highest in the youngest patients and decreased rapidly with age at diagnosis. Prevalence of 

microalbuminuria at diagnosis was similar up to an age of 69 years, but then increased in the oldest. 

Overall, 62.2% used antihypertensive medications, but the range was pronounced, being 16.2% in the 

youngest and 81.3% in the oldest. Overall, almost 40% of the patients were taking statins at diagnosis, 

but the use was lowest in the youngest group (11.7%) and highest in the 70-79 age group (46.5%). 

Around half of the patients did not receive pharmacologic hypoglycemic treatment. The lowest 

prevalence was in the 40-49 age group (40.7%) and the highest was in the oldest age group (65.6%).  

 Table 4 shows baseline characteristics stratified by age and gender. HbA1c levels at 

diagnosis differed between males and females in the youngest four age groups; about 50% of males 

younger than 50 years of age had HbA1c levels higher than 53 mmol/mol, as compared with 40% of 

females. Females were diagnosed with higher BMI than males in the whole age span. The proportion 

of males with hypercholesterolemia at diagnosis was greater than females in the youngest two age 

groups but lower among older patients, and the proportion of males using statins was higher than 

females throughout the age span. Males were diagnosed with higher eGFR levels than females in 

every age group but the percentage of microalbuminuria was also higher in males than females in 

every age group. 
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Table 4: Baseline characteristics stratified by age group and gender. 

Age groups Overall 18 - 39 40 - 49 50 - 59 60 - 69 70 - 79 80+ 

Gender Males Females Males Females Males Females Males Females Males Females Males Females Males Females 

n 55681 44925 2218 1680 7593 4504 14601 8953 20019 13924 8330 10896 2920 4968 

Age [years] 
60.4 (11.7) 

64.0 

(12.9) 
33.9 (4.9) 33.2 (5.4) 45.2 (2.8) 45.2 (2.8) 55.0 (2.8) 55.0 (2.9) 64.3 (2.8) 64.5 (2.8) 73.5 (2.8) 74.2 (2.8) 84.0 (3.3) 83.9 (3.4) 

HbA1c [mmol/mol] 50.0 

[44.0, 61.0] 

49.0 

[44.0,57.0] 

55.0 

[45.0, 75.0] 

50.0 

[43.0, 61.0] 

53.0 

[45.0, 71.0] 

50.0 

[44.0, 63.0] 

51.0 

[45.0, 65.0] 

49.5 

[44.0, 60.0] 

49.0 

[44.0,58.0] 

48.0 

[43.0,56.0] 

48.0 

[44.0,55.0] 

48.0 

[43.0,55.0] 

49.0 

[44.0,56.0] 

49.0 

[44.0,56.0] 

HbA1c > 53 mmol/mol 

– n (%) 

18393 

(38.7) 

12595 

(32.8) 
959 (52.2) 522 (38.7) 3150 (49.4) 1512 (39.8) 5368 (43.1) 2809 (36.5) 

5938 

(34.9) 

3626 

(30.4) 

2161 

(29.7) 

2744 

(29.2) 
817 (32.0) 

1382 

(32.4) 

BMI (kg/m
2
) 30.2 (5.2) 31.0 (6.2) 33.6 (7.2) 35.1 (8.2) 31.9 (6.0) 33.6 (7.1) 30.7 (5.1) 32.0 (6.3) 29.9 (4.7) 31.0 (5.9) 28.7 (4.3) 29.9 (5.3) 27.0 (3.7) 28.0 (4.8) 

BMI > 30 kg/m
2
 – n 

(%) 

19009 

(45.8) 

17423 

(52.2) 
1061 (66.5) 871 (72.8) 3290 (58.1) 2278 (67.4) 5583 (50.8) 4010 (59.0) 

6589 

(43.8) 

5569 

(52.8) 

2097 

(33.5) 

3629 

(44.8) 
389 (19.4) 

1066 

(31.9) 

Systolic BP [mmHg] 136.9 

(16.9) 

137.9 

(17.7) 
129.6 (15.0) 124.1 (15.0) 

131.8 

(15.7) 

129.7 

(15.8) 

135.9 

(16.5) 

135.5 

(16.7) 

138.5 

(16.7) 

138.9 

(16.8) 

139.8 

(17.5) 

141.5 

(17.6) 

139.6 

(18.2) 

142.8 

(18.9) 

Systolic hypertension 

(>140 mmHg) – n (%) 

14257 

(31.4) 

12509 

(34.1) 
256 (15.3) 119 (9.6) 1248 (20.6) 633 (18.0) 3415 (28.8) 2048 (28.0) 

5700 

(34.8) 

4058 

(35.5) 

2718 

(38.9) 

3810 

(41.7) 
920 (37.8) 

1841 

(44.8) 

Diastolic BP [mmHg] 
80.6 (10.1) 78.6 (9.8) 80.7 (10.4) 78.0 (10.1) 82.4 (10.5) 80.6 (10.0) 82.6 (9.9) 81.0 (9.6) 80.5 (9.5) 79.1 (9.3) 77.5 (9.7) 77.0 (9.6) 74.8 (9.7) 

75.0 

(10.1) 

Diastolic 

hypertension 

(>90 mmHg) – n (%) 

17628 

(38.8) 

11448 

(31.2) 
646 (38.5) 377 (30.5) 2730 (45.1) 1346 (38.3) 5624 (47.4) 2886 (39.5) 

6286 

(38.4) 

3735 

(32.7) 

1910 

(27.3) 

2311 

(25.3) 
432 (17.7) 793 (19.3) 

Total cholesterol 

[mmol/L] 
5.1 (1.2) 5.4 (1.2) 5.3 (1.3) 5.1 (1.0) 5.4 (1.2) 5.3 (1.1) 5.3 (1.2) 5.5 (1.2) 5.1 (1.1) 5.5 (1.2) 4.9 (1.1) 5.3 (1.1) 4.8 (1.1) 5.3 (1.1) 

Hypercholesterolemia 

(>6.2 mmol/L) – n (%) 
5998 (15.9) 

6210 

(21.2) 
247 (18.4) 122 (12.7) 1022 (20.4) 511 (18.0) 1951 (19.2) 1487 (24.3) 

2054 

(14.7) 

2226 

(23.0) 
585 (10.3) 

1417 

(19.5) 
139 (9.2) 447 (18.7) 

LDL cholesterol 

[mmol/L] 
3.1 (1.0) 3.2 (1.0) 3.1 (1.0) 3.1 (0.9) 3.2 (1.0) 3.2 (1.0) 3.2 (1.0) 3.3 (1.0) 3.0 (1.0) 3.2 (1.0) 2.9 (0.9) 3.1 (1.0) 2.9 (0.9) 3.0 (1.0) 

HDL cholesterol 

[mmol/L] 
1.2 (0.4) 1.3 (0.4) 1.0 (0.3) 1.1 (0.3) 1.1 (0.3) 1.2 (0.3) 1.1 (0.3) 1.3 (0.4) 1.2 (0.4) 1.4 (0.4) 1.2 (0.4) 1.4 (0.4) 1.2 (0.4) 1.4 (0.4) 

Triglycerides 

[mmol/L] 

1.7 

[1.2, 2.5] 

1.7 

[1.2, 2.3] 

2.1 

[1.4, 3.2] 

1.7 

[1.2, 2.5] 

2.0 

[1.4, 3.0] 

1.7 

[1.2, 2.4] 

1.9 

[1.3, 2.7] 

1.7 

[1.2, 2.4] 

1.7 

[1.2, 2.4] 

1.7 

[1.2, 2.3] 

1.5 

[1.1, 2.1] 

1.6 

[1.2, 2.2] 

1.5 

[1.1, 2.0] 

1.6 

[1.2, 2.1] 

Microalbuminuria – n 

(%) 
3830 (13.8) 

2280 

(10.5) 
130 (12.3) 78 (10.2) 472 (12.1) 249 (11.1) 928 (12.4) 455 (10.2) 

1340 

(13.5) 
670 (9.6) 693 (16.8) 570 (10.9) 267 (21.7) 258 (13.2) 
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eGFR [mL/min] 86.5 

[73.3,101.1] 

77.9 

[64.4,93.0] 

107.1 

[92.8,124.5] 

104.8 

[90.8,122.1] 

98.4 

[85.7,113.1] 

94.3 

[80.8,110.9] 

91.4 

[79.5,105.4] 

85.9 

[74.1,100.5] 

84.3 

[73.1,97.5] 

78.7 

[67.0,91.6] 

75.7 

[64.0,88.0] 

69.7 

[58.1,82.1] 

65.2 

[53.1,77.7] 

61.2 

[49.5,73.9] 

Smokers – n (%) 
8162 (18.9) 

6095 

(17.3) 
380 (24.4) 273 (23.0) 1500 (25.6) 923 (26.6) 2756 (24.1) 1825 (25.7) 

2722 

(17.5) 

2106 

(19.1) 
705 (10.7) 831 (9.7) 99 (4.5) 137 (3.6) 

Antihypertensives – n 

(%) 

30649 

(59.7) 

27037 

(65.3) 
349 (17.4) 222 (14.5) 2457 (35.7) 1461 (36.2) 7237 (53.9) 4574 (55.6) 

12704 

(68.5) 

8927 

(69.3) 

5831 

(74.9) 

7985 

(78.8) 

2071 

(76.7) 

3868 

(84.0) 

Statins – n (%) 20242 

(39.3) 

15340 

(37.2) 
278 (13.7) 138 (9.0) 1857 (26.7) 825 (20.2) 5003 (37.1) 2759 (33.4) 

8425 

(45.5) 

5535 

(43.1) 

3712 

(47.8) 

4578 

(45.6) 
967 (36.1) 

1505 

(33.6) 

Diabetes treatment – 

n (%) 
              

No medication 27554 

(49.5) 

24937 

(55.5) 
1066 (48.1) 910 (54.2) 2848 (37.5) 2073 (46.0) 6569 (45.0) 4452 (49.7) 

10337 

(51.6) 

7687 

(55.2) 

4839 

(58.1) 

6536 

(60.0) 

1895 

(64.9) 

3279 

(66.0) 

Oral agents 22284 

(40.0) 

16298 

(36.3) 
1152 (51.9) 770 (45.8) 3472 (45.7) 1833 (40.7) 6320 (43.3) 3623 (40.5) 

7826 

(39.1) 

5136 

(36.9) 

2775 

(33.3) 

3613 

(33.2) 
739 (25.3) 

1323 

(26.6) 

Insulin 3395 (6.1) 2194 (4.9) 0 (0.0) 0 (0.0) 768 (10.1) 357 (7.9) 926 (6.3) 505 (5.6) 1044 (5.2) 613 (4.4) 439 (5.3) 457 (4.2) 218 (7.5) 262 (5.3) 

Insulin + oral agents 2448 (4.4) 1496 (3.3) 0 (0.0) 0 (0.0) 505 (6.7) 241 (5.4) 786 (5.4) 373 (4.2) 812 (4.1) 488 (3.5) 277 (3.3) 290 (2.7) 68 (2.3) 104 (2.1) 

All continuous variables are represented as mean with standard deviation in parentheses, except for HbA1c, Triglycerides and eGFR, which are represented as median with interquartile range in brackets because of positively 

skewed distributions. Dichotomous variables are represented as number of patients with percentage in parentheses. BMI = body mass index, BP = blood pressure, eGFR = estimated glomerular filtration rate, HbA1c = glycated 

hemoglobin, HDL = high-density lipoprotein, LDL = low-density lipoprotein, n = number of patients. 
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3.2 Descriptive graphs 

Figure 2 through 13 show unadjusted trajectories (time trends) of each variable according to age 

group. The graphs display yearly averages for continuous variables and percentages for dichotomous 

variables. 

 

Figure 2: Yearly averages of glycated hemoglobin (HbA1c) stratified by age group. 

 

 

Figure 3: Yearly averages of body mass index (BMI) stratified by age group. 
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Figure 4: Yearly averages of systolic blood pressure (SBP) stratified by age group. 

 

 

 

Figure 5: Yearly averages of diastolic blood pressure (DBP) stratified by age group. 
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Figure 6: Yearly averages of total cholesterol stratified by age group. 

 

 

 

Figure 7: Yearly averages of LDL cholesterol stratified by age group 
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Figure 8: Yearly averages of HDL cholesterol stratified by age group. 

 

 

 

Figure 9: Yearly averages of triglycerides stratified by age group. 
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Figure 10: Yearly averages of estimated glomerular filtration rate (eGFR) stratified by age group. 

 

 

 

Figure 11: Yearly percentages of microalbuminuria stratified by age group. 
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Figure 12: Yearly percentages of antihypertensive drug use stratified by age group. 

 

 

 

Figure 13: Yearly percentages of lipid lowering drug use stratified by age group. 
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3.3 Mixed effect model 

Table 5 includes results from the mixed effect model, where the dependent variable is the risk factor of 

interest, and the independent variable is time from diagnosis (years). It shows the p-values for the F-

tests that were performed for each variable to test the null-hypotheses that the intercept and slope did 

not differ by age groups. As evident from the table, we can reject the null-hypotheses for every 

variable, i.e at least one of the intercepts and at least one of the slopes is different from the others for 

every variable. Supplementary table 7 shows information on adjusted confounders. 

 

Table 5: F-test p-values for the intercept and slope for each variable in the mixed effect model. 

Variable Effect F-test p-value 

HbA1c Intercept <0.0001 

HbA1c Slope <0.0001 

BMI Intercept <0.0001 

BMI Slope <0.0001 

SBP Intercept <0.0001 

SBP Slope <0.0001 

DBP Intercept <0.0001 

DBP Slope <0.0001 

Total cholesterol Intercept <0.0001 

Total cholesterol Slope <0.0001 

LDL Intercept <0.0001 

LDL Slope <0.0001 

HDL Intercept <0.0001 

HDL Slope <0.0001 

TG Intercept <0.0001 

TG Slope <0.0001 

eGFR Intercept <0.0001 

eGFR Slope <0.0001 

Microalbuminuria Intercept <0.0001 

Microalbuminuria Slope <0.0001 

The table shows the p-values for the F-tests that were performed for each variable to test the null-hypotheses that the intercept and slope did not 

differ by age group. BMI = body mass index, DBP = diastolic blood pressure, eGFR = estimated glomerular filtration rate, HbA1c = glycated 

hemoglobin, HDL = high-density lipoprotein, LDL = low-density lipoprotein, SBP = systolic blood pressure, TG = triglycerides. 

 

Table 6 also includes results from the mixed effect model. It shows the estimated intercept 

and slope (with 95% CI) for each age group, and for three variables it also shows the intercept for 

males and females. Additionally, it shows p-values to test if the slopes are zero and p-values to test for 
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differences in intercepts and slopes between adjacent age groups. All results presented in 3.3.1 

through 3.3.10 can be viewed in table 6. 

3.3.1 Glycated hemoglobin (HbA1c) 

We had to use year one (one year from diagnosis) as a starting point in the mixed effect model for 

HbA1c because of the drop from year zero (year of diagnosis) to year one as can be viewed in the 

descriptive graph. For this reason, the intercept estimated by the mixed effect model cannot be 

interpreted as HbA1c value at diagnosis but as HbA1c value at year one instead. The mixed effect 

model indicated that HbA1c values at year one (the intercepts) between males and females differed 

significantly (p<0.0001), with males having slightly higher HbA1c. It also indicated that patients 

diagnosed under the age of 50 years had similar progress in HbA1c control and that they differed 

significantly from patients diagnosed at an older age, with younger patients having worse HbA1c 

values at year one and worse progress in control over time. 

3.3.2 Body mass index (BMI) 

The mixed effect model indicated that BMI values at diagnosis (the intercepts) between males and 

females differed significantly (p<0.0001), with females having slightly higher BMI values. Additionally, 

it indicated that patients diagnosed at a younger age had higher BMI at diagnosis than patients 

diagnosed at an older age and that the progress of BMI from diagnosis differed between adjacent age 

groups. The youngest had the steepest negative slope and differed from all the other age groups. If 

age groups 50-59 and above were compared it showed an increase in the negativity of the slope with 

increasing age group. 

3.3.3 Systolic blood pressure (SBP) 

We could not reject the null-hypothesis that the slope did not differ from zero for the youngest two age 

groups but the slopes for the other age groups differed from zero. The mixed effect model indicated 

that all age groups differed in SBP at diagnosis. The youngest age group had the lowest SBP and it 

increased with increasing age at diagnosis. Furthermore, the model indicated that patients under the 

age of 50 years had similar progress in SBP and that it differed significantly from patients diagnosed at 

an older age. The slope, and thus the progress of SBP over time, of patients diagnosed at the age of 

50 years or older was negative and became more pronounced with increasing age. 

3.3.4 Diastolic blood pressure (DBP) 

The mixed effect model indicated that patients diagnosed at the age of 60 or older had lower DBP at 

diagnosis than patients diagnosed at a younger age and that the DBP decreased with diabetes 

duration except in the youngest age group where the slope did not differ significantly from zero. 

3.3.5 Total cholesterol 

The mixed effect model indicated that all age groups were below 5.2 mmol/L at diagnosis, with the 

youngest displaying the lowest levels. All age groups displayed a slightly decreasing total cholesterol 

over time, and patients diagnosed between ages 50-69 had the steepest slope. The youngest age 
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group differed from all other age groups except from the oldest age group regarding the progress of 

total cholesterol over time. 

3.3.6 LDL cholesterol 

The mixed effect model indicated that age group 50-59 had the highest value at diagnosis. The 

youngest age group had lower LDL levels than age groups 40-49, 50-59 and 60-69 at diagnosis. 

Additionally, LDL levels decreased somewhat during follow-up, and patients diagnosed between ages 

50-69 had the most pronounced decline. The youngest age group differed from all others, except from 

the oldest, regarding the progress of LDL cholesterol over time. 

3.3.7 HDL cholesterol 

The mixed effect model indicated that HDL levels declined steadily with earlier onset of diabetes. For 

the oldest age group, we did not observe a change over time. However, patients in the age range 18 

to 79 years displayed an increase in HDL where younger patients increased a bit more. We did not 

observe a difference between the youngest age group and the second youngest age group. 

3.3.8 Triglycerides (TG) 

The mixed effect model indicated that younger patients had higher TG levels at diagnosis compared to 

older patients. Furthermore, it indicated that over 10 years disease duration the TG levels decreased 

slightly, with the youngest having the steepest decline. For the oldest age group, we did not observe a 

change over time. 

3.3.9 Estimated glomerular filtration rate (eGFR) 

The mixed effect model indicated that males had higher eGFR than females. It also indicated that 

different age groups had different eGFR levels at diagnosis, the youngest ones having the highest 

levels and then rapidly decreasing with increasing age at diagnosis. In addition, the model shows that 

patients diagnosed under the age of 50 years seem to increase their eGFR slightly over 10 years of 

disease duration and patients diagnosed after 60 years of age experience a decrease in eGFR over 

time. 

3.3.10 Microalbuminuria 

The model’s intercept represents percentage of patients with microalbuminuria at diagnosis and the 

slope represents the change in odds (of having microalbuminuria) for each year a patient becomes 

older. For example, if one age group had a slope value of 1.08, it indicated that the odds for 

developing microalbuminuria increased by 8% each year. The model showed that the youngest 

patients had significantly higher prevalence of microalbuminuria at diagnosis than patients diagnosed 

in the age range 50 to 69 years. However, patients in the oldest age group had the highest prevalence 

of microalbumuria at diagnosis. It is difficult to draw conclusions about the progress of 

microalbuminuria, which is due to overlapping confidence intervals of the slopes (two p-values out of 

five were significant). 
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Table 6: Estimated intercept and slope for each age group and the t-test p-values in the mixed effect model. 

Variable Level Intercept with 95% CI Slope with 95% CI Slope p-value Intercept difference p-value Slope difference p-value 

HbA1c Male 54.36 [54.21, 54.50] . . <0.0001 . 

HbA1c Female 53.76 [53.61, 53.91] . . . . 

HbA1c Age group 18-39 55.66 [55.21, 56.10] 1.37 [1.24, 1.50] <0.0001 0.0569 0.0959 

HbA1c Age group 40-49 55.84 [55.62, 56.06] 1.25 [1.19, 1.31] <0.0001 0.0017 <0.0001 

HbA1c Age group 50-59 54.21 [54.05, 54.37] 0.94 [0.90, 0.97] <0.0001 <0.0001 <0.0001 

HbA1c Age group 60-69 52.26 [52.11, 52.41] 0.70 [0.66, 0.73] <0.0001 0.8906 0.0786 

HbA1c Age group 70-79 52.42 [52.23, 52.60] 0.75 [0.70, 0.79] <0.0001 <0.0001 0.0154 

HbA1c Age group 80+ 53.97 [53.66, 54.27] 0.88 [0.78, 0.97] <0.0001 . . 

BMI Male 29.92 [29.86, 29.98] . . <0.0001 . 

BMI Female 30.96 [30.89, 31.03] . . . . 

BMI Age group 18-39 33.80 [33.59, 34.01] -0.30 [-0.32, -0.28] <0.0001 <0.0001 <0.0001 

BMI Age group 40-49 32.12 [32.01, 32.23] -0.10 [-0.10, -0.09] <0.0001 <0.0001 <0.0001 

BMI Age group 50-59 30.99 [30.91, 31.07] -0.05 [-0.06, -0.04] <0.0001 <0.0001 0.0006 

BMI Age group 60-69 30.06 [29.99, 30.12] -0.07 [-0.07, -0.06] <0.0001 <0.0001 <0.0001 

BMI Age group 70-79 28.77 [28.68, 28.85] -0.11 [-0.11, -0.10] <0.0001 <0.0001 <0.0001 

BMI Age group 80+ 26.92 [26.77, 27.06] -0.19 [-0.20, -0.17] <0.0001 . . 

SBP Age group 18-39 127.43 [126.90, 127.95] -0.03 [-0.18, 0.13] 0.7680 <0.0001 0.9385 

SBP Age group 40-49 130.59 [130.33, 130.85] -0.03 [-0.10, 0.04] 0.3889 <0.0001 <0.0001 

SBP Age group 50-59 134.06 [133.87, 134.24] -0.29 [-0.33, -0.24] <0.0001 <0.0001 <0.0001 

SBP Age group 60-69 136.24 [136.07, 136.40] -0.59 [-0.63, -0.54] <0.0001 <0.0001 <0.0001 

SBP Age group 70-79 137.83 [137.61, 138.04] -0.84 [-0.89, -0.79] <0.0001 <0.0001 0.3521 

SBP Age group 80+ 138.89 [138.54, 139.24] -0.90 [-1.00, -0.79] <0.0001 . . 
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DBP Age group 18-39 79.10 [78.79, 79.41] 0.06 [-0.04, 0.16] 0.2173 <0.0001 <0.0001 

DBP Age group 40-49 80.38 [80.22, 80.53] -0.22 [-0.26, -0.18] <0.0001 0.0683 <0.0001 

DBP Age group 50-59 79.58 [79.46, 79.70] -0.47 [-0.50, -0.44] <0.0001 <0.0001 <0.0001 

DBP Age group 60-69 77.26 [77.15, 77.36] -0.59 [-0.61, -0.56] <0.0001 <0.0001 0.0455 

DBP Age group 70-79 74.65 [74.51, 74.78] -0.55 [-0.58, -0.51] <0.0001 <0.0001 0.0072 

DBP Age group 80+ 72.98 [72.77, 73.19] -0.45 [-0.51, -0.38] <0.0001 . . 

Total cholesterol Age group 18-39 4.85 [4.81, 4.89] -0.02 [-0.03, -0.01] 0.0004 <0.0001 0.0450 

Total cholesterol Age group 40-49 4.99 [4.97, 5.01] -0.04[-0.04, -0.03] <0.0001 <0.0001 <0.0001 

Total cholesterol Age group 50-59 5.07 [5.05, 5.09] -0.06 [-0.06, -0.05] <0.0001 <0.0001 0.4993 

Total cholesterol Age group 60-69 5.01 [4.99, 5.02] -0.06 [-0.06, -0.05] <0.0001 <0.0001 <0.0001 

Total cholesterol Age group 70-79 4.93 [4.91, 4.95] -0.05 [-0.05, -0.04] <0.0001 0.6214 0.1217 

Total cholesterol Age group 80+ 4.94 [4.91, 4.97] -0.03 [-0.04, -0.02] <0.0001 . . 

LDL Age group 18-39 2.83 [2.79, 2.86] -0.02 [-0.02, -0.01] 0.0403 <0.0001 <0.0001 

LDL Age group 40-49 2.89 [2.87, 2.91] -0.04[-0.04, -0.03] <0.0001 <0.0001 <0.0001 

LDL Age group 50-59 2.95 [2.93, 2.96] -0.05 [-0.05, -0.05] <0.0001 <0.0001 0.4011 

LDL Age group 60-69 2.89 [2.87, 2.90] -0.05 [-0.05, -0.05] <0.0001 <0.0001 <0.0001 

LDL Age group 70-79 2.82 [2.80, 2.83] -0.04 [-0.05, -0.03] <0.0001 0.2079 0.0054 

LDL Age group 80+ 2.83 [2.80, 2.86] -0.03 [-0.04, -0.02] <0.0001 . . 

HDL Age group 18-39 1.098 [1.080, 1.115] 0.012 [0.008, 0.016] <0.0001 <0.0001 0.1922 

HDL Age group 40-49 1.184 [1.175, 1.192] 0.015 [0.013, 0.017] <0.0001 <0.0001 <0.0001 

HDL Age group 50-59 1.265 [1.258, 1.271] 0.009 [0.008, 0.010] <0.0001 <0.0001 0.0061 

HDL Age group 60-69 1.317 [1.311, 1.322] 0.007 [0.006, 0.008] <0.0001 <0.0001 0.0017 

HDL Age group 70-79 1.336 [1.328, 1.343] 0.005 [0.003, 0.006] <0.0001 0.6028 0.2122 
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HDL Age group 80+ 1.326 [1.311, 1.340] 0.002 [-0.002, 0.005] 0.3773 . . 

TG Age group 18-39 2.22 [2.16, 2.27] -0.06 [-0.07, -0.04] <0.0001 <0.0001 0.0247 

TG Age group 40-49 2.12 [2.09, 2.14] -0.04[-0.04, -0.03] <0.0001 <0.0001 0.0625 

TG Age group 50-59 1.96 [1.94, 1.98] -0.04 [-0.04, -0.03] <0.0001 <0.0001 <0.0001 

TG Age group 60-69 1.82 [1.80, 1.83] -0.03 [-0.03, -0.02] <0.0001 <0.0001 <0.0001 

TG Age group 70-79 1.75 [1.72, 1.77] -0.02[-0.02, -0.01] <0.0001 0.8726 0.6459 

TG Age group 80+ 1.75 [1.71, 1.79] -0.01 [-0.02, 0.00] 0.1369 . . 

eGFR Male 93.06 [92.79, 93.33] . . <0.0001 . 

eGFR Female 88.31 [88.02, 88.60] . . . . 

eGFR Age group 18-39 108.18 [107.34, 109.01] 0.28 [0.12, 0.43] 0.0004 <0.0001 0.7449 

eGFR Age group 40-49 98.48 [98.05, 98.91] 0.25 [0.18, 0.31] <0.0001 <0.0001 <0.0001 

eGFR Age group 50-59 90.92 [90.60, 91.23] -0.03 [-0.07, 0.02] 0.2257 <0.0001 <0.0001 

eGFR Age group 60-69 82.66 [82.38, 82.93] -0.53 [-0.57, -0.49] <0.0001 <0.0001 <0.0001 

eGFR Age group 70-79 73.20 [72.85, 73.54] -0.94 [-0.99, -0.89] <0.0001 . . 

Microalbuminuria Age group 18-39 16.37 [14.51, 18.23] 1.08 [1.03, 1.13] 0.0029 0.8463 0.0624 

Microalbuminuria Age group 40-49 14.47 [13.66, 15.27] 1.03 [1.00, 1.05] 0.0471 0.0013 0.0881 

Microalbuminuria Age group 50-59 13.20 [12.64, 13.75] 1.05 [1.03, 1.07] <0.0001 0.6397 0.0298 

Microalbuminuria Age group 60-69 13.64 [13.12, 14.16] 1.08 [1.06, 1.09] <0.0001 <0.0001 0.0415 

Microalbuminuria Age group 70-79 17.03 [16.30, 17.76] 1.10 [1.08, 1.12] <0.0001 <0.0001 0.0982 

Microalbuminuria Age group 80+ 23.48 [22.03, 24.92] 1.14 [1.10, 1.17] <0.0001 . . 

The table includes results from the mixed effect model. It shows the estimated intercept and slope (with 95% CI) for each age group and for three variables it also shows the intercept for males and females. Additionally, it 

shows the p-values for the t-tests that were computed for each age group on every variable to test if the slope was equal to zero. Furthermore, the table shows p-values for the t-tests that were performed to test if the adjacent 

age groups (both older and younger groups) differed from one another regarding the intercept and slope for each variable. Those p-values are presented in the row containing the younger age group. To illustrate this let’s take 

an example. The p-value for difference in slope for HbA1c between age groups 18-39 and 40-49 is presented in the “slope difference p-value” column and in the HbA1c row for age group 18-39 because it is the younger age 

group out of the two. When comparing age groups 40-49 and 50-59 the difference p-value is presented in the row for age group 40-49. BMI = body mass index, DBP = diastolic blood pressure, eGFR = estimated glomerular 

filtration rate, HbA1c = glycated hemoglobin, HDL = high-density lipoprotein, LDL = low-density lipoprotein, SBP = systolic blood pressure, TG = triglycerides. P-values that were not statistically significant are colored red.  
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3.4 Summary 

Results from our study clearly show that age at diagnosis of T2DM is a fundamental aspect of risk 

factor control. Indeed, the study shows that age at diabetes diagnosis influences risk factor control 

from diagnosis up to at least 10 years of follow-up. HbA1c levels at diagnosis and year one were 

higher in patients diagnosed under the age of 50 years and decreased with increasing age at 

diagnosis. These same patients (diagnosed under the age of 50 years) also had the poorest progress 

in glycemic control. Males seem to have slightly higher HbA1c levels than females at diagnosis and 

year one. Females, however, were more obese at diagnosis compared to males. The youngest 

patients also displayed the highest BMI at diagnosis, with nearly 70% being obese. BMI at diagnosis 

decreased with increasing age at diagnosis. We noted that all age groups displayed a declining BMI 

during follow-up, and the youngest patients displayed the largest reduction in BMI. The proportion of 

patients with systolic hypertension at diagnosis was highest in the oldest patients and decreased with 

declining age at diabetes diagnosis. SBP decreased during follow-up in patients diagnosed at 50 

years of age or above, whereas patients diagnosed below the age of 50 years did not experience a 

change in SBP. 

Total and LDL cholesterol displayed similar trends. In both cases middle-aged patients had 

the highest levels at diagnosis; older and younger patients both displayed lower levels. Total and LDL 

cholesterol decreased during follow-up and this was most pronounced in middle-aged patients but less 

in younger and older patients.  

HDL cholesterol and TG also had similar trends. In both cases younger patients had worse 

values at diagnosis. Patients in the age range 18 to 79 years displayed an increase in HDL where 

younger patients increased a bit more. Furthermore, the TG levels decreased a bit with disease 

duration, with the youngest having the steepest decline.  

Estimated GFR levels at diagnosis were highest in the youngest patients and rapidly 

decreased as patients were diagnosed older. Patients diagnosed under the age of 50 years appeared 

to have an increase in renal function, as judged by increasing eGFR during follow-up. However, 

according to the adjusted mixed effect model, the youngest patients had higher prevalence of 

microalbuminuria at diagnosis compared to patients diagnosed between the ages of 50-69 years. But 

patients in the oldest age group had the highest prevalence of microalbumuria at diagnosis. We also 

noted that the prevalence of microalbuminuria increased with disease duration. 
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4 Discussion 

4.1 Glycemic control, obesity and hypertension 

To the best of our knowledge, this study is the first to compare trajectories on CVD risk factors 

between different age groups of patients with T2DM. In this population-based study of 100,606 newly 

diagnosed T2DM patients, we observed that patients with early-onset T2DM displayed poorer 

characteristics in terms of obesity, by being heavier, and glycemic control, by having higher HbA1c 

levels from diagnosis and throughout follow-up, compared to patients with a later onset. These results 

are in accordance with prior studies (12, 45). The fact that those with early-onset T2DM displayed the 

poorest progress of glycemic control is worrying; indeed, due to their early onset these individuals will 

be at a very high future risk of micro- and macrovascular complications. Our findings suggest that 

T2DM might be more aggressive, in terms of dysglycemia, in early-onset T2DM, compared to late-

onset. Clinicians should pay notice to this, since hyperglycemia has been shown to be a strong and 

independent predictor for CVD in T2DM patients (51). However, even though younger patients were 

more obese at diagnosis they actually had the greatest reduction in BMI during follow-up. 

Song et al. observed that SBP increased with diabetes duration in both early-onset patients 

(diagnosed < 40 years) and usual-onset patients (diagnosed > 40 years) (44). On the contrary, we 

observed that patients diagnosed at 50 years of age or older decreased in SBP with diabetes duration 

and patients diagnosed under the age of 50, according to the mixed effect model, neither decreased 

nor increased. But based on yearly averages, those diagnosed under the age of 50 increased in SBP 

with diabetes duration. 

4.2 Lipid profile 

Diabetic dyslipidemia, characterized by low HDL cholesterol and elevated TG levels, is a serious 

contributor to CVD (51). In this study, younger patients had worse HDL and TG levels at diagnosis, 

which is in accordance with previous studies, (12, 45, 52) although, Hiller et al. did not observe a 

difference in TG between early-onset and usual-onset patients (12). A prior study showed that in both 

early-onset patients (diagnosed < 40 years) and usual-onset patients (diagnosed > 40 years), total 

cholesterol and TG decreased with duration in both groups and HDL increased a little bit with duration 

in both groups (44). Those trajectories are similar to what we observed but in addition we observed 

that the youngest patients, even though having the worst values at diagnosis, seemed to have the 

most optimal progress with diabetes duration regarding HDL and TG. 

4.3 Kidney function 

Patients diagnosed under the age of 50 years displayed an increase in eGFR during follow-up, which 

was not observed for patients diagnosed after 60 years of age. This was interesting because the 

youngest patients had significantly higher prevalence of microalbuminuria at diagnosis compared to 

patients diagnosed between the ages of 50-69 years. These contrary results might be due to the fact 

that in the NDR, eGFR is calculated using the MDRD equation which is not a particularly good 

estimation when the values are high, as happens in the younger age groups. However, it is possible 
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that the management and interventions may have improved kidney function among patients 50 years 

and younger. Furthermore, we modeled diabetes duration as a linear term which might have missed 

non-linear association between duration and eGFR among the youngest. 

4.4 Males vs. females 

A relatively new study observed that females are more obese than males at diagnosis of diabetes (53) 

and our findings support that. In addition, we observed that males have higher HbA1c at diagnosis and 

year one and higher eGFR values at diagnosis compared to females. These findings could suggest 

that females tolerate more obesity before metabolic derangements appear, compared to males, and 

that females are diagnosed earlier.  

4.5 Overall 

A fundamental concern is that early-onset T2DM may confer a very high risk of CVD and premature 

death as compared with usual-onset T2DM. A British study examined T2DM patients without previous 

CVD, who were not on lipid or blood pressure lowering treatment. They reported that cardiovascular 

risk profile in early-onset patients (mean age 33.8 years) and usual-onset patients (mean age 66.9 

years) was very similar (37). However, our results indicate the opposite, namely that younger patients 

display a poorer cardiovascular risk profile compared to older patients; this manifested with younger 

patients having higher HbA1c, lower HDL, higher TG levels and more obesity, than older. This is in 

line with an Irish study (45).  

Studies have confirmed that early-onset T2DM is a high-risk condition that results in 

microvascular and macrovascular events at an earlier age than usual-onset T2DM (44). Some have 

even indicated that the relative hazard of developing CVD is much greater in early-onset patients than 

usual-onset, as compared to age-matched controls (10). The reasons for this observation remains 

elusive. Could it be because patients diagnosed at a younger age will be exposed to metabolic 

derangements for a longer period of time, leaving them at a very high lifetime risk of developing CVD? 

Or because early-onset T2DM manifests with a more aggressive metabolic phenotype? Indeed, one 

could believe that to have an earlier disease onset, the metabolic derangements must be more 

pronounced. Our findings point to the latter, exemplified by age-related differences in glycemic control. 

It is probable that young patients with T2DM may need earlier and more aggressive interventions to 

prevent or postpone complication of diabetes. 

Young people with early-onset T2DM have considerably worse cardiovascular risk profile 

compared to age-matched controls. They are more obese, have higher blood pressure and higher 

prevalence of dyslipidemia (52, 54, 55). In many countries worldwide a large number of people with 

diabetes are actually undiagnosed, increasing their risk of complications (1). However, this is not 

altogether the case in Sweden as opportunistic screening has been effective (56). But with our 

knowledge on the characteristics of early-onset T2DM and the fact that young people in western 

societies are becoming more obese, the question of whether or not we should screen for diabetes in 

young adults is valid. Screening would able us to identify patients at an earlier stage in their disease 

course and make possible to intervene earlier. However, this study was based on diagnosed patients 

so we can’t rule out the fact that undiagnosed patients might present with a different metabolic profile. 
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It has been increasingly hard to define T1DM and T2DM in recent years because of 

decreasing age of diagnosis of T2DM, increasing obesity in young adults and increasing insulin use 

among young T2DM patients. We used epidemiological definition of T2DM. This definition has some 

gaps but to minimize potential misclassification bias we assessed how many patients in our cohort 

also had T2DM clinical diagnosis. The result was that 97% of our cohort also had T2DM clinical 

diagnosis. 

The strength of this study is that it’s a nationwide study, which includes virtually all newly 

diagnosed cases in Sweden, and thus representative for the general population in contrast to many 

randomized clinical trials and smaller observational studies.  

4.6 Conclusion 

Patients with early-onset T2DM have a more adverse cardiovascular risk profile at diagnosis and 

poorer progression of glycemic control, compared to patients diagnosed at an older age. These 

individuals, because of their young age, will have very high lifetime risk of developing CVD. This 

means that we should pay more attention to this patient group. We argue that screening for diabetes 

in young obese patients should be performed generously and evidence based interventions should be 

implemented promptly. 
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6 Supplements 

Table 7: Information on adjusted confounders and other effects in the mixed effect model. 

Variable Effect F test p-value 

HbA1c Antihypertensive medication <0.0001 

HbA1c Lipid lowering medication 0.1457 

HbA1c Smoking <0.0001 

HbA1c Diabetes treatment <0.0001 

HbA1c Age groups (intercept)  <0.0001 

HbA1c Average slope <0.0001 

HbA1c Gender  <0.0001 

HbA1c Slope for each age group <0.0001 

BMI Smoking <0.0001 

BMI Diabetes treatment <0.0001 

BMI Age groups (intercept)  <0.0001 

BMI Average slope <0.0001 

BMI Gender  <0.0001 

BMI Slope for each age group <0.0001 

SBP Antihypertensive medication <0.0001 

SBP Smoking 0.1488 

SBP Age groups (intercept)  <0.0001 

SBP Average slope <0.0001 

SBP Gender  0.5760 

SBP Slope for each age group <0.0001 

DBP Antihypertensive medication <0.0001 

DBP Smoking 0.0526 

DBP Diabetes treatment <0.0001 

DBP Age groups (intercept)  <0.0001 

DBP Average slope <0.0001 

DBP Gender  <0.0001 

DBP Slope for each age group <0.0001 

Total cholesterol Antihypertensive medication <0.0001 

Total cholesterol Lipid lowering medication <0.0001 

Total cholesterol Smoking <0.0001 

Total cholesterol Diabetes treatment <0.0001 
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Total cholesterol Age groups (intercept)  <0.0001 

Total cholesterol Average slope <0.0001 

Total cholesterol Gender  <0.0001 

Total cholesterol Slope for each age group <0.0001 

LDL  Lipid lowering medication <0.0001 

LDL  Age groups (intercept)  <0.0001 

LDL  Average slope <0.0001 

LDL  Gender  <0.0001 

LDL  Slope for each age group <0.0001 

HDL Antihypertensive medication <0.0001 

HDL Lipid lowering medication <0.0001 

HDL Smoking <0.0001 

HDL Diabetes treatment <0.0001 

HDL Age groups (intercept)  <0.0001 

HDL Average slope <0.0001 

HDL Gender  <0.0001 

HDL Slope for each age group <0.0001 

TG  Lipid lowering medication <0.0001 

TG  Smoking <0.0001 

TG  Diabetes treatment <0.0001 

TG  Age groups (intercept)  <0.0001 

TG  Average slope 0.1369 

TG  Gender  <0.0001 

TG  Slope for each age group <0.0001 

eGFR Antihypertensive medication <0.0001 

eGFR Lipid lowering medication <0.0001 

eGFR Smoking <0.0001 

eGFR Diabetes treatment <0.0001 

eGFR Age groups (intercept)  <0.0001 

eGFR Average slope <0.0001 

eGFR Gender  <0.0001 

eGFR Slope for each age group <0.0001 

Microalbuminuria Systolic blood pressure <0.0001 

Microalbuminuria Antihypertensive medication <0.0001 

Microalbuminuria Lipid lowering medication 0.1006 
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Microalbuminuria Diabetes treatment <0.0001 

Microalbuminuria Age groups (intercept)  <0.0001 

Microalbuminuria Average slope <0.0001 

Microalbuminuria Gender  <0.0001 

Microalbuminuria Slope for each age group <0.0001 

BMI = body mass index, DBP = diastolic blood pressure, eGFR = estimated glomerular filtration rate,  

HbA1c = glycated hemoglobin, HDL = high-density lipoprotein, LDL = low-density lipoprotein, SBP =  

systolic blood pressure, TG = triglycerides. 
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